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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.


      
        Two of the Milky Way's earliest building blocks identified
        Astronomers have identified what could be two of the Milky Way's earliest building blocks: Named 'Shakti' and 'Shiva', these appear to be the remnants of two galaxies that merged between 12 and 13 billion years ago with an early version of the Milky Way, contributing to our home galaxy's initial growth. The new find is the astronomical equivalent of archeologists identifying traces of an initial settlement that grew into a large present-day city.

      

      
        Evolutionary history of the formation of forceps and maternal care in earwigs
        Researchers examined the developmental processes and reproduction-related behavior of 8 of the 11 families of Dermaptera (earwigs) in detail and compared with those reported in previous studies. The results confirmed that Dermaptera is a polyneopteran order, and the features such as caudal forceps and elaborate maternal care for eggs and young larvae emerged in parallel within the order during evolution.

      

      
        Say hello to biodegradable microplastics
        Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months.

      

      
        As we age, our cells are less likely to express longer genes
        Aging may be less about specific 'aging genes' and more about how long a gene is. Many of the changes associated with aging could be occurring due to decreased expression of long genes, say researchers. A decline in the expression of long genes with age has been observed in a wide range of animals, from worms to humans, in various human cell and tissue types, and also in individuals with neurodegenerative disease. Mouse experiments show that the phenomenon can be mitigated via known anti-aging fa...

      

      
        Alaska Native tribes take lead on shellfish toxin testing where state falls short
        A group of coastal Alaska Native tribes in 2016 began monitoring shellfish, a traditional harvest, for deadly biotoxins because the state only tests commercial harvests. The program fills an essential gap in public health protection and has found success, with 17 tribes now in the testing network. Securing stable, long-term funding and improving public outreach could improve outcomes even further, a new study reports.

      

      
        Heat to blame for space pebble demise
        The dust of comets fills the space between the planets, collectively called the zodiacal cloud. Still, severe breakdown has reduced that dust in size so much that it now scatters sunlight efficiently, causing the faint glow in the night sky known as the 'zodiacal light.' It was long thought that high-speed collisions pulverized the comet ejecta, but now a team of researchers reports that heat is to blame.

      

      
        Research offers hope for preventing post-COVID 'brain fog' by targeting brain's blood vessels
        Researchers have identified a mechanism that causes neurological problems in mice infected with SARS-CoV-2, the virus behind COVID-19. The researchers also found a treatment that helped prevent these changes.

      

      
        AI can now detect COVID-19 in lung ultrasound images
        Artificial intelligence can spot COVID-19 in lung ultrasound images much like facial recognition software can spot a face in a crowd, new research shows. The findings boost AI-driven medical diagnostics and bring health care professionals closer to being able to quickly diagnose patients with COVID-19 and other pulmonary diseases with algorithms that comb through ultrasound images to identify signs of disease.

      

      
        Severe lung infection during COVID-19 can cause damage to the heart
        SARS-CoV-2, the virus that causes COVID-19, can damage the heart even without directly infecting the heart tissue, a new study has found. The research specifically looked at damage to the hearts of people with SARS-CoV2-associated acute respiratory distress syndrome (ARDS), a serious lung condition that can be fatal. But researchers said the findings could have relevance to organs beyond the heart and also to viruses other than SARS-CoV-2.

      

      
        Metformin during pregnancy affects the brain development in offspring mice, study finds
        With the rise in gestational diabetes and metabolic disorders during pregnancy, metformin is also being prescribed more frequently. Although it is known that the oral antidiabetic agent can cross the placental barrier, the impacts on the brain development of the child are largely unknown. Researchers have now been able to demonstrate in a mouse model that although metformin has positive effects in pregnant animals, it does not in the offspring.

      

      
        High school students contribute to exoplanet discovery
        A group of high school students from Oakland, California, made contributions to the field of exoplanet research. Researchers worked with the students to use backpack-sized digital smart telescopes. These young citizen scientists played a role in observing and confirming the nature of a warm and dense sub-Saturn planet, known as TIC 139270665 b, orbiting a metal-rich G2 star.

      

      
        Verifying the work of quantum computers
        Researchers have invented a new method by which classical computers can measure the error rates of quantum machines without having to fully simulate them.

      

      
        Perceived gender discrimination linked to decline in wellbeing for older women
        A study of more than 3,000 middle-aged and older women living in England showed that those who believed they had encountered gender discrimination were more likely to report declines in wellbeing over time.

      

      
        Fear may lead women and men to make different decisions when choosing short-VS-long-term rewards
        Fear may affect women's decisions in choosing immediate rewards versus larger delayed ones, while men's decisions appear unaffected by emotion, according to a new study.

      

      
        Earlier retirement for people with chronic musculoskeletal pain
        Frequent musculoskeletal pain is linked with an increased risk of exiting work and retiring earlier, according to a new study.

      

      
        Killer whales use specialized hunting techniques to catch marine mammals in the open ocean
        Killer whales foraging in deep submarine canyons off the coast of California represent a distinct subpopulation that uses specialized hunting techniques to catch marine mammals, researchers report.

      

      
        The first Neolithic boats in the Mediterranean
        More than 7,000 years ago, people navigated the Mediterranean Sea using technologically sophisticated boats, according to a new study.

      

      
        Icy impacts: Planetary scientists use physics and images of impact craters to gauge the thickness of ice on Europa
        New study reveals that Europa's ice shell is at least 20 kilometers thick.

      

      
        Ancient giant dolphin discovered in the Amazon
        Measuring between 3 to 3.5 meters, 16 million years old: Paleontologists have announced the discovery of a new species of freshwater dolphin in the Peruvian Amazon region. Surprisingly, its closest living relatives can be found in the river dolphins of South Asia.

      

      
        Study suggests an 'odor sensor' may explain male and female differences in blood pressure
        Using data from both mice and humans, a research team has found that a cell surface protein that senses odors and chemicals may be responsible for -- and help explain -- male/female differences in mammalian blood pressure.

      

      
        Scientists find one of the most ancient stars that formed in another galaxy
        The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.

      

      
        Bacteria subtype linked to growth in up to 50% of human colorectal cancers
        Researchers have found that a specific subtype of a microbe commonly found in the mouth is able to travel to the gut and grow within colorectal cancer tumors. This microbe is also a culprit for driving cancer progression and leads to poorer patient outcomes after cancer treatment. The findings could help improve therapeutic approaches and early screening methods for colorectal cancer, which is the second most common cause of cancer deaths in adults in the U.S. according to the American Cancer Soc...

      

      
        Toba supereruption unveils new insights into early human migration
        Working in the Horn of Africa, researchers have uncovered evidence showing how early modern humans survived in the wake of the eruption of Toba, one of the largest supervolcanoes in history, some 74,000 years ago. Modern humans dispersed from Africa multiple times, but the event that led to global expansion occurred less than 100,000 years ago. Some researchers hypothesize that dispersals were restricted to 'green corridors' formed during humid intervals when food was abundant and human populatio...

      

      
        Robotic metamaterial: An endless domino effect
        If it walks like a particle, and talks like a particle... it may still not be a particle. A topological soliton is a special type of wave or dislocation which behaves like a particle: it can move around but cannot spread out and disappear like you would expect from, say, a ripple on the surface of a pond. Researchers now demonstrate the atypical behavior of topological solitons in a robotic metamaterial, something which in the future may be used to control how robots move, sense their surrounding...

      

      
        Quantum tornado provides gateway to understanding black holes
        Scientists have created a giant quantum vortex to mimic a black hole in superfluid helium that has allowed them to see in greater detail how analogue black holes behave and interact with their surroundings.

      

      
        The heat index -- how hot it really feels -- is rising faster than temperature
        Researchers showed in 2022 that heat index calculations by NOAA based on analyses from the 1970s don't adequately reflect the heat stress humans feel during the extremes of heat and humidity accompanying climate change. Using their revised heat index, the researchers looked at Texas's summer 2023 heat wave and found that the 3 degree F rise in global temperatures has increased the state's heat index as much as 11 degrees F on the hottest days.

      

      
        Social bonding gets people on the same wavelength
        When small hierarchical groups bond, neural activity between leaders and followers aligns, promoting quicker and more frequent communication, according to a new study.

      

      
        Low social status increases risk of health problems from alcohol problems
        Men and women with lower income or education levels are more likely to develop medical conditions related to alcohol abuse compared to similar individuals with a higher socioeconomic status, according to a new study.

      

      
        Sea surface temperature research provides clear evidence of human-caused climate change
        Claims that climate change is natural are inconsistent with new oceanic temperature trends.

      

      
        Craving snacks after a meal? It might be food-seeking neurons, not an overactive appetite
        Psychologists have discovered a circuit in the brain of mice that makes them crave food and seek it out, even when they are not hungry. When stimulated, this cluster of cells propels mice to forage vigorously and to prefer fatty and pleasurable foods like chocolate over healthier foods like carrots.

      

      
        ChatGPT is an effective tool for planning field work, school trips and even holidays
        A new study suggests anyone looking to shake off the winter blues by planning the perfect getaway should turn to ChatGPT.

      

      
        Decoding the Easter Bunny -- an eastern Finnish brown hare to represent the standard for the species' genome
        Biologists have published a chromosomally assembled reference genome for the European brown hare. The genome consists of 2.9 billion base pairs, which form 23 autosomal chromosomes, and X and Y sex chromosomes. The timing of the genome release is very appropriate as the brown hare also represents the original Easter Bunny familiar from European folklore.

      

      
        Early identification of persistent pain plus holistic interventions cut opioid use
        In a new study, researchers found that a carefully worded, short questionnaire successfully identified people who were most likely to develop chronic pain. These patients were then steered to a more detailed risk stratification and holistic services that led to better outcomes.

      

      
        Powerful new AI can predict people's attitudes to vaccines
        A powerful new tool in artificial intelligence is able to predict whether someone is willing to be vaccinated against COVID-19.

      

      
        While social media changes over decades, conversation dynamics stay the same, new study suggests
        A new study has identified recurring, 'toxic' human conversation patterns on social media, which are common to users irrespective of the platform used, the topic of discussion, and the decade in which the conversation took place.

      

      
        8-hour time-restricted eating linked to a 91% higher risk of cardiovascular death
        A study of over 20,000 adults found that those who followed an 8-hour time-restricted eating schedule, a type of intermittent fasting, had a 91% higher risk of death from cardiovascular disease.

      

      
        Toxic metal particles can be present in cannabis vapes even before the first use, study finds
        Though vapes have been heralded as a 'safer' way to consume either nicotine or cannabis, they present their own suite of risks that are being revealed through increasing regulation. Now, scientists have discovered that nano-sized toxic metal particles can be present in cannabis vaping liquids even before any heating occurs, and the effect is worse in illicit products.

      

      
        Bendable energy storage materials by cool science
        Imaging being able to wear clothes that charge your gadgets just by wearing them. New research has brought us a step closer to achieving this reality.

      

      
        There are large accumulations of plastics in the ocean, even outside so-called garbage patch
        When plastic ends up in the ocean, it gradually weathers and disintegrates into small particles. If marine animals ingest these particles, their health can be severely affected. Large accumulations of plastic can therefore disrupt the biological balance of marine ecosystems. But which areas are particularly affected?

      

      
        A protein found in human sweat may protect against Lyme disease
        Human sweat contains a protein that may protect against Lyme disease. About one-third of the population carries a genetic variant of this protein that is associated with Lyme disease in genome-wide association studies.

      

      
        Fairy circles: Plant water stress causes Namibia's gaps in grass
        Namibia's legendary fairy circles are mysterious, circular, bald patches in the dry grasslands on the edge of the Namib Desert. Their formation has been researched for decades and has recently been the subject of much debate. With extensive fieldwork, researchers investigated how freshly germinated grass dies inside the fairy circle. Their results show that the grass withers due to a lack of water inside the fairy circle. The topsoil, comprised of the top 10 to 12 centimeters of the soil, acts as...

      

      
        Biomarkers of the middle-aged brain predict cognitive health in old age
        The middle-aged brain could provide a window into future cognitive health. A team reviewed evidence from human and animal studies suggesting that middle age -- commonly considered as the period between 40 and 60 or 65 years of age -- marks a shift in brain aging. They argue that more research should be dedicated to middle age, a period of life that is historically understudied.

      

      
        Tanks of the Triassic: New crocodile ancestor identified
        Dinosaurs get all the glory. But aetosaurs, a heavily armored cousin of modern crocodiles, ruled the world before dinosaurs did. These tanks of the Triassic came in a variety of shapes and sizes before going extinct around 200 million years ago. Today, their fossils are found on every continent except Antarctica and Australia.

      

      
        Backyard insect inspires invisibility devices, next gen tech
        Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.

      

      
        Harnessing hydrogen at life's origin
        A new report uncovers how hydrogen gas, the energy of the future, provided energy in the past, at the origin of life 4 billion years ago. Hydrogen gas is clean fuel. It burns with oxygen in the air to provide energy with no CO2. Hydrogen is a key to sustainable energy for the future. Though humans are just now coming to realize the benefits of hydrogen gas (H2 in chemical shorthand), microbes have known that H2 is good fuel for as long as there has been life on Earth. Hydrogen is ancient energy.

      

      
        Addressing both flu and COVID-19 through a single, multitasking injection
        Researchers have identified new drug candidates for preventing and treating major respiratory viral infections.

      

      
        Industrial societies losing healthy gut microbes
        Our eating habits in industrialized societies are far removed from those of ancient humans. This is impacting our intestinal flora, it seems, as newly discovered cellulose degrading bacteria are being lost from the human gut microbiome, especially in industrial societies.

      

      
        Two artificial intelligences talk to each other
        Performing a new task based solely on verbal or written instructions, and then describing it to others so that they can reproduce it, is a cornerstone of human communication that still resists artificial intelligence (AI). A team has succeeded in modelling an artificial neural network capable of this cognitive prowess. After learning and performing a series of basic tasks, this AI was able to provide a linguistic description of them to a 'sister' AI, which in turn performed them.

      

      
        New discovery concerning occurrence of antibiotic resistance
        A new study shows how heteroresistance, a transient resistance common in many bacteria, can act as a precursor to the development of antibiotic resistance.

      

      
        A wetter world recorded in Australian coral colony
        When climate scientists look to the future to determine what the effects of climate change may be, they use computer models to simulate potential outcomes such as how precipitation will change in a warming world. Some scientists are also looking at something a little more tangible: coral.
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Two of the Milky Way's earliest building blocks identified | ScienceDaily
Astronomers have identified what could be two of the Milky Way's earliest building blocks: Named "Shakti" and "Shiva," these appear to be the remnants of two galaxies that merged between 12 and 13 billion years ago with an early version of the Milky Way, contributing to our home galaxy's initial growth. The new find is the astronomical equivalent of archeologists identifying traces of an initial settlement that grew into a large present-day city. It required combining data for nearly 6 million stars from ESA's Gaia mission with measurements from the SDSS survey. The results have been published in the Astrophysical Journal.


						
The early history of our home galaxy, the Milky Way, is one of joining smaller galaxies, which makes for fairly large building blocks. Now, Khyati Malhan and Hans-Walter Rix of the Max Planck Institute for Astronomy have succeeded in identifying what could be two of the earliest building blocks that can still be recognized as such today: proto-galactic fragments that merged with an early version of our Milky Way between 12 and 13 billion years ago, at the very beginning of the era of galaxy formation in the Universe. The components, which the astronomers have named Shakti and Shiva, were identified by combining data from ESA's astrometry satellite Gaia with data from the SDSS survey. For astronomers, the result is the equivalent of finding traces of an initial settlement that grew into a large present-day city.

Tracing the origins of stars that came from other galaxies

When galaxies collide and merge, several processes happen in parallel. Each galaxy carries along its own reservoir of hydrogen gas. Upon collision, those hydrogen gas clouds are destabilized, and numerous new stars are formed inside. Of course, the incoming galaxies also already have their own stars, and in a merger, stars from the galaxies will mingle. In the long run, such "accreted stars" will also account for some of the stellar population of the newly-formed combined galaxy. Once the merger is completed, it might seem hopeless to identify which stars came from which predecessor galaxy. But in fact, at least some ways of tracing back stellar ancestry exist.

Help comes from basic physics. When galaxies collide and their stellar populations mingle, most of the stars retain very basic properties, which are directly linked to the speed and direction of the galaxy in which they originated. Stars from the same pre-merger galaxy share similar values for both their energy and what physicists call angular momentum -- the momentum associated with orbital motion or rotation. For stars moving in a galaxy's gravitational field, both energy and angular momentum are conserved: they remain the same over time. Look for large groups of stars with similar, unusual values for energy and angular momentum -- and chances are, you might find a merger remnant.

Additional pointers can assist identification. Stars that formed more recently contain more heavier elements, what astronomers call "metals," than stars that formed a long time ago. The lower the metal content ("metallicity"), the earlier the star presumably formed. When trying to identify stars that already existed 13 billion years ago, one should look for stars with very low metal content ("metal-poor").

Virtual excavations in a large data set

Identifying the stars that joined our Milky Way as parts of another galaxy has only become possible comparatively recently. It requires large, high-quality data sets, and the analysis involves sifting the data in clever ways so as to identify the searched-for class of objects. This kind of data set has only been available for a few years. The ESA astrometry satellite Gaia provides an ideal data set for this kind of big-data galactic archeology. Launched in 2013, it has produced an increasingly accurate data set over the past decade, which by now includes positions, changes in position and distances for almost 1.5 billion stars within our galaxy.




Gaia data revolutionized studies of the dynamics of stars in our home galaxy, and has already led to the discovery of previously unknown substructures. This includes the so-called Gaia Enceladus/Sausage stream, a remnant of the most recent larger merger our home galaxy has undergone, between 8 and 11 billion years ago. It also includes two structures identified in 2022: the Pontus stream identified by Malhan and colleagues and the "poor old heart" of the Milky Way identified by Rix and colleagues. The latter is a population of stars that newly formed during the initial mergers that created the proto-Milky Way, and continue to reside in our galaxy's central region.

Traces of Shakti and Shiva

For their present search, Malhan and Rix used Gaia data combined with detailed stellar spectra from the Sloan Digital Sky Survey (DR17). The latter provide detailed information about the stars' chemical composition. Malhan says: "We observed that, for a certain range of metal-poor stars, stars were crowded around two specific combinations of energy and angular momentum."

In contrast with the "poor old heart," which was also visible in those plots, the two groups of like-minded stars had comparatively large angular momentum, consistent with groups of stars that had been part of separate galaxies which had merged with the Milky Way. Malhan has named these two structures Shakti and Shiva, the latter one of the principal deities of Hinduism and the former a female cosmic force often portrayed as Shiva's consort.

Their energy and angular momentum values, plus their overall low metallicity on par with that of the "poor old heart," makes Shakti and Shiva good candidates for some of the earliest ancestors of our Milky Way. Rix says: "Shakti and Shiva might be the first two additions to the 'poor old heart' of our Milky Way, initiating its growth towards a large galaxy."

Several surveys that are either already ongoing or bound to start over the next couple of years promise relevant additional data, both spectra (SDSS-V, 4MOST) and precise distances (LSST/Rubin Observatory), should enable astronomers to make a firm decision on whether or not Shakti and Shiva are indeed a glimpse of our home galaxy's earliest prehistory.
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Evolutionary history of the formation of forceps and maternal care in earwigs | ScienceDaily
Dermaptera (earwigs) are an order of common insects often found under stones and is characterized by a pair of forcep-like pincers on their dark abdominal ends. Systematically, they belong to Polyneoptera, which is important for understanding the evolution of insects. However, there is no consensus among researchers on assigning them to Polyneoptera, their position within the group, or the relationships between families within this order.


						
Recently, large-scale molecular phylogenetic analyses have begun to elucidate these phylogenetic aspects. However, the understanding of evolution will be extremely superficial in absence of biological information on development and reproduction.

Therefore, researchers examined the developmental and reproductive biology of almost all Dermaptera families (8 out of 11) and compared them from various perspectives. The results corroborated the systematic membership of Dermaptera to Polyneoptera and strongly supported the phylogeny within the order, which was inferred from the latest molecular phylogenetic analyses but was significantly different from the conventional understanding. These findings indicated that the "caudal forceps," which is a major characteristic of Dermaptera, and the "elaborate maternal care for eggs and young larvae," which are an important behavioral trait in this order, have emerged in parallel.

Future studies will examine more basal families as well as families whose monophyly is dubious, including more genera into the analysis, to advance the phylogenetic understanding of Dermaptera and, ultimately of Polyneoptera and Insecta.

This study was supported by the JSPS (Japan Society for the Promotion of Science) KAKENHI: Grant-in-Aid for JSPS Research Fellowship for Young Scientists (24-1550) to SS; Grants-in-Aid for Scientific Research C: 21570089, 25440201, 19K06821, and Scientific Research B:16H04825 to RM.
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Say hello to biodegradable microplastics | ScienceDaily
Microplastics are tiny, nearly indestructible fragments shed from everyday plastic products. As we learn more about microplastics, the news keeps getting worse. Already well-documented in our oceans and soil, we're now discovering them in the unlikeliest of places: our arteries, lungs and even placentas. Microplastics can take anywhere from 100 to 1,000 years to break down and, in the meantime, our planet and bodies are becoming more polluted with these materials every day.


						
Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research from scientists at the University of California San Diego and materials-science company Algenesis shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months. The paper, whose authors are all UC San Diego professors, alumni or former research scientists, appears in Nature Scientific Reports.

"We're just starting to understand the implications of microplastics. We've only scratched the surface of knowing the environmental and health impacts," stated Professor of Chemistry and Biochemistry Michael Burkart, one of the paper's authors and an Algenesis co-founder. "We're trying to find replacements for materials that already exist, and make sure these replacements will biodegrade at the end of their useful life instead of collecting in the environment. That's not easy."

"When we first created these algae-based polymers about six years ago, our intention was always that it be completely biodegradable," said another of the paper's authors, Robert Pomeroy, who is also a professor of chemistry and biochemistry and an Algenesis co-founder. "We had plenty of data to suggest that our material was disappearing in the compost, but this is the first time we've measured it at the microparticle level."

Putting it to the test

To test its biodegradability, the team ground their product into fine microparticles, and used three different measurement tools to confirm that, when placed in a compost, the material was being digested by microbes.

The first tool was a respirometer. When the microbes break down compost material, they release carbon dioxide (CO2), which the respirometer measures. These results were compared to the breakdown of cellulose, which is considered the industry standard of 100% biodegradability. The plant-based polymer matched the cellulose at almost one hundred percent.




Next the team used water flotation. Since plastics are not water soluble and they float, they can easily be scooped off the surface of water. At intervals of 90 and 200 days, almost 100% of the petroleum-based microplastics were recovered, meaning none of it had biodegraded. On the other hand, after 90 days, only 32% of the algae-based microplastics were recovered, showing that more than two thirds of it had biodegraded. After 200 days, only 3% was recovered indicating that 97% of it had disappeared.

The last measurement involved chemical analysis via gas chromatography/mass spectrometry (GCMS), which detected the presence of the monomers used to make the plastic, indicating that the polymer was being broken to its starting plant materials. Scanning-electron microscopy further showed how microorganisms colonize the biodegradable microplastics during composting.

"This material is the first plastic demonstrated to not create microplastics as we use it," said Stephen Mayfield, a paper coauthor, School of Biological Sciences professor and co-founder of Algenesis. "This is more than just a sustainable solution for the end-of-product life cycle and our crowded landfills. This is actually plastic that is not going to make us sick."

Creating an eco-friendly alternative to petroleum-based plastics is only one part of the long road to viability. The ongoing challenge is to be able to use the new material on pre-existing manufacturing equipment that was originally built for traditional plastic, and here Algenesis is making progress. They have partnered with several companies to make products that use the plant-based polymers developed at UC San Diego, including Trelleborg for use in coated fabrics and RhinoShield for use in the production of cell phone cases.

"When we started this work, we were told it was impossible," stated Burkart. "Now we see a different reality. There's a lot of work to be done, but we want to give people hope. It is possible."

Full list of authors: Robert S. Pomeroy, Michael D. Burkart, Steven P. Mayfield (all UC San Diego), Marco N. Allemann, Marissa Tessman, Jaysen Reindel, Gordon B. Scofield, Payton Evans, Ryan Simkovsky (all Algenesis).

This research was supported by funding from the Department of Energy (DE-SC0019986 and DE-EE0009295).

Disclosure: Burkart, Mayfield and Pomeroy are co-founders of and hold equity positions in Algenesis Corporation.
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As we age, our cells are less likely to express longer genes | ScienceDaily
Aging may be less about specific "aging genes" and more about how long a gene is. Many of the changes associated with aging could be occurring due to decreased expression of long genes, say researchers in an opinion piece publishing March 21 in the journal Trends in Genetics. A decline in the expression of long genes with age has been observed in a wide range of animals, from worms to humans, in various human cell and tissue types, and also in individuals with neurodegenerative disease. Mouse experiments show that the phenomenon can be mitigated via known anti-aging factors, including dietary restriction.


						
"If you ask me, this is the main cause of systemic aging in the whole body," says co-author and molecular biologist Jan Hoeijmakers of the Erasmus University Medical Center, Rotterdam; the University of Cologne; and Oncode Institute/Princess Maxima Institute, Utrecht.

The authors span four research groups from Spain, the Netherlands, Germany, and the United States, with each group arriving at the same conclusions using different methods.

Aging is associated with changes at the molecular, cellular, and organ level -- from altered protein production to sub-optimal cell metabolism to compromised tissue architecture. These changes are thought to originate from DNA damage resulting from cumulative exposure to harmful agents such as UV radiation or reactive oxygen species generated by our own metabolism.

While a lot of research in aging has focused on specific genes that might accelerate or slow aging, investigations of exactly which genes are more susceptible to aging have revealed no clear pattern in terms of gene function. Instead, susceptibility seems to be linked to the genes' lengths.

"For a long time, the aging field has been focused on genes associated with aging, but our explanation is that it is much more random -- it's a physical phenomenon related to the length of the genes and not to the specific genes involved or the function of those genes," says co-author Ander Izeta of the Biogipuzkoa Health Research Institute and Donostia University Hospital, Spain.

It essentially comes down to chance; long genes simply have more potential sites that could be damaged. The researchers compare it to a road trip -- the longer the trip, the more likely that something will go wrong. And because some cell types tend to express long genes more than others, these cells are more likely to accumulate DNA damage as they age. Cells that don't (or very rarely) divide also seem to be more susceptible compared to rapidly replicating cells because long-lived cells have more time to accumulate DNA damage and must rely on DNA repair mechanisms to fix them, whereas rapidly dividing cells tend to be short-lived.




Because neural cells are known to express particularly long genes and are also slow or non-dividing, they are especially susceptible to the phenomenon, and the researchers highlight the link between aging and neurodegeneration. Many of the genes involved in preventing protein aggregation in Alzheimer's disease are exceptionally long, and pediatric cancer patients, who are cured by DNA-damaging chemotherapy, later suffer from premature aging and neurodegeneration.

The authors speculate that damage to long genes could explain most of the features of aging because it is associated with known aging accelerants and because it can be mitigated with known anti-aging therapies, such as dietary restriction (which has been shown to limit DNA damage).

"Many different things that are known to affect aging seem to lead to this length-dependent regulation, for example, different types of irradiation, smoking, alcohol, diet, and oxidative stress," says co-author Thomas Stoeger of Northwestern University.

However, although the association between the decline in long-gene expression and aging is strong, causative evidence remains to be demonstrated. "Of course, you never know which came first, the egg or the chicken, but we can see a strong relationship between this phenomenon and many of the well-known hallmarks of aging," says Izeta.

In future studies, the researchers plan to further investigate the phenomenon's mechanism and evolutionary implications and to explore its relationship with neurodegeneration.
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Alaska Native tribes take lead on shellfish toxin testing where state falls short | ScienceDaily
A group of coastal Alaska Native tribes in 2016 began monitoring shellfish, a traditional harvest, for deadly biotoxins because the state only tests commercial harvests. The program fills an essential gap in public health protection and has found success, with 17 tribes now in the testing network. Securing stable, long-term funding and improving public outreach could improve outcomes even further, a new study reports.


						
Toxins from some types of algae blooms can accumulate in shellfish and, when consumed, cause paralytic shellfish poisoning (PSP). Even small quantities of the toxin can lead to death. Alaska tests commercially sold shellfish, and the state's Division of Environmental Health advises against eating shellfish harvested from beaches that have not been recently tested.

But because local community shellfish harvests are not for commercial sale, the shellfish can't be tested with the state. Coastal indigenous communities are at high risk of poisoning because many depend on traditional wild-harvested shellfish. Between 1993 and 2021, Alaska Natives suffered 53% of recorded PSP cases despite only making up 16% of Alaska's population.

In 2014, Alaska Native tribes founded the Southeast Alaska Tribal Ocean Research network (SEATOR), with early testing beginning in 2016. SEATOR's tribal partners regularly collect shellfish samples, encourage community members to collect and send in their own shellfish for testing, and share toxin data with communities to inform harvesting decisions. Seventeen tribal communities are now involved, increasing participation and risk awareness.

Even with this success, funding and community perceptions around risks limit how widespread and effective the toxin testing program can be, the study reports.

"Shellfish harvesting is central to coastal Alaska Native culture," said Hugh Roland, an environmental sociologist at the University of Alabama at Birmingham who led the study. "Filling this gap between commercial shellfish testing and community needs is critical, especially for rural communities that rely more heavily on shellfish. And to do that, we really need to understand how the testing network has been effective, as well as what has constrained testing efforts and capacities. Then we can address those barriers, and communities can continue their traditions safely."

The study was published in GeoHealth, which publishes research investigating the intersection of human and planetary health for a sustainable future.




In testing we trust?

To understand the barriers to the program's reach and effectiveness across Alaska and how it is perceived by communities, Roland and his collaborators interviewed 27 SEATOR staff who help manage testing, and they also interviewed other individuals with shellfish toxin expertise. They discussed several broad themes: community perceptions of toxin testing and the risks of shellfish harvesting; the status of toxin testing in those communities; and barriers to or facilitators of the actual toxin testing process.

Overall, the researchers found that communities with active toxin testing were very aware of shellfish poisoning, but reactions varied widely. Some people were less concerned, relying on personal experience with the safety of the traditional shellfish harvest. Others took the risk of PSP so seriously that they stopped harvesting shellfish altogether.

"It's about bringing both sides to the middle," said Jacob Kohlhoff, the environmental education coordinator for the Sitka Tribe. "We want to show that harvesting is good. We don't want to stop it. But we have to do it safely."

But successful risk communication relies on consistent, timely testing, which can be a problem. The program struggled with delays particularly during the height of the COVID-19 pandemic, with the testing facility closed between October 2021 and February 2023 and delays in testing until July 2023.

That halt in testing just a few years into the program damaged trust with communities, interviewees said. People don't want to keep shellfish in the freezer indefinitely while they're waiting for test results, especially if they're relying on it for food during lean winter months.




"Full-scale testing had just begun in late 2018 and was relatively new, so trust eroded pretty quickly," Kohlhoff said. It has been difficult to get people to buy back into the program when it seems like testing could stop again at any time, he said.

Climate change is further complicating risk communication, Roland said. As coastal waters warm and their nutrient fluxes change, harmful algae blooms -- the source of shellfish toxins -- are becoming more frequent and widespread, and they are occurring over a longer season. Historically, winter was a safe time to harvest, but "things are changing," one participant said. "We find paralytic shellfish toxins in our shellfish pretty much year-round at this point."

Room for improvement

The researchers found major barriers related to the communities' remoteness, which makes it more difficult to work and attract workers, and low and unreliable funding from grants.

The first issue is geographic: Many Southeast Alaska Native communities are deeply isolated and difficult to get to. There, the cost of living is high, and housing is limited and expensive. Those factors make carrying out sampling difficult, and it can be a tough sell for would-be staff members.

The second hurdle is financial. The toxin testing is funded by a series of grants, each supporting novel work and each lasting only a few years. However, more rural communities with fewer resources are less able to apply for these grants. The need to apply for new funding every few years also contributes to high staff turnover. SEATOR enables communities to better pool resources and apply for grants together, but applying still takes staff time and resources.

Despite these barriers, the toxin testing program has enabled small or remote tribes to take the safety of traditional harvests into their own hands when the state falls short. The network's success could serve as a model for other community-led environmental health efforts elsewhere, Roland said.
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Heat to blame for space pebble demise | ScienceDaily
The dust of comets fills the space between the planets, collectively called the zodiacal cloud. Still, severe breakdown has reduced that dust in size so much that it now scatters sunlight efficiently, causing the faint glow in the night sky known as the "zodiacal light."


						
It was long thought that high-speed collisions pulverized the comet ejecta, but now a 45-member team of researchers reports, in a paper published online in the journal Icarus this week, that heat is to blame.

"Comets eject most debris as large sand-grain to pebble-sized particles, called meteoroids, that move in meteoroid streams and cause the visible meteors in our meteor showers," says Dr. Peter Jenniskens, meteor astronomer at the SETI Institute. "In contrast, the zodiacal cloud is mostly composed of particles the size of tobacco smoke that even radars have difficulty detecting as meteors."

Why do pebbles pulverize after they leave the comet?

"Meteor showers show us this loss of pebbles over time, because older showers tend to contain fewer bright meteors than young showers," said Jenniskens. "We set out to investigate what is responsible."

Jenniskens leads a NASA-sponsored global network called "CAMS" that monitors the night sky for meteors with low-light video security cameras. Most co-authors on the paper are the researchers and citizen scientists who built and operate the 15 CAMS camera networks in ten countries.

"We developed software that detects meteors in videos recorded from different locations and then triangulates their trajectory in the atmosphere," said detection specialist Peter S. Gural. "Meteors arriving from the same direction each day belong to a meteor shower."

Nightly maps showing from what direction those meteors arrive at Earth are at the website: https://meteorshowers.seti.org




After 13 years of observations, the combined maps were recently published as a book, "Atlas of Earth's Meteor Showers," an encyclopedia of information on each known meteor shower.

"As part of this work, we determined the age of meteor showers from how much they had dispersed," says Stuart Pilorz of the SETI Institute, "and then examined how rapidly they were losing their large meteoroids compared to the smaller ones."

To investigate what is responsible, the team examined of how close those streams came to the Sun. If collisions were to blame, then the pebbles were expected to be destroyed faster directly proportionally to their proximity to the Sun.

"Because there is more comet dust closer to the Sun, we had expected collisions there would pulverize the pebbles that much faster," says Jenniskens. "Instead, we found that the pebbles survived better than expected."

The research team concluded that, instead, the pebbles are destroyed proportional to the peak temperature they reach along their orbit. Thermal stresses are likely to blame for breaking up the large meteoroids near Earth, and all the way to the orbit of Mercury, while deep inside the orbit of Mercury the particles are heated so much that they fall apart from losing material.

"Here at Earth, we sometimes see that process in action when in a short time of say 10 seconds we detect ten or twenty meteors in part of the sky, a meteor cluster, the result of a meteoroid having fallen apart by thermal stresses just before entering Earth's atmosphere," says Jenniskens.
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Research offers hope for preventing post-COVID 'brain fog' by targeting brain's blood vessels | ScienceDaily
Among the many confounding symptoms in patients recovering from a COVID-19 infection are memory loss and difficulty learning. Yet little is known about the mechanisms of cognitive impairments like these, commonly called brain fog.


						
In a new study, researchers at the University of Illinois Chicago have identified a mechanism that causes neurological problems in mice infected with SARS-CoV-2, the virus behind COVID-19. The researchers also found a treatment that helped prevent these changes. Sarah Lutz, assistant professor of anatomy and cell biology in the College of Medicine, led the research, which was published in the journal Brain.

The team focused on the blood-brain barrier, which plays a role in other neurological diseases, such as multiple sclerosis. Normally, this barrier protects the brain from potentially harmful cells or molecules circulating in the bloodstream. But the infected mice, researchers found, had leaky blood-brain barrier vessels and impaired memory or learning.

To understand why, the researchers looked at blood vessels from the brains of infected mice to see which genes were most altered. They found a significant decrease in a signaling pathway called Wnt/beta-catenin, which helps maintain the health of the blood-brain barrier and protects the brain from damage.

With these results, the team explored whether a gene therapy that stimulates the Wnt/beta-catenin pathway could prevent brain damage in mice who were infected with SARS-CoV-2.

Indeed, it did just that.

"They had less blood-brain barrier leakage and less immune cell infiltration of the brain, which led to improvements in learning and memory," Lutz said.




Because age is a risk factor for cognitive impairment in humans with COVID-19, the team focused on older mice in their research. They specifically tracked mild infections in the mice. Mild, rather than severe, infections account for most COVID-19 cases in humans today, thanks to the vaccine. Yet even mild infections can cause cognitive impairment, Lutz said.

While the research is a long way from establishing a therapy for humans to prevent post-infection cognitive impairments, this study is an important step on that path, Lutz said.

"Anytime you can identify a molecular mechanism that contributes to a disease, you're learning about basic biology and what causes disease in general," she said. "This research suggests that improving blood-brain barrier integrity could have benefits in preventing complications of COVID-19."

One major lesson from the COVID-19 pandemic is that even mild infections can profoundly affect organs, including the brain, explained Dr. Jalees Rehman, the Benjamin Goldberg Professor and head of the UIC Department of Biochemistry and Molecular Genetics and a co-author on the study.

"There is a need for more research on respiratory infections that can affect the brain," Rehman said. "The good news is that by studying the molecular signals activated by the infection as well as during the subsequent inflammation when the immune system responds to infection, one can develop new targeted therapies which prevent further damage to the brain and other organs."

The other UIC authors of the study are Troy Trevino, Avital Fogel, Guliz Otkiran, Seshadri Niladhuri, Mark Sanborn, Jacob Class, Ali Almousawi and Justin Richner.
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AI can now detect COVID-19 in lung ultrasound images | ScienceDaily
Artificial intelligence can spot COVID-19 in lung ultrasound images much like facial recognition software can spot a face in a crowd, new research shows.


						
The findings boost AI-driven medical diagnostics and bring health care professionals closer to being able to quickly diagnose patients with COVID-19 and other pulmonary diseases with algorithms that comb through ultrasound images to identify signs of disease.

The findings, newly published in Communications Medicine, culminate an effort that started early in the pandemic when clinicians needed tools to rapidly assess legions of patients in overwhelmed emergency rooms.

"We developed this automated detection tool to help doctors in emergency settings with high caseloads of patients who need to be diagnosed quickly and accurately, such as in the earlier stages of the pandemic," said senior author Muyinatu Bell, the John C. Malone Associate Professor of Electrical and Computer Engineering, Biomedical Engineering, and Computer Science at Johns Hopkins University. "Potentially, we want to have wireless devices that patients can use at home to monitor progression of COVID-19, too."

The tool also holds potential for developing wearables that track such illnesses as congestive heart failure, which can lead to fluid overload in patients' lungs, not unlike COVID-19, said co-author Tiffany Fong, an assistant professor of emergency medicine at Johns Hopkins Medicine.

"What we are doing here with AI tools is the next big frontier for point of care," Fong said. "An ideal use case would be wearable ultrasound patches that monitor fluid buildup and let patients know when they need a medication adjustment or when they need to see a doctor."

The AI analyzes ultrasound lung images to spot features known as B-lines, which appear as bright, vertical abnormalities and indicate inflammation in patients with pulmonary complications. It combines computer-generated images with real ultrasounds of patients -- including some who sought care at Johns Hopkins.




"We had to model the physics of ultrasound and acoustic wave propagation well enough in order to get believable simulated images," Bell said. "Then we had to take it a step further to train our computer models to use these simulated data to reliably interpret real scans from patients with affected lungs."

Early in the pandemic, scientists struggled to use artificial intelligence to assess COVID-19 indicators in lung ultrasound images because of a lack of patient data and because they were only beginning to understand how the disease manifests in the body, Bell said.

Her team developed software that can learn from a mix of real and simulated data and then discern abnormalities in ultrasound scans that indicate a person has contracted COVID-19. The tool is a deep neural network, a type of AI designed to behave like the interconnected neurons that enable the brain to recognize patterns, understand speech, and achieve other complex tasks.

"Early in the pandemic, we didn't have enough ultrasound images of COVID-19 patients to develop and test our algorithms, and as a result our deep neural networks never reached peak performance," said first author Lingyi Zhao, who developed the software while a postdoctoral fellow in Bell's lab and is now working at Novateur Research Solutions. "Now, we are proving that with computer-generated datasets we still can achieve a high degree of accuracy in evaluating and detecting these COVID-19 features."

The team's code and data are publicly available here: https://gitlab.com/pulselab/covid19
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Severe lung infection during COVID-19 can cause damage to the heart | ScienceDaily
SARS-CoV-2, the virus that causes COVID-19, can damage the heart even without directly infecting the heart tissue, a National Institutes of Health-supported study has found. The research, published in the journal Circulation, specifically looked at damage to the hearts of people with SARS-CoV2-associated acute respiratory distress syndrome (ARDS), a serious lung condition that can be fatal. But researchers said the findings could have relevance to organs beyond the heart and also to viruses other than SARS-CoV-2.


						
Scientists have long known that COVID-19 increases the risk of heart attack, stroke, and Long COVID, and prior imaging research has shown that over 50% of people who get COVID-19 experience some inflammation or damage to the heart. What scientists did not know is whether the damage occurs because the virus infects the heart tissue itself, or because of systemic inflammation triggered by the body's well-known immune response to the virus.

"This was a critical question and finding the answer opens up a whole new understanding of the link between this serious lung injury and the kind of inflammation that can lead to cardiovascular complications," said Michelle Olive, Ph.D., associate director of the Basic and Early Translational Research Program at the National Heart, Lung, and Blood Institute (NHLBI), part of NIH. "The research also suggests that suppressing the inflammation through treatments might help minimize these complications."

To reach their findings, the researchers focused on immune cells known as cardiac macrophages, which normally perform a critical role in keeping the tissue healthy but can turn inflammatory in response to injury such as heart attack or heart failure. The researchers analyzed heart tissue specimens from 21 patients who died from SARS-CoV-2-associated ARDS and compared them with specimens from 33 patients who died from non-COVID-19 causes. They also infected mice with SARS-CoV-2 to follow what happened to the macrophages after infection.

In both humans and mice, they found the SARS-CoV-2 infection increased the total number of cardiac macrophages and also caused them to shift from their normal routine and become inflammatory.

When macrophages are no longer doing their normal jobs, which includes sustaining the metabolism of the heart and clearing out harmful bacteria or other foreign agents, they weaken the heart and the rest of the body, said Matthias Nahrendorf, M.D., Ph.D., professor of Radiology at Harvard Medical School and senior author on the study.

The researchers then designed a study in mice to test whether the response they observed happened because SARS-CoV-2 was infecting the heart directly, or because the SARS-CoV-2 infection in the lungs was severe enough to render the heart macrophages more inflammatory. This study mimicked the lung inflammation signals, but without the presence of the actual virus. The result: even in the absence of a virus, the mice showed immune responses strong enough to produce the same heart macrophage shift the researchers observed both in the patients who died of COVID-19 and the mice infected with SARS-CoV-2 infection.




"What this study shows is that after a COVID infection, the immune system can inflict remote damage on other organs by triggering serious inflammation throughout the body -- and this is in addition to damage the virus itself has directly inflicted on the lung tissue," said Nahrendorf. "These findings can also be applied more generally, as our results suggest that any severe infection can send shockwaves through the whole body."

The research team also found that blocking the immune response with a neutralizing antibody in the mice stopped the flow of inflammatory cardiac macrophages and preserved cardiac function. While they have yet to test this in humans, Nahrendorf said a treatment like this could be used as a preventive measure to help COVID-19 patients with pre-existing conditions, or people who are likely to have more severe outcomes from SARS-CoV-2 associated ARDS.

Study: Grune J, Bajpai G, Ocak PT, et al. Virus-induced ARDS causes cardiomyopathy through eliciting inflammatory responses in the heart. Circulation. 2024. doi:10.1161/CIRCULATIONAHA.123.066433.

Funding: This study was supported by NHLBI grants: HL139598, HL142494, HL155097, and HL149647.
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Metformin during pregnancy affects the brain development in offspring mice, study finds | ScienceDaily
With the rise in gestational diabetes and metabolic disorders during pregnancy, metformin is also being prescribed more frequently. Although it is known that the oral antidiabetic agent can cross the placental barrier, the impacts on the brain development of the child are largely unknown. An interdisciplinary research team from the German Institute of Human Nutrition Potsdam-Rehbrucke (DIfE) have now been able to demonstrate in a mouse model that although metformin has positive effects in pregnant animals, it does not in the offspring. The results were published in the specialist journal Molecular Metabolism.


						
Current figures show that around one in six pregnant women worldwide are affected by a special form of diabetes known as gestational diabetes. According to the Robert Koch Institute, 63,000 women in Germany were affected by the disease in 2021, and the trend is increasing. These numbers are alarming because excessively high blood sugar levels during pregnancy are associated with negative consequences for mother and child. This increases the risk of affected women developing type 2 diabetes later on and their children have a higher risk of developing metabolic disorders and being overweight.

Long-Term Effect of Metformin on Offspring is Unclear

For several years, the placenta-crossing oral antidiabetic agent metformin has been increasingly gaining importance as an alternative to insulin administration when lifestyle changes show no success during the treatment of gestational diabetes. However, there are currently only a few studies on the long-term effects of metformin on the health of offspring. It is known that metformin has an impact on the AMPK signaling pathway, which regulates the networking of nerve cells during brain development.

The interdisciplinary team of DIfE researchers led by Junior Research Group Leader Dr. Rachel Lippert therefore grappled with two central questions: Is metformin treatment only beneficial for the mother or also the child? And does metformin treatment lead to long-term negative physiological changes in the offspring, especially in connection with the development of neuronal circuits in the hypothalamus, a critical region in the regulation of energy homeostasis?

Mouse Models Shed some Light

To answer the key questions, the researchers used two mouse models to represent the main causes of gestational diabetes:

severe obesity of the mother before pregnancy and excessive weight gain during pregnancy. These metabolic states were achieved by means of different feeding patterns, with the mice receiving either a high-fat or control diet. The antidiabetic treatment of female mice and their offspring took place during the lactation period as this corresponds to the third trimester of a human pregnancy in terms of brain development.




Treatment involved insulin, metformin, or a placebo, whereby the dosage was based on standard human treatments. The research team collected data on the body weight of the mice, analyzed various metabolic parameters and hormones, and examined molecular signaling pathways in the hypothalamus.

Maternal Metabolic State is Crucial

"As a result of antidiabetic treatment in the early postnatal period, we were able to identify alterations in the weight gain and hormonal status of the offspring, which were critically dependent on the metabolic state of the mother," explains Lippert. Furthermore, sex-specific changes in hypothalamic AMPK signaling in response to metformin exposure were also observed. Together with the metformin-induced shift in the examined hormone levels, the results indicate that the maternal metabolic state must be taken into account before starting the treatment of gestational diabetes.

Focusing on Prevention

According to Rachel Lippert, treatment of gestational diabetes in future could entail developing a medication that is available for all and does not cross the placenta. "Given the increasing prevalence, education about gestational diabetes and preventive measures are of vital importance. If we can find a way to manage lifestyle and diet more proactively, we are in a better position to exploit the potential of gestational diabetes treatment," says Lippert.
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High school students contribute to exoplanet discovery | ScienceDaily
In a project aimed at democratizing science and fostering educational enrichment, a group of high school students from the Galaxy Explorer program at the Chabot Space & Science Center in Oakland, California, made contributions to the field of exoplanet research. Researchers from the SETI Institute worked with the students to use backpack-sized digital smart telescopes provided by Unistellar; these young citizen scientists played a role in observing and confirming the nature of a warm and dense sub-Saturn planet, known as TIC 139270665 b, orbiting a metal-rich G2 star.


						
"By using new technology available with digital smart telescopes, we can take large steps towards the democratization of modern astronomy and education since the outcomes of initiatives like this can contribute to both astronomical research and education with easy-to-use and increasingly accessible technology," said Dr. Dan Peluso, SETI Institute Affiliate. "In such endeavors, participants are 'learning by doing' and the doing is not some meaningless task. Instead, the 'doing' is the astronomical data collection, which in the past has been mostly left to professional astronomers and their observatories, or with highly skilled citizen astronomers with technical telescope setups. With TIC 139270665 b, our high school students had a challenging but meaningful task -- capture the second transit of an exoplanet with a poorly understood orbital period. These students were engaged, inspired, and were easily able to setup and control the Unistellar telescopes with very little training. Citizen science opportunities like this and new technology with digital smart telescopes represent a fundamental shift and revolution for how we can approach and perform astronomical research moving forward."

The discovery of TIC 139270665 b, the densest known warm sub-Saturn within the TESS (Transiting Exoplanet Survey Satellite) family, marks a milestone in exploring exoplanets. The initial clues of TIC 139270665 b's existence was initially discovered by a citizen science group inspecting TESS photometric data, highlighting the role of public engagement in advancing scientific knowledge. Through further study by analyzing radial velocity data from the Lick Observatory, Peluso and Dr. Paul Dalba and their team were able to confirm that TIC 139270665 b is indeed a planet and even has a sibling planet, TIC 139270665 c. The photometric data from the global Unistellar Citizen Science Network, including the Galaxy Explorers, was not able to definitively confirm a second transit with 100% confidence, however, their data was useful for the exoplanet study since it helped to rule out times when a transit was not happening and because it helped the scientists to learn valuable lessons about how to approach citizen scientist campaigns such as this in the future.

The SETI Institute is the scientific partner of the Unistellar network, known for its global distribution of citizen astronomers. Citizen astronomers with Unistellar telescopes collected data that furthered the understanding of this exoplanet's orbital period and characteristics as part of the Unistellar Network Investigating TESS Exoplanets (UNITE) program, a NASA citizen science project that is part of the Unistellar Transiting Exoplanets campaign. This effort, funded by the Gordon and Betty Moore Foundation and NASA, contributes to the scientific community's knowledge of planetary formation and evolution and is an educational initiative integrating young students into astrophysics data collection.

The high school students' involvement in this research underscores the potential of hands-on science education to motivate and engage young minds. Through their participation, students gained real-life skills and insights into the scientific process, from planning and conducting observations to analyzing data and contributing to a scientific publication, on which they are all co-authors. This experience demonstrates the power of blending educational empowerment with research, allowing students to contribute to our understanding of the universe.

"This experience further propelled my fascination with the subject of astronomy, specifically in regard to exoplanetary science," said Serina Jain, student at San Francisco University High School. "Working on this observation fueled my joy of engaging in astrophysics research and my plans to pursue this as a major in college, as well as my love of sharing astronomy with others. Since helping Dr. Peluso with this observation, I have been able to bring even more passion and knowledge to my role as co-founder and leader of the San Francisco University High School Astronomy Club. This past summer, I went on to partake in a 7-week lab internship with the California Institute of Technology (Caltech) Mawet Astrophysics Lab, researching in exoplanet detection by way of direct imaging, using coronagraphy and spectroscopy. My inspiration to seek this involvement largely stemmed from my overwhelmingly positive experience working on this observation with Dr. Peluso."

This initiative is a testament to the collaborative spirit of the scientific and educational communities. It showcases how integrating citizen science and education can lead to discoveries and inspire the next generation of scientists and explorers. The high school students' enthusiasm for this project is a beacon of hope for the future of scientific inquiry and education, proving that young minds can contribute to our understanding of the cosmos when given the opportunity.

As we continue to explore the vast expanse of space, the contributions of these young citizen scientists remind us of the pivotal role of education and public engagement in the pursuit of knowledge and discovery. The future of astronomy and space exploration is bright, with students like those in the Galaxy Explorer program leading the way toward new horizons and uncovering the mysteries of the universe.

This research was funded by the Gordon and Betty Moore Foundation (#10561) and NASA Citizen Science Seed Funding Program grant (Goddard-80NSSC22K113), with additional funding from the NSF Astronomy and Astrophysics Postdoctoral Fellowship (AST-1903811) and the 51 Pegasi b Postdoctoral Fellowship, courtesy of the Heising-Simons Foundation.
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Verifying the work of quantum computers | ScienceDaily
Quantum computers of the future may ultimately outperform their classical counterparts to solve intractable problems in computer science, medicine, business, chemistry, physics, and other fields. But the machines are not there yet: They are riddled with inherent errors, which researchers are actively working to reduce. One way to study these errors is to use classical computers to simulate the quantum systems and verify their accuracy. The only catch is that as quantum machines become increasingly complex, running simulations of them on traditional computers would take years or longer.


						
Now, Caltech researchers have invented a new method by which classical computers can measure the error rates of quantum machines without having to fully simulate them. The team describes the method in a paper in the journal Nature.

"In a perfect world, we want to reduce these errors. That's the dream of our field," says Adam Shaw, lead author of the study and a graduate student who works in the laboratory of Manuel Endres, professor of physics at Caltech. "But in the meantime, we need to better understand the errors facing our system, so we can work to mitigate them. That motivated us to come up with a new approach for estimating the success of our system."

In the new study, the team performed experiments using a type of simple quantum computer known as a quantum simulator. Quantum simulators are more limited in scope than current rudimentary quantum computers and are tailored for specific tasks. The group's simulator is made up of individually controlled Rydberg atoms -- atoms in highly excited states -- which they manipulate using lasers.

One key feature of the simulator, and of all quantum computers, is entanglement -- a phenomenon in which certain atoms become connected to each other without actually touching. When quantum computers work on a problem, entanglement is naturally built up in the system, invisibly connecting the atoms. Last year, Endres, Shaw, and colleagues revealed that as entanglement grows, those connections spread out in a chaotic or random fashion, meaning that small perturbations lead to big changes in the same way that a butterfly's flapping wings could theoretically affect global weather patterns.

This increasing complexity is believed to be what gives quantum computers the power to solve certain types of problems much faster than classical computers, such as those in cryptography in which large numbers must be quickly factored.

But once the machines reach a certain number of connected atoms, or qubits, they can no longer be simulated using classical computers. "When you get past 30 qubits, things get crazy," Shaw says. "The more qubits and entanglement you have, the more complex the calculations are."

The quantum simulator in the new study has 60 qubits, which Shaw says puts it in a regime that is impossible to simulate exactly. "It becomes a catch-22. We want to study a regime that is hard for classical computers to work in, but still rely on those classical computers to tell if our quantum simulator is correct." To meet the challenge, Shaw and colleagues took a new approach, running classical computer simulations that allow for different amounts of entanglement. Shaw likens this to painting with brushes of different size.




"Let's say our quantum computer is painting the Mona Lisa as an analogy," he says. "The quantum computer can paint very efficiently and, in theory, perfectly, but it makes errors that smear out the paint in parts of the painting. It's like the quantum computer has shaky hands. To quantify these errors, we want our classical computer to simulate what the quantum computer has done, but our Mona Lisa would be too complex for it. It's as if the classical computers only have giant brushes or rollers and can't capture the finer details.

"Instead, we have many classical computers paint the same thing with progressively finer and finer brushes, and then we squint our eyes and estimate what it would have looked like if they were perfect. Then we use that to compare against the quantum computer and estimate its errors. With many cross-checks, we were able to show this 'squinting' is mathematically sound and gives the answer quite accurately."

The researchers estimated that their 60-qubit quantum simulator operates with an error rate of 91 percent (or an accuracy rate of 9 percent). That may sound low, but it is, in fact, relatively high for the state of the field. For reference, the 2019 Google experiment, in which the team claimed their quantum computer outperformed classical computers, had an accuracy of 0.3 percent (though it was a different type of system than the one in this study).

Shaw says: "We now have a benchmark for analyzing the errors in quantum computing systems. That means that as we make improvements to the hardware, we can measure how well the improvements worked. Plus, with this new benchmark, we can also measure how much entanglement is involved in a quantum simulation, another metric of its success."

The Nature paper titled "Benchmarking highly entangled states on a 60-atom analog quantum simulator" was funded by the National Science Foundation (partially via Caltech's Institute for Quantum Information and Matter, or IQIM), the Defense Advanced Research Projects Agency (DARPA), the Army Research Office, the U.S. Department of Energy's Quantum Systems Accelerator, the Troesh postdoctoral fellowship, the German National Academy of Sciences Leopoldina, and Caltech's Walter Burke Institute for Theoretical Physics. Other Caltech authors include former postdocs Joonhee Choi and Pascal Scholl; Ran Finkelstein, Troesh Postdoctoral Scholar Research Associate in Physics; and Andreas Elben, Sherman Fairchild Postdoctoral Scholar Research Associate in Theoretical Physics. Zhuo Chen, Daniel Mark, and Soonwon Choi (BS '12) of MIT are also authors.
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Perceived gender discrimination linked to decline in wellbeing for older women | ScienceDaily
A study of more than 3,000 middle-aged and older women living in England showed that those who believed they had encountered gender discrimination were more likely to report declines in wellbeing over time. Ruth Hackett of King's College London, UK, and colleagues present these findings in the open-access journal PLOS ONE on March 20, 2024.


						
Prior research suggests that people who perceive that they have experienced gender discrimination are more likely to report poorer mental wellbeing. However, most studies have not examined wellbeing over time, or have focused on younger women.

To better understand this relationship among older women, Hackett and colleagues analyzed data from 3,081 women enrolled in the English Longitudinal Study of Ageing (ELSA), which follows a large group of people over 50 years of age.

In 2010 or 2011, each woman answered questions about how often they encountered different discriminatory situations -- such as being harassed or being treated with less respect or courtesy -- and whether they attributed that discrimination to their gender or another characteristic, such as race or age. At two points in time, each woman also answered standard questionnaires for evaluating mental wellbeing; once in 2010 or 2011 and again in 2016 or 2017.

9.2 percent of the women reported perceived gender discrimination, most commonly situations where they were treated with less respect or courtesy. Overall, those who perceived gender discrimination also reported more depressive symptoms, more loneliness, and lower quality of life and life satisfaction. Between the two time points, they were more likely to report declines in quality of life and life satisfaction, as well as increased loneliness. These results held true after statistically accounting for other wellbeing-related factors, such as age, wealth, and physical activity.

The findings suggest that perceived gender discrimination may be linked to declines in mental wellbeing for middle-aged and older women, prompting the researchers to call for more efforts to address gender discrimination. They also note the need for further research to clarify the mechanisms driving this link and to address the limitations of their study, such as its lack of non-white participants.

The authors add: "We found that middle-aged and older women who perceived sexism were more likely to be depressed and lonely than women who did not perceive sexism. These women also reported low levels of life satisfaction and poor quality of life. The study findings are particularly concerning as they indicate an enduring impact of gender-based discrimination on mental health and wellbeing six years later."
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Fear may lead women and men to make different decisions when choosing short-VS-long-term rewards | ScienceDaily
Fear may affect women's decisions in choosing immediate rewards versus larger delayed ones, while men's decisions appear unaffected by emotion, according to a study published March 20, 2024 in the open-access journal PLOS ONE by Eleonora Fiorenzato, Patrizia Bisiacchi, and Giorgia Cona from the University of Padua, Italy.


						
Decision making is complex and still not fully understood, especially when weighing short- versus long-term benefits or costs. The known phenomenon "delay discounting" describes the common tendency to prefer an immediate reward rather than a later one, even if the later reward is significantly greater. In this study, Fiorenzato and colleagues examined how emotions like fear and joy, along with gender, affect decision making, especially when weighing immediate versus later rewards.

The authors recruited 308 participants (63 percent women, 37 percent men) via a social media survey. Survey participants were shown a brief standardized and validated movie clip intended to induce an emotional state -- for the fear group, this was a scary movie, like The Sixth Sense or Silence of the Lambs; for the joy group, this was a positive documentary clip with subjects like forests or waterfalls; the neutral affect group watched a documentary clip on urban environments. Then, the subjects were asked hypothetical reward questions such as: "Would you rather have EU20,000 today or EU40,000 after 3 years?"

Women in the fear group were significantly more likely to use "delay discounting" when choosing financial rewards (selecting the immediate, smaller amount) compared to men in the fear group or women in the joy or neutral movie groups. There were no significant gender differences for decisions made across the joy or neutral movie groups, and men's decision-making on monetary rewards appeared to be unaffected by their emotional state. The findings suggest that fear specifically might provoke different types of time-bound decision making for women versus men -- the authors speculate these may be due to either differences in evolutionary strategies around safety versus risk, or different emotion-regulation approaches in stressful situations.

The authors note that the sample size and range of emotions studied here is relatively small compared to the real world. However, the suggestion that emotions (particularly negative ones such as fear) and gender do interact with regard to intertemporal choices warrants further investigation.

The authors add: "Women are more prone to choose immediate rewards when in a fearful emotional state than when in joyful one. Our research underscores the importance of gender as an influential factor in the interaction between emotions and decision-making processes."
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Earlier retirement for people with chronic musculoskeletal pain | ScienceDaily
Frequent musculoskeletal pain is linked with an increased risk of exiting work and retiring earlier, according to a new study from the University of Portsmouth.


						
The paper published this week in open-access journal PLOS ONE found the association between musculoskeletal pain and retiring earlier persisted even after accounting for working conditions, job satisfaction and sex.

Dr Nils Niederstrasser and colleagues used data on 1,156 individuals aged 50+ living in England who took part in the English Longitudinal Study of Ageing. Over the course of the 14-year data collection period, 1,073 of the individuals retired.

The researchers found that people with musculoskeletal pain complaints tended to retire earlier compared to pain-free participants. Participants suffering from musculoskeletal pain were also 1.25 times more likely to cease work sooner, whether or not they described themselves as retired.

Previous studies have shown higher rates of absenteeism, reduced working capacity and reduced income for people with chronic musculoskeletal pain, but few studies have specifically focused on the effects of chronic pain on the employment status of older populations.

Dr Niederstrasser, from the University's Department of Psychology, said: "The older you get, the more prevalent pain becomes. This paper really highlights the scope of the problem, which found that pain -- above and beyond all other variables -- is predicting whether or not someone retires earlier."

Other factors associated with earlier retirement age included higher work dissatisfaction and higher self-perceived social status. Frequent musculoskeletal pain remained a significant predictor of earlier retirement and risk of finishing work at earlier ages even when taking into account the influence of job satisfaction, depressive symptoms, self-perceived social status, sex, and working conditions.

The authors conclude that pain experiences can lead to poor work outcomes and point out that further research should establish the mechanisms and decision making involved in leaving the workforce for people with frequent musculoskeletal pain.

Dr Niederstrasser added: "It is remarkable that pain predicts earlier retirement and work cessation to a similar extent or even more strongly than other variables, such as job satisfaction or specific job demands. It shows just how much impact pain can have on all aspects of people's lives.

"For people to remain in the workforce in good health, pain needs to be addressed much earlier on. If people retire earlier because they can't work anymore, but they don't necessarily have the pension built up or the income to support themselves, we're heading towards a crisis. We already have problems with older people living in poverty, and this is only going to get worse."
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Killer whales use specialized hunting techniques to catch marine mammals in the open ocean | ScienceDaily
Killer whales foraging in deep submarine canyons off the coast of California represent a distinct subpopulation that uses specialized hunting techniques to catch marine mammals, Josh McInnes at the University of British Columbia and colleagues report March 20 in the open-access journal PLOS ONE.


						
Killer whales (Orcinus orca) are found in oceans around the world, but they form separate populations, or 'ecotypes', that have their own social structure, food preferences and hunting behaviors. One ecotype, known as transient killer whales, specialize in hunting marine mammals. This ecotype can be divided into two groups -- inner coast whales that feed in shallow coastal waters, and outer coast whales that hunt in deep water -- but relatively little is known about the outer coast whales. Researchers compiled data from marine mammal surveys conducted between 2006 and 2018 and whale-watching ecotours between 2014 and 2021, to investigate the foraging behavior of outer coast transient killer whales around Monterey Submarine Canyon in California.

Members of this subpopulation were only sighted in open water and mainly preyed on California sea lions, grey whale calves and northern elephant seals. They use specialized techniques to hunt in open water, where prey can't easily be cornered. They often subdued their prey by ramming it with their head or body, and used their tail to hit or catapult sea lions into the air. The researchers identified two main types of foraging behavior -- distributed groups diving independently in the open water, and tightly coordinated groups foraging along the contours of the submarine canyons.

These results suggest that the outer coast whales are a distinct subpopulation that has developed specialized hunting techniques to catch marine mammals in this deep-water habitat. Their distinct foraging behaviors may be culturally transmitted from generation to generation, the authors say.

The authors add: "Transient (mammal-hunting) killer whales have been studied primarily in coastal shallow water habitats, and there is currently little known regarding their behavior in offshore and deep pelagic systems. This study highlights the complex foraging behavior and ecology of transients and how they act as apex predators in productive deep submarine canyon systems and how their behavior is linked to multiple marine mammal prey populations in the North Pacific Ocean."
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The first Neolithic boats in the Mediterranean | ScienceDaily
More than 7,000 years ago, people navigated the Mediterranean Sea using technologically sophisticated boats, according to a study published March 20, 2024 in the open-access journal PLOS ONE by Juan F. Gibaja of the Spanish National Research Council, Barcelona and colleagues.


						
Many of the most important civilizations in Europe originated on the shores of the Mediterranean Sea. During the Neolithic, communities clearly traveled and traded across the water, as evidenced by watercraft in the archeological record and the presence of settlements on coasts and islands. In this study, Gibaja and colleagues provide new insights into the history of seafaring technology through analysis of canoes at the Neolithic lakeshore village of La Marmotta, near Rome, Italy.

Excavation at this site has recovered five canoes built from hollowed-out trees (dugout canoes) dating between 5700-5100BC. Analysis of these boats reveals that they are built from four different types of wood, unusual among similar sites, and that they include advanced construction techniques such as transverse reinforcements. One canoe is also associated with three T-shaped wooden objects, each with a series of holes that were likely used to fasten ropes tied to sails or other nautical elements. These features, along with previous reconstruction experiments, indicate these were seaworthy vessels, a conclusion supported by the presence at the site of stone tools linked to nearby islands.

The authors describe these canoes as exceptional examples of prehistoric boats whose construction required a detailed understanding of structural design and wood properties in addition to well-organized specialized labor. Similarities between these canoes and more recent nautical technologies support the idea that many major advances in sailing were made during the early Neolithic. The authors suggest there may be more boats preserved near La Marmotta, a potential avenue for future research.

The authors add: "Direct dating of Neolithic canoes from La Marmotta reveals them to be the oldest in the Mediterranean, offering invaluable insights into Neolithic navigation. This study reveals the amazing technological sophistication of early agricultural and pastoral communities, highlighting their woodworking skills and the construction of complex vessels."
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Icy impacts: Planetary scientists use physics and images of impact craters to gauge the thickness of ice on Europa | ScienceDaily
Sometimes planetary physics is like being in a snowball fight. Most people, if handed an already-formed snowball, can use their experience and the feel of the ball to guess what kind of snow it is comprised of: packable and fluffy, or wet and icy.


						
Using nearly the same principles, planetary scientists have been able to study the structure of Europa, Jupiter's icy moon.

Europa is a rocky moon, home to saltwater oceans twice the volume of Earth's, encased in a shell of ice. Scientists have long thought that Europa may be one of the best places in our solar system to look for nonterrestrial life. The likelihood and nature of that life, though, heavily depend on the thickness of its icy shell, something astronomers have not yet been able to ascertain.

A team of planetary science experts including Brandon Johnson, an associate professor, and Shigeru Wakita, a research scientist, in the Department of Earth, Atmospheric, and Planetary Sciences in Purdue University's College of Science, announced in a new paper published in Science Advances [ES1] that Europa's ice shell is at least 20 kilometers thick.

To reach their conclusion, the scientists studied large craters on Europa, running a variety of models to determine what combination of physical characteristics could have created such a surface structure.

"This is the first work that has been done on this large crater on Europa," Wakita said. "Previous estimates showed a very thin ice layer over a thick ocean. But our research showed that there needs to be a thick layer -- so thick that convection in the ice, which has previously been debated, is likely."

Using data and images from the spacecraft Galileo, which studied Europa in 1998, Johnson analyzed the impact craters to decode truths about Europa's structure. An expert in planetary physics and colossal collisions, Johnson has studied almost every major planetary body in the solar system. Scientists have long debated the thickness of Europa's ice shell; no one has visited to measure it directly, so scientists are creatively using the evidence at hand: the craters on Europa's icy surface.




"Impact cratering is the most ubiquitous surface process shaping planetary bodies," Johnson said. "Craters are found on almost every solid body we've ever seen. They are a major driver of change in planetary bodies. When an impact crater forms, it is essentially probing the subsurface structure of a planetary body. By understanding the sizes and shapes of craters on Europa and reproducing their formation with numerical simulations, we're able to infer information about how thick its ice shell is."

Europa is a frozen world, but the ice shelters a rocky core. The icy surface, though, is not stagnant. Plate tectonics and convection currents in the oceans and the ice itself refresh the surface fairly frequently. This means the surface itself is only 50 million to 100 million years old -- which sounds old to short-lived organisms like humans, but is young as far as geological periods go.

That smooth, young surface means that craters are clearly defined, easier to analyze and not very deep. Their impacts tell scientists more about the icy shell of the moon and the water ocean below, rather than conveying much information about its rocky heart.

"Understanding the thickness of the ice is vital to theorizing about possible life on Europa," Johnson said. "How thick the ice shell is controls what kind of processes are happening within it, and that is really important for understanding the exchange of material between the surface and the ocean. That is what will help us understand how all kinds of processes happen on Europa -- and help us understand the possibility of life."
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Ancient giant dolphin discovered in the Amazon | ScienceDaily
Measuring between 3 to 3.5 meters, 16 million years old: Paleontologists from the University of Zurich have announced the discovery of a new species of freshwater dolphin in the Peruvian Amazon region. Surprisingly, its closest living relatives can be found in the river dolphins of South Asia.


						
River dolphins are among the rarest modern cetaceans, with most extant species critically endangered. Despite their similar appearance, however, these animals are not directly related, but represent the late survivors of different cetacean groups that once inhabited our planet.

An international research team led by the University of Zurich (UZH) has now revealed the largest river dolphin ever found, measuring between 3 and 3.5 meters. The new species, named Pebanista yacuruna after a mythical aquatic people believed to inhabit the Amazon basin, was found in Peruvian Amazonia and is dated to be 16 million years old.

Changing landscape drove giant dolphin to extinction 

The new dolphin species belongs to the Platanistoidea, a group of dolphins that were common in the world's oceans between 24 and 16 million years ago. The researchers believe that their originally marine ancestors invaded the prey-rich freshwater ecosystems of proto-Amazonia and adapted to this new environment.

"Sixteen million years ago, the Peruvian Amazonia looked very different from what it is today," says lead author Aldo Benites-Palomino from the Department of Paleontology at UZH. "Much of the Amazonian plain was covered by a large system of lakes and swamps called Pebas." This landscape included aquatic, semi-aquatic and terrestrial ecosystems (swamps, floodplains, etc.) and stretched across what is today Colombia, Ecuador, Bolivia, Peru and Brazil.

When the Pebas system began to give way to modern Amazonia about 10 million years ago, new habitats caused Pebanista's prey to disappear, driving the giant dolphin to extinction. This opened an ecological niche that was exploited by relatives of today's Amazon river dolphins (Inia), which were also facing extinction in the oceans due to the rise of new cetaceans, such as modern oceanic dolphins.




Findings shed light on the evolutionary history of freshwater dolphins

"We discovered that its size is not the only remarkable aspect," says Aldo Benites-Palomino. "With this fossil record unearthed in the Amazon, we expected to find close relatives of the living Amazon River dolphin -- but instead the closest cousins of Pebanista are the South Asian river dolphins (genus Platanista)."

Pebanista and Platanista both share highly developed facial crests, which are specialized bony structures associated with echolocation -- the ability to "see" by emitting high-frequency sounds and listening or their echoes, which they rely on heavily for hunting.

"For river dolphins, echolocation, or biosonar, is even more critical as the waters they inhabit are extremely muddy, which impedes their vision," explains Gabriel Aguirre-Fernandez, a UZH researcher who also participated in this study. The elongated snout with many teeth suggests that Pebanista fed on fish, as other species of river dolphins do today.

"After two decades of work in South America we had found several giant forms from the region, but this is the first dolphin of its kind," adds Marcelo R. Sanchez-Villagra, director of the Department of Paleontology at UZH. "We were especially intrigued by its peculiar biogeographical deep-time history."

Finding Fossils in the Amazon

The Amazon rainforest is one of the harshest regions for paleontological fieldwork. Fossils are only accessible during the dry season, when river levels are low enough to expose the ancient fossil-bearing rocks. If these fossils are not collected in time, the rising water levels during the rainy season will sweep them away and they will be lost forever.

The holotype -- a single physical specimen on which the description and name of a new species is based -- of Pebanista was found in 2018, when the lead author of the study was still an undergraduate student. The expedition, led by Peruvian paleontologist Rodolfo Salas-Gismondi, former postdoctoral fellow at the Department of Paleontology at UZH, traversed more than 300 kilometers of the Napo River.

Dozens of fossils were discovered and collected, but the biggest surprise waited at the end of the expedition, after almost three weeks of exploration: the discovery of the large dolphin skull, catalogued as MUSM 4017, which has been permanently deposited in the Museo de Historia Natural in Lima.
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Study suggests an 'odor sensor' may explain male and female differences in blood pressure | ScienceDaily
Using data from both mice and humans, a Johns Hopkins Medicine research team has found that a cell surface protein that senses odors and chemicals may be responsible for -- and help explain -- sex differences in mammalian blood pressure. The unusual connection between such protein receptors and sex differences in blood pressure, reported in the March 20 issue of Science Advances, may lead to a better understanding of long known differences in blood pressure between females and males.


						
Blood pressure in premenopausal human and mouse females is typically 10 points lower in both diastolic and systolic pressure than in males. Some studies suggest the difference may be caused by sex hormones, but the biological basis for the variation is not entirely clear.

"Despite the well-known differences in blood pressure between females and males, most clinical guidelines have the same thresholds for treatment," says Jennifer Pluznick, Ph.D., associate professor of physiology at the Johns Hopkins University School of Medicine. "Taking a closer look at the fundamental, scientific basis for sex differences in blood pressure may eventually help clinicians think about blood pressure treatment in new ways."

Pluznick is a basic scientist who has found unique roles for so-called olfactory receptors in various organs of the body. The tiny proteins on the surface of cells essentially sniff out nearby odors or other chemicals.

The Johns Hopkins team began their studies looking for the locations in the body where a specific olfactory receptor -- Olfr558 -- is found. Olfr558 is one of three olfactory receptors (out of about 350 total) that are well-conserved by evolution in many mammals, including humans and mice. The human version of the receptor is called OR51E1.

Previously, the Johns Hopkins team found Olfr558 in the kidney, and other studies have located the receptor in other organs, aside from the cells responsible for scent detection in the nose.

For this study, the researchers found the receptor in blood vessel cells in the kidney and in juxtaglomerular granular cells, a type of kidney cell that secretes the hormone renin, which plays a key role in regulating blood pressure.




"This was our first indication that we should take a closer look at the impact of Olfr558 on blood pressure," says Pluznick.

Next, the team, led by Pluznick and research associate Jiaojiao Xu, Ph.D., measured blood pressure in young female and male mice during active and resting timeframes. Male mice with normal levels of the Olfr558 receptor typically had diastolic and systolic blood pressure 10 points higher than female mice.

However, when the researchers looked at young female and male mice genetically engineered to lack the gene for the Olfr558 receptor, they found that blood pressure increased in female mice but decreased in male mice, such that the sex difference in blood pressure disappeared.

Preliminary data from the Johns Hopkins team point to blood vessel stiffness and renin hormone levels in the blood as potential reasons for the lack of blood pressure variation in mice without the receptor.

The research team also analyzed genomic information on human tissue data stored in the U.K. Biobank, focusing on people with a rare variation in the human version of the olfactory receptor OR51E1. Their analysis showed that females and males younger than 50 with the variant do not show the typical sex-linked differences in blood pressure.

The research team cautioned that their work has not identified a direct molecular signaling pathway that would pin down the link between the olfactory receptor and blood pressure variation. Those studies have yet to be done.




Pluznick's team will try, in future experiments, to pinpoint the precise cell types that govern the receptor-blood pressure link.

"We hope that improving our understanding of the basic biology of this new link will provide insights on blood pressure regulation for both sexes," says Pluznick.

Support for this research was provided by the National Institutes of Health's National Institute of Diabetes and Digestive and Kidney Diseases [R56DK107726], the National Institute on Aging [R21AG081683], the American Heart Association Established Investigator Award, the NIHR Cardiovascular Biomedical Centre at Barts and the Queen Mary University of London.

In addition to Pluznick and Xu, researchers who contributed to this study are Rira Choi, Kunal Gupta and Lakshmi Santhanam from Johns Hopkins and Helen Warren from the Queen Mary University of London.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240320160430.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists find one of the most ancient stars that formed in another galaxy | ScienceDaily
The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.


						
No one has been able to find one of those first generation of stars, but scientists have announced a unique finding: a star from the second generation that originally formed in a different galaxy from ours.

"This star provides a unique window into the very early element-forming process in galaxies other than our own," said Anirudh Chiti, a University of Chicago postdoctoral fellow and first author on a paper announcing the findings. "We have built up an idea of the how these stars that were chemically enriched by the first stars look like in the Milky Way, but we don't yet know if some of these signatures are unique, or if things happened similarly across other galaxies."

The paper was published March 20 in Nature Astronomy. 

'Fishing needles out of haystacks'

Chiti specializes in what is called stellar archaeology: Reconstructing how the earliest generations of stars changed the universe. "We want to understand what the properties of those first stars were and what were the elements they produced," said Chiti.

But no one has yet managed to directly see these first-generation stars, if any remain in the universe. Instead, Chiti and his colleagues look for stars that formed from the ashes of that first generation.




It's hard work, because even the second generation of stars is now incredibly ancient and rare. Most stars in the universe, including our own sun, are the result of tens to thousands of generations, building up more and more heavy elements each time. "Maybe fewer than 1 in 100,000 stars in the Milky Way is one of these second-gen stars," he said. "You really are fishing needles out of haystacks."

But it's worth it to get snapshots of what the universe looked like back in time. "In their outer layers, these stars preserve the elements near where they formed," he explained. "If you can find a very old star and get its chemical composition, you can understand what the chemical composition of the universe was like where that star formed, billions of years ago."

An intriguing oddity

For this study, Chiti and his colleagues aimed their telescopes at an unusual target: the stars that make up the Large Magellanic Cloud.

The Large Magellanic Cloud is a bright swath of stars visible to the naked eye in the Southern Hemisphere. We now think it was once a separate galaxy that was captured by the Milky Way's gravity just a few billion years ago. This makes it particularly interesting because its oldest stars were formed outside the Milky Way -- giving astronomers a chance to learn about whether conditions in the early universe all looked the same, or were different in other places.

The scientists searched for evidence of these particularly ancient stars in the Large Magellanic Cloud and catalogued ten of them, first with the European Space Agency's Gaia satellite and then with the Magellan Telescope in Chile.




One of these stars immediately jumped out as an oddity. It had much, much less of the heavier elements in it than any other star yet seen in the Large Magellanic Cloud. This means it was probably formed in the wake of the first generation of stars -- so it had not yet built up heavier elements over the course of repeated star births and deaths.

Mapping out its elements, the scientists were surprised to see that it had a lot less carbon than iron compared to what we see in Milky Way stars.

"That was very intriguing, and it suggests that perhaps carbon enhancement of the earliest generation, as we see in the Milky Way, was not universal," Chiti said. "We'll have to do further studies, but it suggests there are differences from place to place.

"I think we're filling out the picture of what the early element enrichment process looked like in different environments," he said.

Their findings also corroborated other studies that have suggested that the Large Magellanic Cloud made much fewer stars early on compared to the Milky Way.

Chiti is currently leading an imaging program to map out a large portion of the southern sky to find the earliest stars possible. "This discovery suggests there should be many of these stars in the Large Magellanic Cloud if we look closely," he said. "It's really exciting to be opening up stellar archeology of the Large Magellanic Cloud, and to be able to map out in such detail how the first stars chemically enriched the universe in different regions."
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Bacteria subtype linked to growth in up to 50% of human colorectal cancers | ScienceDaily
Researchers at Fred Hutchinson Cancer Center have found that a specific subtype of a microbe commonly found in the mouth is able to travel to the gut and grow within colorectal cancer tumors. This microbe is also a culprit for driving cancer progression and leads to poorer patient outcomes after cancer treatment.


						
The findings, published March 20 in the journal Nature, could help improve therapeutic approaches and early screening methods for colorectal cancer, which is the second most common cause of cancer deaths in adults in the U.S. according to the American Cancer Society.

Examining colorectal cancer tumors removed from 200 patients, the Fred Hutch team measured levels of Fusobacterium nucleatum, a bacterium known to infect tumors. In about 50% of the cases, they found that only a specific subtype of the bacterium was elevated in the tumor tissue compared to healthy tissue.

The researchers also found this microbe in higher numbers within stool samples of colorectal cancer patients compared with stool samples from healthy people.

"We've consistently seen that patients with colorectal tumors containing Fusobacterium nucleatum have poor survival and poorer prognosis compared with patients without the microbe," explained Susan Bullman, Ph.D., Fred Hutch cancer microbiome researcher and co-corresponding study author. "Now we're finding that a specific subtype of this microbe is responsible for tumor growth. It suggests therapeutics and screening that target this subgroup within the microbiota would help people who are at a higher risk for more aggressive colorectal cancer."

In the study, Bullman and co-corresponding author Christopher D. Johnston, Ph.D., Fred Hutch molecular microbiologist, along with the study's first author Martha Zepeda-Rivera, Ph.D., a Washington Research Foundation Fellow and Staff Scientist in the Johnston Lab, wanted to discover how the microbe moves from its typical environment of the mouth to a distant site in the lower gut and how it contributes to cancer growth.

First they found a surprise that could be important for future treatments. The predominant group of Fusobacterium nucleatum in colorectal cancer tumors, thought to be a single subspecies, is actually composed of two distinct lineages known as "clades."

"This discovery was similar to stumbling upon the Rosetta Stone in terms of genetics," Johnston explained. "We have bacterial strains that are so phylogenetically close that we thought of them as the same thing, but now we see an enormous difference between their relative abundance in tumors versus the oral cavity."




By separating out the genetic differences between these clades, the researchers found that the tumor-infiltrating Fna C2 type had acquired distinct genetic traits suggesting it could travel from the mouth through the stomach, withstand stomach acid and then grow in the lower gastrointestinal tract. The analysis revealed 195 genetic differences between the clades.

Then, comparing tumor tissue with healthy tissue from patients with colorectal cancer, the researchers found that only the subtype Fna C2 is significantly enriched in colorectal tumor tissue and is responsible for colorectal cancer growth.

Further molecular analyses of two patient cohorts, including over 200 colorectal tumors, revealed the presence of this Fna C2 lineage in approximately 50% of cases.

The researchers also found in hundreds of stool samples from people with and without colorectal cancer that Fna C2 levels were consistently higher in colorectal cancer.

"We have pinpointed the exact bacterial lineage that is associated with colorectal cancer, and that knowledge is critical for developing effective preventive and treatment methods," Johnston said.

He and Bullman believe their study presents significant opportunities for developing microbial cellular therapies, which use modified versions of bacterial strains to deliver treatments directly into tumors.
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Toba supereruption unveils new insights into early human migration | ScienceDaily
Modern humans dispersed from Africa multiple times, but the event that led to global expansion occurred less than 100,000 years ago. Some researchers hypothesize that dispersals were restricted to "green corridors" formed during humid intervals when food was abundant and human populations expanded in lockstep with their environments. But a new study in Nature, including ASU researchers Curtis Marean, Christopher Campisano, and Jayde Hirniak, suggests that humans also may have dispersed during arid intervals along "blue highways" created by seasonal rivers. Researchers also found evidence of cooking and stone tools that represent the oldest evidence of archery.


						
Working in the Horn of Africa, researchers have uncovered evidence showing how early modern humans survived in the wake of the eruption of Toba, one of the largest supervolcanoes in history, some 74,000 years ago. The behavioral flexibility of these people not only helped them live through the supereruption but may have facilitated the later dispersal of modern humans out of Africa and across the rest of the world.

"This study confirms the results from Pinnacle Point in South Africa -- the eruption of Toba may have changed the environment in Africa, but people adapted and survived that eruption-caused environmental change," said Marean, research scientist with the Institute of Human Origins and Foundation Professor with the School of Human Evolution and Social Change.

The team investigated the Shinfa-Metema 1 site in the lowlands of present-day northwestern Ethiopia along the Shinfa River, a tributary of the Blue Nile River.

The supereruption occurred during the middle of the time when the site was occupied and is documented by tiny glass shards whose chemistry matches that of Toba.

Pinpoint timing through cryptotephra

"One of the ground-breaking implications of this study," said Marean, "is that with the new cryptotephra methods developed for our prior study in South Africa, and now applied here to Ethiopia, we can correlate sites across Africa, and perhaps the world, at a resolution of several weeks of time."

Cryptotephra are signature volcanic glass shards that can range from 80-20 microns in size, which is smaller than the diameter of a human hair. To extract these microscopic shards from archaeological sediment requires patience and great attention to detail.




"Searching for cryptotephra at these archaeological sites is like looking for a needle in a haystack, but not knowing if there is even a needle. However, having the ability to correlate sites 5,000 miles apart, and potentially further, to within weeks instead of thousands of years makes it all worth it," said Christopher Campisano, research scientist with the Institute of Human Origins and professor with the School of Human Evolution and Social Change.

"This study, once again," said Campisano, "highlights the importance of the University of Nevada-Las Vegas/Arizona State University team pushing the limits for successfully analyzing extremely low abundance cryptotephra to date and correlate archaeological sites across Africa."

The methods for identifying low abundance cryptotephra at Pinnacle Point were first developed at University of Nevada Las Vegas led by the late Gene Smith and Racheal Johnsen and now carried on at Arizona State University's Sediment and TEphra Preparation (STEP) Lab.

School of Human Evolution and Social Change graduate student Jayde Hirniak led ASU's effort to create its own cryptotephra lab -- the STEP Lab -- working with Campisano and building on methods developed at UNLV. Hirniak also collaborated with cryptotephra labs in the United Kingdom that work with sediment samples preserving hundreds or thousands of glass shards. Now Hirniak's primary expertise is in tephrochronology, which involves the use of volcanic ash to link archaeological and paleoenvironmental records and place them on the same timeline, which was her contribution to this research.

"Our lab at ASU was built to process extremely low abundance cryptotephra horizons (<10 shards per gram) using a highly specialized technique. There are only a few labs in the world with these capabilities," said Hirniak.

Migrations along "blue highways"

Based on isotope geochemistry of the teeth of fossil mammals and ostrich eggshells, they concluded that the site was occupied by humans during a time with long dry seasons on a par with some of the most seasonally arid habitats in East Africa today. Additional findings suggest that when river flows stopped during dry periods, people adapted by hunting animals that came to the remaining waterholes to drink. As waterholes continued to shrink, it became easier to capture fish without any special equipment, and diets shifted more heavily to fish.




Its climatic effects appear to have produced a longer dry season, causing people in the area to rely even more on fish. The shrinking of the waterholes may also have pushed humans to migrate outward in search of more food.

"As people depleted food in and around a given dry season waterhole, they were likely forced to move to new waterholes," said John Kappelman, a UT anthropology and earth and planetary sciences professor and lead author of the study. "Seasonal rivers thus functioned as 'pumps' that siphoned populations out along the channels from one waterhole to another, potentially driving the most recent out-of-Africa dispersal.

The humans who lived at Shinfa-Metema 1 are unlikely to have been members of the group that left Africa. However, the behavioral flexibility that helped them adapt to challenging climatic conditions such as the Toba supereruption was probably a key trait of Middle Stone Age humans that allowed our species to ultimately disperse from Africa and expand across the globe.

The people living in the Shinfa-Metema 1 site hunted a variety of terrestrial animals, from antelope to monkey, as attested to by cut marks on the bones, and apparently cooked their meals as shown by evidence of controlled fire at the site. The most distinctive stone tools are small, symmetrical triangular points. Analyses show that the points are most likely arrowheads that, at 74,000 years in age, represent the oldest evidence of archery.

ASU's cryptotephra research was funded by the Hyde Family Foundations, the National Science Foundation, the Institute of Human Origins, and Arizona State University.
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Robotic metamaterial: An endless domino effect | ScienceDaily
If it walks like a particle, and talks like a particle... it may still not be a particle. A topological soliton is a special type of wave or dislocation which behaves like a particle: it can move around but cannot spread out and disappear like you would expect from, say, a ripple on the surface of a pond. In a new study published in Nature, researchers from the University of Amsterdam demonstrate the atypical behaviour of topological solitons in a robotic metamaterial, something which in the future may be used to control how robots move, sense their surroundings and communicate.


						
Topological solitons can be found in many places and at many different length scales. For example, they take the form of kinks incoiled telephone cords and large molecules such as proteins. At a very different scale, a black hole can be understood as a topological soliton in the fabric of spacetime. Solitons play an important role in biological systems, being relevant forprotein folding andmorphogenesis -- the development of cells or organs.

The unique features of topological solitons -- that they can move around but always retain their shape and cannot suddenly disappear -- are particularly interesting when combined with so-called non-reciprocal interactions. "In such an interaction, an agent A reacts to an agent B differently to the way agent B reacts to agent A," explains Jonas Veenstra, a PhD student at the University of Amsterdam and first author of the new publication.

Veenstra continues: "Non-reciprocal interactions are commonplace in society and complex living systems but have long been overlooked by most physicists because they can only exist in a system out of equilibrium. By introducing non-reciprocal interactions in materials, we hope to blur the boundary between materials and machines and to create animate or lifelike materials."

TheMachine Materials Laboratory where Veenstra does his research specialises in designing metamaterials: artificial materials and robotic systems that interact with their environment in a programmable fashion. The research team decided to study the interplay between non-reciprocal interactions and topological solitons almost two years ago, when then-students Anahita Sarvi and Chris Ventura Meinersen decided to follow up on their research project for the MSc course 'Academic Skills for Research'.

Solitons moving like dominoes

The soliton-hosting metamaterial developed by the researchers consists of a chain of rotating rods that are linked to each other by elastic bands. Each rod is mounted on a little motor which applies a small force to the rod, depending on how it is oriented with respect to its neighbours. Importantly, the force applied depends on which side the neighbour is on, making the interactions between neighbouring rods non-reciprocal. Finally, magnets on the rods are attracted by magnets placed next to the chain in such a way that each rod has two preferred positions, rotated either to the left or the right.




Solitons in this metamaterial are the locations where left- and right-rotated sections of the chain meet. The complementary boundaries between right- and left-rotated chain sections are then so-called 'anti-solitons'. This is analogous to kinks in an old-fashioned coiled telephone cord, where clockwise and anticlockwise-rotating sections of the cord meet.

When the motors in the chain are turned off, the solitons and anti-solitons can be manually pushed around in either direction. However, once the motors -- and thereby the reciprocal interactions -- are turned on, the solitons and anti-solitons automatically slide along the chain. They both move in the same direction, with a speed set by the anti-reciprocity imposed by the motors.

Veenstra: "A lot of research has focussed on moving topological solitons by applying external forces. In systems studied so far, solitons and anti-solitons were found to naturally travel in opposite directions. However, if you want to control the behaviour of (anti-)solitons, you might want to drive them in the same direction. We discovered that non-reciprocal interactions achieve exactly this. The non-reciprocal forces are proportional to the rotation caused by the soliton, such that each soliton generates its own driving force."

The movement of the solitons is similar to a chain of dominoes falling, each one toppling its neighbour. However, unlike dominoes, the non-reciprocal interactions ensure that the 'toppling' can only happen in one direction. And while dominoes can only fall down once, a soliton moving along the metamaterial simply sets up the chain for an anti-soliton to move through it in the same direction. In other words, any number of alternating solitons and anti-solitons can move through the chain without the need to 'reset'.

Motion control

Understanding the role of non-reciprocal driving will not only help us to better understand the behaviour of topological solitons in living systems, but can also lead to technological advances. The mechanism that generates the self-driving, one-directional solitons uncovered in this study, can be used to control the motion of different types of waves (known as waveguiding), or to endow a metamaterial with a basic information processing capability such as filtering.

Future robots can also use topological solitons for basic robotic functionalities such as movement, sending out signals and sensing their surroundings. These functionalities would then not be controlled from a central point, but rather emerge from the sum of the robot's active parts.

All in all, the domino effect of solitons in metamaterials, now an interesting observation in the lab, may soon start to play a role in different branches of engineering and design.
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Quantum tornado provides gateway to understanding black holes | ScienceDaily
Scientists have for the first time created a giant quantum vortex to mimic a black hole in superfluid helium that has allowed them to see in greater detail how analogue black holes behave and interact with their surroundings.


						
Research led by the University of Nottingham, in collaboration with King's College London and Newcastle University, have created a novel experimental platform: a quantum tornado. They have created a giant swirling vortex within superfluid helium that is chilled to the lowest possible temperatures. Through the observation of minute wave dynamics on the superfluid's surface, the research team has shown that these quantum tornados mimic gravitational conditions near rotating black holes. The research has been published today in Nature.

Lead author of the paper, Dr Patrik Svancara from the School of Mathematical Sciences at the University of Nottingham explains: "Using superfluid helium has allowed us to study tiny surface waves in greater detail and accuracy than with our previous experiments in water. As the viscosity of superfluid helium is extremely small, we were able to meticulously investigate their interaction with the superfluid tornado and compare the findings with our own theoretical projections."

The team constructed a bespoke cryogenic system capable of containing several litres of superfluid helium at temperatures lower than -271 degC. At this temperature liquid helium acquires unusual quantum properties. These properties typically hinder the formation of giant vortices in other quantum fluids like ultracold atomic gases or quantum fluids of light, this system demonstrates how the interface of superfluid helium acts as a stabilizing force for these objects.

Dr Svancara continues: "Superfluid helium contains tiny objects called quantum vortices, which tend to spread apart from each other. In our set-up, we've managed to confine tens of thousands of these quanta in a compact object resembling a small tornado, achieving a vortex flow with record-breaking strength in the realm of quantum fluids."

Researchers uncovered intriguing parallels between the vortex flow and the gravitational influence of black holes on the surrounding spacetime. This achievement opens new avenues for simulations of finite-temperature quantum field theories within the complex realm of curved spacetimes.

Professor Silke Weinfurtner, leading the work in the Black Hole Laboratory where this experiment was developed, highlights the significance of this work: "When we first observed clear signatures of black hole physics in our initial analogue experiment back in 2017, it was a breakthrough moment for understanding some of the bizarre phenomena that are often challenging, if not impossible, to study otherwise. Now, with our more sophisticated experiment, we have taken this research to the next level, which could eventually lead us to predict how quantum fields behave in curved spacetimes around astrophysical black holes."

This groundbreaking research is funded by a PS5 million grant from the Science Technology Facilities Council, distributed among teams at seven leading UK institutions, including the University of Nottingham, Newcastle University and King's College London. The project has also been supported by both the UKRI Network grant on Quantum Simulators for Fundamental Physics and the Leverhulme Research Leaders Fellowship held by Professor Silke Weinfurtner.

The culmination of this research will be celebrated and creatively explored in an ambi exhibitiontitled Cosmic Titans at the Djanogly Gallery, Lakeside Arts, The University of Nottingham, from 25 January to 27 April 2025 (and touring to venues in the UK and overseas). The exhibition will comprise newly commissioned sculptures, installations, and immersive art works by leading artists including Conrad Shawcross RA that result from a series of innovative collaborations between artists and scientists facilitated by the ARTlab Nottingham. The exhibition will marry creative and theoretical inquiries into black holes and the birth of our Universe.
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The heat index -- how hot it really feels -- is rising faster than temperature | ScienceDaily
Texans have long endured scorching summer temperatures, so a global warming increase of about 3 degrees Fahrenheit (1.5 Celsius) might not sound like much to worry about.


						
But a new study concludes that the heat index -- essentially how hot it really feels -- has increased much faster in Texas than has the measured temperature: about three times faster.

That means that on some extreme days, what the temperature feels like is between 8 and 11 F (5 to 6 C) hotter than it would without climate change.

The study, using Texas data from June, July and August of 2023, highlights a problem with communicating the dangers of rising temperatures to the public. The temperature alone does not accurately reflect the heat stress people feel. Even the heat index itself, which takes into account the relative humidity and thus the capacity to cool off by sweating, gives a conservative estimate of heat stress, according to study author David Romps, a professor of earth and planetary science at the University of California, Berkeley.

In 2022, Romps co-authored a paper pointing out that the way most government agencies calculate the heat index is inaccurate when dealing with the temperature and humidity extremes we're seeing today. This leads people to underestimate their chances of suffering hyperthermia on the hottest days and of their chances of dying.

Texas is not an outlier. Last week, Arizona's most populous county, covering most of Phoenix, reported that heat-associated deaths last year were 50% higher than in 2022, rising from 425 in 2022 to 645 in 2023. Two-thirds of Maricopa County's heat-related deaths in 2023 were of people 50 years or older, and 71% occurred on days when the National Weather Service had issued an excessive heat warning, according to the Associated Press.

"I mean, the obvious thing to do is to cease additional warming, because this is not going to get better unless we stop burning fossil fuels," Romps said. "That's message No. 1, without doubt. We have only one direction we can really be taking the planet's average temperature, and that's up. And that's through additional burning of fossil fuels. So that's gotta stop and stop fast."

The reason that it feels much hotter than you'd expect from the increase in ambient temperature alone is that global warming is affecting the interplay between humidity and temperature, he said. In the past, relative humidity typically dropped when the temperature increased, allowing the body to sweat more and thus feel more comfortable.




But with climate change, the relative humidity remains about constant as the temperature increases, which reduces the effectiveness of sweating to cool the body.

To deal with the irreversible temperature increases we already experience, people need to take precautions to avoid hyperthermia, Romps said. He advised that, for those in extreme heat situations and unable to take advantage of air conditioning, "you can use shade and water as your friends.

"You can coat yourself in water. Get a wet rag, run it under the faucet, get your skin wet and get in front of a fan. As long as you are drinking enough water and you can keep that skin wetted in front of the fan, you're doing a good thing for yourself."

Romps' study was published March 15 in the journal Environmental Research Letters (ERL).

It's the humidity

Romps, an atmospheric physicist, got interested several years ago in how the human body responds to global warming's increased temperatures. Although the heat index, defined in 1979, is based on the physiological stresses induced by heat and humidity, he noted that the calculations of the heat index did not extend to the extremes of heat and humidity experienced today. Romps and graduate student and now postdoctoral fellow Yi-Chuan Lu extended the calculation of the heat index to all combinations of temperature and humidity, enabling its use in even the most extreme heat waves, like those that buffeted Texas in the summer of 2023.




Over the decades, the nation's major weather forecaster, the National Oceanic and Atmospheric Administration's (NOAA) National Weather Service, has dealt with the lack of calculated values for high heat and humidity by extrapolating from the known values. Romps and Lu found, however, that the commonly used extrapolation falls far short when conditions of temperature and humidity are extreme. Although the heat index has now been calculated for all conditions using the underlying physiological model, those values have not yet been adopted by NOAA.

After Lu spent a sweltering summer in Texas last year, Romps decided to take the state as a case study to determine how global warming has affected the perceived heat stress represented by the corrected heat index.

"I picked Texas because I had seen some high heat index values there that made me think, OK, this is a state that this summer is probably experiencing combinations of heat and humidity that are not being captured properly by NOAA's approximation to the heat index," he said.

He found that, while temperatures peaked at various places and times around the state last summer, one place, Houston's Ellington Airport, stood out. On July 23, 2023, he calculated that the heat index was 75 C, or 167 F. Global warming accounted for 12 F (6 C) of that heat index, he said.

"It sounds completely insane," Romps said. "It's beyond the physiological capacity of a young, healthy person to maintain a standard core temperature. We think it's hyperthermic, but survivable."

The fact that people can survive such temperatures is a testament to the power of evaporative cooling to cool the body, though intense sweating requires the heart to pump more blood to the skin to shed heat, which is part of heat stress. In a 2023 paper, Romps and Lu argued that what many have referred to as the maximum survivable temperature, a wet bulb temperature of 35 C (equivalent to a skin temperature when sweating of 95 F, close to the average person's core body temperature), would actually rarely lead to death in a young and healthy adult, though it would cause hyperthermia. The wet bulb temperature is what a thermometer measures when a wet rag is wrapped around it, so it takes account of the cooling effects of sweat.

"Heat index is very much like the wet bulb thermometer, only it adds the metabolic heat that a human has that a thermometer does not have," Romps said. "We think if you kept your skin wet and you were exposed to 167 degrees, even though we're approaching something like a setting on the oven, you'd still be alive. Definitely not happy. But alive."

While the current study didn't try to predict when, in the future, heat waves in Texas might generate a heat index high enough to make everyone hyperthermic, "we can see that there are times when people are getting pushed in that direction," he said. "It's not terribly far off."

Romps plans to look at other regions in light of the improved heat index scale he and Lu have proposed and expects to find similar trends.

"If humanity goes ahead and burns the fossil fuel available to it, then it is conceivable that half of Earth's population would be exposed to unavoidably hyperthermic conditions, even for young, healthy adults," Romps said. "People who aren't young and healthy would be suffering even more, as would people who are laboring or are out in the sun -- all of them would be suffering potentially life-threatening levels of heat stress."
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Social bonding gets people on the same wavelength | ScienceDaily
When small hierarchical groups bond, neural activity between leaders and followers aligns, promoting quicker and more frequent communication, according to a study published on March 19 in the open-access journal PLOS Biology by Jun Ni from Beijing Normal University, China, and colleagues.


						
Social groups are often organized hierarchically, where status differences and bonds between members shape the group's dynamic. To better understand how bonding influences communication within hierarchical groups and which brain regions are involved in these processes, the researchers recorded 176 three-person groups of human participants (who had never met before) while they communicated with each other, sitting face-to-face in a triangle. Participants wore caps with fNIRS (functional near-infrared spectroscopy) electrodes to non-invasively measure brain activity while they communicated with their group members. Each group democratically selected a leader, so each group of three ultimately included one leader and two followers. After strategizing together, groups played two economic games designed to test their willingness to make sacrifices to benefit their group (or harm other groups).

Experimenters assigned some triads to go through a bonding session, where they were grouped according to color preferences, given uniforms, and led through an introductory chat session to build familiarity. Bonded groups spoke more freely and bounced between speakers more frequently and rapidly, relative to groups that didn't experience this bonding session. This bonding effect was stronger between leaders and followers than between two followers. Neural activity in two brain regions linked to social interaction, the right dorsolateral prefrontal cortex (rDLPFC) and the right temporoparietal junction (rTPJ), aligned between leaders and followers if they had bonded. The authors state that this neural synchronization suggests that leaders may be anticipating followers' mental states during group decision-making, though they acknowledge that their findings are restricted to East Asian Chinese individuals communicating via text (without non-verbal cues), whose culture emphasizes group cohesion and commitment towards group leaders.

The authors add, "Social bonding increases information exchange and prefrontal neural synchronization selectively among individuals with different social statuses, providing a potential neurocognitive explanation for how social bonding facilitates the hierarchical structure of human groups."
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Low social status increases risk of health problems from alcohol problems | ScienceDaily
Men and women with lower income or education levels are more likely to develop medical conditions related to alcohol abuse compared to similar individuals with a higher socioeconomic status. Alexis Edwards of Virginia Commonwealth University, US, and colleagues report these findings in a new study published March 19 in the open access journal PLOS Medicine.


						
The World Health Organization estimates that harmful alcohol use accounts for 5.1% of the global burden of disease and injury worldwide, and results in three million deaths each year. Excessive alcohol consumption can also take an economic toll. Previous studies have identified links between a person's socioeconomic status and alcohol use, but currently it is unclear how an individual's social class impacts their future risk of acquiring alcohol-related medical conditions, like alcoholic liver disease.

In the new study, researchers used a model that follows people over time to estimate their risk of developing medical conditions from alcohol abuse using two indicators for socioeconomic status: income and education level. The researchers analyzed data from more than 2.3 million individuals in a Swedish database to show that both men and women with a lower income or education level were more likely to develop these conditions. The associations held true, even when researchers controlled for other relevant factors, such as marital status, history of psychiatric illness and having a genetic predisposition to abuse alcohol.

The new findings are important for understanding which populations are most likely to suffer from medical conditions resulting from alcohol abuse, and contribute to a growing body of literature on health disparities that stem from socioeconomic factors. The researchers recommend that individuals with lower income or education levels might warrant additional screening by clinicians to evaluate their alcohol consumption and identify related conditions.

The authors add, "Among individuals with an alcohol use disorder, those with lower levels of education or lower incomes are at higher risk for developing an alcohol-related medical condition, such as cirrhosis or alcoholic cardiomyopathy. Additional screening and prevention efforts may be warranted to reduce health disparities."
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Sea surface temperature research provides clear evidence of human-caused climate change | ScienceDaily
New oceanic research provides clear evidence of a human "fingerprint" on climate change and shows that specific signals from human activities have altered the seasonal cycle amplitude of sea surface temperatures (SST).


						
"This is breakthrough evidence that there is a human-caused climate change signal in ocean temperatures associated with CO2 increases," according to co-author Benjamin Santer, an adjunct scientist and distinguished scholar in the Physical Oceanography Department at Woods Hole Oceanographic Institute (WHOI).

"We show that a human-caused signal in the seasonal cycle of sea surface temperature (SST) has emerged from the noise of natural variability. Geographical patterns of changes in SST seasonal cycle amplitude (SSTAC) reveal two distinctive features: an increase at Northern Hemisphere mid-latitudes related to mixed-layer depth changes, and a robust dipole pattern between 40 S and 55 S which is mainly driven by surface wind changes," according to the journal article, "The emerging human influence on the seasonal cycle of sea surface temperature," published in Nature Climate Change.

"The evidence we found is very clear. Our research is based on four different observational data sets of sea surface ocean temperature. We analyzed data from various monitoring systems, including satellite records and ocean measurements that WHOI has been collecting from ships and floats since 1950. All of this data provided the same story and the same conclusion: that the human-caused signal in SSTAC is very strong and has a very distinctive pattern," reported co-lead author Dr. Jia-Rui Shi, Postdoc with WHOI.

The model-predicted pattern of SSTAC change is identifiable with high statistical confidence in four different observed SST products and in 51 individual model realizations of historical climate evolution. Simulations with historical changes in individual forcing reveal that greenhouse gas increases are the primary driver of changes in SSTAC, with smaller but distinct contributions from anthropogenic aerosol and ozone forcing.

The research was motivated by earlier work by Santer, who has worked on climate fingerprinting for more than 30 years. Previous studies used satellite records to identify human fingerprints in the changing seasonal cycle of mid-to-upper tropospheric temperature. However, this is the first fingerprinting study that reveals detailed patterns of climate change in seasonal sea surface temperatures.

"The seasonal cycle amplitude of sea surface temperature is changing and becoming stronger. One of our biggest findings is that warming is greater in the summer than in the winter. In both the northern and southern hemispheres, the mixed-layer depths of the ocean are becoming thinner which can significantly amplify summer temperatures," stated Shi. "The warming in the northern hemisphere is more extreme, associated with smaller ocean basin sizes. In the southern hemisphere, we discovered that sea surface temperature changes are largely driven by wind shift patterns caused by atmospheric warming."

"This research rebuts claims that recent temperature changes are natural, whether due to the Sun or due to internal cycles in the climate system. A natural explanation is virtually impossible in terms of what we are looking at here: changes in the seasonal temperatures of the ocean," stated Santer. "This research further rules out the claim that we don't need to treat climate change seriously because it is natural."




"This robust human fingerprint in the seasonal cycle of ocean surface temperature is expected to have wide-ranging impacts on marine ecosystems. This can dramatically influence fisheries and the distribution of nutrients," said Shi. "Gaining insight into the anthropogenic influence on seasonality is of scientific, economic, and societal importance."

In 2023, the upper ocean heat content was the highest on record, leading to strong concern in the scientific community. The ocean absorbs roughly 90 percent of the Earth's excess heat from global warming and plays a vital role in regulating planetary climate systems.

"Ocean temperatures are literally off the charts. A lot of people want to know what is happening," said Santer. "A big part of the answer is that human activities have gradually warmed the world's oceans. The scientific community has been focused on changes in the ocean's annual average temperature. This paper shows that it's also critically important to perform fingerprinting with seasonal changes," said Santer.

The ocean is a vital carbon sink, absorbing 25 percent of the carbon dioxide that we produce by burning fossil fuels. However, the ability of the ocean to absorb CO2 is temperature dependent. As the ocean warms, it is critical that we understand how the ability of the oceans to absorb CO2 is affected.

"As oceans absorb carbon dioxide, it creates widely reported acidification which can negatively impact marine organisms. If we start altering the pH of the ocean, we risk affecting the structural integrity of organisms at the base of the food chain," said Shi.

"We now face important decisions, in the United States and globally, on what to do about climate change. Those decisions should be based on our best scientific understanding of the reality and seriousness of human effects on average climate and on the seasons," stated Santer.
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Craving snacks after a meal? It might be food-seeking neurons, not an overactive appetite | ScienceDaily
People who find themselves rummaging around in the refrigerator for a snack not long after they've eaten a filling meal might have overactive food-seeking neurons, not an overactive appetite.


						
UCLA psychologists have discovered a circuit in the brain of mice that makes them crave food and seek it out, even when they are not hungry. When stimulated, this cluster of cells propels mice to forage vigorously and to prefer fatty and pleasurable foods like chocolate over healthier foods like carrots.

People possess the same kinds of cells, and if confirmed in humans, the finding could offer new ways of understanding eating disorders.

The report, published in the journal Nature Communications, is the first to find cells dedicated to food-seeking in a part of the mouse brainstem usually associated with panic, but not with feeding.

"This region we're studying is called the periaqueductal gray (PAG), and it is in the brainstem, which is very old in evolutionary history and because of that, it is functionally similar between humans and mice," said corresponding author Avishek Adhikari, a UCLA associate professor of psychology. "Although our findings were a surprise, it makes sense that food-seeking would be rooted in such an ancient part of the brain, since foraging is something all animals need to do."

Adhikari studies how fear and anxiety help animals assess risks and minimize exposure to threats, and his group made the discovery while trying to learn how this particular spot was involved in fear.

"Activation of the entire PAG region causes a dramatic panic response in both mice and humans. But when we selectively stimulated only this specific cluster of PAG neurons called vgat PAG cells, they did not alter fear, and instead caused foraging and feeding," Adhikari said.




The researchers injected into mouse brains a virus genetically engineered to make the brain cells produce a light-sensitive protein. When a laser shines on the cells via a fiber-optic implant, the new protein translates that light to electrical neural activity in the cells. A miniature microscope, developed at UCLA and affixed to the mouse's head, recorded the neural activity of cells.

When stimulated with laser light, the vgat PAG cells fired and kicked the mouse into hot pursuit of live crickets and non-prey food, even if it had just eaten a large meal. The stimulation also induced the mouse to follow moving objects that were not food -- like ping pong balls, although it did not try to eat them -- and it also prompted the mouse to confidently explore everything in its enclosure.

"The results suggest the following behavior is related more to wanting than to hunger," Adhikari said. "Hunger is aversive, meaning that mice usually avoid feeling hungry if they can. But they seek out activation of these cells, suggesting that the circuit is not causing hunger. Instead, we think this circuit causes the craving of highly rewarding, high-caloric food. These cells can cause the mouse to eat more high-calorie foods even in the absence of hunger."

Satiated mice with activated vgat PAG cells craved fatty foods so much, they were willing to endure foot shocks to get them, something full mice normally would not do. Conversely, when the researchers injected a virus engineered to produce a protein that dampens the cells' activity under exposure to light, the mice foraged less, even if they were very hungry.

"Mice show compulsive eating in the presence of aversive direct consequences when this circuit is active, and don't search for food even if they're hungry when it's not active. This circuit can circumvent the normal hunger pressures of how, what and when to eat," said Fernando Reis, a UCLA postdoctoral researcher who did most of the experiments in the paper and came up with the idea to study compulsive eating. "We're doing new experiments based on these findings and learning that these cells induce eating of fatty and sugary foods, but not of vegetables in mice, suggesting this circuit may increase eating of junk food."

Like mice, humans also possess vgat PAG cells in the brainstem. It could be that if this circuit is overactive in a person, they might feel more rewarded by eating or crave food when not hungry. Conversely, if this circuit is not active enough, they could have less pleasure associated with eating, potentially contributing to anorexia. If found in humans, the food-seeking circuit could become the treatment target for some kinds of eating disorders.

The research was supported by the National Institute of Mental Health, the Brain & Behavior Research Foundation and the National Science Foundation.
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ChatGPT is an effective tool for planning field work, school trips and even holidays | ScienceDaily
Researchers exploring ways to utilise ChatGPT for work, say it could save organisations and individuals a lot of time and money when it comes to planning trips.


						
A new study, published in Innovations in Education and Teaching International (IETI), has tested whether ChatGPT can be used to design University field studies. It found that the free-to-use AI model is an effective tool for not only planning educational trips around the world, but also could be used by other industries.

The research, led by scientists from the University of Portsmouth and University of Plymouth, specifically focused on marine biology courses. It involved the creation of a brand new field course using ChatGPT, and the integration of the AI-planned activities into an existing university module.

The team developed a comprehensive guide for using the chatbot, and successfully organised a single-day trip in the UK using the AI's suggestion of a beach clean-up activity to raise awareness about marine pollution and its impact on marine ecosystems.

They say the established workflow could also be easily adapted to support other projects and professions outside of education, including environmental impact studies, travel itineraries, and business trips.

Dr Mark Tupper, from the University of Portsmouth's School of Biological Sciences, said: "It's well known that universities and schools across the UK are stretched thin when it comes to resources. We set out to find a way to utilise ChatGPT for planning field work, because of the considerable amount of effort that goes into organising these trips. There's a lot to consider, including safety procedures, risks, and design logistics. This process can take several days, but we found ChatGPT effectively does most of the leg work in just a few hours. The simple framework we've created can be used across the whole education sector, not just by universities. With many facing budget constraints and staffing limitations, this could save a lot of time and money."

Chatbots like ChatGPT are powered by large amounts of data and computing techniques to make predictions to string words together in a meaningful way. They not only tap into a vast amount of vocabulary and information, but also understand words in context.




Since OpenAI launched the 3.0 model in November 2022, millions of users have used the technology to improve their personal lives and boost productivity. Some workers have used it to write papers, make music, develop code, and create lesson plans.

"If you're a school teacher and want to plan a class with 40 kids, our ChatGPT roadmap will be a game changer," said Dr Reuben Shipway, Lecturer in Marine Biology at the University of Plymouth. "All a person needs to do is input some basic data, and the AI model will be able to design a course or trip based on their needs and requirements. It can competently handle various tasks, from setting learning objectives to outlining assessment criteria. For businesses, ChatGPT is like having a personal planning assistant at your fingertips. Imagine trips with itineraries that unfold effortlessly, or fieldwork logistics handled with the ease of conversation."

The paper says while the AI model is adaptable and user-friendly, there are limitations when it comes to field course planning, including risk assessments.

Dr Ian Hendy, from the University of Portsmouth, explained: "We asked ChatGPT to identify the potential hazards of this course and assess the overall risk of this activity from low to high, and the results were mixed. In some instances, ChatGPT was able to identify hazards specific to the activity -- like the increased risk of slipping on seaweed-covered rocks exposed at low tide -- but in other instances, ChatGPT exaggerated threats. For example, we find the risk of students suffering from physical strain and fatigue from carrying bags of collected litter to be low. That's why there still needs to be a human element in the planning stages, to iron out any issues. It's also important that the individual sifting through the results understands the nuances of successful field courses so they can recognise these discrepancies."

The paper concludes with a series of recommendations for best practices in using ChatGPT for field course design, underscoring the need for thoughtful human input, logical prompt sequencing, critical evaluation, and adaptive management to refine course designs.

Top tips to help potential users get the most out of ChatGPT:
    	Get the ball rolling with ChatGPT: Ask what details it thrives on for crafting the perfect assignment plan. By understanding the key information it needs, you'll be well-equipped to structure your prompts effectively and ensure ChatGPT provides tailored and insightful assistance;
    	Time Management Made Easy: Share your preferred schedule, and let ChatGPT handle the logistics. Whether you're a back-to-back meetings person or prefer a more relaxed pace, ChatGPT creates an itinerary that suits your working style;
    	Flexible Contingency Plans: Anticipate the unexpected. ChatGPT can help you create contingency plans in case of unforeseen events, ensuring that the trip remains adaptable to changing circumstances without compromising the educational goals;
    	Cultural Etiquette Guidance: Familiarise yourself with local cultural norms and business etiquette. ChatGPT can provide tips on appropriate greetings, gift-giving customs, and other cultural considerations, ensuring smooth interactions with local business partners;
    	Become a proficient Prompt Engineer: There are many quality, low-cost courses in the field of ChatGPT prompt engineering. These are available from online learning platforms such as Udemy, Coursera, and LinkedIn Learning. Poor input leads to poor ChatGPT output, so improving your prompt engineering will always lead to better results;
    	Use your unique experiences to improve ChatGPT output: Remember that AI knowledge cannot replace personal experience, but AI can learn from your experiences and use them to improve its recommendations;
    	Remember, planning is a two-way street! Engage in feedback with ChatGPT. Don't hesitate to tweak and refine the itinerary until it feels just right. It's your trip, after all.
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Decoding the Easter Bunny -- an eastern Finnish brown hare to represent the standard for the species' genome | ScienceDaily
The Hare Research Group at the Department of Environmental and Biological Sciences, University of Eastern Finland, has published a chromosomally assembled reference genome for the European brown hare. Reference genomes represent a type of a standard for the species genomes, to which any genomic data from the species can be compared.


						
Traditionally, assembling reference genomes has been very difficult, as they have required constructing cytogenetic and linkage maps of chromosomes, which is why they have been available only for humans and for some well-known model organisms in used in research.

However, recent technological advances have enabled new methods to reconstruct chromosome structures and identify their gene contents. These methods were also utilised in this study to sequence and assemble a reference genome of a brown male hare from Liperi, Eastern Finland. The genome consists of 2.9 billion base pairs, which form 23 autosomal chromosomes, and X and Y sex chromosomes. In total 30,833 genes were identified, of which 21,467 are protein encoding. As a comparison, the human genome is slightly bigger (3.1 billion bases) but has less protein coding genes (20,080).

The brown hare represents the first genome of a Finnish species in the European Reference Genome Atlas (ERGA) initiative, which aims to generate reference genomes for all European eukaryotic species.

The reference genome enables and facilitates many types of research with the species in the future, as any DNA sequence data from the species can be rapidly identified by comparing it with the reference. In addition, researchers can seek and identify any interesting parts of the genome, such as individual genes and use these to plan and conduct research. Together with the mountain hare reference genome that is currently under preparation, the brown hare genome has already opened new research avenues into evolutionary history, physiological adaptations and population surveys. Openly accessible genome data and related research will also accelerate development in the field, generating new knowledge, practical applications and innovations.

The timing of the genome release is very appropriate as the brown hare also represents the original Easter Bunny familiar from European folklore. While there are conflicting accounts for the origins and symbolism of the Easter Bunny, brown hares were common in mainland Europe long before rabbits -- originating from the Iberian Peninsula -- became popular.
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Early identification of persistent pain plus holistic interventions cut opioid use | ScienceDaily
For most people, recovering from an injury or surgery might require a short round of painkillers, but for about one in 10 people, pain can trigger protracted and escalating mental, physical and behavioral health problems.


						
Identifying who is at risk of poor pain outcomes could help steer patients to early interventions that set them on a better course while also reducing the potential for opioid overuse.

Now, a simple way to spot those at risk could be as simple as a two-question survey. In a study among patients at the Duke Integrated Pain and Wellness Program, researchers found that a carefully worded, short questionnaire successfully identified people who were most likely to develop chronic pain. These patients were then steered to a more detailed risk stratification and holistic services that led to better outcomes.

Findings appear March 20 in the New England Journal of Medicine Catalyst.

"Unlike traditional methods that reactively address chronic pain, this approach proactively provides resources to prevent the development of high-impact chronic pain, ensuring the right patient gets the right resources at the right time -- before the problem escalates," said senior author Padma Gulur, M.D., professor in the departments of Anesthesiology and Population Health Sciences at Duke University School of Medicine.

Gulur and colleagues enrolled patients who were referred to Duke's pain and wellness program. Patients were given a two-questions survey that was developed after reviewing studies that identified factors leading to poor pain outcomes:
    	Have you ever felt your pain is terrible and it's never going to get any better? (Y/N)
    	Have you ever used an illegal drug or prescription medication for non-medical reasons? (Y/N)

More than 13,500 patients -- about 12% -- responded yes to both questions and were considered at high risk of poor pain outcomes.




They further stratified participants into high, medium and low risk categories, with those at highest risk offered personalized treatment plans based on their level of need. The range of holistic interventions included close pain management with a pain specialist, referrals to social services for food, housing or transportation needs, and access to behavioral health, physical therapy and nutrition programs.

"The interventions were tailored to meet patients at their current state of pain management and to motivate them toward adopting a more holistic approach," Gulur said. "The guiding principles emphasize that patients are doing as well as they can with the coping skills they have but, with the right support, they can do better."

Of the 432 patients at highest risk of poor pain outcomes who participated in the holistic treatment approach, 224 patients (51%) reduced their morphine dose within 30 days.

The number of patients who reduced their morphine dose rose to 299 patients at 60 days and to 349 patients at 180 days. The program's effects were much better than those achieved through other chronic pain management approaches.

"By demonstrating the effectiveness of early identification and intervention for patients at risk of poor pain outcomes, this research can inform the development of new therapies and treatment approaches focused on prevention," Gulur said. "It could lead to improved health services by integrating similar proactive care models into broader health care settings, enhancing scientific understanding and leading to better health care outcomes through more personalized and preemptive pain management strategies."

In addition to Gulur, study authors include Nathan Christie, Amy Pope, Diana Zambrano, Kevin Vorenkamp, and Amanda Nelli.

The study was funded by Duke Health.
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Powerful new AI can predict people's attitudes to vaccines | ScienceDaily
A powerful new tool in artificial intelligence is able to predict whether someone is willing to be vaccinated against COVID-19.


						
The predictive system uses a small set of data from demographics and personal judgments such as aversion to risk or loss.

The findings frame a new technology that could have broad applications for predicting mental health and result in more effective public health campaigns.

A team led by researchers at the University of Cincinnati and Northwestern University created a predictive model using an integrated system of mathematical equations describing the lawful patterns in reward and aversion judgment with machine learning.

"We used a small number of variables and minimal computational resources to make predictions," said lead author Nicole Vike, a senior research associate in UC's College of Engineering and Applied Science.

"COVID-19 is unlikely to be the last pandemic we see in the next decades. Having a new form of AI for prediction in public health provides a valuable tool that could help prepare hospitals for predicting vaccination rates and consequential infection rates."

The study was published in the Journal of Medical Internet Research Public Health and Surveillance.




Researchers surveyed 3,476 adults across the United States in 2021 during the COVID-19 pandemic. At the time of the survey, the first vaccines had been available for more than a year.

Respondents provided information such as where they live, income, highest education level completed, ethnicity and access to the internet. The respondents' demographics mirrored those of the United States based on U.S. Census Bureau figures.

Participants were asked if they had received either of the available COVID-19 vaccines. About 73% of respondents said they were vaccinated, slightly more than the 70% of the nation's population that had been vaccinated in 2021.

Further, they were asked if they routinely followed four recommendations designed to prevent the spread of the virus: wearing a mask, social distancing, washing their hands and not gathering in large groups.

Participants were asked to rate how much they liked or disliked a randomly sequenced set of 48 pictures on a seven-point scale of 3 to -3. The pictures were from the International Affective Picture Set, a large set of emotionally evocative color photographs, in six categories: sports, disasters, cute animals, aggressive animals, nature and food.

Vike said the goal of this exercise is to quantify mathematical features of people's judgments as they observe mildly emotional stimuli. Measures from this task include concepts familiar to behavioral economists -- or even people who gamble -- such aversion to risk (the point at which someone is willing to accept potential loss for a potential reward) and aversion to loss. This is the willingness to avoid risk by, for example, obtaining insurance.




"The framework by which we judge what is rewarding or aversive is fundamental to how we make medical decisions," said co-senior author Hans Breiter, a professor of computer science at UC. "A seminal paper in 2017 hypothesized the existence of a standard model of the mind. Using a small set of variables from mathematical psychology to predict medical behavior would support such a model. The work of this collaborative team has provided such support and argues that the mind is a set of equations akin to what is used in particle physics."

The judgment variables and demographics were compared between respondents who were vaccinated and those who were not. Three machine learning approaches were used to test how well the respondents' judgment, demographics and attitudes toward COVID-19 precautions predicted whether they would get the vaccine.

The study demonstrates that artificial intelligence can make accurate predictions about human attitudes with surprisingly little data or reliance on expensive and time-consuming clinical assessments.

"We found that a small set of demographic variables and 15 judgment variables predict vaccine uptake with moderate to high accuracy and high precision," the study said. "In an age of big-data machine learning approaches, the current work provides an argument for using fewer but more interpretable variables."

"The study is anti-big-data," said co-senior author Aggelos Katsaggelos, an endowed professor of electrical engineering and computer science at Northwestern University. "It can work very simply. It doesn't need super-computation, it's inexpensive and can be applied with anyone who has a smartphone. We refer to it as computational cognition AI. It is likely you will be seeing other applications regarding alterations in judgment in the very near future."
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While social media changes over decades, conversation dynamics stay the same, new study suggests | ScienceDaily

In particular, the study suggests that prolonged conversations on social media are more prone to toxicity, and polarisation, when divergent viewpoints from debate lead to an escalation of online disagreement.

Contrary to the prevailing assumption, the study suggests that toxic interactions do not deter users from engagement, they actively participate in conversations. It also suggests that toxicity does not necessarily escalate as discussions evolve.

The study was led by the Center for Data Science and Complexity for Society at the Department of Computer Science, Sapienza University of Rome, in collaboration with City, University of London and the Institute of Complex Systems, CNR, Rome.

Growing concern surrounds the impact of social media platforms on public discourse and their influence on social dynamics, especially in the context of toxicity.

The study employed a comparative approach across eight social media platforms to explore critical factors related to the persistence of toxic interactions in digital communities. The platforms included the more contemporary Facebook, Reddit, Gab, and YouTube, and the older USENET, a worldwide distributed discussion system established in 1980 -- over a decade before the world wide web went online to the general public. The dataset comprised more than 500 million user comments spanning a period of 34 years.

The study analysis adopted the definition of 'toxicity' provided by state-of-the-art classifier software, which considers toxicity as "a rude, disrespectful or unreasonable comment likely to make someone leave a discussion."

The core finding of the study indicates a complex interaction between harmful content and participation in online debates. It suggests user resilience to negativity in digital environments, and should inform policymakers' understanding of those environments and consequent decision making.




Despite the evolution of social media platforms and changing social norms over three decades, the study findings represent a significant consistency in user interaction dynamics based on a constant human component.

Professor Walter Quattrociocchi, Lead at the Center for Data Science and Complexity for Society at the Department of Computer Science, Sapienza University of Rome, said:

"This research represents a significant advancement in understanding online social dynamics and how they are influenced by algorithms, moving beyond the focus on single platforms. The results underscore the broad implications of algorithmic influence on social interactions.

"The study highlights the crucial importance of data science in analysing and interpreting online human behaviour, confirming that toxic behaviour is a deeply ingrained aspect of digital interactions."

Co-author of the study, Andrea Baronchelli, Professor of Complexity Science at City, University of London, Token Economy theme lead at The Alan Turing Institute, said:

"Analysing multiple platforms is key to isolating genuinely human behavioural patterns from simple reactions to the idiosyncratic online environments. The attention is too often focused on the specific platform, forgetting human nature. Our study is an important step to change this attitude and move the spotlight back on who we are and how we act."
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8-hour time-restricted eating linked to a 91% higher risk of cardiovascular death | ScienceDaily
An analysis of over 20,000 U.S. adults found that people who limited their eating across less than 8 hours per day, a time-restricted eating plan, were more likely to die from cardiovascular disease compared to people who ate across 12-16 hours per day, according to preliminary research presented at the American Heart Association's Epidemiology and Prevention Lifestyle and Cardiometabolic Scientific Sessions 2024, March 18- 21, in Chicago. The meeting offers the latest science on population-based health and wellness and implications for lifestyle.


						
Time-restricted eating, a type of intermittent fasting, involves limiting the hours for eating to a specific number of hours each day, which may range from a 4- to 12-hour time window in 24 hours. Many people who follow a time-restricted eating diet follow a 16:8 eating schedule, where they eat all their foods in an 8-hour window and fast for the remaining 16 hours each day, the researchers noted. Previous research has found that time-restricted eating improves several cardiometabolic health measures, such as blood pressure, blood glucose and cholesterol levels.

"Restricting daily eating time to a short period, such as 8 hours per day, has gained popularity in recent years as a way to lose weight and improve heart health," said senior study author Victor Wenze Zhong, Ph.D., a professor and chair of the department of epidemiology and biostatistics at the Shanghai Jiao Tong University School of Medicine in Shanghai, China. "However, the long-term health effects of time-restricted eating, including risk of death from any cause or cardiovascular disease, are unknown."

In this study, researchers investigated the potential long-term health impact of following an 8-hour time-restricted eating plan. They reviewed information about dietary patterns for participants in the annual 2003-2018 National Health and Nutrition Examination Surveys (NHANES) in comparison to data about people who died in the U.S., from 2003 through December 2019, from the Centers for Disease Control and Prevention's National Death Index database.

The analysis found:
    	People who followed a pattern of eating all of their food across less than 8 hours per day had a 91% higher risk of death due to cardiovascular disease.
    	The increased risk of cardiovascular death was also seen in people living with heart disease or cancer.
    	Among people with existing cardiovascular disease, an eating duration of no less than 8 but less than 10 hours per day was also associated with a 66% higher risk of death from heart disease or stroke.
    	Time-restricted eating did not reduce the overall risk of death from any cause.
    	An eating duration of more than 16 hours per day was associated with a lower risk of cancer mortality among people with cancer.

"We were surprised to find that people who followed an 8-hour, time-restricted eating schedule were more likely to die from cardiovascular disease. Even though this type of diet has been popular due to its potential short-term benefits, our research clearly shows that, compared with a typical eating time range of 12-16 hours per day, a shorter eating duration was not associated with living longer," Zhong said.

"It's crucial for patients, particularly those with existing heart conditions or cancer, to be aware of the association between an 8-hour eating window and increased risk of cardiovascular death. Our study's findings encourage a more cautious, personalized approach to dietary recommendations, ensuring that they are aligned with an individual's health status and the latest scientific evidence," he continued. "Although the study identified an association between an 8-hour eating window and cardiovascular death, this does not mean that time-restricted eating caused cardiovascular death." Study details and background:
    	The study included approximately 20,000 adults in the U.S. with an average age of 49 years.
    	Study participants were followed for a median length of 8 years and maximum length of 17 years.
    	The study included data for NHANES participants who were at least 20 years old at enrollment, between 2003-2018, and had completed two 24-hour dietary recall questionnaires within the first year of enrollment.
    	Approximately half of the participants self-identified as men, and half self-identified as women. 73.3% of the participants self-identified as non-Hispanic white adults, 11% self-identified as Hispanic adults, 8% self-identified as non-Hispanic Black adults and 6.9% of adults self-identified as another racial category, including mixed-race adults and adults of other non-Hispanic races.

The study's limitations included its reliance on self-reported dietary information, which may be affected by participant's memory or recall and may not accurately assess typical eating patterns. Factors that may also play a role in health, outside of daily duration of eating and cause of death, were not included in the analysis.




Future research may examine the biological mechanisms that underly the associations between a time-restricted eating schedule and adverse cardiovascular outcomes, and whether these findings are similar for people who live in other parts of the world, the authors noted.

"Overall, this study suggests that time-restricted eating may have short-term benefits but long-term adverse effects. When the study is presented in its entirety, it will be interesting and helpful to learn more of the details of the analysis," said Christopher D. Gardner, Ph.D., FAHA, the Rehnborg Farquhar Professor of Medicine at Stanford University in Stanford, California, and chair of the writing committee for the Association's 2023 scientific statement, Popular Dietary Patterns: Alignment with American Heart Association 2021 Dietary Guidance.

"One of those details involves the nutrient quality of the diets typical of the different subsets of participants. Without this information, it cannot be determined if nutrient density might be an alternate explanation to the findings that currently focus on the window of time for eating. Second, it needs to be emphasized that categorization into the different windows of time-restricted eating was determined on the basis of just two days of dietary intake," he said.

"It will also be critical to see a comparison of demographics and baseline characteristics across the groups that were classified into the different time-restricted eating windows -- for example, was the group with the shortest time-restricted eating window unique compared to people who followed other eating schedules, in terms of weight, stress, traditional cardiometabolic risk factors or other factors associated with adverse cardiovascular outcomes? This additional information will help to better understand the potential independent contribution of the short time-restricted eating pattern reported in this interesting and provocative abstract."
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Toxic metal particles can be present in cannabis vapes even before the first use, study finds | ScienceDaily
Vapes have often been heralded as a "safer" way to consume either nicotine or cannabis, where legal to do so. But the devices present their own suite of risks that are slowly being revealed as they undergo increasing research and regulation. Now, researchers have discovered that nano-sized toxic metal particles may be present in cannabis vaping liquids even before the vaping device is heated, and the effect is worse in unregulated products.


						
The researchers will present their results today at the spring meeting of the American Chemical Society (ACS). ACS Spring 2024 is a hybrid meeting being held virtually and in person March 17-21; it features nearly 12,000 presentations on a range of science topics.

While cannabis regulation and legalization are still growing in the U.S., it was made federally legal in Canada under its Cannabis Act in 2018. "Cannabis vapes are newly regulated products in Canada, so we don't yet have much scientific data about them," says Andrew Waye, who will present the work at the meeting. "This is an opportunity for us to look at some of the questions concerning the risks and unknowns of cannabis vapes." Waye manages the research program at the Office of Cannabis Science and Surveillance at Health Canada.

Unlike smoking, vaping does not involve a combustion reaction, which produces harmful byproducts. Instead, a vaping device heats a liquid until it evaporates into an inhalable vapor. As a result, it is often seen as a safer method to consume cannabis or nicotine. But research on nicotine vapes has shown that the metal components that heat the vape liquid may release harmful elemental metals, including nickel, chromium and lead, which can then be transported into the aerosol and deposited into the user's body.

Waye's team wanted to investigate whether this was also true for cannabis vapes. To do so, the group collaborated with Zuzana Gajdosechova, who is a scientist at the Metrology Research Centre of the National Research Council of Canada, which has been involved in cannabis testing and standardization for several years.

The team gathered 41 samples of cannabis vape liquids -- 20 legal, regulated samples from the Ontario Cannabis Store and 21 samples from the illicit market provided by the Ontario Provincial Police. The liquids were analyzed by mass spectrometry to look for the presence of 12 metals. Regulated cannabis products are routinely tested for some of the analyzed metals, as well as other contaminants.

To verify the team's findings, Gajdosechova collaborated with imaging experts and used techniques such as scanning electron microscopy to provide a visual confirmation of the metal particles. While some metals, such as arsenic, mercury and cadmium, were within the generally accepted tolerance limits for cannabis products, others were detected in concentrations considered to be very high. The most striking example proved to be lead: Some unregulated samples contained 100 times more lead than the regulated samples, far exceeding the generally accepted tolerance limit.




Importantly, this metal contamination was found in the liquid of cannabis vapes that had never been used and were less than six months old. "The evidence strongly suggests that metal contamination can come from the device when it's produced, and not from the heating of the coils," explains Gajdosechova. "But depending on the quality of the device, the contamination may be increased by that heating."

Additionally, the team found that vapes belonging to the same production lot could contain different levels of metal contamination, demonstrating a high level of variability between samples. This could have implications for testing procedures, as Canadian regulations require samples to be representative of the whole lot or batch and that testing be done at or after the last step where contamination can occur. "If contamination is happening when the device is assembled, you should be testing at that stage rather than earlier," says Waye.

Next, the team wanted to investigate the size of the metal particles to understand their potential health risks. Using single particle inductively coupled plasma mass spectrometry, the researchers found many particles that were of nanoscale size. "Some nano-sized metal particles are highly reactive and potentially harmful," says Gajdosechova.

Moving forward, the team wants to determine how many of these particles are transmitted into the vape aerosol when a device is used. This is when the metals could get into users' lungs, which will be important to determine the public health implications of these findings. The effect has been demonstrated in nicotine vapes, and the researchers expect that cannabis vapes could show the same.

"Different types of cannabis products present different risks. Our research doesn't answer whether vaping is riskier than smoking, it just underlines that the risks may be different. Previously uncharacterized risks with cannabis vaping are still being identified," concludes Waye. So, while there isn't necessarily one way to "safely" consume these products, this research demonstrates that regulation can help create safer cannabis products overall.

This research was funded by Health Canada.
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Bendable energy storage materials by cool science | ScienceDaily
Imaging being able to wear your smartphone on your wrist, not as a watch, but literally as a flexible band that wraps around your arm. How about clothes that charge your gadgets just by wearing them?


						
Recently, a collaborative team led by Professor Jin Kon Kim and Dr. Keon-Woo Kim of Pohang University of Science and Technology (POSTECH), Professor Taesung Kim and M.S./Ph.D. student Hyunho Seok of Sungkyunkwan University (SKKU), and Professor Hong Chul Moon of University of Seoul (UOS) has brought us a step closer to achieving this reality. This research work was published in Advanced Materials.

Mesoporous metal oxides (MMOs) are characterized by pores ranging from 2 to 50 nanometers (nm) in size. Due to their extensive surface area, MMOs have various applications, such as high-performance energy storage and efficient catalysis, semiconductors, and sensors. However, the integration of MMOs on wearable and flexible devices remains a great challenge, because plastic substrates could not maintain their integrity at elevated temperatures (350degC or above) where MMOs could be synthesized.

The research team tackled this problem by using synergetic effect of heat and plasma to synthesize various MMOs including vanadium oxide (V2O5), renowned high-performance energy storage materials, V6O13, TiO2, Nb2O5, and WO3, on flexible materials at much lower temperatures (150 ~ 200 oC). The high reactive plasma chemical moieties provide enough energy that could be compensated by high temperature. The fabricated devices could be bent thousands of times without losing the energy storage performance.

Professor Jin Kon Kim, the leading researcher, expressed his opinion, stating: "We're on the brink of a revolution in wearable tech."

"Our breakthrough could lead to gadgets that are not only more flexible but also much more adaptable to our daily needs."

This research was supported by National Creative Initiative Research Program, the Basic Research in Science & Engineering Program, and the Nano & Material Technology Development Program.
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There are large accumulations of plastics in the ocean, even outside so-called garbage patch | ScienceDaily
"Plastics in the ocean are a serious problem. Every year, millions of tonnes of plastics end up in the ocean via rivers and wind as well as from shipping and fishing -- and it remains there. It is still difficult to assess the consequences for the ocean ecosystem," says UFZ environmental chemist Prof Annika Jahnke, coordinator of the MICRO-FATE project, which made the study possible. What is the distribution of plastics in the oceans? Which areas are particularly affected? Are there any plastic-free zones? And what properties do plastics have close to the source or far away in the open ocean?


						
Jahnke and her research team have investigated these questions. During a five-week expedition on the German research vessel "Sonne" in 2019, the researchers took samples of the surface water in the North Pacific Ocean between Vancouver (Canada) and Singapore. The team selected the sampling stations along the cruise track based on a prediction model from the University of Hawaii (Surface CUrrents from a Diagnostic model (SCUD)). This model calculates how much plastics are likely to be present in a particular marine area. "We selected stations with predicted high and low plastic loads for our investigations," says Jahnke. "Some stations were located in areas that had already been well researched such as the so-called Great Pacific Garbage Patch. We also wanted to investigate zones in the open ocean that had hardly been explored. For example, we took samples in a marine reserve northwest of Hawaii, the Papahanaumokuakea Marine National Monument "

The team used two different methods to determine the amount of plastics in the surface water. The first one was a litter survey in which teams of two scientists on the deck of the "Sonne" counted plastic items that were visible to the naked eye during ship transits and documented their shape and size. The second one involved neuston nets towed at the surface to take samples at nine stations. "The mesh size was 0.3 millimetres. This allowed us to collect not only larger items, but also small plastic particles to determine the amount of microplastics, which are less than five millimetres in diameter," says UFZ researcher Robby Rynek, lead author of the study. "The plastic particles from each sample were sorted by size and counted. We then used a special form of infrared spectroscopy to chemically analyse the particles and estimate their weathering state based on their appearance."

The longer plastics are exposed to sun, wind, waves, and sea water, the more they weather and disintegrate. Other studies have shown that larger non-degraded plastic items and particles occur primarily where plastic enters the sea. The further the particles are transported, the more weathered and smaller they should be. "This is exactly what we showed with our investigations. And as expected, we found the highest quantities of plastics in the samples we took in the area known as the Great Pacific Garbage Patch," says Rynek. "However, the items do not in any way form a carpet of plastic that covers an entire surface in a dense manner. This is important when thinking about plastic removal technologies, which would have to cover vast areas in order to be able to collect significant amounts of plastic. Most plastics are small fragments that escape nets or which can only be collected with considerable animal 'by-catch'," says co-author Dr Melanie Bergmann from the AWI. It is therefore essential to reduce the emissions of plastics.

"The most surprising and at the same time most worrying result of our study is that we found equally large quantities of particularly small microplastics in the remote marine protected area north-west of Hawaii. We hadn't expected that. According to the calculations of the forecast model, there should be considerably less plastics in this area," says Rynek. "Microplastics are most likely distributed much further across the oceans than previously assumed. We actually found plastics at all of our sampling stations. There were no samples without plastics. So, we can't assume that plastics are causing problems mainly in the known accumulation areas -- the problem is much bigger and actually affects the entire ocean ecosystem," says Jahnke.

This year, UN member states intend to adopt a legally binding global Plastics Treaty in order to stop plastic pollution into the ocean. "As independent scientists, we stand as part of the Scientists' Coalition for an Effective Plastics Treaty to advise the delegates of the UN member states," says Bergmann. In addition to far-reaching reductions in plastic production by avoiding unnecessary plastic products and promoting reuse systems, many researchers believe that the chemical composition of plastic products needs to be simplified and improved. This is the only way to ensure safe reuse and higher recycling rates.
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A protein found in human sweat may protect against Lyme disease | ScienceDaily
Lyme disease, a bacterial infection transmitted by ticks, affects nearly half a million people in the United States every year. In most cases, antibiotics effectively clear the infection, but for some patients, symptoms linger for months or years.


						
Researchers at MIT and the University of Helsinki have now discovered that human sweat contains a protein that can protect against Lyme disease. They also found that about one-third of the population carries a genetic variant of this protein that is associated with Lyme disease in genome-wide association studies.

It's unknown exactly how the protein inhibits the growth of the bacteria that cause Lyme disease, but the researchers hope to harness the protein's protective abilities to create skin creams that could help prevent the disease, or to treat infections that don't respond to antibiotics.

"This protein may provide some protection from Lyme disease, and we think there are real implications here for a preventative and possibly a therapeutic based on this protein," says Michal Caspi Tal, a principal research scientist in MIT's Department of Biological Engineering and one of the senior authors of the new study.

Hanna Ollila, a senior researcher at the Institute for Molecular Medicine at the University of Helsinki and a researcher at the Broad Institute of MIT and Harvard, is also a senior author of the paper, which appears today in Nature Communications. The paper's lead author is Satu Strausz, a postdoc at the Institute for Molecular Medicine at the University of Helsinki.

A surprising link

Lyme disease is most often caused by a bacterium called Borrelia burgdorferi. In the United States, this bacterium is spread by ticks that are carried by mice, deer, and other animals. Symptoms include fever, headache, fatigue, and a distinctive bulls-eye rash.




Most patients receive doxycycline, an antibiotic that usually clears up the infection. In some patients, however, symptoms such as fatigue, memory problems, sleep disruption, and body aches can persist for months or years.

Tal and Ollila, who were postdocs together at Stanford University, began this study a few years ago in hopes of finding genetic markers of susceptibility to Lyme disease. To that end, they decided to run a genome-wide association study (GWAS) on a Finnish dataset that contains genome sequences for 410,000 people, along with detailed information on their medical histories.

This dataset includes about 7,000 people who had been diagnosed with Lyme disease, allowing the researchers to look for genetic variants that were more frequently found in people who had had Lyme disease, compared with those who hadn't.

This analysis revealed three hits, including two found in immune molecules that had been previously linked with Lyme disease. However, their third hit was a complete surprise -- a secretoglobin called SCGB1D2.

Secretoglobins are a family of proteins found in tissues that line the lungs and other organs, where they play a role in immune responses to infection. The researchers discovered that this particular secretoglobin is produced primarily by cells in the sweat glands.

To find out how this protein might influence Lyme disease, the researchers created normal and mutated versions of SCGB1D2 and exposed them to Borrelia burgdorferi grown in the lab. They found that the normal version of the protein significantly inhibited the growth of Borrelia burgdorferi. However, when they exposed bacteria to the mutated version, twice as much protein was required to suppress bacterial growth.




The researchers then exposed bacteria to either the normal or mutated variant of SCGB1D2 and injected them into mice. Mice injected with the bacteria exposed to the mutant protein became infected with Lyme disease, but mice injected with bacteria exposed to the normal version of SCGB1D2 did not.

"In the paper we show they stayed healthy until day 10, but we followed the mice for over a month, and they never got infected. This wasn't a delay, this was a full stop. That was really exciting," Tal says.

Preventing infection

After the MIT and University of Helsinki researchers posted their initial findings on a preprint server, researchers in Estonia replicated the results of the genome-wide association study, using data from the Estonian Biobank. These data, from about 210,000 people, including 18,000 with Lyme disease, were later added to the final Nature Communications study.

The researchers aren't sure yet how SCGB1D2 inhibits bacterial growth, or why the variant is less effective. However, they did find that the variant causes a shift from the amino acid proline to leucine, which may interfere with the formation of a helix found in the normal version.

They now plan to investigate whether applying the protein to the skin of mice, which do not naturally produce SCGB1D2, could prevent them from being infected by Borrelia burgdorferi. They also plan to explore the protein's potential as a treatment for infections that don't respond to antibiotics.

"We have fantastic antibiotics that work for 90 percent of people, but in the 40 years we've known about Lyme disease, we have not budged that," Tal says. "Ten percent of people don't recover after having antibiotics, and there's no treatment for them."

The researchers note that people who have the protective version of SCGB1D2 can still develop Lyme disease, and they should not assume that they won't. One factor that may play a role is whether the person happens to be sweating when they're bitten by a tick carrying Borrelia burgdorferi.

SCGB1D2 is just one of 11 secretoglobin proteins produced by the human body, and Tal also plans to study what some of those other secretoglobins may be doing in the body, especially in the lungs, where many of them are found.

"The thing I'm most excited about is this idea that secretoglobins might be a class of antimicrobial proteins that we haven't thought about. As immunologists, we talk nonstop about immunoglobulins, but I had never heard of a secretoglobin before this popped up in our GWAS study. This is why it's so fun for me now. I want to know what they all do," she says.

The research was funded, in part, by Emily and Malcolm Fairbairn, the Instrumentarium Science Foundation, the Academy of Finland, the Finnish Medical Foundation, the Younger Family, and the Bay Area Lyme Foundation.
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Fairy circles: Plant water stress causes Namibia's gaps in grass | ScienceDaily
Namibia's legendary fairy circles are mysterious, circular, bald patches in the dry grasslands on the edge of the Namib Desert. Their formation has been researched for decades and has recently been the subject of much debate. With extensive fieldwork, researchers from the University of Gottingen in Germany and Ben Gurion University in Israel investigated how freshly germinated grass dies inside the fairy circle. Their results show that the grass withers due to a lack of water inside the fairy circle. The topsoil, comprised of the top 10 to 12 centimetres of the soil, acts as a kind of "death zone" in which fresh grass cannot survive for long. The new grass dies between 10 and 20 days after the rain. According to the researchers, the fact that it shows no signs of termite damage disproves a competing theory. The results were published in the journal Perspectives in Plant Ecology, Evolution and Systematics.


						
For the study, the scientists analysed 500 individual grass plants in four regions of the Namib by taking measurements of root and leaf lengths, carrying out statistical analyses, as well as collecting and comparing photographic evidence. They also took several hundred measurements of soil moisture during or after the 2023 and 2024 rainy seasons.

This showed that the topsoil is very susceptible to drying out. During and after the rainy season, the soil moisture here is three to four times lower than the soil at a depth of around 20 centimetres. In addition, the topsoil is significantly drier within the fairy circle than outside during the period of grass growth after ample rainfall. Under these conditions, freshly germinated grasses cannot survive in the fairy circle: they dry out because they cannot reach the deeper, more moist layers of soil with their roots, which are on average 10 centimetres long.

In contrast, the large, perennial clumps of grass that grow at the edge of the fairy circle benefit from being able to access the soil water to a depth of 20 to 30 centimetres and below. These clumps of grass quickly turn green after the rain. "With their well-developed root system, these clumps of grass soak up the water particularly well. After the rain, they have a huge competitive advantage over the freshly germinated grasses in the fairy circle. The new grass only loses a small amount of water via transpiration from its small leaves, resulting in insufficient 'suction power' to pull new water from deeper soil layers," explains first author Dr Stephan Getzin, Gottingen University's Ecosystem Modelling Department.

The measurement data also show that the physical conductivity of the water is high in the first 20 days after the rain, particularly in the upper soil, and decreases with depth. As a result, the clumps of grass primarily draw water from the top 10 to 20 centimetres of the soil. Getzin says: "This is the cause of the death of the new grass in the fairy circle. Continuous soil moisture measurements over several years support this conclusion. This is because the soil water in the fairy circle only decreases noticeably quickly with the strengthening and regrowth of the surrounding grass after rain." According to the researchers, this testifies to the basic function of the fairy circles as water sources for the drought-stressed grass of the Namib. The round shape of the fairy circles is formed by the grass itself, as this creates the maximum supply of soil water for itself. "This self-organisation can be described as 'swarm intelligence'. It is a systematic adaptation to a lack of resources in arid regions," say Getzin and his colleague Dr Hezi Yizhaq.

In their study, Getzin and Yizhag also comment on the theory that termites shorten the roots of fresh grass in the fairy circle by feeding on them, causing the new grass to die. "In an extensive discussion of the publications on the sand termite theory, we show that so far not a single field study with systematic measurement data on the root length of dying grasses has shown that termite feeding on the roots of newly germinated grasses create the Namib fairy circles," the researchers say.

They also highlight a concern in that the supporters of the sand termite theory cite other research as "evidence" for the killing of fresh grass due to termite herbivory on the roots, but in fact the cited articles do not even deal with this specific subject matter.
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Biomarkers of the middle-aged brain predict cognitive health in old age | ScienceDaily
The middle-aged brain could provide a window into future cognitive health, researchers write in a review publishing March 19 in the journal Trends in Neurosciences. The team reviewed evidence from human and animal studies suggesting that middle age -- commonly considered as the period between 40 and 60 or 65 years of age -- marks a shift in brain aging. They argue that more research should be dedicated to middle age, a period of life that is historically understudied.


						
"Middle age is associated with specific and modifiable risk factors for future dementia risk," write the authors, who include neuroscientist Yvonne Nolan of APC Microbiome Ireland at University College Cork. "We encourage giving this previously understudied period of life renewed consideration."

Most studies of brain health and cognitive decline focus on older age groups, but by this time, interventions may have limited efficacy. Screening for risk of future cognitive decline could help by allowing treatment to begin earlier when it might be more effective. A better understanding of brain shifts during middle age might also help identify novel targets for therapy, the researchers say.

During middle age, the brain undergoes significant molecular, cellular, and structural changes, and many of these changes have been linked to cognitive decline, which has also been shown to accelerate during middle age.

"There is good evidence to suggest that the human brain undergoes non-linear structural and functional changes during middle age that have implications for cognitive functioning, and variation in these processes could account for individual trajectories in cognitive aging," the authors write.

Structurally, middle age is associated with changes in the volume of several brain structures, shrinking of the hippocampus (a brain structure involved in memory and learning), and decreased connectivity between different parts of the brain.

"The fourth and fifth decades of life may be a turning point in the organization of brain networks, characterized by optimal efficiency, system segregation, and modularity, followed by accelerated decay of these properties," the authors write.




Middle age is also associated with changes in gene expression, both within the brain and in other parts of the body. In the human brain, studies show increased expression of immune-related genes and decreased expression of synaptic genes. The authors also point to evidence suggesting that changes in other parts of the body may predict brain health and function.

"Factors in systemic circulation -- mainly proteins secreted by various organs -- are understood to mediate brain aging in terms of cognition, plasticity, adult neurogenesis, and neuroinflammation," the authors write. "Some of the largest peaks of change across the entire adult lifespan occur during middle age, as measured in plasma, peripheral blood monocytes, and muscle."

There is some evidence that exercise might aid healthy cognitive aging, but more research is needed. "Studying the intersection of aging- and exercise-related molecular processes could unveil new therapeutic targets," the authors write.

Further research is also needed to investigate observed sex differences in brain aging, as evident in the higher rate of dementia in women, the researchers say. They also note that it will be important for future studies to differentiate processes that cause declining brain health from biomarkers that reflect compensatory mechanisms.

"Ultimately, scientists will want to find novel therapeutic targets to mitigate unhealthy cognitive aging," the authors write. "We argue that applying recent trends in aging research to this period of life could reveal novel biomarkers and possible interventions to combat cognitive decline in an increasingly older global population."

This research was supported by the Science Foundation Ireland, the Irish Health Research Board, and Alzheimer Nederland.
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Tanks of the Triassic: New crocodile ancestor identified | ScienceDaily
Dinosaurs get all the glory. But aetosaurs, a heavily armored cousin of modern crocodiles, ruled the world before dinosaurs did. These tanks of the Triassic came in a variety of shapes and sizes before going extinct around 200 million years ago. Today, their fossils are found on every continent except Antarctica and Australia.


						
Scientists use the bony plates that make up aetosaur armor to identify different species and usually don't have many fossil skeletons to work with. But a new study led by researchers at The University of Texas at Austin centers on an aetosaur suit of armor that has most of its major parts intact.

The suit -- called a carapace -- is about 70% complete and covers each major region of the body.

"We have elements from the back of the neck and shoulder region all the way to the tip of the tail," said William Reyes, a doctoral student at the UT Jackson School of Geosciences who led the research. "Usually, you find very limited material."

The research was published in The Anatomical Record.

Reyes and his collaborators used the armor to identify the specimen as a new aetosaur species -- which they named Garzapelta muelleri. The name "Garza" recognizes Garza County in northwest Texas, where the aetosaur was found, and "Pelta" is Latin for shield, a nod to aetosaurs' heavily fortified body. The species name "muelleri" honors the paleontologist who originally discovered it, Bill Mueller.

Garzapelta lived about 215 million years ago and resembled a modern American crocodile -- but with much more armor.




"Take a crocodile from modern day, and turn it into an armadillo," said Reyes.

The bony plates that covered Garzapelta and other aetosaurs are called osteoderms. They were embedded directly in the skin and formed a suit of armor by fitting together like a mosaic. In addition to having a body covered in bony plates, Garzapelta's sides were flanked by curved spikes that would have offered another layer of protection from predators. Although crocodiles today are carnivores, scientists think that aetosaurs were primarily omnivorous.

The spikes on Garzapelta are very similar to those found in another aetosaur species, but surprisingly, researchers found that the two species are only distantly related. The similarities, they discovered, are an example of convergent evolution, the independent evolution of similar traits in different species. The development of flight in insects, birds, mammals and now-extinct pterosaurs is a classic example of this phenomenon.

According to Reyes, an array of unique features on Garzapelta's plates clearly marked it as a new species. They range from how the plates fit together to unique bumps and ridges on the bones. However, figuring out where Garzapelta fit into the larger aetosaur family tree was more of challenge. Depending on which portion of the armor the researchers emphasized in their analysis, Garzapelta would end up in very different places. Armor that ran down its back resembled armor from one species, while its midsection spikes resembled armor from another.

Once the researchers determined that the spikes evolved independently, they were able to work out where Garzapelta fit best among other aetosaur species. Nevertheless, Reyes said the research shows how convergent evolution can complicate things.

"Convergence of the osteoderms across distantly related aetosaurs has been noted before, but the carapace of Garzapelta muelleri is the best example of it and shows to what extent it can happen and the problems it causes in our phylogenetic analyses," Reyes said.




Garzapelta is part of the Texas Tech University fossil collections. It spent most of the past 30 years on a shelf before Reyes encountered it during a visit. Bill Parker, an aetosaur expert and park paleontologist at Petrified Forest National Park who was not part of the research, said that university and museum collections are a critical part of making this type of research possible.

"These specimens weren't just dug in the field yesterday," he said. "They've been sitting in the museum for decades and it just takes someone like Will to come along and finally decide to study them and make them come to life."

In addition to different species having different armor, it's possible that an animal's age or sex could also affect armor appearance. Reyes is currently exploring these questions by studying aetosaur fossils in the Jackson School's collection, most of which were found during the 1940s as part of excavations done by the Works Progress Administration.

The research was funded by the National Science Foundation and the Jackson School.

The study co-authors are Jeffrey Martz, an associate professor at the University of Houston-Downtown, and Bryan Small, a research associate at the Museum of Texas Tech University.
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Backyard insect inspires invisibility devices, next gen tech | ScienceDaily
Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study led by Penn State researchers. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.


						
This could allow the development of bioinspired optical materials with possible applications ranging from invisible cloaking devices to coatings to more efficiently harvest solar energy, said Tak-Sing Wong, professor of mechanical engineering and biomedical engineering. Wong led the study, which was published today (March 18) in the Proceedings of the National Academy of Sciences of the United States of America (PNAS).

The unique, tiny particles have an unusual soccer ball-like geometry with cavities, and their exact purpose for the insects has been something of a mystery to scientists since the 1950s. In 2017, Wong led the Penn State research team that was the first to create a basic, synthetic version of brochosomes in an effort to better understand their function.

"This discovery could be very useful for technological innovation," said Lin Wang, postdoctoral scholar in mechanical engineering and the lead author of the study. "With a new strategy to regulate light reflection on a surface, we might be able to hide the thermal signatures of humans or machines. Perhaps someday people could develop a thermal invisibility cloak based on the tricks used by leafhoppers. Our work shows how understanding nature can help us develop modern technologies."

Wang went on to explain that even though scientists have known about brochosome particles for three-quarters of a century, making them in a lab has been a challenge due to the complexity of the particle's geometry.

"It has been unclear why the leafhoppers produce particles with such complex structures," Wang said, "We managed to make these brochosomes using a high-tech 3D-printing method in the lab. We found that these lab-made particles can reduce light reflection by up to 94%. This is a big discovery because it's the first time we've seen nature do something like this, where it controls light in such a specific way using hollow particles."

Theories on why leafhoppers coat themselves with a brochosome armor have ranged from keeping them free of contaminants and water to a superhero-like invisibility cloak. However, a new understanding of their geometry raises a strong possibility that its main purpose could be the cloak to avoid predators, according to Tak-Sing Wong, professor of mechanical engineering and biomedical engineering and corresponding author of the study.




The researchers have found that the size of the holes in the brochosome that give it a hollow, soccer ball-like appearance is extremely important. The size is consistent across leafhopper species, no matter the size of the insect's body. The brochosomes are roughly 600 nanometers in diameter -- about half the size of a single bacterium -- and the brochosome pores are around 200 nanometers.

"That makes us ask a question," Wong said. "Why this consistency? What is the secret of having brochosomes of about 600 nanometers with about 200-nanometer pores? Does that serve some purpose?"

The researchers found the unique design of brochosomes serves a dual purpose -- absorbing ultraviolet (UV) light, which reduces visibility to predators with UV vision, such as birds and reptiles, and scattering visible light, creating an anti-reflective shield against potential threats. The size of the holes is perfect for absorbing light at the ultraviolet frequency.

This potentially could lead to a variety of applications for humans using synthetic brochosomes, such as more efficient solar energy harvesting systems, coatings that protect pharmaceuticals from light-induced damage, advanced sunscreens for better skin protection against sun damage and even cloaking devices, researchers said. To test this, the team first had to make synthetic brochosomes, a major challenge in and of itself.

In their 2017 study, the researchers mimicked some features of brochosomes, particularly the dimples and their distribution, using synthetic materials. This allowed them to begin understanding the optical properties. However, they were only able to make something that looked like brochosomes, not an exact replica.

"This is the first time we are able to make the exact geometry of the natural brochosome," Wong said, explaining that the researchers were able to create scaled synthetic replicas of the brochosome structures by using advanced 3D-printing technology.




They printed a scaled-up version that was 20,000 nanometers in size, or roughly one-fifth the diameter of a human hair. The researchers precisely replicated the shape and morphology, as well as the number and placement of pores using 3D printing, to produce still-small faux brochosomes that were large enough to characterize optically.

They used a Micro-Fourier transform infrared (FTIR) spectrometer to examine how the brochosomes interacted with infrared light of different wavelengths, helping the researchers understand how the structures manipulate the light.

Next, the researchers said they plan to improve the synthetic brochosome fabrication to enable production at a scale closer to the size of natural brochosomes. They will also explore additional applications for synthetic brochosomes, such as information encryption, where brochosome-like structures could be used as part of an encryption system where data is only visible under certain light wavelengths.

Wang noted that their brochosome work demonstrates the value of a biomimetic research approach, where scientists looks to nature for inspiration.

"Nature has been a good teacher for scientists to develop novel advanced materials," Wang said. "In this study, we have just focused on one insect species, but there are many more amazing insects out there that are waiting for material scientists to study, and they may be able to help us solve various engineering problems. They are not just bugs; they are inspirations."

Along with Wong and Wang from Penn State, other researchers on the study include Sheng Shen, professor of mechanical engineering, and Zhuo Li, doctoral candidate in mechanical engineering, both at Carnegie Mellon University, who contributed to the simulations in this study. Wang and Li contributed equally to this work, for which the researchers have filed a U.S. provisional patent. The Office of Naval Research supported this research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240318164501.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Harnessing hydrogen at life's origin | ScienceDaily
A new report uncovers how hydrogen gas, the energy of the future, provided energy in the past, at the origin of life 4 billion years ago. Hydrogen gas is clean fuel. It burns with oxygen in the air to provide energy with no CO2. Hydrogen is a key to sustainable energy for the future. Though humans are just now coming to realize the benefits of hydrogen gas (H2 in chemical shorthand), microbes have known that H2 is good fuel for as long as there has been life on Earth. Hydrogen is ancient energy. The very first cells on Earth lived from H2 produced in hydrothermal vents, using the reaction of H2 with CO2 to make the molecules of life.


						
Microbes that thrive from the reaction of H2 and CO2 can live in total darkness, inhabiting spooky, primordial habitats like deep-sea hydrothermal vents or hot rock formations deep within the Earth's crust, environments where many scientists think that life itself arose. Surprising new insights about how the first cells on Earth came to harness H2 as an energy source are now reported in PNAS. The new study comes from the team of William F. Martin at the University of Dusseldorf and Martina Preiner at the Max Planck Institute (MPI) for Terrestrial Microbiology in Marburg with support from collaborators in Germany and Asia.

In order to harvest energy, cells first have to push the electrons from H2 energetically uphill. "That is like asking a river to flow uphill instead of downhill, so cells need engineered solutions," explains one of the three first authors of the study, Max Brabender. How cells solve that problem was discovered only 15 years ago by Wolfgang Buckel together with his colleague Rolf Thauer in Marburg. They found that cells send the two electrons in hydrogen down different paths. One electron goes far downhill, so far downhill that it sets something like a pulley (or a siphon) in motion that can pull the other electron energetically uphill. This process is called electron bifurcation. In cells, it requires several enzymes that send the electrons uphill to an ancient and essential biological electron carrier called ferredoxin. The new study shows that at pH 8.5, typical of naturally alkaline vents, "no proteins are required," explains Buckel, co-author on the study, "the H-H bond of H2 splits on the iron surface, generating protons that are consumed by the alkaline water and electrons that are then easily transferred directly to ferredoxin."

How an energetically uphill reaction could have worked in early evolution, before there were enzymes or cells, has been a very tough puzzle. "Several different theories have proposed how the environment might have pushed electrons energetically uphill to ferredoxin before the origin of electron bifurcation," says Martin, "we have identified a process that could not be simpler and that works in the natural conditions of hydrothermal vents."

Since the discovery of electron bifurcation, scientists have found that the process is both ancient and absolutely essential in microbes that live from H2. The vexing problem for evolutionarily-minded chemists like Martina Preiner, whose team in Marburg focusses on the impact of the environment on reactions that microbes use today and possibly used at life's origin, is: How was H2 harnessed for CO2 fixing pathways before there were complicated proteins? "Metals provide answers,," she says, "at the onset of life, metals under ancient environmental conditions can send the electrons from H2 uphill, and we can see relicts of that primordial chemistry preserved in the biology of modern cells." But metals alone are not enough. "H2 needs to be produced by the environment as well" adds co-first author Delfina Pereira from Preiner's lab. Such environments are found in hydrothermal vents, where water interacts with iron-containing rocks to make H2 and where microbes still live today from that hydrogen as their source of energy.

Hydrothermal vents, both modern and ancient, generate H2 in such large amounts that the gas can turn iron-containing minerals into shiny metallic iron. "That hydrogen can make metallic iron out of minerals is no secret" says Harun Tuysuz, expert for high-tech materials at the Max-Planck-Institut fur Kohlenforschung Mulheim and coauthor on the study. "Many processes in chemical industry use H2 to make metals out of minerals during the reaction." The surprise is that nature does this too, especially at hydrothermal vents, and that this naturally deposited iron could have played a crucial role at the origin of life.

Iron was the only metal identified in the new study that was able to send the electrons in H2 uphill to ferredoxin. But the reaction only works under alkaline conditions like those in a certain type of hydrothermal vents. Natalia Mrnjavac from the Dusseldorf group and co-first author on the study points out: "This fits well with the theory that life arose in such environments. The most exciting thing is that such simple chemical reactions can close an important gap in understanding the complex process of origins, and that we can see those reactions working under the conditions of ancient hydrothermal vents in the laboratory today."
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Addressing both flu and COVID-19 through a single, multitasking injection | ScienceDaily
In preparation for the winter season last year, the Korean Medical Association recommended that people with compromised immune systems receive both the flu and COVID-19 vaccines simultaneously. The prospect of receiving shots in both arms may have been a shock, especially for children. However, there is now exciting news about a multitasking substance capable of preventing and treating both flu and COVID-19 infections concurrently, and it is gaining momentum.


						
Professor Seung-Woo Lee from the Department of Life Sciences and the School of Convergence Science and Technology, Subin Park and Yujin Jeong, PhD candidates from the Department of Life Sciences at Pohang University of Science and Technology (POSTECH), and Dr. Donghoon Choi from NeoImmuneTech (CEO Sehwan Yang) collaborated with the Gyeongbuk Institute for Bio Industry and the International Vaccine Institute to identify new drug candidates for preventing and treating major respiratory viral infections. This research has recently been published in the international journal Cell Reports Medicine.

In recent times, a global resurgence of infections has been observed, predominantly linked to a novel variant of COVID-19 known as 'JN.1'. The Korean Disease Control and Prevention Agency reports that this variant has become the dominant strain in Korea, surpassing a detection rate of 50%. While vaccines prove effective against specific viruses, the emergence of new variants necessitates considerable time for the development of corresponding vaccines, leading to potential public health crises as witnessed during the COVID-19 pandemic. To address this challenge, there is a pressing need for more broadly applicable treatments capable of swiftly responding to the ongoing mutations.

The research team explored the potential application of the long-acting recombinant cytokine protein rhIL-7-hyFc (NT-I7; efineptakin alfa), currently undergoing clinical development as an immunotherapy drug. This exploration aimed to assess its suitability as a treatment for major respiratory viruses due to its capacity to activate diverse immune cells within the respiratory tract. In experimental settings, the protein triggered the influx of acquired T cells and the proliferation of innate-like T cells in the lungs. These innate-like T cells demonstrated a swift and comprehensive defense against a broad spectrum of pathogens, functioning as if they were deploying inherent mechanisms. Consequently, the treatment exhibited both therapeutic and preventive effects against COVID-19, influenza virus, respiratory syncytial virus, and others. Notably, the drug candidates were not tailored to a specific virus but demonstrated universal applicability to major respiratory diseases.

Professor Seung-Woo Lee, leading the study, stated, "Through collaborative study involving industry, academia, and the research community, we have discovered insights to prepare for future respiratory virus pandemics." He added, "We are committed to advancing our efforts to transform the prospect of a universal treatment, capable of controlling co- and serial infections of respiratory viruses and bacteria, into a reality."

The research was sponsored by the Infectious Disease Prevention and Treatment Technology Development Program of the Ministry of Health and Welfare, the Mid-Career Researcher Program of the National Research Foundation of Korea, and the Bio-Industrial Technology Development Project of the Ministry of Trade, Industry and Energy.
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Industrial societies losing healthy gut microbes | ScienceDaily
Everyone knows that fiber is healthy and an important part of our daily diet. But what is fiber and why is it healthy? Fiber is cellulose, the stringy stuff that plants are made of. Leaves, stems, roots, stalks, and tree-trunks (wood) are made of cellulose. The purest form of cellulose is the long, white fibers of cotton. Dietary fiber comes from vegetables or whole grain products.


						
Why is fiber healthy? Fiber helps to keep our intestinal flora (scientists call it our gut microbiome) happy and balanced. Fiber serves as the starting point of a natural food chain. It begins with bacteria that can digest cellulose, providing the rest of our microbiome with a balanced diet. But our eating habits in industrialized societies are far removed from those of ancient humans. This is impacting our intestinal flora, it seems, as newly discovered cellulose degrading bacteria are being lost from the human gut microbiome, especially in industrial societies, according to a new report published in Science late last week.

The study comes from the team of Prof. Itzhak Mizrahi at Ben-Gurion University (BGU) of the Negev in Israel, with support from the Weizmann Institute of Science in Rehovot and international collaborators in the US and Europe.

"Throughout human evolution, fiber has always been a mainstay of the human diet," explains lead investigator Sarah Morais from BGU, "It is also a main component in the diet of our primate ancestors. Fiber keeps our intestinal flora healthy." Morais and team identified important new members of the human gut microbiome, cellulose-degrading bacteria named Ruminococcus. These bacteria degrade cellulose by producing large and highly specialized extracellular protein complexes called cellulosomes.

"It's no easy task to degrade cellulose, few bacteria can do it." explains Prof. Edward Bayer, from the Weizmann Institute, a world-leader on cellulosomes and coauthor of the study. "Cellulose is difficult to digest because it is insoluble. Fiber in the gut is like a tree-trunk in a swimming pool, it gets wet, but it does not dissolve."

Cellulosomes are engineered by bacteria to attach to cellulose fibers and peel them apart, like the individual threads in a piece of rope. The cellulosomal enzymes then break down the individual threads of fiber into shorter chains, which become soluble. They can be digested, not only by Ruminococcus, but also by many other members of the gut microbiome.

"Bottom line, cellulosomes turn fiber into sugars that feed an entire community, a formidable engineering feat," says Bayer.




The production of cellulosomes puts Ruminococcus at the top of the fiber-degradation cascade that feeds a healthy gut microbiome. But the evolutionary history of Ruminococcus is complicated, and Western culture is taking its toll on our microbiome, as the new study shows.

"These cellulosome-producing bacteria have been around for a long time, their ancestors are important members of the rumen microbiome in cows and sheep," explains Prof. Mizrahi from BGU, senior author of the study. The rumen is the special stomach organ of cows, sheep, and deer, where the grass they eat (fiber) is converted into useful food by cellulose-degrading microbes, including Ruminococcus. "We were surprised to see that the cellulosome-producing bacteria of humans seem to have switched hosts during evolution, because the strains from humans are more closely related to the strains from livestock than to the strains from our own primate ancestors."

That is, it looks like humans have acquired important components of a healthy gut microbiome from livestock that they domesticated early in human evolution.

"It's a real possibility," says Mizrahi, an expert on rumen biology.

However, the story does not end there. Sampling of human cohorts revealed that Ruminococcus strains are indeed robust components of the human gut microbiome among human hunter-gatherer societies and among rural human societies, but that they are sparse or missing in human samples from industrialized societies.

"Our ancestors in Africa 200,000 years ago did not pick up lunch from a drive-through, or phone in a home-delivery for dinner," says Prof. William Martin at the Heinrich Heine University Dusseldorf in Germany, evolutionary biologist, and coauthor of the study. In Western societies this does, however, happen on a large scale. Diet is changing in industrialized societies, far removed from the farms where food is produced. The authors conclude that this shift away from a fiber-rich diet is an explanation for the loss of important cellulose-degrading microbes in our microbiome.

How can you counteract this evolutionary decline? It might help to do what doctors and dieticians have been saying for decades: Eat more fiber!

Sarah Morais, Sarah Winkler, Alvah Zorea, Liron Levin, Falk S. P. Nagies, Nils Kapust, Eva Setter-Lamed, Avital Artan-Furman, David N. Bolam, Madhav P. Yadav, Edward A. Bayer, William F. Martin and Itzhak Mizrahi. Cryptic diversity of cellulose-degrading gut bacteria in industrialized humans. Science.
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Two artificial intelligences talk to each other | ScienceDaily
Performing a new task based solely on verbal or written instructions, and then describing it to others so that they can reproduce it, is a cornerstone of human communication that still resists artificial intelligence (AI). A team from the University of Geneva (UNIGE) has succeeded in modelling an artificial neural network capable of this cognitive prowess. After learning and performing a series of basic tasks, this AI was able to provide a linguistic description of them to a ''sister'' AI, which in turn performed them. These promising results, especially for robotics, are published in Nature Neuroscience.


						
Performing a new task without prior training, on the sole basis of verbal or written instructions, is a unique human ability. What's more, once we have learned the task, we are able to describe it so that another person can reproduce it. This dual capacity distinguishes us from other species which, to learn a new task, need numerous trials accompanied by positive or negative reinforcement signals, without being able to communicate it to their congeners.

A sub-field of artificial intelligence (AI) -- Natural language processing -- seeks to recreate this human faculty, with machines that understand and respond to vocal or textual data. This technique is based on artificial neural networks, inspired by our biological neurons and by the way they transmit electrical signals to each other in the brain. However, the neural calculations that would make it possible to achieve the cognitive feat described above are still poorly understood.

''Currently, conversational agents using AI are capable of integrating linguistic information to produce text or an image. But, as far as we know, they are not yet capable of translating a verbal or written instruction into a sensorimotor action, and even less explaining it to another artificial intelligence so that it can reproduce it,'' explains Alexandre Pouget, full professor in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine.

A model brain

The researcher and his team have succeeded in developing an artificial neuronal model with this dual capacity, albeit with prior training. ''We started with an existing model of artificial neurons, S-Bert, which has 300 million neurons and is pre-trained to understand language. We 'connected' it to another, simpler network of a few thousand neurons,'' explains Reidar Riveland, a PhD student in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine, and first author of the study.

In the first stage of the experiment, the neuroscientists trained this network to simulate Wernicke's area, the part of our brain that enables us to perceive and interpret language. In the second stage, the network was trained to reproduce Broca's area, which, under the influence of Wernicke's area, is responsible for producing and articulating words. The entire process was carried out on conventional laptop computers. Written instructions in English were then transmitted to the AI.

For example: pointing to the location -- left or right -- where a stimulus is perceived; responding in the opposite direction of a stimulus; or, more complex, between two visual stimuli with a slight difference in contrast, showing the brighter one. The scientists then evaluated the results of the model, which simulated the intention of moving, or in this case pointing. ''Once these tasks had been learned, the network was able to describe them to a second network -- a copy of the first -- so that it could reproduce them. To our knowledge, this is the first time that two AIs have been able to talk to each other in a purely linguistic way,'' says Alexandre Pouget, who led the research.

For future humanoids 

This model opens new horizons for understanding the interaction between language and behaviour. It is particularly promising for the robotics sector, where the development of technologies that enable machines to talk to each other is a key issue. ''The network we have developed is very small. Nothing now stands in the way of developing, on this basis, much more complex networks that would be integrated into humanoid robots capable of understanding us but also of understanding each other,'' conclude the two researchers.
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New discovery concerning occurrence of antibiotic resistance | ScienceDaily
A new study shows how heteroresistance, a transient resistance common in many bacteria, can act as a precursor to the development of antibiotic resistance. According to researchers at Uppsala University, this is the first time this link has been demonstrated.


						
"Heteroresistance is common and we have shown that it occurs for at least ten different classes of antibiotics. In a patient carrying heteroresistant bacteria and undergoing treatment with antibiotics, the mortality rate and risk of requiring transfer to an intensive care unit are higher compared to susceptible bacteria. Therefore, if heteroresistance is a stepping stone towards resistance, we need to have much better control of its occurrence and effects," explains Dan I. Andersson, Professor of Medical Bacteriology at Uppsala University and lead researcher behind the study.

Heteroresistance is common in many disease-causing bacteria and can lead to reduced efficacy of antibiotic treatment. This particular type of antibiotic resistance means that the majority of bacteria in a population are susceptible to antibiotics, but there is also a small resistant subgroup that can grow under antibiotic treatment. These resistant bacteria carry more resistance gene copies than the others, which also result in slower growth.

In a comprehensive study published in the journal Nature Communications, researchers at Uppsala University showed in laboratory studies that bacteria can acquire new resistance mutations that restore faster growth. In this way, heteroresistance can act as a springboard and facilitate the evolution towards stable antibiotic resistance.

"It is possible that we are wrong, but we have observed the process in the laboratory and there is no reason to believe that it would not also occur in a patient or an animal. This is an important finding in terms of understanding how bacteria become resistant to antibiotics," notes Andersson.

He believes that this discovery will lead to more clinical studies and increased diagnostics of heteroresistance in microbiological laboratories. Within healthcare, it is important to continue to be restrictive with antibiotics to prevent resistance.

"Antibiotics should be used in a smart way, at the right time and not unnecessarily, to prolong the lifetime of our existing antibiotics and to give us time to develop new ones," continues Andersson.

The research has been funded by the Wallenberg Foundation, the Swedish Research Council and the National Institutes of Health (NIH).
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A wetter world recorded in Australian coral colony | ScienceDaily
When climate scientists look to the future to determine what the effects of climate change may be, they use computer models to simulate potential outcomes such as how precipitation will change in a warming world.


						
But University of Michigan scientists are looking at something a little more tangible: coral.

Examining samples from corals in the Great Barrier Reef, the researchers discovered between 1750 and present day, as the global climate warmed, wet-season rainfall in that part of the world increased by about 10%, and the rate of extreme rain events more than doubled. Their results are published in Nature, Communications Earth and Environment.

"Climate scientists often find themselves saying, 'I knew it was going to get bad, but I didn't think it was going to get this bad this fast.' But we're actually seeing it in this coral record," said principal investigator Julia Cole, chair of the U-M Department of Earth and Environmental Sciences.

"Studies of the future tend to use climate models and those models can give different results. Some may say more rainfall, some they say less rainfall. We're showing that, at least in northeastern Queensland, there is definitely more rainfall, it's definitely more variable and it's definitely already happening."

The study, led by U-M researcher Kelsey Dyez, analyzed core samples drilled from a coral colony situated at the mouth of a river in northern Queensland, Australia. During the summer rainy seasons, rainfall filtering into the river picks up nutrients, organic material and sediments, which are then carried to the river mouth and discharged into the ocean, washing over the coral colony.

As the corals are bathed in this freshwater outflow, they pick up geochemical signals from the river and record them into their carbonate skeletons. The core samples of the corals display faint bands of lighter and darker material. These bands reflect each rainy and dry season the coral lived through. The bands also hold information about the climate in each season, just as trees' rings record climate patterns during the years it grows.




"We want to know, as we warm the earth, are we going to have more rainfall? Less rainfall? Maybe different parts of the Earth will respond differently?" Dyez said. "This project is especially important because we're able to put that warming and changes into context. We are able to record rainfall from the period before we have instrumental records for this part of the world."

To accurately determine how much rain fell each rainy season, and how many extreme rain events occurred during each season, the researchers compared instrumental rainfall records that began in the 1950s to the corresponding years in the coral. This gave the researchers a calibration period that they could use to determine the relationship between the coral characteristics and the amount of rainfall that fell each rainy season as long as the corals were alive, all the way back to 1750.

The coral core was taken from a remote region off northeastern Queensland by the Australian Institute of Marine Science. The land surrounding the river watershed is also in a protected area, meaning that nutrients and sediment flushed into the river by rains are unlikely to be generated by human activity.

"This is a region that has experienced pretty big swings in recent years between floods that have been devastating to communities, and then drier periods," Cole said. "Because northeastern Australia is an agricultural region, how rainfall changes in a warmer world is of real tangible importance. People might not sense a few degrees Celsius of warming, but they really suffer if there's a drought or a flood."

To reconstruct rainfall, the researchers used four different measures. First, the researchers looked at the luminescence of the bands in the coral. When they shine a black light on the coral, organic compounds in the coral cause it to fluoresce. The brighter the band fluoresces, the more organic compounds came down the river and were deposited onto the coral, reflecting a season of heavy rainfall.

The researchers also measured how much of the element barium is contained in each of the bands. The coral skeleton is composed of calcium, but when barium is deposited onto the skeleton, it can replace calcium. The more barium detected in the band, the more river discharge was flowing over the coral.




The researchers then looked at stable carbon isotopes (carbon-12 and carbon-13) within the coral. The more the ratio of these two isotopes favors carbon-12, the more water must have been coming down the river from greater rainfall.

Finally, the researchers examined stable oxygen isotopes (oxygen-16 and oxygen-18). When the ratio of these two isotopes favors oxygen-16, it is a signature of additional precipitation and freshwater coming down the river.

Because the coral record is located off northeastern Australia, the researchers wanted to understand if the whole of Australia experienced similar rainfall. Looking at instrumental rainfall records across Australia, the researchers found that the increased rainfall patterns did not occur evenly across Australia.

"It's not actually that well correlated to western Australia. That's too far away. But for most of eastern Australia, there is a significant correlation. And that's where many people live," Dyez said. "It's especially strong across Queensland, which is where a lot of these rainfall extremes are happening right now."
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        Two of the Milky Way's earliest building blocks identified
        Astronomers have identified what could be two of the Milky Way's earliest building blocks: Named 'Shakti' and 'Shiva', these appear to be the remnants of two galaxies that merged between 12 and 13 billion years ago with an early version of the Milky Way, contributing to our home galaxy's initial growth. The new find is the astronomical equivalent of archeologists identifying traces of an initial settlement that grew into a large present-day city.

      

      
        Say hello to biodegradable microplastics
        Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months.

      

      
        The first Neolithic boats in the Mediterranean
        More than 7,000 years ago, people navigated the Mediterranean Sea using technologically sophisticated boats, according to a new study.

      

      
        Icy impacts: Planetary scientists use physics and images of impact craters to gauge the thickness of ice on Europa
        New study reveals that Europa's ice shell is at least 20 kilometers thick.

      

      
        Study suggests an 'odor sensor' may explain male and female differences in blood pressure
        Using data from both mice and humans, a research team has found that a cell surface protein that senses odors and chemicals may be responsible for -- and help explain -- male/female differences in mammalian blood pressure.

      

      
        Scientists find one of the most ancient stars that formed in another galaxy
        The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.

      

      
        Bacteria subtype linked to growth in up to 50% of human colorectal cancers
        Researchers have found that a specific subtype of a microbe commonly found in the mouth is able to travel to the gut and grow within colorectal cancer tumors. This microbe is also a culprit for driving cancer progression and leads to poorer patient outcomes after cancer treatment. The findings could help improve therapeutic approaches and early screening methods for colorectal cancer, which is the second most common cause of cancer deaths in adults in the U.S. according to the American Cancer Soc...

      

      
        Toba supereruption unveils new insights into early human migration
        Working in the Horn of Africa, researchers have uncovered evidence showing how early modern humans survived in the wake of the eruption of Toba, one of the largest supervolcanoes in history, some 74,000 years ago. Modern humans dispersed from Africa multiple times, but the event that led to global expansion occurred less than 100,000 years ago. Some researchers hypothesize that dispersals were restricted to 'green corridors' formed during humid intervals when food was abundant and human populatio...

      

      
        Robotic metamaterial: An endless domino effect
        If it walks like a particle, and talks like a particle... it may still not be a particle. A topological soliton is a special type of wave or dislocation which behaves like a particle: it can move around but cannot spread out and disappear like you would expect from, say, a ripple on the surface of a pond. Researchers now demonstrate the atypical behavior of topological solitons in a robotic metamaterial, something which in the future may be used to control how robots move, sense their surrounding...

      

      
        Quantum tornado provides gateway to understanding black holes
        Scientists have created a giant quantum vortex to mimic a black hole in superfluid helium that has allowed them to see in greater detail how analogue black holes behave and interact with their surroundings.

      

      
        The heat index -- how hot it really feels -- is rising faster than temperature
        Researchers showed in 2022 that heat index calculations by NOAA based on analyses from the 1970s don't adequately reflect the heat stress humans feel during the extremes of heat and humidity accompanying climate change. Using their revised heat index, the researchers looked at Texas's summer 2023 heat wave and found that the 3 degree F rise in global temperatures has increased the state's heat index as much as 11 degrees F on the hottest days.

      

      
        Sea surface temperature research provides clear evidence of human-caused climate change
        Claims that climate change is natural are inconsistent with new oceanic temperature trends.

      

      
        Craving snacks after a meal? It might be food-seeking neurons, not an overactive appetite
        Psychologists have discovered a circuit in the brain of mice that makes them crave food and seek it out, even when they are not hungry. When stimulated, this cluster of cells propels mice to forage vigorously and to prefer fatty and pleasurable foods like chocolate over healthier foods like carrots.

      

      
        8-hour time-restricted eating linked to a 91% higher risk of cardiovascular death
        A study of over 20,000 adults found that those who followed an 8-hour time-restricted eating schedule, a type of intermittent fasting, had a 91% higher risk of death from cardiovascular disease.

      

      
        There are large accumulations of plastics in the ocean, even outside so-called garbage patch
        When plastic ends up in the ocean, it gradually weathers and disintegrates into small particles. If marine animals ingest these particles, their health can be severely affected. Large accumulations of plastic can therefore disrupt the biological balance of marine ecosystems. But which areas are particularly affected?

      

      
        Fairy circles: Plant water stress causes Namibia's gaps in grass
        Namibia's legendary fairy circles are mysterious, circular, bald patches in the dry grasslands on the edge of the Namib Desert. Their formation has been researched for decades and has recently been the subject of much debate. With extensive fieldwork, researchers investigated how freshly germinated grass dies inside the fairy circle. Their results show that the grass withers due to a lack of water inside the fairy circle. The topsoil, comprised of the top 10 to 12 centimeters of the soil, acts as...

      

      
        Tanks of the Triassic: New crocodile ancestor identified
        Dinosaurs get all the glory. But aetosaurs, a heavily armored cousin of modern crocodiles, ruled the world before dinosaurs did. These tanks of the Triassic came in a variety of shapes and sizes before going extinct around 200 million years ago. Today, their fossils are found on every continent except Antarctica and Australia.

      

      
        Backyard insect inspires invisibility devices, next gen tech
        Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.

      

      
        Harnessing hydrogen at life's origin
        A new report uncovers how hydrogen gas, the energy of the future, provided energy in the past, at the origin of life 4 billion years ago. Hydrogen gas is clean fuel. It burns with oxygen in the air to provide energy with no CO2. Hydrogen is a key to sustainable energy for the future. Though humans are just now coming to realize the benefits of hydrogen gas (H2 in chemical shorthand), microbes have known that H2 is good fuel for as long as there has been life on Earth. Hydrogen is ancient energy.

      

      
        Industrial societies losing healthy gut microbes
        Our eating habits in industrialized societies are far removed from those of ancient humans. This is impacting our intestinal flora, it seems, as newly discovered cellulose degrading bacteria are being lost from the human gut microbiome, especially in industrial societies.

      

      
        Two artificial intelligences talk to each other
        Performing a new task based solely on verbal or written instructions, and then describing it to others so that they can reproduce it, is a cornerstone of human communication that still resists artificial intelligence (AI). A team has succeeded in modelling an artificial neural network capable of this cognitive prowess. After learning and performing a series of basic tasks, this AI was able to provide a linguistic description of them to a 'sister' AI, which in turn performed them.

      

      
        Genetic basis for the evolution of hair discovered in the clawed frog
        The development of hair was of central importance for the evolution of mammals and thus also of humans. However, the evolutionary origin of the genetic program of hair was previously unknown. Researchers have now been able to show that important hair components and their genetic control have already evolved in amphibians. Human hair therefore shows unexpected similarities to the claws of clawed frogs.

      

      
        Holographic message encoded in simple plastic
        Important data can be stored and concealed quite easily in ordinary plastic using 3D printers and terahertz radiation, scientists show. Holography can be done quite easily: A 3D printer can be used to produce a panel from normal plastic in which a QR code can be stored, for example. The message is read using terahertz rays -- electromagnetic radiation that is invisible to the human eye.

      

      
        Breathe, don't vent: Turning down the heat is key to managing anger
        Venting about a source of anger might feel good in the moment, but it's not effective at reducing the rage, new research suggests. Instead, techniques often used to address stress -- deep breathing, mindfulness, meditation, yoga or even counting to 10 -- have been shown to be more effective at decreasing anger and aggression.

      

      
        Rise in global fungal drug-resistant infections
        A global wave of infections caused by fungi growing drug-resistant has the medical community issuing precautions on how to protect yourself.

      

      
        New technique helps AI tell when humans are lying
        Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.

      

      
        Largest-ever map of universe's active supermassive black holes released
        Astronomers have charted the largest-ever volume of the universe with a new map of active supermassive black holes living at the centers of galaxies. Called quasars, the gas-gobbling black holes are, ironically, some of the universe's brightest objects. The new map logs the location of about 1.3 million quasars in space and time, the furthest of which shone bright when the universe was only 1.5 billion years old. The work could help scientists better understand the properties of dark matter.

      

      
        Landmark study shows that 'transcendent' thinking may grow teens' brains over time
        Scientists find that adolescents who grapple with the bigger meaning of social situations experience greater brain growth, which predicts stronger identity development and life satisfaction years later.

      

      
        New research suggests that our universe has no dark matter
        A new study challenges the current model of the universe by showing that, in fact, it has no room for dark matter.
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Two of the Milky Way's earliest building blocks identified | ScienceDaily
Astronomers have identified what could be two of the Milky Way's earliest building blocks: Named "Shakti" and "Shiva," these appear to be the remnants of two galaxies that merged between 12 and 13 billion years ago with an early version of the Milky Way, contributing to our home galaxy's initial growth. The new find is the astronomical equivalent of archeologists identifying traces of an initial settlement that grew into a large present-day city. It required combining data for nearly 6 million stars from ESA's Gaia mission with measurements from the SDSS survey. The results have been published in the Astrophysical Journal.


						
The early history of our home galaxy, the Milky Way, is one of joining smaller galaxies, which makes for fairly large building blocks. Now, Khyati Malhan and Hans-Walter Rix of the Max Planck Institute for Astronomy have succeeded in identifying what could be two of the earliest building blocks that can still be recognized as such today: proto-galactic fragments that merged with an early version of our Milky Way between 12 and 13 billion years ago, at the very beginning of the era of galaxy formation in the Universe. The components, which the astronomers have named Shakti and Shiva, were identified by combining data from ESA's astrometry satellite Gaia with data from the SDSS survey. For astronomers, the result is the equivalent of finding traces of an initial settlement that grew into a large present-day city.

Tracing the origins of stars that came from other galaxies

When galaxies collide and merge, several processes happen in parallel. Each galaxy carries along its own reservoir of hydrogen gas. Upon collision, those hydrogen gas clouds are destabilized, and numerous new stars are formed inside. Of course, the incoming galaxies also already have their own stars, and in a merger, stars from the galaxies will mingle. In the long run, such "accreted stars" will also account for some of the stellar population of the newly-formed combined galaxy. Once the merger is completed, it might seem hopeless to identify which stars came from which predecessor galaxy. But in fact, at least some ways of tracing back stellar ancestry exist.

Help comes from basic physics. When galaxies collide and their stellar populations mingle, most of the stars retain very basic properties, which are directly linked to the speed and direction of the galaxy in which they originated. Stars from the same pre-merger galaxy share similar values for both their energy and what physicists call angular momentum -- the momentum associated with orbital motion or rotation. For stars moving in a galaxy's gravitational field, both energy and angular momentum are conserved: they remain the same over time. Look for large groups of stars with similar, unusual values for energy and angular momentum -- and chances are, you might find a merger remnant.

Additional pointers can assist identification. Stars that formed more recently contain more heavier elements, what astronomers call "metals," than stars that formed a long time ago. The lower the metal content ("metallicity"), the earlier the star presumably formed. When trying to identify stars that already existed 13 billion years ago, one should look for stars with very low metal content ("metal-poor").

Virtual excavations in a large data set

Identifying the stars that joined our Milky Way as parts of another galaxy has only become possible comparatively recently. It requires large, high-quality data sets, and the analysis involves sifting the data in clever ways so as to identify the searched-for class of objects. This kind of data set has only been available for a few years. The ESA astrometry satellite Gaia provides an ideal data set for this kind of big-data galactic archeology. Launched in 2013, it has produced an increasingly accurate data set over the past decade, which by now includes positions, changes in position and distances for almost 1.5 billion stars within our galaxy.




Gaia data revolutionized studies of the dynamics of stars in our home galaxy, and has already led to the discovery of previously unknown substructures. This includes the so-called Gaia Enceladus/Sausage stream, a remnant of the most recent larger merger our home galaxy has undergone, between 8 and 11 billion years ago. It also includes two structures identified in 2022: the Pontus stream identified by Malhan and colleagues and the "poor old heart" of the Milky Way identified by Rix and colleagues. The latter is a population of stars that newly formed during the initial mergers that created the proto-Milky Way, and continue to reside in our galaxy's central region.

Traces of Shakti and Shiva

For their present search, Malhan and Rix used Gaia data combined with detailed stellar spectra from the Sloan Digital Sky Survey (DR17). The latter provide detailed information about the stars' chemical composition. Malhan says: "We observed that, for a certain range of metal-poor stars, stars were crowded around two specific combinations of energy and angular momentum."

In contrast with the "poor old heart," which was also visible in those plots, the two groups of like-minded stars had comparatively large angular momentum, consistent with groups of stars that had been part of separate galaxies which had merged with the Milky Way. Malhan has named these two structures Shakti and Shiva, the latter one of the principal deities of Hinduism and the former a female cosmic force often portrayed as Shiva's consort.

Their energy and angular momentum values, plus their overall low metallicity on par with that of the "poor old heart," makes Shakti and Shiva good candidates for some of the earliest ancestors of our Milky Way. Rix says: "Shakti and Shiva might be the first two additions to the 'poor old heart' of our Milky Way, initiating its growth towards a large galaxy."

Several surveys that are either already ongoing or bound to start over the next couple of years promise relevant additional data, both spectra (SDSS-V, 4MOST) and precise distances (LSST/Rubin Observatory), should enable astronomers to make a firm decision on whether or not Shakti and Shiva are indeed a glimpse of our home galaxy's earliest prehistory.
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Say hello to biodegradable microplastics | ScienceDaily
Microplastics are tiny, nearly indestructible fragments shed from everyday plastic products. As we learn more about microplastics, the news keeps getting worse. Already well-documented in our oceans and soil, we're now discovering them in the unlikeliest of places: our arteries, lungs and even placentas. Microplastics can take anywhere from 100 to 1,000 years to break down and, in the meantime, our planet and bodies are becoming more polluted with these materials every day.


						
Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research from scientists at the University of California San Diego and materials-science company Algenesis shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months. The paper, whose authors are all UC San Diego professors, alumni or former research scientists, appears in Nature Scientific Reports.

"We're just starting to understand the implications of microplastics. We've only scratched the surface of knowing the environmental and health impacts," stated Professor of Chemistry and Biochemistry Michael Burkart, one of the paper's authors and an Algenesis co-founder. "We're trying to find replacements for materials that already exist, and make sure these replacements will biodegrade at the end of their useful life instead of collecting in the environment. That's not easy."

"When we first created these algae-based polymers about six years ago, our intention was always that it be completely biodegradable," said another of the paper's authors, Robert Pomeroy, who is also a professor of chemistry and biochemistry and an Algenesis co-founder. "We had plenty of data to suggest that our material was disappearing in the compost, but this is the first time we've measured it at the microparticle level."

Putting it to the test

To test its biodegradability, the team ground their product into fine microparticles, and used three different measurement tools to confirm that, when placed in a compost, the material was being digested by microbes.

The first tool was a respirometer. When the microbes break down compost material, they release carbon dioxide (CO2), which the respirometer measures. These results were compared to the breakdown of cellulose, which is considered the industry standard of 100% biodegradability. The plant-based polymer matched the cellulose at almost one hundred percent.




Next the team used water flotation. Since plastics are not water soluble and they float, they can easily be scooped off the surface of water. At intervals of 90 and 200 days, almost 100% of the petroleum-based microplastics were recovered, meaning none of it had biodegraded. On the other hand, after 90 days, only 32% of the algae-based microplastics were recovered, showing that more than two thirds of it had biodegraded. After 200 days, only 3% was recovered indicating that 97% of it had disappeared.

The last measurement involved chemical analysis via gas chromatography/mass spectrometry (GCMS), which detected the presence of the monomers used to make the plastic, indicating that the polymer was being broken to its starting plant materials. Scanning-electron microscopy further showed how microorganisms colonize the biodegradable microplastics during composting.

"This material is the first plastic demonstrated to not create microplastics as we use it," said Stephen Mayfield, a paper coauthor, School of Biological Sciences professor and co-founder of Algenesis. "This is more than just a sustainable solution for the end-of-product life cycle and our crowded landfills. This is actually plastic that is not going to make us sick."

Creating an eco-friendly alternative to petroleum-based plastics is only one part of the long road to viability. The ongoing challenge is to be able to use the new material on pre-existing manufacturing equipment that was originally built for traditional plastic, and here Algenesis is making progress. They have partnered with several companies to make products that use the plant-based polymers developed at UC San Diego, including Trelleborg for use in coated fabrics and RhinoShield for use in the production of cell phone cases.

"When we started this work, we were told it was impossible," stated Burkart. "Now we see a different reality. There's a lot of work to be done, but we want to give people hope. It is possible."

Full list of authors: Robert S. Pomeroy, Michael D. Burkart, Steven P. Mayfield (all UC San Diego), Marco N. Allemann, Marissa Tessman, Jaysen Reindel, Gordon B. Scofield, Payton Evans, Ryan Simkovsky (all Algenesis).

This research was supported by funding from the Department of Energy (DE-SC0019986 and DE-EE0009295).

Disclosure: Burkart, Mayfield and Pomeroy are co-founders of and hold equity positions in Algenesis Corporation.
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The first Neolithic boats in the Mediterranean | ScienceDaily
More than 7,000 years ago, people navigated the Mediterranean Sea using technologically sophisticated boats, according to a study published March 20, 2024 in the open-access journal PLOS ONE by Juan F. Gibaja of the Spanish National Research Council, Barcelona and colleagues.


						
Many of the most important civilizations in Europe originated on the shores of the Mediterranean Sea. During the Neolithic, communities clearly traveled and traded across the water, as evidenced by watercraft in the archeological record and the presence of settlements on coasts and islands. In this study, Gibaja and colleagues provide new insights into the history of seafaring technology through analysis of canoes at the Neolithic lakeshore village of La Marmotta, near Rome, Italy.

Excavation at this site has recovered five canoes built from hollowed-out trees (dugout canoes) dating between 5700-5100BC. Analysis of these boats reveals that they are built from four different types of wood, unusual among similar sites, and that they include advanced construction techniques such as transverse reinforcements. One canoe is also associated with three T-shaped wooden objects, each with a series of holes that were likely used to fasten ropes tied to sails or other nautical elements. These features, along with previous reconstruction experiments, indicate these were seaworthy vessels, a conclusion supported by the presence at the site of stone tools linked to nearby islands.

The authors describe these canoes as exceptional examples of prehistoric boats whose construction required a detailed understanding of structural design and wood properties in addition to well-organized specialized labor. Similarities between these canoes and more recent nautical technologies support the idea that many major advances in sailing were made during the early Neolithic. The authors suggest there may be more boats preserved near La Marmotta, a potential avenue for future research.

The authors add: "Direct dating of Neolithic canoes from La Marmotta reveals them to be the oldest in the Mediterranean, offering invaluable insights into Neolithic navigation. This study reveals the amazing technological sophistication of early agricultural and pastoral communities, highlighting their woodworking skills and the construction of complex vessels."
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Icy impacts: Planetary scientists use physics and images of impact craters to gauge the thickness of ice on Europa | ScienceDaily
Sometimes planetary physics is like being in a snowball fight. Most people, if handed an already-formed snowball, can use their experience and the feel of the ball to guess what kind of snow it is comprised of: packable and fluffy, or wet and icy.


						
Using nearly the same principles, planetary scientists have been able to study the structure of Europa, Jupiter's icy moon.

Europa is a rocky moon, home to saltwater oceans twice the volume of Earth's, encased in a shell of ice. Scientists have long thought that Europa may be one of the best places in our solar system to look for nonterrestrial life. The likelihood and nature of that life, though, heavily depend on the thickness of its icy shell, something astronomers have not yet been able to ascertain.

A team of planetary science experts including Brandon Johnson, an associate professor, and Shigeru Wakita, a research scientist, in the Department of Earth, Atmospheric, and Planetary Sciences in Purdue University's College of Science, announced in a new paper published in Science Advances [ES1] that Europa's ice shell is at least 20 kilometers thick.

To reach their conclusion, the scientists studied large craters on Europa, running a variety of models to determine what combination of physical characteristics could have created such a surface structure.

"This is the first work that has been done on this large crater on Europa," Wakita said. "Previous estimates showed a very thin ice layer over a thick ocean. But our research showed that there needs to be a thick layer -- so thick that convection in the ice, which has previously been debated, is likely."

Using data and images from the spacecraft Galileo, which studied Europa in 1998, Johnson analyzed the impact craters to decode truths about Europa's structure. An expert in planetary physics and colossal collisions, Johnson has studied almost every major planetary body in the solar system. Scientists have long debated the thickness of Europa's ice shell; no one has visited to measure it directly, so scientists are creatively using the evidence at hand: the craters on Europa's icy surface.




"Impact cratering is the most ubiquitous surface process shaping planetary bodies," Johnson said. "Craters are found on almost every solid body we've ever seen. They are a major driver of change in planetary bodies. When an impact crater forms, it is essentially probing the subsurface structure of a planetary body. By understanding the sizes and shapes of craters on Europa and reproducing their formation with numerical simulations, we're able to infer information about how thick its ice shell is."

Europa is a frozen world, but the ice shelters a rocky core. The icy surface, though, is not stagnant. Plate tectonics and convection currents in the oceans and the ice itself refresh the surface fairly frequently. This means the surface itself is only 50 million to 100 million years old -- which sounds old to short-lived organisms like humans, but is young as far as geological periods go.

That smooth, young surface means that craters are clearly defined, easier to analyze and not very deep. Their impacts tell scientists more about the icy shell of the moon and the water ocean below, rather than conveying much information about its rocky heart.

"Understanding the thickness of the ice is vital to theorizing about possible life on Europa," Johnson said. "How thick the ice shell is controls what kind of processes are happening within it, and that is really important for understanding the exchange of material between the surface and the ocean. That is what will help us understand how all kinds of processes happen on Europa -- and help us understand the possibility of life."
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Study suggests an 'odor sensor' may explain male and female differences in blood pressure | ScienceDaily
Using data from both mice and humans, a Johns Hopkins Medicine research team has found that a cell surface protein that senses odors and chemicals may be responsible for -- and help explain -- sex differences in mammalian blood pressure. The unusual connection between such protein receptors and sex differences in blood pressure, reported in the March 20 issue of Science Advances, may lead to a better understanding of long known differences in blood pressure between females and males.


						
Blood pressure in premenopausal human and mouse females is typically 10 points lower in both diastolic and systolic pressure than in males. Some studies suggest the difference may be caused by sex hormones, but the biological basis for the variation is not entirely clear.

"Despite the well-known differences in blood pressure between females and males, most clinical guidelines have the same thresholds for treatment," says Jennifer Pluznick, Ph.D., associate professor of physiology at the Johns Hopkins University School of Medicine. "Taking a closer look at the fundamental, scientific basis for sex differences in blood pressure may eventually help clinicians think about blood pressure treatment in new ways."

Pluznick is a basic scientist who has found unique roles for so-called olfactory receptors in various organs of the body. The tiny proteins on the surface of cells essentially sniff out nearby odors or other chemicals.

The Johns Hopkins team began their studies looking for the locations in the body where a specific olfactory receptor -- Olfr558 -- is found. Olfr558 is one of three olfactory receptors (out of about 350 total) that are well-conserved by evolution in many mammals, including humans and mice. The human version of the receptor is called OR51E1.

Previously, the Johns Hopkins team found Olfr558 in the kidney, and other studies have located the receptor in other organs, aside from the cells responsible for scent detection in the nose.

For this study, the researchers found the receptor in blood vessel cells in the kidney and in juxtaglomerular granular cells, a type of kidney cell that secretes the hormone renin, which plays a key role in regulating blood pressure.




"This was our first indication that we should take a closer look at the impact of Olfr558 on blood pressure," says Pluznick.

Next, the team, led by Pluznick and research associate Jiaojiao Xu, Ph.D., measured blood pressure in young female and male mice during active and resting timeframes. Male mice with normal levels of the Olfr558 receptor typically had diastolic and systolic blood pressure 10 points higher than female mice.

However, when the researchers looked at young female and male mice genetically engineered to lack the gene for the Olfr558 receptor, they found that blood pressure increased in female mice but decreased in male mice, such that the sex difference in blood pressure disappeared.

Preliminary data from the Johns Hopkins team point to blood vessel stiffness and renin hormone levels in the blood as potential reasons for the lack of blood pressure variation in mice without the receptor.

The research team also analyzed genomic information on human tissue data stored in the U.K. Biobank, focusing on people with a rare variation in the human version of the olfactory receptor OR51E1. Their analysis showed that females and males younger than 50 with the variant do not show the typical sex-linked differences in blood pressure.

The research team cautioned that their work has not identified a direct molecular signaling pathway that would pin down the link between the olfactory receptor and blood pressure variation. Those studies have yet to be done.




Pluznick's team will try, in future experiments, to pinpoint the precise cell types that govern the receptor-blood pressure link.

"We hope that improving our understanding of the basic biology of this new link will provide insights on blood pressure regulation for both sexes," says Pluznick.

Support for this research was provided by the National Institutes of Health's National Institute of Diabetes and Digestive and Kidney Diseases [R56DK107726], the National Institute on Aging [R21AG081683], the American Heart Association Established Investigator Award, the NIHR Cardiovascular Biomedical Centre at Barts and the Queen Mary University of London.

In addition to Pluznick and Xu, researchers who contributed to this study are Rira Choi, Kunal Gupta and Lakshmi Santhanam from Johns Hopkins and Helen Warren from the Queen Mary University of London.
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Scientists find one of the most ancient stars that formed in another galaxy | ScienceDaily
The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.


						
No one has been able to find one of those first generation of stars, but scientists have announced a unique finding: a star from the second generation that originally formed in a different galaxy from ours.

"This star provides a unique window into the very early element-forming process in galaxies other than our own," said Anirudh Chiti, a University of Chicago postdoctoral fellow and first author on a paper announcing the findings. "We have built up an idea of the how these stars that were chemically enriched by the first stars look like in the Milky Way, but we don't yet know if some of these signatures are unique, or if things happened similarly across other galaxies."

The paper was published March 20 in Nature Astronomy. 

'Fishing needles out of haystacks'

Chiti specializes in what is called stellar archaeology: Reconstructing how the earliest generations of stars changed the universe. "We want to understand what the properties of those first stars were and what were the elements they produced," said Chiti.

But no one has yet managed to directly see these first-generation stars, if any remain in the universe. Instead, Chiti and his colleagues look for stars that formed from the ashes of that first generation.




It's hard work, because even the second generation of stars is now incredibly ancient and rare. Most stars in the universe, including our own sun, are the result of tens to thousands of generations, building up more and more heavy elements each time. "Maybe fewer than 1 in 100,000 stars in the Milky Way is one of these second-gen stars," he said. "You really are fishing needles out of haystacks."

But it's worth it to get snapshots of what the universe looked like back in time. "In their outer layers, these stars preserve the elements near where they formed," he explained. "If you can find a very old star and get its chemical composition, you can understand what the chemical composition of the universe was like where that star formed, billions of years ago."

An intriguing oddity

For this study, Chiti and his colleagues aimed their telescopes at an unusual target: the stars that make up the Large Magellanic Cloud.

The Large Magellanic Cloud is a bright swath of stars visible to the naked eye in the Southern Hemisphere. We now think it was once a separate galaxy that was captured by the Milky Way's gravity just a few billion years ago. This makes it particularly interesting because its oldest stars were formed outside the Milky Way -- giving astronomers a chance to learn about whether conditions in the early universe all looked the same, or were different in other places.

The scientists searched for evidence of these particularly ancient stars in the Large Magellanic Cloud and catalogued ten of them, first with the European Space Agency's Gaia satellite and then with the Magellan Telescope in Chile.




One of these stars immediately jumped out as an oddity. It had much, much less of the heavier elements in it than any other star yet seen in the Large Magellanic Cloud. This means it was probably formed in the wake of the first generation of stars -- so it had not yet built up heavier elements over the course of repeated star births and deaths.

Mapping out its elements, the scientists were surprised to see that it had a lot less carbon than iron compared to what we see in Milky Way stars.

"That was very intriguing, and it suggests that perhaps carbon enhancement of the earliest generation, as we see in the Milky Way, was not universal," Chiti said. "We'll have to do further studies, but it suggests there are differences from place to place.

"I think we're filling out the picture of what the early element enrichment process looked like in different environments," he said.

Their findings also corroborated other studies that have suggested that the Large Magellanic Cloud made much fewer stars early on compared to the Milky Way.

Chiti is currently leading an imaging program to map out a large portion of the southern sky to find the earliest stars possible. "This discovery suggests there should be many of these stars in the Large Magellanic Cloud if we look closely," he said. "It's really exciting to be opening up stellar archeology of the Large Magellanic Cloud, and to be able to map out in such detail how the first stars chemically enriched the universe in different regions."
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Bacteria subtype linked to growth in up to 50% of human colorectal cancers | ScienceDaily
Researchers at Fred Hutchinson Cancer Center have found that a specific subtype of a microbe commonly found in the mouth is able to travel to the gut and grow within colorectal cancer tumors. This microbe is also a culprit for driving cancer progression and leads to poorer patient outcomes after cancer treatment.


						
The findings, published March 20 in the journal Nature, could help improve therapeutic approaches and early screening methods for colorectal cancer, which is the second most common cause of cancer deaths in adults in the U.S. according to the American Cancer Society.

Examining colorectal cancer tumors removed from 200 patients, the Fred Hutch team measured levels of Fusobacterium nucleatum, a bacterium known to infect tumors. In about 50% of the cases, they found that only a specific subtype of the bacterium was elevated in the tumor tissue compared to healthy tissue.

The researchers also found this microbe in higher numbers within stool samples of colorectal cancer patients compared with stool samples from healthy people.

"We've consistently seen that patients with colorectal tumors containing Fusobacterium nucleatum have poor survival and poorer prognosis compared with patients without the microbe," explained Susan Bullman, Ph.D., Fred Hutch cancer microbiome researcher and co-corresponding study author. "Now we're finding that a specific subtype of this microbe is responsible for tumor growth. It suggests therapeutics and screening that target this subgroup within the microbiota would help people who are at a higher risk for more aggressive colorectal cancer."

In the study, Bullman and co-corresponding author Christopher D. Johnston, Ph.D., Fred Hutch molecular microbiologist, along with the study's first author Martha Zepeda-Rivera, Ph.D., a Washington Research Foundation Fellow and Staff Scientist in the Johnston Lab, wanted to discover how the microbe moves from its typical environment of the mouth to a distant site in the lower gut and how it contributes to cancer growth.

First they found a surprise that could be important for future treatments. The predominant group of Fusobacterium nucleatum in colorectal cancer tumors, thought to be a single subspecies, is actually composed of two distinct lineages known as "clades."

"This discovery was similar to stumbling upon the Rosetta Stone in terms of genetics," Johnston explained. "We have bacterial strains that are so phylogenetically close that we thought of them as the same thing, but now we see an enormous difference between their relative abundance in tumors versus the oral cavity."




By separating out the genetic differences between these clades, the researchers found that the tumor-infiltrating Fna C2 type had acquired distinct genetic traits suggesting it could travel from the mouth through the stomach, withstand stomach acid and then grow in the lower gastrointestinal tract. The analysis revealed 195 genetic differences between the clades.

Then, comparing tumor tissue with healthy tissue from patients with colorectal cancer, the researchers found that only the subtype Fna C2 is significantly enriched in colorectal tumor tissue and is responsible for colorectal cancer growth.

Further molecular analyses of two patient cohorts, including over 200 colorectal tumors, revealed the presence of this Fna C2 lineage in approximately 50% of cases.

The researchers also found in hundreds of stool samples from people with and without colorectal cancer that Fna C2 levels were consistently higher in colorectal cancer.

"We have pinpointed the exact bacterial lineage that is associated with colorectal cancer, and that knowledge is critical for developing effective preventive and treatment methods," Johnston said.

He and Bullman believe their study presents significant opportunities for developing microbial cellular therapies, which use modified versions of bacterial strains to deliver treatments directly into tumors.
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Toba supereruption unveils new insights into early human migration | ScienceDaily
Modern humans dispersed from Africa multiple times, but the event that led to global expansion occurred less than 100,000 years ago. Some researchers hypothesize that dispersals were restricted to "green corridors" formed during humid intervals when food was abundant and human populations expanded in lockstep with their environments. But a new study in Nature, including ASU researchers Curtis Marean, Christopher Campisano, and Jayde Hirniak, suggests that humans also may have dispersed during arid intervals along "blue highways" created by seasonal rivers. Researchers also found evidence of cooking and stone tools that represent the oldest evidence of archery.


						
Working in the Horn of Africa, researchers have uncovered evidence showing how early modern humans survived in the wake of the eruption of Toba, one of the largest supervolcanoes in history, some 74,000 years ago. The behavioral flexibility of these people not only helped them live through the supereruption but may have facilitated the later dispersal of modern humans out of Africa and across the rest of the world.

"This study confirms the results from Pinnacle Point in South Africa -- the eruption of Toba may have changed the environment in Africa, but people adapted and survived that eruption-caused environmental change," said Marean, research scientist with the Institute of Human Origins and Foundation Professor with the School of Human Evolution and Social Change.

The team investigated the Shinfa-Metema 1 site in the lowlands of present-day northwestern Ethiopia along the Shinfa River, a tributary of the Blue Nile River.

The supereruption occurred during the middle of the time when the site was occupied and is documented by tiny glass shards whose chemistry matches that of Toba.

Pinpoint timing through cryptotephra

"One of the ground-breaking implications of this study," said Marean, "is that with the new cryptotephra methods developed for our prior study in South Africa, and now applied here to Ethiopia, we can correlate sites across Africa, and perhaps the world, at a resolution of several weeks of time."

Cryptotephra are signature volcanic glass shards that can range from 80-20 microns in size, which is smaller than the diameter of a human hair. To extract these microscopic shards from archaeological sediment requires patience and great attention to detail.




"Searching for cryptotephra at these archaeological sites is like looking for a needle in a haystack, but not knowing if there is even a needle. However, having the ability to correlate sites 5,000 miles apart, and potentially further, to within weeks instead of thousands of years makes it all worth it," said Christopher Campisano, research scientist with the Institute of Human Origins and professor with the School of Human Evolution and Social Change.

"This study, once again," said Campisano, "highlights the importance of the University of Nevada-Las Vegas/Arizona State University team pushing the limits for successfully analyzing extremely low abundance cryptotephra to date and correlate archaeological sites across Africa."

The methods for identifying low abundance cryptotephra at Pinnacle Point were first developed at University of Nevada Las Vegas led by the late Gene Smith and Racheal Johnsen and now carried on at Arizona State University's Sediment and TEphra Preparation (STEP) Lab.

School of Human Evolution and Social Change graduate student Jayde Hirniak led ASU's effort to create its own cryptotephra lab -- the STEP Lab -- working with Campisano and building on methods developed at UNLV. Hirniak also collaborated with cryptotephra labs in the United Kingdom that work with sediment samples preserving hundreds or thousands of glass shards. Now Hirniak's primary expertise is in tephrochronology, which involves the use of volcanic ash to link archaeological and paleoenvironmental records and place them on the same timeline, which was her contribution to this research.

"Our lab at ASU was built to process extremely low abundance cryptotephra horizons (<10 shards per gram) using a highly specialized technique. There are only a few labs in the world with these capabilities," said Hirniak.

Migrations along "blue highways"

Based on isotope geochemistry of the teeth of fossil mammals and ostrich eggshells, they concluded that the site was occupied by humans during a time with long dry seasons on a par with some of the most seasonally arid habitats in East Africa today. Additional findings suggest that when river flows stopped during dry periods, people adapted by hunting animals that came to the remaining waterholes to drink. As waterholes continued to shrink, it became easier to capture fish without any special equipment, and diets shifted more heavily to fish.




Its climatic effects appear to have produced a longer dry season, causing people in the area to rely even more on fish. The shrinking of the waterholes may also have pushed humans to migrate outward in search of more food.

"As people depleted food in and around a given dry season waterhole, they were likely forced to move to new waterholes," said John Kappelman, a UT anthropology and earth and planetary sciences professor and lead author of the study. "Seasonal rivers thus functioned as 'pumps' that siphoned populations out along the channels from one waterhole to another, potentially driving the most recent out-of-Africa dispersal.

The humans who lived at Shinfa-Metema 1 are unlikely to have been members of the group that left Africa. However, the behavioral flexibility that helped them adapt to challenging climatic conditions such as the Toba supereruption was probably a key trait of Middle Stone Age humans that allowed our species to ultimately disperse from Africa and expand across the globe.

The people living in the Shinfa-Metema 1 site hunted a variety of terrestrial animals, from antelope to monkey, as attested to by cut marks on the bones, and apparently cooked their meals as shown by evidence of controlled fire at the site. The most distinctive stone tools are small, symmetrical triangular points. Analyses show that the points are most likely arrowheads that, at 74,000 years in age, represent the oldest evidence of archery.

ASU's cryptotephra research was funded by the Hyde Family Foundations, the National Science Foundation, the Institute of Human Origins, and Arizona State University.
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Robotic metamaterial: An endless domino effect | ScienceDaily
If it walks like a particle, and talks like a particle... it may still not be a particle. A topological soliton is a special type of wave or dislocation which behaves like a particle: it can move around but cannot spread out and disappear like you would expect from, say, a ripple on the surface of a pond. In a new study published in Nature, researchers from the University of Amsterdam demonstrate the atypical behaviour of topological solitons in a robotic metamaterial, something which in the future may be used to control how robots move, sense their surroundings and communicate.


						
Topological solitons can be found in many places and at many different length scales. For example, they take the form of kinks incoiled telephone cords and large molecules such as proteins. At a very different scale, a black hole can be understood as a topological soliton in the fabric of spacetime. Solitons play an important role in biological systems, being relevant forprotein folding andmorphogenesis -- the development of cells or organs.

The unique features of topological solitons -- that they can move around but always retain their shape and cannot suddenly disappear -- are particularly interesting when combined with so-called non-reciprocal interactions. "In such an interaction, an agent A reacts to an agent B differently to the way agent B reacts to agent A," explains Jonas Veenstra, a PhD student at the University of Amsterdam and first author of the new publication.

Veenstra continues: "Non-reciprocal interactions are commonplace in society and complex living systems but have long been overlooked by most physicists because they can only exist in a system out of equilibrium. By introducing non-reciprocal interactions in materials, we hope to blur the boundary between materials and machines and to create animate or lifelike materials."

TheMachine Materials Laboratory where Veenstra does his research specialises in designing metamaterials: artificial materials and robotic systems that interact with their environment in a programmable fashion. The research team decided to study the interplay between non-reciprocal interactions and topological solitons almost two years ago, when then-students Anahita Sarvi and Chris Ventura Meinersen decided to follow up on their research project for the MSc course 'Academic Skills for Research'.

Solitons moving like dominoes

The soliton-hosting metamaterial developed by the researchers consists of a chain of rotating rods that are linked to each other by elastic bands. Each rod is mounted on a little motor which applies a small force to the rod, depending on how it is oriented with respect to its neighbours. Importantly, the force applied depends on which side the neighbour is on, making the interactions between neighbouring rods non-reciprocal. Finally, magnets on the rods are attracted by magnets placed next to the chain in such a way that each rod has two preferred positions, rotated either to the left or the right.




Solitons in this metamaterial are the locations where left- and right-rotated sections of the chain meet. The complementary boundaries between right- and left-rotated chain sections are then so-called 'anti-solitons'. This is analogous to kinks in an old-fashioned coiled telephone cord, where clockwise and anticlockwise-rotating sections of the cord meet.

When the motors in the chain are turned off, the solitons and anti-solitons can be manually pushed around in either direction. However, once the motors -- and thereby the reciprocal interactions -- are turned on, the solitons and anti-solitons automatically slide along the chain. They both move in the same direction, with a speed set by the anti-reciprocity imposed by the motors.

Veenstra: "A lot of research has focussed on moving topological solitons by applying external forces. In systems studied so far, solitons and anti-solitons were found to naturally travel in opposite directions. However, if you want to control the behaviour of (anti-)solitons, you might want to drive them in the same direction. We discovered that non-reciprocal interactions achieve exactly this. The non-reciprocal forces are proportional to the rotation caused by the soliton, such that each soliton generates its own driving force."

The movement of the solitons is similar to a chain of dominoes falling, each one toppling its neighbour. However, unlike dominoes, the non-reciprocal interactions ensure that the 'toppling' can only happen in one direction. And while dominoes can only fall down once, a soliton moving along the metamaterial simply sets up the chain for an anti-soliton to move through it in the same direction. In other words, any number of alternating solitons and anti-solitons can move through the chain without the need to 'reset'.

Motion control

Understanding the role of non-reciprocal driving will not only help us to better understand the behaviour of topological solitons in living systems, but can also lead to technological advances. The mechanism that generates the self-driving, one-directional solitons uncovered in this study, can be used to control the motion of different types of waves (known as waveguiding), or to endow a metamaterial with a basic information processing capability such as filtering.

Future robots can also use topological solitons for basic robotic functionalities such as movement, sending out signals and sensing their surroundings. These functionalities would then not be controlled from a central point, but rather emerge from the sum of the robot's active parts.

All in all, the domino effect of solitons in metamaterials, now an interesting observation in the lab, may soon start to play a role in different branches of engineering and design.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240320122615.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Quantum tornado provides gateway to understanding black holes | ScienceDaily
Scientists have for the first time created a giant quantum vortex to mimic a black hole in superfluid helium that has allowed them to see in greater detail how analogue black holes behave and interact with their surroundings.


						
Research led by the University of Nottingham, in collaboration with King's College London and Newcastle University, have created a novel experimental platform: a quantum tornado. They have created a giant swirling vortex within superfluid helium that is chilled to the lowest possible temperatures. Through the observation of minute wave dynamics on the superfluid's surface, the research team has shown that these quantum tornados mimic gravitational conditions near rotating black holes. The research has been published today in Nature.

Lead author of the paper, Dr Patrik Svancara from the School of Mathematical Sciences at the University of Nottingham explains: "Using superfluid helium has allowed us to study tiny surface waves in greater detail and accuracy than with our previous experiments in water. As the viscosity of superfluid helium is extremely small, we were able to meticulously investigate their interaction with the superfluid tornado and compare the findings with our own theoretical projections."

The team constructed a bespoke cryogenic system capable of containing several litres of superfluid helium at temperatures lower than -271 degC. At this temperature liquid helium acquires unusual quantum properties. These properties typically hinder the formation of giant vortices in other quantum fluids like ultracold atomic gases or quantum fluids of light, this system demonstrates how the interface of superfluid helium acts as a stabilizing force for these objects.

Dr Svancara continues: "Superfluid helium contains tiny objects called quantum vortices, which tend to spread apart from each other. In our set-up, we've managed to confine tens of thousands of these quanta in a compact object resembling a small tornado, achieving a vortex flow with record-breaking strength in the realm of quantum fluids."

Researchers uncovered intriguing parallels between the vortex flow and the gravitational influence of black holes on the surrounding spacetime. This achievement opens new avenues for simulations of finite-temperature quantum field theories within the complex realm of curved spacetimes.

Professor Silke Weinfurtner, leading the work in the Black Hole Laboratory where this experiment was developed, highlights the significance of this work: "When we first observed clear signatures of black hole physics in our initial analogue experiment back in 2017, it was a breakthrough moment for understanding some of the bizarre phenomena that are often challenging, if not impossible, to study otherwise. Now, with our more sophisticated experiment, we have taken this research to the next level, which could eventually lead us to predict how quantum fields behave in curved spacetimes around astrophysical black holes."

This groundbreaking research is funded by a PS5 million grant from the Science Technology Facilities Council, distributed among teams at seven leading UK institutions, including the University of Nottingham, Newcastle University and King's College London. The project has also been supported by both the UKRI Network grant on Quantum Simulators for Fundamental Physics and the Leverhulme Research Leaders Fellowship held by Professor Silke Weinfurtner.

The culmination of this research will be celebrated and creatively explored in an ambi exhibitiontitled Cosmic Titans at the Djanogly Gallery, Lakeside Arts, The University of Nottingham, from 25 January to 27 April 2025 (and touring to venues in the UK and overseas). The exhibition will comprise newly commissioned sculptures, installations, and immersive art works by leading artists including Conrad Shawcross RA that result from a series of innovative collaborations between artists and scientists facilitated by the ARTlab Nottingham. The exhibition will marry creative and theoretical inquiries into black holes and the birth of our Universe.
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The heat index -- how hot it really feels -- is rising faster than temperature | ScienceDaily
Texans have long endured scorching summer temperatures, so a global warming increase of about 3 degrees Fahrenheit (1.5 Celsius) might not sound like much to worry about.


						
But a new study concludes that the heat index -- essentially how hot it really feels -- has increased much faster in Texas than has the measured temperature: about three times faster.

That means that on some extreme days, what the temperature feels like is between 8 and 11 F (5 to 6 C) hotter than it would without climate change.

The study, using Texas data from June, July and August of 2023, highlights a problem with communicating the dangers of rising temperatures to the public. The temperature alone does not accurately reflect the heat stress people feel. Even the heat index itself, which takes into account the relative humidity and thus the capacity to cool off by sweating, gives a conservative estimate of heat stress, according to study author David Romps, a professor of earth and planetary science at the University of California, Berkeley.

In 2022, Romps co-authored a paper pointing out that the way most government agencies calculate the heat index is inaccurate when dealing with the temperature and humidity extremes we're seeing today. This leads people to underestimate their chances of suffering hyperthermia on the hottest days and of their chances of dying.

Texas is not an outlier. Last week, Arizona's most populous county, covering most of Phoenix, reported that heat-associated deaths last year were 50% higher than in 2022, rising from 425 in 2022 to 645 in 2023. Two-thirds of Maricopa County's heat-related deaths in 2023 were of people 50 years or older, and 71% occurred on days when the National Weather Service had issued an excessive heat warning, according to the Associated Press.

"I mean, the obvious thing to do is to cease additional warming, because this is not going to get better unless we stop burning fossil fuels," Romps said. "That's message No. 1, without doubt. We have only one direction we can really be taking the planet's average temperature, and that's up. And that's through additional burning of fossil fuels. So that's gotta stop and stop fast."

The reason that it feels much hotter than you'd expect from the increase in ambient temperature alone is that global warming is affecting the interplay between humidity and temperature, he said. In the past, relative humidity typically dropped when the temperature increased, allowing the body to sweat more and thus feel more comfortable.




But with climate change, the relative humidity remains about constant as the temperature increases, which reduces the effectiveness of sweating to cool the body.

To deal with the irreversible temperature increases we already experience, people need to take precautions to avoid hyperthermia, Romps said. He advised that, for those in extreme heat situations and unable to take advantage of air conditioning, "you can use shade and water as your friends.

"You can coat yourself in water. Get a wet rag, run it under the faucet, get your skin wet and get in front of a fan. As long as you are drinking enough water and you can keep that skin wetted in front of the fan, you're doing a good thing for yourself."

Romps' study was published March 15 in the journal Environmental Research Letters (ERL).

It's the humidity

Romps, an atmospheric physicist, got interested several years ago in how the human body responds to global warming's increased temperatures. Although the heat index, defined in 1979, is based on the physiological stresses induced by heat and humidity, he noted that the calculations of the heat index did not extend to the extremes of heat and humidity experienced today. Romps and graduate student and now postdoctoral fellow Yi-Chuan Lu extended the calculation of the heat index to all combinations of temperature and humidity, enabling its use in even the most extreme heat waves, like those that buffeted Texas in the summer of 2023.




Over the decades, the nation's major weather forecaster, the National Oceanic and Atmospheric Administration's (NOAA) National Weather Service, has dealt with the lack of calculated values for high heat and humidity by extrapolating from the known values. Romps and Lu found, however, that the commonly used extrapolation falls far short when conditions of temperature and humidity are extreme. Although the heat index has now been calculated for all conditions using the underlying physiological model, those values have not yet been adopted by NOAA.

After Lu spent a sweltering summer in Texas last year, Romps decided to take the state as a case study to determine how global warming has affected the perceived heat stress represented by the corrected heat index.

"I picked Texas because I had seen some high heat index values there that made me think, OK, this is a state that this summer is probably experiencing combinations of heat and humidity that are not being captured properly by NOAA's approximation to the heat index," he said.

He found that, while temperatures peaked at various places and times around the state last summer, one place, Houston's Ellington Airport, stood out. On July 23, 2023, he calculated that the heat index was 75 C, or 167 F. Global warming accounted for 12 F (6 C) of that heat index, he said.

"It sounds completely insane," Romps said. "It's beyond the physiological capacity of a young, healthy person to maintain a standard core temperature. We think it's hyperthermic, but survivable."

The fact that people can survive such temperatures is a testament to the power of evaporative cooling to cool the body, though intense sweating requires the heart to pump more blood to the skin to shed heat, which is part of heat stress. In a 2023 paper, Romps and Lu argued that what many have referred to as the maximum survivable temperature, a wet bulb temperature of 35 C (equivalent to a skin temperature when sweating of 95 F, close to the average person's core body temperature), would actually rarely lead to death in a young and healthy adult, though it would cause hyperthermia. The wet bulb temperature is what a thermometer measures when a wet rag is wrapped around it, so it takes account of the cooling effects of sweat.

"Heat index is very much like the wet bulb thermometer, only it adds the metabolic heat that a human has that a thermometer does not have," Romps said. "We think if you kept your skin wet and you were exposed to 167 degrees, even though we're approaching something like a setting on the oven, you'd still be alive. Definitely not happy. But alive."

While the current study didn't try to predict when, in the future, heat waves in Texas might generate a heat index high enough to make everyone hyperthermic, "we can see that there are times when people are getting pushed in that direction," he said. "It's not terribly far off."

Romps plans to look at other regions in light of the improved heat index scale he and Lu have proposed and expects to find similar trends.

"If humanity goes ahead and burns the fossil fuel available to it, then it is conceivable that half of Earth's population would be exposed to unavoidably hyperthermic conditions, even for young, healthy adults," Romps said. "People who aren't young and healthy would be suffering even more, as would people who are laboring or are out in the sun -- all of them would be suffering potentially life-threatening levels of heat stress."
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Sea surface temperature research provides clear evidence of human-caused climate change | ScienceDaily
New oceanic research provides clear evidence of a human "fingerprint" on climate change and shows that specific signals from human activities have altered the seasonal cycle amplitude of sea surface temperatures (SST).


						
"This is breakthrough evidence that there is a human-caused climate change signal in ocean temperatures associated with CO2 increases," according to co-author Benjamin Santer, an adjunct scientist and distinguished scholar in the Physical Oceanography Department at Woods Hole Oceanographic Institute (WHOI).

"We show that a human-caused signal in the seasonal cycle of sea surface temperature (SST) has emerged from the noise of natural variability. Geographical patterns of changes in SST seasonal cycle amplitude (SSTAC) reveal two distinctive features: an increase at Northern Hemisphere mid-latitudes related to mixed-layer depth changes, and a robust dipole pattern between 40 S and 55 S which is mainly driven by surface wind changes," according to the journal article, "The emerging human influence on the seasonal cycle of sea surface temperature," published in Nature Climate Change.

"The evidence we found is very clear. Our research is based on four different observational data sets of sea surface ocean temperature. We analyzed data from various monitoring systems, including satellite records and ocean measurements that WHOI has been collecting from ships and floats since 1950. All of this data provided the same story and the same conclusion: that the human-caused signal in SSTAC is very strong and has a very distinctive pattern," reported co-lead author Dr. Jia-Rui Shi, Postdoc with WHOI.

The model-predicted pattern of SSTAC change is identifiable with high statistical confidence in four different observed SST products and in 51 individual model realizations of historical climate evolution. Simulations with historical changes in individual forcing reveal that greenhouse gas increases are the primary driver of changes in SSTAC, with smaller but distinct contributions from anthropogenic aerosol and ozone forcing.

The research was motivated by earlier work by Santer, who has worked on climate fingerprinting for more than 30 years. Previous studies used satellite records to identify human fingerprints in the changing seasonal cycle of mid-to-upper tropospheric temperature. However, this is the first fingerprinting study that reveals detailed patterns of climate change in seasonal sea surface temperatures.

"The seasonal cycle amplitude of sea surface temperature is changing and becoming stronger. One of our biggest findings is that warming is greater in the summer than in the winter. In both the northern and southern hemispheres, the mixed-layer depths of the ocean are becoming thinner which can significantly amplify summer temperatures," stated Shi. "The warming in the northern hemisphere is more extreme, associated with smaller ocean basin sizes. In the southern hemisphere, we discovered that sea surface temperature changes are largely driven by wind shift patterns caused by atmospheric warming."

"This research rebuts claims that recent temperature changes are natural, whether due to the Sun or due to internal cycles in the climate system. A natural explanation is virtually impossible in terms of what we are looking at here: changes in the seasonal temperatures of the ocean," stated Santer. "This research further rules out the claim that we don't need to treat climate change seriously because it is natural."




"This robust human fingerprint in the seasonal cycle of ocean surface temperature is expected to have wide-ranging impacts on marine ecosystems. This can dramatically influence fisheries and the distribution of nutrients," said Shi. "Gaining insight into the anthropogenic influence on seasonality is of scientific, economic, and societal importance."

In 2023, the upper ocean heat content was the highest on record, leading to strong concern in the scientific community. The ocean absorbs roughly 90 percent of the Earth's excess heat from global warming and plays a vital role in regulating planetary climate systems.

"Ocean temperatures are literally off the charts. A lot of people want to know what is happening," said Santer. "A big part of the answer is that human activities have gradually warmed the world's oceans. The scientific community has been focused on changes in the ocean's annual average temperature. This paper shows that it's also critically important to perform fingerprinting with seasonal changes," said Santer.

The ocean is a vital carbon sink, absorbing 25 percent of the carbon dioxide that we produce by burning fossil fuels. However, the ability of the ocean to absorb CO2 is temperature dependent. As the ocean warms, it is critical that we understand how the ability of the oceans to absorb CO2 is affected.

"As oceans absorb carbon dioxide, it creates widely reported acidification which can negatively impact marine organisms. If we start altering the pH of the ocean, we risk affecting the structural integrity of organisms at the base of the food chain," said Shi.

"We now face important decisions, in the United States and globally, on what to do about climate change. Those decisions should be based on our best scientific understanding of the reality and seriousness of human effects on average climate and on the seasons," stated Santer.
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Craving snacks after a meal? It might be food-seeking neurons, not an overactive appetite | ScienceDaily
People who find themselves rummaging around in the refrigerator for a snack not long after they've eaten a filling meal might have overactive food-seeking neurons, not an overactive appetite.


						
UCLA psychologists have discovered a circuit in the brain of mice that makes them crave food and seek it out, even when they are not hungry. When stimulated, this cluster of cells propels mice to forage vigorously and to prefer fatty and pleasurable foods like chocolate over healthier foods like carrots.

People possess the same kinds of cells, and if confirmed in humans, the finding could offer new ways of understanding eating disorders.

The report, published in the journal Nature Communications, is the first to find cells dedicated to food-seeking in a part of the mouse brainstem usually associated with panic, but not with feeding.

"This region we're studying is called the periaqueductal gray (PAG), and it is in the brainstem, which is very old in evolutionary history and because of that, it is functionally similar between humans and mice," said corresponding author Avishek Adhikari, a UCLA associate professor of psychology. "Although our findings were a surprise, it makes sense that food-seeking would be rooted in such an ancient part of the brain, since foraging is something all animals need to do."

Adhikari studies how fear and anxiety help animals assess risks and minimize exposure to threats, and his group made the discovery while trying to learn how this particular spot was involved in fear.

"Activation of the entire PAG region causes a dramatic panic response in both mice and humans. But when we selectively stimulated only this specific cluster of PAG neurons called vgat PAG cells, they did not alter fear, and instead caused foraging and feeding," Adhikari said.




The researchers injected into mouse brains a virus genetically engineered to make the brain cells produce a light-sensitive protein. When a laser shines on the cells via a fiber-optic implant, the new protein translates that light to electrical neural activity in the cells. A miniature microscope, developed at UCLA and affixed to the mouse's head, recorded the neural activity of cells.

When stimulated with laser light, the vgat PAG cells fired and kicked the mouse into hot pursuit of live crickets and non-prey food, even if it had just eaten a large meal. The stimulation also induced the mouse to follow moving objects that were not food -- like ping pong balls, although it did not try to eat them -- and it also prompted the mouse to confidently explore everything in its enclosure.

"The results suggest the following behavior is related more to wanting than to hunger," Adhikari said. "Hunger is aversive, meaning that mice usually avoid feeling hungry if they can. But they seek out activation of these cells, suggesting that the circuit is not causing hunger. Instead, we think this circuit causes the craving of highly rewarding, high-caloric food. These cells can cause the mouse to eat more high-calorie foods even in the absence of hunger."

Satiated mice with activated vgat PAG cells craved fatty foods so much, they were willing to endure foot shocks to get them, something full mice normally would not do. Conversely, when the researchers injected a virus engineered to produce a protein that dampens the cells' activity under exposure to light, the mice foraged less, even if they were very hungry.

"Mice show compulsive eating in the presence of aversive direct consequences when this circuit is active, and don't search for food even if they're hungry when it's not active. This circuit can circumvent the normal hunger pressures of how, what and when to eat," said Fernando Reis, a UCLA postdoctoral researcher who did most of the experiments in the paper and came up with the idea to study compulsive eating. "We're doing new experiments based on these findings and learning that these cells induce eating of fatty and sugary foods, but not of vegetables in mice, suggesting this circuit may increase eating of junk food."

Like mice, humans also possess vgat PAG cells in the brainstem. It could be that if this circuit is overactive in a person, they might feel more rewarded by eating or crave food when not hungry. Conversely, if this circuit is not active enough, they could have less pleasure associated with eating, potentially contributing to anorexia. If found in humans, the food-seeking circuit could become the treatment target for some kinds of eating disorders.

The research was supported by the National Institute of Mental Health, the Brain & Behavior Research Foundation and the National Science Foundation.
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8-hour time-restricted eating linked to a 91% higher risk of cardiovascular death | ScienceDaily
An analysis of over 20,000 U.S. adults found that people who limited their eating across less than 8 hours per day, a time-restricted eating plan, were more likely to die from cardiovascular disease compared to people who ate across 12-16 hours per day, according to preliminary research presented at the American Heart Association's Epidemiology and Prevention Lifestyle and Cardiometabolic Scientific Sessions 2024, March 18- 21, in Chicago. The meeting offers the latest science on population-based health and wellness and implications for lifestyle.


						
Time-restricted eating, a type of intermittent fasting, involves limiting the hours for eating to a specific number of hours each day, which may range from a 4- to 12-hour time window in 24 hours. Many people who follow a time-restricted eating diet follow a 16:8 eating schedule, where they eat all their foods in an 8-hour window and fast for the remaining 16 hours each day, the researchers noted. Previous research has found that time-restricted eating improves several cardiometabolic health measures, such as blood pressure, blood glucose and cholesterol levels.

"Restricting daily eating time to a short period, such as 8 hours per day, has gained popularity in recent years as a way to lose weight and improve heart health," said senior study author Victor Wenze Zhong, Ph.D., a professor and chair of the department of epidemiology and biostatistics at the Shanghai Jiao Tong University School of Medicine in Shanghai, China. "However, the long-term health effects of time-restricted eating, including risk of death from any cause or cardiovascular disease, are unknown."

In this study, researchers investigated the potential long-term health impact of following an 8-hour time-restricted eating plan. They reviewed information about dietary patterns for participants in the annual 2003-2018 National Health and Nutrition Examination Surveys (NHANES) in comparison to data about people who died in the U.S., from 2003 through December 2019, from the Centers for Disease Control and Prevention's National Death Index database.

The analysis found:
    	People who followed a pattern of eating all of their food across less than 8 hours per day had a 91% higher risk of death due to cardiovascular disease.
    	The increased risk of cardiovascular death was also seen in people living with heart disease or cancer.
    	Among people with existing cardiovascular disease, an eating duration of no less than 8 but less than 10 hours per day was also associated with a 66% higher risk of death from heart disease or stroke.
    	Time-restricted eating did not reduce the overall risk of death from any cause.
    	An eating duration of more than 16 hours per day was associated with a lower risk of cancer mortality among people with cancer.

"We were surprised to find that people who followed an 8-hour, time-restricted eating schedule were more likely to die from cardiovascular disease. Even though this type of diet has been popular due to its potential short-term benefits, our research clearly shows that, compared with a typical eating time range of 12-16 hours per day, a shorter eating duration was not associated with living longer," Zhong said.

"It's crucial for patients, particularly those with existing heart conditions or cancer, to be aware of the association between an 8-hour eating window and increased risk of cardiovascular death. Our study's findings encourage a more cautious, personalized approach to dietary recommendations, ensuring that they are aligned with an individual's health status and the latest scientific evidence," he continued. "Although the study identified an association between an 8-hour eating window and cardiovascular death, this does not mean that time-restricted eating caused cardiovascular death." Study details and background:
    	The study included approximately 20,000 adults in the U.S. with an average age of 49 years.
    	Study participants were followed for a median length of 8 years and maximum length of 17 years.
    	The study included data for NHANES participants who were at least 20 years old at enrollment, between 2003-2018, and had completed two 24-hour dietary recall questionnaires within the first year of enrollment.
    	Approximately half of the participants self-identified as men, and half self-identified as women. 73.3% of the participants self-identified as non-Hispanic white adults, 11% self-identified as Hispanic adults, 8% self-identified as non-Hispanic Black adults and 6.9% of adults self-identified as another racial category, including mixed-race adults and adults of other non-Hispanic races.

The study's limitations included its reliance on self-reported dietary information, which may be affected by participant's memory or recall and may not accurately assess typical eating patterns. Factors that may also play a role in health, outside of daily duration of eating and cause of death, were not included in the analysis.




Future research may examine the biological mechanisms that underly the associations between a time-restricted eating schedule and adverse cardiovascular outcomes, and whether these findings are similar for people who live in other parts of the world, the authors noted.

"Overall, this study suggests that time-restricted eating may have short-term benefits but long-term adverse effects. When the study is presented in its entirety, it will be interesting and helpful to learn more of the details of the analysis," said Christopher D. Gardner, Ph.D., FAHA, the Rehnborg Farquhar Professor of Medicine at Stanford University in Stanford, California, and chair of the writing committee for the Association's 2023 scientific statement, Popular Dietary Patterns: Alignment with American Heart Association 2021 Dietary Guidance.

"One of those details involves the nutrient quality of the diets typical of the different subsets of participants. Without this information, it cannot be determined if nutrient density might be an alternate explanation to the findings that currently focus on the window of time for eating. Second, it needs to be emphasized that categorization into the different windows of time-restricted eating was determined on the basis of just two days of dietary intake," he said.

"It will also be critical to see a comparison of demographics and baseline characteristics across the groups that were classified into the different time-restricted eating windows -- for example, was the group with the shortest time-restricted eating window unique compared to people who followed other eating schedules, in terms of weight, stress, traditional cardiometabolic risk factors or other factors associated with adverse cardiovascular outcomes? This additional information will help to better understand the potential independent contribution of the short time-restricted eating pattern reported in this interesting and provocative abstract."
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There are large accumulations of plastics in the ocean, even outside so-called garbage patch | ScienceDaily
"Plastics in the ocean are a serious problem. Every year, millions of tonnes of plastics end up in the ocean via rivers and wind as well as from shipping and fishing -- and it remains there. It is still difficult to assess the consequences for the ocean ecosystem," says UFZ environmental chemist Prof Annika Jahnke, coordinator of the MICRO-FATE project, which made the study possible. What is the distribution of plastics in the oceans? Which areas are particularly affected? Are there any plastic-free zones? And what properties do plastics have close to the source or far away in the open ocean?


						
Jahnke and her research team have investigated these questions. During a five-week expedition on the German research vessel "Sonne" in 2019, the researchers took samples of the surface water in the North Pacific Ocean between Vancouver (Canada) and Singapore. The team selected the sampling stations along the cruise track based on a prediction model from the University of Hawaii (Surface CUrrents from a Diagnostic model (SCUD)). This model calculates how much plastics are likely to be present in a particular marine area. "We selected stations with predicted high and low plastic loads for our investigations," says Jahnke. "Some stations were located in areas that had already been well researched such as the so-called Great Pacific Garbage Patch. We also wanted to investigate zones in the open ocean that had hardly been explored. For example, we took samples in a marine reserve northwest of Hawaii, the Papahanaumokuakea Marine National Monument "

The team used two different methods to determine the amount of plastics in the surface water. The first one was a litter survey in which teams of two scientists on the deck of the "Sonne" counted plastic items that were visible to the naked eye during ship transits and documented their shape and size. The second one involved neuston nets towed at the surface to take samples at nine stations. "The mesh size was 0.3 millimetres. This allowed us to collect not only larger items, but also small plastic particles to determine the amount of microplastics, which are less than five millimetres in diameter," says UFZ researcher Robby Rynek, lead author of the study. "The plastic particles from each sample were sorted by size and counted. We then used a special form of infrared spectroscopy to chemically analyse the particles and estimate their weathering state based on their appearance."

The longer plastics are exposed to sun, wind, waves, and sea water, the more they weather and disintegrate. Other studies have shown that larger non-degraded plastic items and particles occur primarily where plastic enters the sea. The further the particles are transported, the more weathered and smaller they should be. "This is exactly what we showed with our investigations. And as expected, we found the highest quantities of plastics in the samples we took in the area known as the Great Pacific Garbage Patch," says Rynek. "However, the items do not in any way form a carpet of plastic that covers an entire surface in a dense manner. This is important when thinking about plastic removal technologies, which would have to cover vast areas in order to be able to collect significant amounts of plastic. Most plastics are small fragments that escape nets or which can only be collected with considerable animal 'by-catch'," says co-author Dr Melanie Bergmann from the AWI. It is therefore essential to reduce the emissions of plastics.

"The most surprising and at the same time most worrying result of our study is that we found equally large quantities of particularly small microplastics in the remote marine protected area north-west of Hawaii. We hadn't expected that. According to the calculations of the forecast model, there should be considerably less plastics in this area," says Rynek. "Microplastics are most likely distributed much further across the oceans than previously assumed. We actually found plastics at all of our sampling stations. There were no samples without plastics. So, we can't assume that plastics are causing problems mainly in the known accumulation areas -- the problem is much bigger and actually affects the entire ocean ecosystem," says Jahnke.

This year, UN member states intend to adopt a legally binding global Plastics Treaty in order to stop plastic pollution into the ocean. "As independent scientists, we stand as part of the Scientists' Coalition for an Effective Plastics Treaty to advise the delegates of the UN member states," says Bergmann. In addition to far-reaching reductions in plastic production by avoiding unnecessary plastic products and promoting reuse systems, many researchers believe that the chemical composition of plastic products needs to be simplified and improved. This is the only way to ensure safe reuse and higher recycling rates.
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Fairy circles: Plant water stress causes Namibia's gaps in grass | ScienceDaily
Namibia's legendary fairy circles are mysterious, circular, bald patches in the dry grasslands on the edge of the Namib Desert. Their formation has been researched for decades and has recently been the subject of much debate. With extensive fieldwork, researchers from the University of Gottingen in Germany and Ben Gurion University in Israel investigated how freshly germinated grass dies inside the fairy circle. Their results show that the grass withers due to a lack of water inside the fairy circle. The topsoil, comprised of the top 10 to 12 centimetres of the soil, acts as a kind of "death zone" in which fresh grass cannot survive for long. The new grass dies between 10 and 20 days after the rain. According to the researchers, the fact that it shows no signs of termite damage disproves a competing theory. The results were published in the journal Perspectives in Plant Ecology, Evolution and Systematics.


						
For the study, the scientists analysed 500 individual grass plants in four regions of the Namib by taking measurements of root and leaf lengths, carrying out statistical analyses, as well as collecting and comparing photographic evidence. They also took several hundred measurements of soil moisture during or after the 2023 and 2024 rainy seasons.

This showed that the topsoil is very susceptible to drying out. During and after the rainy season, the soil moisture here is three to four times lower than the soil at a depth of around 20 centimetres. In addition, the topsoil is significantly drier within the fairy circle than outside during the period of grass growth after ample rainfall. Under these conditions, freshly germinated grasses cannot survive in the fairy circle: they dry out because they cannot reach the deeper, more moist layers of soil with their roots, which are on average 10 centimetres long.

In contrast, the large, perennial clumps of grass that grow at the edge of the fairy circle benefit from being able to access the soil water to a depth of 20 to 30 centimetres and below. These clumps of grass quickly turn green after the rain. "With their well-developed root system, these clumps of grass soak up the water particularly well. After the rain, they have a huge competitive advantage over the freshly germinated grasses in the fairy circle. The new grass only loses a small amount of water via transpiration from its small leaves, resulting in insufficient 'suction power' to pull new water from deeper soil layers," explains first author Dr Stephan Getzin, Gottingen University's Ecosystem Modelling Department.

The measurement data also show that the physical conductivity of the water is high in the first 20 days after the rain, particularly in the upper soil, and decreases with depth. As a result, the clumps of grass primarily draw water from the top 10 to 20 centimetres of the soil. Getzin says: "This is the cause of the death of the new grass in the fairy circle. Continuous soil moisture measurements over several years support this conclusion. This is because the soil water in the fairy circle only decreases noticeably quickly with the strengthening and regrowth of the surrounding grass after rain." According to the researchers, this testifies to the basic function of the fairy circles as water sources for the drought-stressed grass of the Namib. The round shape of the fairy circles is formed by the grass itself, as this creates the maximum supply of soil water for itself. "This self-organisation can be described as 'swarm intelligence'. It is a systematic adaptation to a lack of resources in arid regions," say Getzin and his colleague Dr Hezi Yizhaq.

In their study, Getzin and Yizhag also comment on the theory that termites shorten the roots of fresh grass in the fairy circle by feeding on them, causing the new grass to die. "In an extensive discussion of the publications on the sand termite theory, we show that so far not a single field study with systematic measurement data on the root length of dying grasses has shown that termite feeding on the roots of newly germinated grasses create the Namib fairy circles," the researchers say.

They also highlight a concern in that the supporters of the sand termite theory cite other research as "evidence" for the killing of fresh grass due to termite herbivory on the roots, but in fact the cited articles do not even deal with this specific subject matter.
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Tanks of the Triassic: New crocodile ancestor identified | ScienceDaily
Dinosaurs get all the glory. But aetosaurs, a heavily armored cousin of modern crocodiles, ruled the world before dinosaurs did. These tanks of the Triassic came in a variety of shapes and sizes before going extinct around 200 million years ago. Today, their fossils are found on every continent except Antarctica and Australia.


						
Scientists use the bony plates that make up aetosaur armor to identify different species and usually don't have many fossil skeletons to work with. But a new study led by researchers at The University of Texas at Austin centers on an aetosaur suit of armor that has most of its major parts intact.

The suit -- called a carapace -- is about 70% complete and covers each major region of the body.

"We have elements from the back of the neck and shoulder region all the way to the tip of the tail," said William Reyes, a doctoral student at the UT Jackson School of Geosciences who led the research. "Usually, you find very limited material."

The research was published in The Anatomical Record.

Reyes and his collaborators used the armor to identify the specimen as a new aetosaur species -- which they named Garzapelta muelleri. The name "Garza" recognizes Garza County in northwest Texas, where the aetosaur was found, and "Pelta" is Latin for shield, a nod to aetosaurs' heavily fortified body. The species name "muelleri" honors the paleontologist who originally discovered it, Bill Mueller.

Garzapelta lived about 215 million years ago and resembled a modern American crocodile -- but with much more armor.




"Take a crocodile from modern day, and turn it into an armadillo," said Reyes.

The bony plates that covered Garzapelta and other aetosaurs are called osteoderms. They were embedded directly in the skin and formed a suit of armor by fitting together like a mosaic. In addition to having a body covered in bony plates, Garzapelta's sides were flanked by curved spikes that would have offered another layer of protection from predators. Although crocodiles today are carnivores, scientists think that aetosaurs were primarily omnivorous.

The spikes on Garzapelta are very similar to those found in another aetosaur species, but surprisingly, researchers found that the two species are only distantly related. The similarities, they discovered, are an example of convergent evolution, the independent evolution of similar traits in different species. The development of flight in insects, birds, mammals and now-extinct pterosaurs is a classic example of this phenomenon.

According to Reyes, an array of unique features on Garzapelta's plates clearly marked it as a new species. They range from how the plates fit together to unique bumps and ridges on the bones. However, figuring out where Garzapelta fit into the larger aetosaur family tree was more of challenge. Depending on which portion of the armor the researchers emphasized in their analysis, Garzapelta would end up in very different places. Armor that ran down its back resembled armor from one species, while its midsection spikes resembled armor from another.

Once the researchers determined that the spikes evolved independently, they were able to work out where Garzapelta fit best among other aetosaur species. Nevertheless, Reyes said the research shows how convergent evolution can complicate things.

"Convergence of the osteoderms across distantly related aetosaurs has been noted before, but the carapace of Garzapelta muelleri is the best example of it and shows to what extent it can happen and the problems it causes in our phylogenetic analyses," Reyes said.




Garzapelta is part of the Texas Tech University fossil collections. It spent most of the past 30 years on a shelf before Reyes encountered it during a visit. Bill Parker, an aetosaur expert and park paleontologist at Petrified Forest National Park who was not part of the research, said that university and museum collections are a critical part of making this type of research possible.

"These specimens weren't just dug in the field yesterday," he said. "They've been sitting in the museum for decades and it just takes someone like Will to come along and finally decide to study them and make them come to life."

In addition to different species having different armor, it's possible that an animal's age or sex could also affect armor appearance. Reyes is currently exploring these questions by studying aetosaur fossils in the Jackson School's collection, most of which were found during the 1940s as part of excavations done by the Works Progress Administration.

The research was funded by the National Science Foundation and the Jackson School.

The study co-authors are Jeffrey Martz, an associate professor at the University of Houston-Downtown, and Bryan Small, a research associate at the Museum of Texas Tech University.
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Backyard insect inspires invisibility devices, next gen tech | ScienceDaily
Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study led by Penn State researchers. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.


						
This could allow the development of bioinspired optical materials with possible applications ranging from invisible cloaking devices to coatings to more efficiently harvest solar energy, said Tak-Sing Wong, professor of mechanical engineering and biomedical engineering. Wong led the study, which was published today (March 18) in the Proceedings of the National Academy of Sciences of the United States of America (PNAS).

The unique, tiny particles have an unusual soccer ball-like geometry with cavities, and their exact purpose for the insects has been something of a mystery to scientists since the 1950s. In 2017, Wong led the Penn State research team that was the first to create a basic, synthetic version of brochosomes in an effort to better understand their function.

"This discovery could be very useful for technological innovation," said Lin Wang, postdoctoral scholar in mechanical engineering and the lead author of the study. "With a new strategy to regulate light reflection on a surface, we might be able to hide the thermal signatures of humans or machines. Perhaps someday people could develop a thermal invisibility cloak based on the tricks used by leafhoppers. Our work shows how understanding nature can help us develop modern technologies."

Wang went on to explain that even though scientists have known about brochosome particles for three-quarters of a century, making them in a lab has been a challenge due to the complexity of the particle's geometry.

"It has been unclear why the leafhoppers produce particles with such complex structures," Wang said, "We managed to make these brochosomes using a high-tech 3D-printing method in the lab. We found that these lab-made particles can reduce light reflection by up to 94%. This is a big discovery because it's the first time we've seen nature do something like this, where it controls light in such a specific way using hollow particles."

Theories on why leafhoppers coat themselves with a brochosome armor have ranged from keeping them free of contaminants and water to a superhero-like invisibility cloak. However, a new understanding of their geometry raises a strong possibility that its main purpose could be the cloak to avoid predators, according to Tak-Sing Wong, professor of mechanical engineering and biomedical engineering and corresponding author of the study.




The researchers have found that the size of the holes in the brochosome that give it a hollow, soccer ball-like appearance is extremely important. The size is consistent across leafhopper species, no matter the size of the insect's body. The brochosomes are roughly 600 nanometers in diameter -- about half the size of a single bacterium -- and the brochosome pores are around 200 nanometers.

"That makes us ask a question," Wong said. "Why this consistency? What is the secret of having brochosomes of about 600 nanometers with about 200-nanometer pores? Does that serve some purpose?"

The researchers found the unique design of brochosomes serves a dual purpose -- absorbing ultraviolet (UV) light, which reduces visibility to predators with UV vision, such as birds and reptiles, and scattering visible light, creating an anti-reflective shield against potential threats. The size of the holes is perfect for absorbing light at the ultraviolet frequency.

This potentially could lead to a variety of applications for humans using synthetic brochosomes, such as more efficient solar energy harvesting systems, coatings that protect pharmaceuticals from light-induced damage, advanced sunscreens for better skin protection against sun damage and even cloaking devices, researchers said. To test this, the team first had to make synthetic brochosomes, a major challenge in and of itself.

In their 2017 study, the researchers mimicked some features of brochosomes, particularly the dimples and their distribution, using synthetic materials. This allowed them to begin understanding the optical properties. However, they were only able to make something that looked like brochosomes, not an exact replica.

"This is the first time we are able to make the exact geometry of the natural brochosome," Wong said, explaining that the researchers were able to create scaled synthetic replicas of the brochosome structures by using advanced 3D-printing technology.




They printed a scaled-up version that was 20,000 nanometers in size, or roughly one-fifth the diameter of a human hair. The researchers precisely replicated the shape and morphology, as well as the number and placement of pores using 3D printing, to produce still-small faux brochosomes that were large enough to characterize optically.

They used a Micro-Fourier transform infrared (FTIR) spectrometer to examine how the brochosomes interacted with infrared light of different wavelengths, helping the researchers understand how the structures manipulate the light.

Next, the researchers said they plan to improve the synthetic brochosome fabrication to enable production at a scale closer to the size of natural brochosomes. They will also explore additional applications for synthetic brochosomes, such as information encryption, where brochosome-like structures could be used as part of an encryption system where data is only visible under certain light wavelengths.

Wang noted that their brochosome work demonstrates the value of a biomimetic research approach, where scientists looks to nature for inspiration.

"Nature has been a good teacher for scientists to develop novel advanced materials," Wang said. "In this study, we have just focused on one insect species, but there are many more amazing insects out there that are waiting for material scientists to study, and they may be able to help us solve various engineering problems. They are not just bugs; they are inspirations."

Along with Wong and Wang from Penn State, other researchers on the study include Sheng Shen, professor of mechanical engineering, and Zhuo Li, doctoral candidate in mechanical engineering, both at Carnegie Mellon University, who contributed to the simulations in this study. Wang and Li contributed equally to this work, for which the researchers have filed a U.S. provisional patent. The Office of Naval Research supported this research.
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Harnessing hydrogen at life's origin | ScienceDaily
A new report uncovers how hydrogen gas, the energy of the future, provided energy in the past, at the origin of life 4 billion years ago. Hydrogen gas is clean fuel. It burns with oxygen in the air to provide energy with no CO2. Hydrogen is a key to sustainable energy for the future. Though humans are just now coming to realize the benefits of hydrogen gas (H2 in chemical shorthand), microbes have known that H2 is good fuel for as long as there has been life on Earth. Hydrogen is ancient energy. The very first cells on Earth lived from H2 produced in hydrothermal vents, using the reaction of H2 with CO2 to make the molecules of life.


						
Microbes that thrive from the reaction of H2 and CO2 can live in total darkness, inhabiting spooky, primordial habitats like deep-sea hydrothermal vents or hot rock formations deep within the Earth's crust, environments where many scientists think that life itself arose. Surprising new insights about how the first cells on Earth came to harness H2 as an energy source are now reported in PNAS. The new study comes from the team of William F. Martin at the University of Dusseldorf and Martina Preiner at the Max Planck Institute (MPI) for Terrestrial Microbiology in Marburg with support from collaborators in Germany and Asia.

In order to harvest energy, cells first have to push the electrons from H2 energetically uphill. "That is like asking a river to flow uphill instead of downhill, so cells need engineered solutions," explains one of the three first authors of the study, Max Brabender. How cells solve that problem was discovered only 15 years ago by Wolfgang Buckel together with his colleague Rolf Thauer in Marburg. They found that cells send the two electrons in hydrogen down different paths. One electron goes far downhill, so far downhill that it sets something like a pulley (or a siphon) in motion that can pull the other electron energetically uphill. This process is called electron bifurcation. In cells, it requires several enzymes that send the electrons uphill to an ancient and essential biological electron carrier called ferredoxin. The new study shows that at pH 8.5, typical of naturally alkaline vents, "no proteins are required," explains Buckel, co-author on the study, "the H-H bond of H2 splits on the iron surface, generating protons that are consumed by the alkaline water and electrons that are then easily transferred directly to ferredoxin."

How an energetically uphill reaction could have worked in early evolution, before there were enzymes or cells, has been a very tough puzzle. "Several different theories have proposed how the environment might have pushed electrons energetically uphill to ferredoxin before the origin of electron bifurcation," says Martin, "we have identified a process that could not be simpler and that works in the natural conditions of hydrothermal vents."

Since the discovery of electron bifurcation, scientists have found that the process is both ancient and absolutely essential in microbes that live from H2. The vexing problem for evolutionarily-minded chemists like Martina Preiner, whose team in Marburg focusses on the impact of the environment on reactions that microbes use today and possibly used at life's origin, is: How was H2 harnessed for CO2 fixing pathways before there were complicated proteins? "Metals provide answers,," she says, "at the onset of life, metals under ancient environmental conditions can send the electrons from H2 uphill, and we can see relicts of that primordial chemistry preserved in the biology of modern cells." But metals alone are not enough. "H2 needs to be produced by the environment as well" adds co-first author Delfina Pereira from Preiner's lab. Such environments are found in hydrothermal vents, where water interacts with iron-containing rocks to make H2 and where microbes still live today from that hydrogen as their source of energy.

Hydrothermal vents, both modern and ancient, generate H2 in such large amounts that the gas can turn iron-containing minerals into shiny metallic iron. "That hydrogen can make metallic iron out of minerals is no secret" says Harun Tuysuz, expert for high-tech materials at the Max-Planck-Institut fur Kohlenforschung Mulheim and coauthor on the study. "Many processes in chemical industry use H2 to make metals out of minerals during the reaction." The surprise is that nature does this too, especially at hydrothermal vents, and that this naturally deposited iron could have played a crucial role at the origin of life.

Iron was the only metal identified in the new study that was able to send the electrons in H2 uphill to ferredoxin. But the reaction only works under alkaline conditions like those in a certain type of hydrothermal vents. Natalia Mrnjavac from the Dusseldorf group and co-first author on the study points out: "This fits well with the theory that life arose in such environments. The most exciting thing is that such simple chemical reactions can close an important gap in understanding the complex process of origins, and that we can see those reactions working under the conditions of ancient hydrothermal vents in the laboratory today."
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Industrial societies losing healthy gut microbes | ScienceDaily
Everyone knows that fiber is healthy and an important part of our daily diet. But what is fiber and why is it healthy? Fiber is cellulose, the stringy stuff that plants are made of. Leaves, stems, roots, stalks, and tree-trunks (wood) are made of cellulose. The purest form of cellulose is the long, white fibers of cotton. Dietary fiber comes from vegetables or whole grain products.


						
Why is fiber healthy? Fiber helps to keep our intestinal flora (scientists call it our gut microbiome) happy and balanced. Fiber serves as the starting point of a natural food chain. It begins with bacteria that can digest cellulose, providing the rest of our microbiome with a balanced diet. But our eating habits in industrialized societies are far removed from those of ancient humans. This is impacting our intestinal flora, it seems, as newly discovered cellulose degrading bacteria are being lost from the human gut microbiome, especially in industrial societies, according to a new report published in Science late last week.

The study comes from the team of Prof. Itzhak Mizrahi at Ben-Gurion University (BGU) of the Negev in Israel, with support from the Weizmann Institute of Science in Rehovot and international collaborators in the US and Europe.

"Throughout human evolution, fiber has always been a mainstay of the human diet," explains lead investigator Sarah Morais from BGU, "It is also a main component in the diet of our primate ancestors. Fiber keeps our intestinal flora healthy." Morais and team identified important new members of the human gut microbiome, cellulose-degrading bacteria named Ruminococcus. These bacteria degrade cellulose by producing large and highly specialized extracellular protein complexes called cellulosomes.

"It's no easy task to degrade cellulose, few bacteria can do it." explains Prof. Edward Bayer, from the Weizmann Institute, a world-leader on cellulosomes and coauthor of the study. "Cellulose is difficult to digest because it is insoluble. Fiber in the gut is like a tree-trunk in a swimming pool, it gets wet, but it does not dissolve."

Cellulosomes are engineered by bacteria to attach to cellulose fibers and peel them apart, like the individual threads in a piece of rope. The cellulosomal enzymes then break down the individual threads of fiber into shorter chains, which become soluble. They can be digested, not only by Ruminococcus, but also by many other members of the gut microbiome.

"Bottom line, cellulosomes turn fiber into sugars that feed an entire community, a formidable engineering feat," says Bayer.




The production of cellulosomes puts Ruminococcus at the top of the fiber-degradation cascade that feeds a healthy gut microbiome. But the evolutionary history of Ruminococcus is complicated, and Western culture is taking its toll on our microbiome, as the new study shows.

"These cellulosome-producing bacteria have been around for a long time, their ancestors are important members of the rumen microbiome in cows and sheep," explains Prof. Mizrahi from BGU, senior author of the study. The rumen is the special stomach organ of cows, sheep, and deer, where the grass they eat (fiber) is converted into useful food by cellulose-degrading microbes, including Ruminococcus. "We were surprised to see that the cellulosome-producing bacteria of humans seem to have switched hosts during evolution, because the strains from humans are more closely related to the strains from livestock than to the strains from our own primate ancestors."

That is, it looks like humans have acquired important components of a healthy gut microbiome from livestock that they domesticated early in human evolution.

"It's a real possibility," says Mizrahi, an expert on rumen biology.

However, the story does not end there. Sampling of human cohorts revealed that Ruminococcus strains are indeed robust components of the human gut microbiome among human hunter-gatherer societies and among rural human societies, but that they are sparse or missing in human samples from industrialized societies.

"Our ancestors in Africa 200,000 years ago did not pick up lunch from a drive-through, or phone in a home-delivery for dinner," says Prof. William Martin at the Heinrich Heine University Dusseldorf in Germany, evolutionary biologist, and coauthor of the study. In Western societies this does, however, happen on a large scale. Diet is changing in industrialized societies, far removed from the farms where food is produced. The authors conclude that this shift away from a fiber-rich diet is an explanation for the loss of important cellulose-degrading microbes in our microbiome.

How can you counteract this evolutionary decline? It might help to do what doctors and dieticians have been saying for decades: Eat more fiber!

Sarah Morais, Sarah Winkler, Alvah Zorea, Liron Levin, Falk S. P. Nagies, Nils Kapust, Eva Setter-Lamed, Avital Artan-Furman, David N. Bolam, Madhav P. Yadav, Edward A. Bayer, William F. Martin and Itzhak Mizrahi. Cryptic diversity of cellulose-degrading gut bacteria in industrialized humans. Science.
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Two artificial intelligences talk to each other | ScienceDaily
Performing a new task based solely on verbal or written instructions, and then describing it to others so that they can reproduce it, is a cornerstone of human communication that still resists artificial intelligence (AI). A team from the University of Geneva (UNIGE) has succeeded in modelling an artificial neural network capable of this cognitive prowess. After learning and performing a series of basic tasks, this AI was able to provide a linguistic description of them to a ''sister'' AI, which in turn performed them. These promising results, especially for robotics, are published in Nature Neuroscience.


						
Performing a new task without prior training, on the sole basis of verbal or written instructions, is a unique human ability. What's more, once we have learned the task, we are able to describe it so that another person can reproduce it. This dual capacity distinguishes us from other species which, to learn a new task, need numerous trials accompanied by positive or negative reinforcement signals, without being able to communicate it to their congeners.

A sub-field of artificial intelligence (AI) -- Natural language processing -- seeks to recreate this human faculty, with machines that understand and respond to vocal or textual data. This technique is based on artificial neural networks, inspired by our biological neurons and by the way they transmit electrical signals to each other in the brain. However, the neural calculations that would make it possible to achieve the cognitive feat described above are still poorly understood.

''Currently, conversational agents using AI are capable of integrating linguistic information to produce text or an image. But, as far as we know, they are not yet capable of translating a verbal or written instruction into a sensorimotor action, and even less explaining it to another artificial intelligence so that it can reproduce it,'' explains Alexandre Pouget, full professor in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine.

A model brain

The researcher and his team have succeeded in developing an artificial neuronal model with this dual capacity, albeit with prior training. ''We started with an existing model of artificial neurons, S-Bert, which has 300 million neurons and is pre-trained to understand language. We 'connected' it to another, simpler network of a few thousand neurons,'' explains Reidar Riveland, a PhD student in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine, and first author of the study.

In the first stage of the experiment, the neuroscientists trained this network to simulate Wernicke's area, the part of our brain that enables us to perceive and interpret language. In the second stage, the network was trained to reproduce Broca's area, which, under the influence of Wernicke's area, is responsible for producing and articulating words. The entire process was carried out on conventional laptop computers. Written instructions in English were then transmitted to the AI.

For example: pointing to the location -- left or right -- where a stimulus is perceived; responding in the opposite direction of a stimulus; or, more complex, between two visual stimuli with a slight difference in contrast, showing the brighter one. The scientists then evaluated the results of the model, which simulated the intention of moving, or in this case pointing. ''Once these tasks had been learned, the network was able to describe them to a second network -- a copy of the first -- so that it could reproduce them. To our knowledge, this is the first time that two AIs have been able to talk to each other in a purely linguistic way,'' says Alexandre Pouget, who led the research.

For future humanoids 

This model opens new horizons for understanding the interaction between language and behaviour. It is particularly promising for the robotics sector, where the development of technologies that enable machines to talk to each other is a key issue. ''The network we have developed is very small. Nothing now stands in the way of developing, on this basis, much more complex networks that would be integrated into humanoid robots capable of understanding us but also of understanding each other,'' conclude the two researchers.
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Genetic basis for the evolution of hair discovered in the clawed frog | ScienceDaily
The development of hair was of central importance for the evolution of mammals and thus also of humans. However, the evolutionary origin of the genetic programme of hair was previously unknown.


						
An international research team led by Leopold Eckhart from MedUni Vienna has now been able to show that important hair components and their genetic control have already evolved in amphibians. Human hair therefore shows unexpected similarities to the claws of clawed frogs. The results were recently published in the scientific journal Nature Communications.

In order to investigate the evolution of skin appendages, which include human hair and nails, the MedUni Vienna research team, in collaboration with the University of Ghent (Belgium), used the tropical clawed frog (Xenopus tropicalis) as an experimental model. The study revealed that the cornified claws of Xenopus frogs consist of special proteins (keratins) that are very similar to the main components of mammalian hair and nails. The formation of these keratins was found to be controlled by a specific gene, Hoxc13, in both humans and frogs.

"It is known that patients with mutations in the Hoxc13 gene have defects in the growth of hair and nails. In our study, we were able to block the formation of claws in the clawed frog by switching off this gene," reports Leopold Eckhart from MedUni Vienna's Department of Dermatology. These results indicate that the genetic programme for the development of keratinized claws originated in a common ancestor of humans and frogs. "During the evolution of mammals, the programme of claw formation was modified for the development of hair," says Eckhart.

Important research question clarified

The evolution of terrestrial vertebrates is characterized by the appearance of an effective skin barrier against water loss in a dry environment and by the development of hard, keratinized skin appendages such as claws, scales, feathers and hair, which are crucial for catching prey, protection, supporting special types of locomotion and thermal insulation. The evolution of skin appendages is therefore an important research question. The findings from the project, which is funded by the Austrian Science Fund (FWF), contribute to clarifying the evolutionary origin of keratinized skin appendages and also help to better understand the regulation of hair in humans.

"Our publication will stimulate further exciting studies in basic and preclinical research," concludes Leopold Eckhart.
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Holographic message encoded in simple plastic | ScienceDaily
There are many ways to store data -- digitally, on a hard disk, or using analogue storage technology, for example as a hologram. In most cases, it is technically quite complicated to create a hologram: High-precision laser technology is normally used for this.


						
However, if the aim is simply to store data in a physical object, then holography can be done quite easily, as has now been demonstrated at TU Wien: A 3D printer can be used to produce a panel from normal plastic in which a QR code can be stored, for example. The message is read using terahertz rays -- electromagnetic radiation that is invisible to the human eye.

The hologram as a data storage device

A hologram is completely different from an ordinary image. In an ordinary image, each pixel has a clearly defined position. If you tear off a piece of the picture, a part of the content is lost.

In a hologram, however, the image is formed by contributions from all areas of the hologram simultaneously. If you take away a piece of the hologram, the rest can still create the complete image (albeit perhaps a blurrier version). With the hologram, the information is not stored pixel by pixel, but rather, all of the information is spread out over the whole hologram.

"We have applied this principle to terahertz beams," says Evan Constable from the Institute of Solid State Physics at TU Wien. "These are electromagnetic rays in the range of around one hundred to several thousand gigahertz, comparable to the radiation of a cell phone or a microwave oven -- but with a significantly higher frequency."

This terahertz radiation is sent to a thin plastic plate. This plate is almost transparent to the terahertz rays, but it has a higher refractive index than the surrounding air, so at each point of the plate, it changes the incident wave a little. "A wave then emanates from each point of the plate, and all these waves interfere with each other," says Evan Constable. "If you have adjusted the thickness of the plate in just the right way, point by point, then the superposition of all these waves produces exactly the desired image."

It is similar to throwing lots of little stones into a pond in a precisely calculated way so that the water waves from all these stones add up to a very specific overall wave pattern.




A piece of cheap plastic as a high-tech storage unit for valuable items

In this way, it was possible to encode a Bitcoin wallet address (consisting of 256 bits) in a piece of plastic. By shining terahertz rays of the correct wavelength through this plastic plate, a terahertz ray image is created that produces exactly the desired code. "In this way, you can securely store a value of tens of thousands of euros in an object that only costs a few cents," says Evan Constable.

In order for the plate to generate the correct code, one first has to calculate how thick the plate has to be at each point, so that it changes the terahertz wave in exactly the right way. Evan Constable and his collaborators made the code for obtaining this thickness profile available for free on Github. "Once you have this thickness profile, all you need is an ordinary 3D printer to print the plate and you have the desired information stored holographically," explains Constable. The aim of the research work was not only to make holography with terahertz waves possible, but also to demonstrate how well the technology for working with these waves has progressed and how precisely this still rather unusual range of electromagnetic radiation can already be used today.
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Breathe, don't vent: Turning down the heat is key to managing anger | ScienceDaily
Venting about a source of anger might feel good in the moment, but it's not effective at reducing the rage, new research suggests.


						
Instead, techniques often used to address stress -- deep breathing, mindfulness, meditation, yoga or even counting to 10 -- have been shown to be more effective at decreasing anger and aggression.

Researchers analyzed over 150 studies involving more than 10,000 participants and found that what really works to reduce anger is lowering physiological arousal -- in other words, turning down the heat. Activities that increased arousal overall had no effect on anger, and some activities made it worse -- particularly jogging.

"I think it's really important to bust the myth that if you're angry you should blow off steam -- get it off your chest," said senior author Brad Bushman, professor of communication at The Ohio State University. "Venting anger might sound like a good idea, but there's not a shred of scientific evidence to support catharsis theory.

"To reduce anger, it is better to engage in activities that decrease arousal levels," Bushman said. "Despite what popular wisdom may suggest, even going for a run is not an effective strategy because it increases arousal levels and ends up being counterproductive."

The study was led by first author Sophie Kjaervik, who completed the review for her Ohio State dissertation. It was published online March 11 in the journal Clinical Psychology Review.

Kjaervik, now a postdoctoral fellow at Virginia Commonwealth University, said the work was inspired in part by the rising popularity of rage rooms that promote smashing things (such as glass, plates and electronics) to work through angry feelings.




"I wanted to debunk the whole theory of expressing anger as a way of coping with it," she said. "We wanted to show that reducing arousal, and actually the physiological aspect of it, is really important."

The meta-analytic review was based on 154 studies involving 10,189 participants of different genders, races, ages and cultures. The study selection and analysis were guided by the Schachter-Singer two-factor theory, which assumes that all emotions, including anger, consist of physiological arousal and mental meanings. To get rid of anger, you can work on either of those.

Several previous meta-analytic reviews have focused on changing mental meanings using cognitive behavioral therapy, which works. However, Kjaervik and Bushman said a meta-analytic review on the role of arousal would fill an important gap in understanding how to resolve anger. Their analysis focused on examining both arousal-increasing activities (e.g., hitting a bag, jogging, cycling, swimming) and arousal-decreasing activities (e.g., deep breathing, mindfulness, meditation, yoga).

Results showed that arousal-decreasing activities were effective at fending off the fury in labs and field settings, using digital platforms or in-person instruction, and in group and individual sessions across multiple populations: college students and non-students, people with and without a criminal history, and individuals with and without intellectual disabilities.

Arousal-decreasing activities that were effective at lowering anger across the board included deep breathing, relaxation, mindfulness, meditation, slow flow yoga, progressive muscle relaxation, diaphragmic breathing and taking a timeout.

"It was really interesting to see that progressive muscle relaxation and just relaxation in general might be as effective as approaches such as mindfulness and meditation," Kjaervik said. "And yoga, which can be more arousing than meditation and mindfulness, is still a way of calming and focusing on your breath that has the similar effect in reducing anger.




"Obviously in today's society, we're all dealing with a lot of stress, and we need ways of coping with that, too. Showing that the same strategies that work for stress actually also work for anger is beneficial."

In contrast, activities that increased arousal were generally ineffective, but also produced a complex range of outcomes. Jogging was the most likely to increase anger, while physical education classes and playing ball sports had an arousal-decreasing effect -- suggesting to the researchers that introducing an element of play into physical activity may at least increase positive emotions or counteract negative feelings.

Finding that increasing arousal was not the answer to anger corresponded with previous work led by Bushman that linked venting anger with continued aggression.

"Certain physical activities that increase arousal may be good for your heart, but they're definitely not the best way to reduce anger," Bushman said. "It's really a battle because angry people want to vent, but our research shows that any good feeling we get from venting actually reinforces aggression."

That being the case, the authors noted that many arousal-decreasing interventions shown to lower the heat of anger are free or inexpensive and easy to access.

"You don't need to necessarily book an appointment with a cognitive behavioral therapist to deal with anger. You can download an app for free on your phone, or you can find a YouTube video if you need guidance," Kjaervik said.
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Rise in global fungal drug-resistant infections | ScienceDaily
A global wave of infections caused by fungi growing drug-resistant has the medical community issuing precautions on how to protect yourself.


						
Skin contact with microorganisms found in soil or on hard surfaces, such as common shower facilities, or exposure to infected pets, can result in fungal infections known as dermatomycoses. Rashes, itching, burning and skin irritation are among the symptoms.

Epidemiological data published in Microbial Cell indicates that a rise in severe fungal infections has resulted in over 150 million cases annually and almost 1.7 million fatalities globally.

In a recent study published in Pathogens and Immunity, Thomas McCormick and Mahmoud Ghannoum, professors of dermatology at the Case Western Reserve University School of Medicine and affiliated with University Hospitals Cleveland Medical Center, explain how rising antifungal resistance is worsening the problem of invasive fungal infections.

"This is not just an issue that affects individual patients," McCormick said. "The World Health Organization has recognized it as a widespread threat that has the potential to impact entire healthcare systems if left unchecked."

Based on their findings, the researchers issued precautions and a "call to action" for the medical community to help protect people from multidrug-resistant fungi -- starting with awareness and education.

"Healthcare providers must prioritize the use of diagnostic tests when faced with an unknown fungal infection," Ghannoum said. "Early detection can make all the difference in improving patient outcomes."

Patients treated with medications to protect the immune system after cancer and transplant procedures are more vulnerable to fungal infections -- making them especially more vulnerable to infections from drug-resistant fungi, the researchers said.




The emergence of multidrug-resistant fungal species, such as Candida auris and Trichophyton indotineae, is especially troubling and requires urgent attention, they reported.

In a studyrecently published in Emerging Infectious Diseases, Ghannoum's research team and the Centers for Disease Control and Prevention (CDC), detailed a case that demonstrated Trichophyton indotineae, in addition to becoming drug-resistant, was also sexually transmissible.

To address the growing health concern, McCormick and Ghannoum suggest several measures:
    	Increased awareness and education: Raising awareness in the general healthcare setting to obtain a more accurate understanding of the rise of antifungal-resistant infections.
    	Diagnostic Testing: Routine use of diagnostic tests can guide appropriate treatment strategies.
    	Antifungal Susceptibility Testing (AST): Improving insurance reimbursement rates for AST and increasing the number of qualified laboratories with the capacity to perform these tests.
    	Call to Action: Addressing the emerging challenge of antifungal resistance involves concerted efforts from healthcare professionals, researchers, policymakers and the pharmaceutical industry to develop and implement strategies for managing and preventing antifungal resistance.

"The ultimate goal of these measures," Ghannoum said, "is to improve the quality of patient care by ensuring effective treatment and preventing further escalation of the problem."
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New technique helps AI tell when humans are lying | ScienceDaily
Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.


						
"AI programs are used in a wide variety of business contexts, such as helping to determine how large of a mortgage an individual can afford, or what an individual's insurance premiums should be," says Mehmet Caner, co-author of a paper on the work. "These AI programs generally use mathematical algorithms driven solely by statistics to do their forecasting. But the problem is that this approach creates incentives for people to lie, so that they can get a mortgage, lower their insurance premiums, and so on.

"We wanted to see if there was some way to adjust AI algorithms in order to account for these economic incentives to lie," says Caner, who is the Thurman-Raytheon Distinguished Professor of Economics in North Carolina State University's Poole College of Management.

To address this challenge, the researchers developed a new set of training parameters that can be used to inform how the AI teaches itself to make predictions. Specifically, the new training parameters focus on recognizing and accounting for a human user's economic incentives. In other words, the AI trains itself to recognize circumstances in which a human user might lie to improve their outcomes.

In proof-of-concept simulations, the modified AI was better able to detect inaccurate information from users.

"This effectively reduces a user's incentive to lie when submitting information," Caner says. "However, small lies can still go undetected. We need to do some additional work to better understand where the threshold is between a 'small lie' and a 'big lie.'"

The researchers are making the new AI training parameters publicly available, so that AI developers can experiment with them.

"This work shows we can improve AI programs to reduce economic incentives for humans to lie," Caner says. "At some point, if we make the AI clever enough, we may be able to eliminate those incentives altogether."
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Largest-ever map of universe's active supermassive black holes released | ScienceDaily
Astronomers have charted the largest-ever volume of the universe with a new map of active supermassive black holes living at the centers of galaxies. Called quasars, the gas-gobbling black holes are, ironically, some of the universe's brightest objects.


						
The new map logs the location of about 1.3 million quasars in space and time, the furthest of which shone bright when the universe was only 1.5 billion years old. (For comparison, the universe is now 13.7 billion years old.)

"This quasar catalog is different from all previous catalogs in that it gives us a three-dimensional map of the largest-ever volume of the universe," says map co-creator David Hogg, a senior research scientist at the Flatiron Institute's Center for Computational Astrophysics in New York City and a professor of physics and data science at New York University. "It isn't the catalog with the most quasars, and it isn't the catalog with the best-quality measurements of quasars, but it is the catalog with the largest total volume of the universe mapped."

Hogg and his colleagues present the map in a paper published March 18 in The Astrophysical Journal. The paper's lead author, Kate Storey-Fisher, is a postdoctoral researcher at the Donostia International Physics Center in Spain.

The scientists built the new map using data from the European Space Agency's Gaia space telescope. While Gaia's main objective is to map the stars in our galaxy, it also inadvertently spots objects outside the Milky Way, such as quasars and other galaxies, as it scans the sky.

"We were able to make measurements of how matter clusters together in the early universe that are as precise as some of those from major international survey projects -- which is quite remarkable given that we got our data as a 'bonus' from the Milky Way-focused Gaia project," Storey-Fisher says.

Quasars are powered by supermassive black holes at the centers of galaxies and can be hundreds of times as bright as an entire galaxy. As the black hole's gravitational pull spins up nearby gas, the process generates an extremely bright disk and sometimes jets of light that telescopes can observe.




The galaxies that quasars inhabit are surrounded by massive halos of invisible material called dark matter. By studying quasars, astronomers can learn more about dark matter, such as how much it clumps together.

Astronomers can also use the locations of distant quasars and their host galaxies to better understand how the cosmos expanded over time. For example, scientists have already compared the new quasar map with the oldest light in our cosmos, the cosmic microwave background. As this light travels to us, it is bent by the intervening web of dark matter -- the same web mapped out by the quasars. By comparing the two, scientists can measure how strongly matter clumps together.

"It has been very exciting to see this catalog spurring so much new science," Storey-Fisher says. "Researchers around the world are using the quasar map to measure everything from the initial density fluctuations that seeded the cosmic web to the distribution of cosmic voids to the motion of our solar system through the universe."

The team used data from Gaia's third data release, which contained 6.6 million quasar candidates, and data from NASA's Wide-Field Infrared Survey Explorer and the Sloan Digital Sky Survey. By combining the datasets, the team removed contaminants such as stars and galaxies from Gaia's original dataset and more precisely pinpointed the distances to the quasars. The team also created a map showing where dust, stars and other nuisances are expected to block our view of certain quasars, which is critical for interpreting the quasar map.

"This quasar catalog is a great example of how productive astronomical projects are," says Hogg. "Gaia was designed to measure stars in our own galaxy, but it also found millions of quasars at the same time, which give us a map of the entire universe."
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Landmark study shows that 'transcendent' thinking may grow teens' brains over time | ScienceDaily
Scientists at the USC Rossier School of Education's Center for Affective Neuroscience, Development, Learning and Education (CANDLE), have shown for the first time that a type of thinking, that has been described for over a century as a developmental milestone of adolescence, may grow teenagers' brains over time. This kind of thinking, which the study's authors call "transcendent," moves beyond reacting to the concrete specifics of social situations to also consider the broader ethical, systems-level and personal implications at play. Engaging in this type of thinking involves analyzing situations for their deeper meaning, historical contexts, civic significance, and/or underlying ideas.


						
The research team, led by USC Rossier Professor Mary Helen Immordino-Yang, includes Rebecca J.M. Gotlieb, research scientist at UCLA, and Xiao-Fei Yang, assistant research professor at USC Rossier. The published study "Diverse adolescents' transcendent thinking predicts young adult psychosocial outcomes via brain network development" is published in Scientific Reports.

In previous studies, the authors had shown that when teens and adults think about issues and situations in a transcendent way, many brain systems coordinate their activity, among them two major networks important for psychological functioning: the executive control network and the default mode network. The executive control network is involved in managing focused and goal-directed thinking, while the default mode network is active during all kinds of thinking that transcends the "here and now," such as when recalling personal experiences, imagining the future, feeling enduring emotions such as compassion, gratitude and admiration for virtue, daydreaming or thinking creatively.

The researchers privately interviewed 65, 14-18-year-old high school students about true stories of other teens from around the world and asked the students to explain how each story made them feel. The students then underwent fMRI brain scans that day and again two years later. The researchers followed up with the participants twice more over the next three years, as they moved into their early twenties.

What the researchers found is that all teens in the experiment talked at least some about the bigger picture -- what lessons they took from a particularly poignant story, or how a story may have changed their perspective on something in their own life or the lives and futures of others. However, they found that while all of the participating teens could think transcendently, some did it far more than others. And that was what made the difference. The more a teen grappled with the bigger picture and tried to learn from the stories, the more that teen increased the coordination between brain networks over the next two years, regardless of their IQ or their socioeconomic status. This brain growth -- not how a teen's brain compared to other teens' brains but how a teen's brain compared to their own brain two years earlier -- in turn predicted important developmental milestones, like identity development in the late teen years and life satisfaction in young adulthood, about five years later.

The findings reveal a novel predictor of brain development -- transcendent thinking. The researchers believe transcendent thinking may grow the brain because it requires coordinating brain networks involved in effortful, focused thinking, like the executive control network, with those involved in internal reflection and free-form thinking, like the default mode network. These findings "have important implications for the design of middle and high schools, and potentially also for adolescent mental health," lead researcher Immordino-Yang says. The findings suggest "the importance of attending to adolescents' needs to engage with complex perspectives and emotions on the social and personal relevance of issues, such as through civically minded educational approaches,'' Immordino-Yang explains. Overall, Immordino-Yang underscores "the important role teens play in their own brain development through the meaning they make of the social world."
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New research suggests that our universe has no dark matter | ScienceDaily
The current theoretical model for the composition of the universe is that it's made of 'normal matter,' 'dark energy' and 'dark matter.' A new uOttawa study challenges this.


						
A University of Ottawa study published today challenges the current model of the universe by showing that, in fact, it has no room for dark matter.

In cosmology, the term "dark matter" describes all that appears not to interact with light or the electromagnetic field, or that can only be explained through gravitational force. We can't see it, nor do we know what it's made of, but it helps us understand how galaxies, planets and stars behave.

Rajendra Gupta, a physics professor at the Faculty of Science, used a combination of the covarying coupling constants (CCC) and "tired light" (TL) theories (the CCC+TL model) to reach this conclusion. This model combines two ideas -- about how the forces of nature decrease over cosmic time and about light losing energy when it travels a long distance. It's been tested and has been shown to match up with several observations, such as about how galaxies are spread out and how light from the early universe has evolved.

This discovery challenges the prevailing understanding of the universe, which suggests that roughly 27% of it is composed of dark matter and less than 5% of ordinary matter, remaining being the dark energy.

Challenging the need for dark matter in the universe

"The study's findings confirm that our previous work ("JWST early Universe observations and LCDM cosmology") about the age of the universe being 26.7billionyears has allowed us to discover that the universe does not require dark matter to exist," explains Gupta. "In standard cosmology, the accelerated expansion of the universe is said to be caused by dark energy but is in fact due to the weakening forces of nature as it expands, not due to dark energy."

"Redshifts" refer to when light is shifted toward the red part of the spectrum. The researcher analyzed data from recent papers on the distribution of galaxies at low redshifts and the angular size of the sound horizon in the literature at high redshift.

"There are several papers that question the existence of dark matter, but mine is the first one, to my knowledge, that eliminates its cosmological existence while being consistent with key cosmological observations that we have had time to confirm," says Gupta.

By challenging the need for dark matter in the universe and providing evidence for a new cosmological model, this study opens up new avenues for exploring the fundamental properties of the universe.
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        As we age, our cells are less likely to express longer genes
        Aging may be less about specific 'aging genes' and more about how long a gene is. Many of the changes associated with aging could be occurring due to decreased expression of long genes, say researchers. A decline in the expression of long genes with age has been observed in a wide range of animals, from worms to humans, in various human cell and tissue types, and also in individuals with neurodegenerative disease. Mouse experiments show that the phenomenon can be mitigated via known anti-aging fa...

      

      
        Research offers hope for preventing post-COVID 'brain fog' by targeting brain's blood vessels
        Researchers have identified a mechanism that causes neurological problems in mice infected with SARS-CoV-2, the virus behind COVID-19. The researchers also found a treatment that helped prevent these changes.

      

      
        AI can now detect COVID-19 in lung ultrasound images
        Artificial intelligence can spot COVID-19 in lung ultrasound images much like facial recognition software can spot a face in a crowd, new research shows. The findings boost AI-driven medical diagnostics and bring health care professionals closer to being able to quickly diagnose patients with COVID-19 and other pulmonary diseases with algorithms that comb through ultrasound images to identify signs of disease.

      

      
        Severe lung infection during COVID-19 can cause damage to the heart
        SARS-CoV-2, the virus that causes COVID-19, can damage the heart even without directly infecting the heart tissue, a new study has found. The research specifically looked at damage to the hearts of people with SARS-CoV2-associated acute respiratory distress syndrome (ARDS), a serious lung condition that can be fatal. But researchers said the findings could have relevance to organs beyond the heart and also to viruses other than SARS-CoV-2.

      

      
        Metformin during pregnancy affects the brain development in offspring mice, study finds
        With the rise in gestational diabetes and metabolic disorders during pregnancy, metformin is also being prescribed more frequently. Although it is known that the oral antidiabetic agent can cross the placental barrier, the impacts on the brain development of the child are largely unknown. Researchers have now been able to demonstrate in a mouse model that although metformin has positive effects in pregnant animals, it does not in the offspring.

      

      
        Perceived gender discrimination linked to decline in wellbeing for older women
        A study of more than 3,000 middle-aged and older women living in England showed that those who believed they had encountered gender discrimination were more likely to report declines in wellbeing over time.

      

      
        Fear may lead women and men to make different decisions when choosing short-VS-long-term rewards
        Fear may affect women's decisions in choosing immediate rewards versus larger delayed ones, while men's decisions appear unaffected by emotion, according to a new study.

      

      
        Earlier retirement for people with chronic musculoskeletal pain
        Frequent musculoskeletal pain is linked with an increased risk of exiting work and retiring earlier, according to a new study.

      

      
        Ancient giant dolphin discovered in the Amazon
        Measuring between 3 to 3.5 meters, 16 million years old: Paleontologists have announced the discovery of a new species of freshwater dolphin in the Peruvian Amazon region. Surprisingly, its closest living relatives can be found in the river dolphins of South Asia.

      

      
        Study suggests an 'odor sensor' may explain male and female differences in blood pressure
        Using data from both mice and humans, a research team has found that a cell surface protein that senses odors and chemicals may be responsible for -- and help explain -- male/female differences in mammalian blood pressure.

      

      
        Bacteria subtype linked to growth in up to 50% of human colorectal cancers
        Researchers have found that a specific subtype of a microbe commonly found in the mouth is able to travel to the gut and grow within colorectal cancer tumors. This microbe is also a culprit for driving cancer progression and leads to poorer patient outcomes after cancer treatment. The findings could help improve therapeutic approaches and early screening methods for colorectal cancer, which is the second most common cause of cancer deaths in adults in the U.S. according to the American Cancer Soc...

      

      
        Social bonding gets people on the same wavelength
        When small hierarchical groups bond, neural activity between leaders and followers aligns, promoting quicker and more frequent communication, according to a new study.

      

      
        Low social status increases risk of health problems from alcohol problems
        Men and women with lower income or education levels are more likely to develop medical conditions related to alcohol abuse compared to similar individuals with a higher socioeconomic status, according to a new study.

      

      
        Craving snacks after a meal? It might be food-seeking neurons, not an overactive appetite
        Psychologists have discovered a circuit in the brain of mice that makes them crave food and seek it out, even when they are not hungry. When stimulated, this cluster of cells propels mice to forage vigorously and to prefer fatty and pleasurable foods like chocolate over healthier foods like carrots.

      

      
        Early identification of persistent pain plus holistic interventions cut opioid use
        In a new study, researchers found that a carefully worded, short questionnaire successfully identified people who were most likely to develop chronic pain. These patients were then steered to a more detailed risk stratification and holistic services that led to better outcomes.

      

      
        Powerful new AI can predict people's attitudes to vaccines
        A powerful new tool in artificial intelligence is able to predict whether someone is willing to be vaccinated against COVID-19.

      

      
        While social media changes over decades, conversation dynamics stay the same, new study suggests
        A new study has identified recurring, 'toxic' human conversation patterns on social media, which are common to users irrespective of the platform used, the topic of discussion, and the decade in which the conversation took place.

      

      
        8-hour time-restricted eating linked to a 91% higher risk of cardiovascular death
        A study of over 20,000 adults found that those who followed an 8-hour time-restricted eating schedule, a type of intermittent fasting, had a 91% higher risk of death from cardiovascular disease.

      

      
        Toxic metal particles can be present in cannabis vapes even before the first use, study finds
        Though vapes have been heralded as a 'safer' way to consume either nicotine or cannabis, they present their own suite of risks that are being revealed through increasing regulation. Now, scientists have discovered that nano-sized toxic metal particles can be present in cannabis vaping liquids even before any heating occurs, and the effect is worse in illicit products.

      

      
        A protein found in human sweat may protect against Lyme disease
        Human sweat contains a protein that may protect against Lyme disease. About one-third of the population carries a genetic variant of this protein that is associated with Lyme disease in genome-wide association studies.

      

      
        Biomarkers of the middle-aged brain predict cognitive health in old age
        The middle-aged brain could provide a window into future cognitive health. A team reviewed evidence from human and animal studies suggesting that middle age -- commonly considered as the period between 40 and 60 or 65 years of age -- marks a shift in brain aging. They argue that more research should be dedicated to middle age, a period of life that is historically understudied.

      

      
        Addressing both flu and COVID-19 through a single, multitasking injection
        Researchers have identified new drug candidates for preventing and treating major respiratory viral infections.

      

      
        Industrial societies losing healthy gut microbes
        Our eating habits in industrialized societies are far removed from those of ancient humans. This is impacting our intestinal flora, it seems, as newly discovered cellulose degrading bacteria are being lost from the human gut microbiome, especially in industrial societies.

      

      
        New discovery concerning occurrence of antibiotic resistance
        A new study shows how heteroresistance, a transient resistance common in many bacteria, can act as a precursor to the development of antibiotic resistance.

      

      
        Mapping the evolution of urinary tract cancer cells
        Researchers have performed the most comprehensive analysis to date of cancer of the ureters or the urine-collection cavities in the kidney, known as upper tract urothelial carcinoma (UTUC). The study, which compared the characteristics of primary and metastatic tumors, provides new insights into the biology of these aggressive cancers and potential ways to treat them.

      

      
        Implantable sensor could lead to timelier Crohn's treatment
        Scientists have developed the first wireless, implantable temperature sensor to detect inflammatory flareups in patients with Crohn's disease. The approach offers long-term, real-time monitoring and could enable clinicians to act earlier to prevent or limit the permanent damage caused by inflammatory episodes.

      

      
        New strategy to facilitate muscle regeneration after injury
        Muscle injuries are common in the active population, and they cause the majority of player leaves in the world of sport. Depending on the severity, recovery of muscle function is quite slow and may require surgery, medication and rehabilitation. Now, a study reveals a strategy to improve and accelerate recovery from muscle injuries that has potential application in the sports and health sector in general.

      

      
        Breathe, don't vent: Turning down the heat is key to managing anger
        Venting about a source of anger might feel good in the moment, but it's not effective at reducing the rage, new research suggests. Instead, techniques often used to address stress -- deep breathing, mindfulness, meditation, yoga or even counting to 10 -- have been shown to be more effective at decreasing anger and aggression.

      

      
        Feeling apathetic? There may be hope
        A new method that aims to help people develop grit looks promising.

      

      
        Rise in global fungal drug-resistant infections
        A global wave of infections caused by fungi growing drug-resistant has the medical community issuing precautions on how to protect yourself.

      

      
        New technique helps AI tell when humans are lying
        Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.

      

      
        Study shows middle-aged Americans are lonelier than European peers, suggests loneliness in midlife is endemic
        New research has shown that not only are middle-aged Americans lonelier than their same-age peers in Europe, but levels of loneliness are also increasing across generations in the U.S. and Europe.

      

      
        Laws that punish drug use during pregnancy likely lead to worse health outcomes for families, study finds
        Contrary to some claims, laws that criminalize or otherwise punish drug use during pregnancy are more likely to worsen rather than improve health outcomes. The study is the first to systematically review the literature on punitive prenatal drug laws -- an increasingly common state policy strategy for addressing rising rates of prenatal drug use.

      

      
        Study eases concern at antipsychotics use in pregnancy
        The use of antipsychotics during pregnancy isn't linked to childhood neurodevelopmental disorders or learning difficulties, study suggests -- giving assurance to those concerned about continuing their medications during pregnancy.

      

      
        How cells are ahead of the curve
        The curvature of a surface determines the migration behavior of biological cells. They preferentially move along valleys or grooves while avoiding ridges. These findings gave rise to a model predicting cellular behavior. Such universal principles now allow a better understanding of the migration of immune and cancer cells, paving the way for new treatment options.

      

      
        Researchers find unanticipated complexity in aging brain's memory decline
        Researchers have discovered that the causes of age-related memory decline are more complicated than previously believed. Their study found that neural dedifferentiation is driven by different mechanisms depending on the type of visual stimuli the brain is trying to recall.

      

      
        Overeating and starving both damage the liver: Cavefish provide new insight into fatty liver disease
        Fatty liver, which can lead to liver damage and disease, can occur from both overeating and starvation. Now, new research shows how naturally starvation-resistant cavefish, unlike other animals, are able to protect their liver and remain healthy. The findings have implications for understanding and potentially addressing liver conditions in humans.

      

      
        Study estimates nearly 70 percent of children under six in Chicago may be exposed to lead-contaminated tap water
        A new analysis estimates that 68 percent of Chicago children under age six live in households with tap water containing detectable levels of lead.

      

      
        Newborn piglets serve as a model for studying influenza
        Although prevention and treatment strategies are available for influenza, they are not sufficient for vulnerable populations such as young children and newborns. A team of researchers has studied newborn piglets to better understand the progression of influenza infections.

      

      
        Kallistatin contributes to the beneficial metabolic effects of weight loss
        After weight loss, people with overweight and obesity express more of the protein Kallistatin in subcutaneous white adipose tissue. Kallistatin improves metabolism and could open up new therapeutic options for people with obesity and type 2 diabetes in future.

      

      
        Landmark study shows that 'transcendent' thinking may grow teens' brains over time
        Scientists find that adolescents who grapple with the bigger meaning of social situations experience greater brain growth, which predicts stronger identity development and life satisfaction years later.

      

      
        Potential novel biomarkers of coronary heart disease discovered
        Coronary heart disease is a major global health problem, especially among people with type 2 diabetes. Researchers have identified novel protein biomarkers that are associated with the development of CHD in people with and without diabetes.

      

      
        Speaking without vocal cords, thanks to a new AI-assisted wearable device
        Bioengineers have invented a thin, flexible device that adheres to the neck and translates the muscle movements of the larynx into audible speech. The device is trained through machine learning to recognize which muscle movements correspond to which words. The self-powered technology could serve as a non-invasive tool for people who have lost the ability to speak due to vocal cord problems.

      

      
        Fatty food before surgery may impair memory in old, young adults
        Eating fatty food in the days leading up to surgery may prompt a heightened inflammatory response in the brain that interferes for weeks with memory-related cognitive function in older adults -- and, new research in animals suggests, even in young adults.

      

      
        Researchers identify a signaling molecule in neuroblastoma immunosuppression and aggressiveness
        The MYCN oncoprotein plays a key role in starting, advancing and making it difficult to treat various human cancers. When MYCN is overactive, especially in high-risk neuroblastoma, the tumors become less responsive to immunotherapy -- a treatment that uses the body's immune system to fight cancer. Still, recognition of this problem has not led to any effective strategies to tackle this problem. In a new study, researchers found that MYCN selectively increases the levels of a signaling molecule, C...

      

      
        Key metabolic process responsible for rapid immune responses discovered
        Researchers identified a key metabolite in cells that helps direct immune responses and explains at a single cell level why immune cells that most efficiently recognize pathogens, vaccines, or diseased cells grow and divide faster than other cells. The findings also indicate that a better understanding of this metabolite and its role in immune response could improve the design of immunotherapies and create longer-lived responses against different types of cancer as well as enhance vaccine strateg...

      

      
        Gut bacteria make neurotransmitters to shape the newborn immune system
        Investigators discovered that unique bacteria colonize the gut shortly after birth and make the neurotransmitter serotonin to educate gut immune cells. This prevents allergic reactions to food and the bacteria themselves during early development.

      

      
        Why killer T cells lose energy inside of solid tumors
        Researchers have discovered the reason why immune cells lose energy when they enter the solid tumor microenvironment -- and how to restore their energy levels. A metabolic enzyme, called Acetyl-CoA carboxylase, has been identified as the culprit, for it causes T cells to store fat, rather than burning fat for energy.

      

      
        Sleep apnea solution could be right under your nose
        Researchers have discovered that a bedtime nasal spray has the potential to reduce the severity of sleep apnea in people and lower their blood pressure. The new research offers hope to millions of people around the world affected by sleep apnoea, a common and debilitating chronic respiratory condition.

      

      
        Less social with age
        Scientists tested several hypotheses on the drivers of social aging in free-living Assamese macaques in Thailand. The researchers collected data on the social behavior of females for eight years and found that the size of their social networks decreases with increasing age. The females continued to interact with their close social partners, but gradually withdrew from social interactions altogether. The results contribute to the understanding of the evolutionary origins of social aging.
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As we age, our cells are less likely to express longer genes | ScienceDaily
Aging may be less about specific "aging genes" and more about how long a gene is. Many of the changes associated with aging could be occurring due to decreased expression of long genes, say researchers in an opinion piece publishing March 21 in the journal Trends in Genetics. A decline in the expression of long genes with age has been observed in a wide range of animals, from worms to humans, in various human cell and tissue types, and also in individuals with neurodegenerative disease. Mouse experiments show that the phenomenon can be mitigated via known anti-aging factors, including dietary restriction.


						
"If you ask me, this is the main cause of systemic aging in the whole body," says co-author and molecular biologist Jan Hoeijmakers of the Erasmus University Medical Center, Rotterdam; the University of Cologne; and Oncode Institute/Princess Maxima Institute, Utrecht.

The authors span four research groups from Spain, the Netherlands, Germany, and the United States, with each group arriving at the same conclusions using different methods.

Aging is associated with changes at the molecular, cellular, and organ level -- from altered protein production to sub-optimal cell metabolism to compromised tissue architecture. These changes are thought to originate from DNA damage resulting from cumulative exposure to harmful agents such as UV radiation or reactive oxygen species generated by our own metabolism.

While a lot of research in aging has focused on specific genes that might accelerate or slow aging, investigations of exactly which genes are more susceptible to aging have revealed no clear pattern in terms of gene function. Instead, susceptibility seems to be linked to the genes' lengths.

"For a long time, the aging field has been focused on genes associated with aging, but our explanation is that it is much more random -- it's a physical phenomenon related to the length of the genes and not to the specific genes involved or the function of those genes," says co-author Ander Izeta of the Biogipuzkoa Health Research Institute and Donostia University Hospital, Spain.

It essentially comes down to chance; long genes simply have more potential sites that could be damaged. The researchers compare it to a road trip -- the longer the trip, the more likely that something will go wrong. And because some cell types tend to express long genes more than others, these cells are more likely to accumulate DNA damage as they age. Cells that don't (or very rarely) divide also seem to be more susceptible compared to rapidly replicating cells because long-lived cells have more time to accumulate DNA damage and must rely on DNA repair mechanisms to fix them, whereas rapidly dividing cells tend to be short-lived.




Because neural cells are known to express particularly long genes and are also slow or non-dividing, they are especially susceptible to the phenomenon, and the researchers highlight the link between aging and neurodegeneration. Many of the genes involved in preventing protein aggregation in Alzheimer's disease are exceptionally long, and pediatric cancer patients, who are cured by DNA-damaging chemotherapy, later suffer from premature aging and neurodegeneration.

The authors speculate that damage to long genes could explain most of the features of aging because it is associated with known aging accelerants and because it can be mitigated with known anti-aging therapies, such as dietary restriction (which has been shown to limit DNA damage).

"Many different things that are known to affect aging seem to lead to this length-dependent regulation, for example, different types of irradiation, smoking, alcohol, diet, and oxidative stress," says co-author Thomas Stoeger of Northwestern University.

However, although the association between the decline in long-gene expression and aging is strong, causative evidence remains to be demonstrated. "Of course, you never know which came first, the egg or the chicken, but we can see a strong relationship between this phenomenon and many of the well-known hallmarks of aging," says Izeta.

In future studies, the researchers plan to further investigate the phenomenon's mechanism and evolutionary implications and to explore its relationship with neurodegeneration.
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Research offers hope for preventing post-COVID 'brain fog' by targeting brain's blood vessels | ScienceDaily
Among the many confounding symptoms in patients recovering from a COVID-19 infection are memory loss and difficulty learning. Yet little is known about the mechanisms of cognitive impairments like these, commonly called brain fog.


						
In a new study, researchers at the University of Illinois Chicago have identified a mechanism that causes neurological problems in mice infected with SARS-CoV-2, the virus behind COVID-19. The researchers also found a treatment that helped prevent these changes. Sarah Lutz, assistant professor of anatomy and cell biology in the College of Medicine, led the research, which was published in the journal Brain.

The team focused on the blood-brain barrier, which plays a role in other neurological diseases, such as multiple sclerosis. Normally, this barrier protects the brain from potentially harmful cells or molecules circulating in the bloodstream. But the infected mice, researchers found, had leaky blood-brain barrier vessels and impaired memory or learning.

To understand why, the researchers looked at blood vessels from the brains of infected mice to see which genes were most altered. They found a significant decrease in a signaling pathway called Wnt/beta-catenin, which helps maintain the health of the blood-brain barrier and protects the brain from damage.

With these results, the team explored whether a gene therapy that stimulates the Wnt/beta-catenin pathway could prevent brain damage in mice who were infected with SARS-CoV-2.

Indeed, it did just that.

"They had less blood-brain barrier leakage and less immune cell infiltration of the brain, which led to improvements in learning and memory," Lutz said.




Because age is a risk factor for cognitive impairment in humans with COVID-19, the team focused on older mice in their research. They specifically tracked mild infections in the mice. Mild, rather than severe, infections account for most COVID-19 cases in humans today, thanks to the vaccine. Yet even mild infections can cause cognitive impairment, Lutz said.

While the research is a long way from establishing a therapy for humans to prevent post-infection cognitive impairments, this study is an important step on that path, Lutz said.

"Anytime you can identify a molecular mechanism that contributes to a disease, you're learning about basic biology and what causes disease in general," she said. "This research suggests that improving blood-brain barrier integrity could have benefits in preventing complications of COVID-19."

One major lesson from the COVID-19 pandemic is that even mild infections can profoundly affect organs, including the brain, explained Dr. Jalees Rehman, the Benjamin Goldberg Professor and head of the UIC Department of Biochemistry and Molecular Genetics and a co-author on the study.

"There is a need for more research on respiratory infections that can affect the brain," Rehman said. "The good news is that by studying the molecular signals activated by the infection as well as during the subsequent inflammation when the immune system responds to infection, one can develop new targeted therapies which prevent further damage to the brain and other organs."

The other UIC authors of the study are Troy Trevino, Avital Fogel, Guliz Otkiran, Seshadri Niladhuri, Mark Sanborn, Jacob Class, Ali Almousawi and Justin Richner.
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AI can now detect COVID-19 in lung ultrasound images | ScienceDaily
Artificial intelligence can spot COVID-19 in lung ultrasound images much like facial recognition software can spot a face in a crowd, new research shows.


						
The findings boost AI-driven medical diagnostics and bring health care professionals closer to being able to quickly diagnose patients with COVID-19 and other pulmonary diseases with algorithms that comb through ultrasound images to identify signs of disease.

The findings, newly published in Communications Medicine, culminate an effort that started early in the pandemic when clinicians needed tools to rapidly assess legions of patients in overwhelmed emergency rooms.

"We developed this automated detection tool to help doctors in emergency settings with high caseloads of patients who need to be diagnosed quickly and accurately, such as in the earlier stages of the pandemic," said senior author Muyinatu Bell, the John C. Malone Associate Professor of Electrical and Computer Engineering, Biomedical Engineering, and Computer Science at Johns Hopkins University. "Potentially, we want to have wireless devices that patients can use at home to monitor progression of COVID-19, too."

The tool also holds potential for developing wearables that track such illnesses as congestive heart failure, which can lead to fluid overload in patients' lungs, not unlike COVID-19, said co-author Tiffany Fong, an assistant professor of emergency medicine at Johns Hopkins Medicine.

"What we are doing here with AI tools is the next big frontier for point of care," Fong said. "An ideal use case would be wearable ultrasound patches that monitor fluid buildup and let patients know when they need a medication adjustment or when they need to see a doctor."

The AI analyzes ultrasound lung images to spot features known as B-lines, which appear as bright, vertical abnormalities and indicate inflammation in patients with pulmonary complications. It combines computer-generated images with real ultrasounds of patients -- including some who sought care at Johns Hopkins.




"We had to model the physics of ultrasound and acoustic wave propagation well enough in order to get believable simulated images," Bell said. "Then we had to take it a step further to train our computer models to use these simulated data to reliably interpret real scans from patients with affected lungs."

Early in the pandemic, scientists struggled to use artificial intelligence to assess COVID-19 indicators in lung ultrasound images because of a lack of patient data and because they were only beginning to understand how the disease manifests in the body, Bell said.

Her team developed software that can learn from a mix of real and simulated data and then discern abnormalities in ultrasound scans that indicate a person has contracted COVID-19. The tool is a deep neural network, a type of AI designed to behave like the interconnected neurons that enable the brain to recognize patterns, understand speech, and achieve other complex tasks.

"Early in the pandemic, we didn't have enough ultrasound images of COVID-19 patients to develop and test our algorithms, and as a result our deep neural networks never reached peak performance," said first author Lingyi Zhao, who developed the software while a postdoctoral fellow in Bell's lab and is now working at Novateur Research Solutions. "Now, we are proving that with computer-generated datasets we still can achieve a high degree of accuracy in evaluating and detecting these COVID-19 features."

The team's code and data are publicly available here: https://gitlab.com/pulselab/covid19
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Severe lung infection during COVID-19 can cause damage to the heart | ScienceDaily
SARS-CoV-2, the virus that causes COVID-19, can damage the heart even without directly infecting the heart tissue, a National Institutes of Health-supported study has found. The research, published in the journal Circulation, specifically looked at damage to the hearts of people with SARS-CoV2-associated acute respiratory distress syndrome (ARDS), a serious lung condition that can be fatal. But researchers said the findings could have relevance to organs beyond the heart and also to viruses other than SARS-CoV-2.


						
Scientists have long known that COVID-19 increases the risk of heart attack, stroke, and Long COVID, and prior imaging research has shown that over 50% of people who get COVID-19 experience some inflammation or damage to the heart. What scientists did not know is whether the damage occurs because the virus infects the heart tissue itself, or because of systemic inflammation triggered by the body's well-known immune response to the virus.

"This was a critical question and finding the answer opens up a whole new understanding of the link between this serious lung injury and the kind of inflammation that can lead to cardiovascular complications," said Michelle Olive, Ph.D., associate director of the Basic and Early Translational Research Program at the National Heart, Lung, and Blood Institute (NHLBI), part of NIH. "The research also suggests that suppressing the inflammation through treatments might help minimize these complications."

To reach their findings, the researchers focused on immune cells known as cardiac macrophages, which normally perform a critical role in keeping the tissue healthy but can turn inflammatory in response to injury such as heart attack or heart failure. The researchers analyzed heart tissue specimens from 21 patients who died from SARS-CoV-2-associated ARDS and compared them with specimens from 33 patients who died from non-COVID-19 causes. They also infected mice with SARS-CoV-2 to follow what happened to the macrophages after infection.

In both humans and mice, they found the SARS-CoV-2 infection increased the total number of cardiac macrophages and also caused them to shift from their normal routine and become inflammatory.

When macrophages are no longer doing their normal jobs, which includes sustaining the metabolism of the heart and clearing out harmful bacteria or other foreign agents, they weaken the heart and the rest of the body, said Matthias Nahrendorf, M.D., Ph.D., professor of Radiology at Harvard Medical School and senior author on the study.

The researchers then designed a study in mice to test whether the response they observed happened because SARS-CoV-2 was infecting the heart directly, or because the SARS-CoV-2 infection in the lungs was severe enough to render the heart macrophages more inflammatory. This study mimicked the lung inflammation signals, but without the presence of the actual virus. The result: even in the absence of a virus, the mice showed immune responses strong enough to produce the same heart macrophage shift the researchers observed both in the patients who died of COVID-19 and the mice infected with SARS-CoV-2 infection.




"What this study shows is that after a COVID infection, the immune system can inflict remote damage on other organs by triggering serious inflammation throughout the body -- and this is in addition to damage the virus itself has directly inflicted on the lung tissue," said Nahrendorf. "These findings can also be applied more generally, as our results suggest that any severe infection can send shockwaves through the whole body."

The research team also found that blocking the immune response with a neutralizing antibody in the mice stopped the flow of inflammatory cardiac macrophages and preserved cardiac function. While they have yet to test this in humans, Nahrendorf said a treatment like this could be used as a preventive measure to help COVID-19 patients with pre-existing conditions, or people who are likely to have more severe outcomes from SARS-CoV-2 associated ARDS.

Study: Grune J, Bajpai G, Ocak PT, et al. Virus-induced ARDS causes cardiomyopathy through eliciting inflammatory responses in the heart. Circulation. 2024. doi:10.1161/CIRCULATIONAHA.123.066433.

Funding: This study was supported by NHLBI grants: HL139598, HL142494, HL155097, and HL149647.
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Metformin during pregnancy affects the brain development in offspring mice, study finds | ScienceDaily
With the rise in gestational diabetes and metabolic disorders during pregnancy, metformin is also being prescribed more frequently. Although it is known that the oral antidiabetic agent can cross the placental barrier, the impacts on the brain development of the child are largely unknown. An interdisciplinary research team from the German Institute of Human Nutrition Potsdam-Rehbrucke (DIfE) have now been able to demonstrate in a mouse model that although metformin has positive effects in pregnant animals, it does not in the offspring. The results were published in the specialist journal Molecular Metabolism.


						
Current figures show that around one in six pregnant women worldwide are affected by a special form of diabetes known as gestational diabetes. According to the Robert Koch Institute, 63,000 women in Germany were affected by the disease in 2021, and the trend is increasing. These numbers are alarming because excessively high blood sugar levels during pregnancy are associated with negative consequences for mother and child. This increases the risk of affected women developing type 2 diabetes later on and their children have a higher risk of developing metabolic disorders and being overweight.

Long-Term Effect of Metformin on Offspring is Unclear

For several years, the placenta-crossing oral antidiabetic agent metformin has been increasingly gaining importance as an alternative to insulin administration when lifestyle changes show no success during the treatment of gestational diabetes. However, there are currently only a few studies on the long-term effects of metformin on the health of offspring. It is known that metformin has an impact on the AMPK signaling pathway, which regulates the networking of nerve cells during brain development.

The interdisciplinary team of DIfE researchers led by Junior Research Group Leader Dr. Rachel Lippert therefore grappled with two central questions: Is metformin treatment only beneficial for the mother or also the child? And does metformin treatment lead to long-term negative physiological changes in the offspring, especially in connection with the development of neuronal circuits in the hypothalamus, a critical region in the regulation of energy homeostasis?

Mouse Models Shed some Light

To answer the key questions, the researchers used two mouse models to represent the main causes of gestational diabetes:

severe obesity of the mother before pregnancy and excessive weight gain during pregnancy. These metabolic states were achieved by means of different feeding patterns, with the mice receiving either a high-fat or control diet. The antidiabetic treatment of female mice and their offspring took place during the lactation period as this corresponds to the third trimester of a human pregnancy in terms of brain development.




Treatment involved insulin, metformin, or a placebo, whereby the dosage was based on standard human treatments. The research team collected data on the body weight of the mice, analyzed various metabolic parameters and hormones, and examined molecular signaling pathways in the hypothalamus.

Maternal Metabolic State is Crucial

"As a result of antidiabetic treatment in the early postnatal period, we were able to identify alterations in the weight gain and hormonal status of the offspring, which were critically dependent on the metabolic state of the mother," explains Lippert. Furthermore, sex-specific changes in hypothalamic AMPK signaling in response to metformin exposure were also observed. Together with the metformin-induced shift in the examined hormone levels, the results indicate that the maternal metabolic state must be taken into account before starting the treatment of gestational diabetes.

Focusing on Prevention

According to Rachel Lippert, treatment of gestational diabetes in future could entail developing a medication that is available for all and does not cross the placenta. "Given the increasing prevalence, education about gestational diabetes and preventive measures are of vital importance. If we can find a way to manage lifestyle and diet more proactively, we are in a better position to exploit the potential of gestational diabetes treatment," says Lippert.
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Perceived gender discrimination linked to decline in wellbeing for older women | ScienceDaily
A study of more than 3,000 middle-aged and older women living in England showed that those who believed they had encountered gender discrimination were more likely to report declines in wellbeing over time. Ruth Hackett of King's College London, UK, and colleagues present these findings in the open-access journal PLOS ONE on March 20, 2024.


						
Prior research suggests that people who perceive that they have experienced gender discrimination are more likely to report poorer mental wellbeing. However, most studies have not examined wellbeing over time, or have focused on younger women.

To better understand this relationship among older women, Hackett and colleagues analyzed data from 3,081 women enrolled in the English Longitudinal Study of Ageing (ELSA), which follows a large group of people over 50 years of age.

In 2010 or 2011, each woman answered questions about how often they encountered different discriminatory situations -- such as being harassed or being treated with less respect or courtesy -- and whether they attributed that discrimination to their gender or another characteristic, such as race or age. At two points in time, each woman also answered standard questionnaires for evaluating mental wellbeing; once in 2010 or 2011 and again in 2016 or 2017.

9.2 percent of the women reported perceived gender discrimination, most commonly situations where they were treated with less respect or courtesy. Overall, those who perceived gender discrimination also reported more depressive symptoms, more loneliness, and lower quality of life and life satisfaction. Between the two time points, they were more likely to report declines in quality of life and life satisfaction, as well as increased loneliness. These results held true after statistically accounting for other wellbeing-related factors, such as age, wealth, and physical activity.

The findings suggest that perceived gender discrimination may be linked to declines in mental wellbeing for middle-aged and older women, prompting the researchers to call for more efforts to address gender discrimination. They also note the need for further research to clarify the mechanisms driving this link and to address the limitations of their study, such as its lack of non-white participants.

The authors add: "We found that middle-aged and older women who perceived sexism were more likely to be depressed and lonely than women who did not perceive sexism. These women also reported low levels of life satisfaction and poor quality of life. The study findings are particularly concerning as they indicate an enduring impact of gender-based discrimination on mental health and wellbeing six years later."
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Fear may lead women and men to make different decisions when choosing short-VS-long-term rewards | ScienceDaily
Fear may affect women's decisions in choosing immediate rewards versus larger delayed ones, while men's decisions appear unaffected by emotion, according to a study published March 20, 2024 in the open-access journal PLOS ONE by Eleonora Fiorenzato, Patrizia Bisiacchi, and Giorgia Cona from the University of Padua, Italy.


						
Decision making is complex and still not fully understood, especially when weighing short- versus long-term benefits or costs. The known phenomenon "delay discounting" describes the common tendency to prefer an immediate reward rather than a later one, even if the later reward is significantly greater. In this study, Fiorenzato and colleagues examined how emotions like fear and joy, along with gender, affect decision making, especially when weighing immediate versus later rewards.

The authors recruited 308 participants (63 percent women, 37 percent men) via a social media survey. Survey participants were shown a brief standardized and validated movie clip intended to induce an emotional state -- for the fear group, this was a scary movie, like The Sixth Sense or Silence of the Lambs; for the joy group, this was a positive documentary clip with subjects like forests or waterfalls; the neutral affect group watched a documentary clip on urban environments. Then, the subjects were asked hypothetical reward questions such as: "Would you rather have EU20,000 today or EU40,000 after 3 years?"

Women in the fear group were significantly more likely to use "delay discounting" when choosing financial rewards (selecting the immediate, smaller amount) compared to men in the fear group or women in the joy or neutral movie groups. There were no significant gender differences for decisions made across the joy or neutral movie groups, and men's decision-making on monetary rewards appeared to be unaffected by their emotional state. The findings suggest that fear specifically might provoke different types of time-bound decision making for women versus men -- the authors speculate these may be due to either differences in evolutionary strategies around safety versus risk, or different emotion-regulation approaches in stressful situations.

The authors note that the sample size and range of emotions studied here is relatively small compared to the real world. However, the suggestion that emotions (particularly negative ones such as fear) and gender do interact with regard to intertemporal choices warrants further investigation.

The authors add: "Women are more prone to choose immediate rewards when in a fearful emotional state than when in joyful one. Our research underscores the importance of gender as an influential factor in the interaction between emotions and decision-making processes."
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Earlier retirement for people with chronic musculoskeletal pain | ScienceDaily
Frequent musculoskeletal pain is linked with an increased risk of exiting work and retiring earlier, according to a new study from the University of Portsmouth.


						
The paper published this week in open-access journal PLOS ONE found the association between musculoskeletal pain and retiring earlier persisted even after accounting for working conditions, job satisfaction and sex.

Dr Nils Niederstrasser and colleagues used data on 1,156 individuals aged 50+ living in England who took part in the English Longitudinal Study of Ageing. Over the course of the 14-year data collection period, 1,073 of the individuals retired.

The researchers found that people with musculoskeletal pain complaints tended to retire earlier compared to pain-free participants. Participants suffering from musculoskeletal pain were also 1.25 times more likely to cease work sooner, whether or not they described themselves as retired.

Previous studies have shown higher rates of absenteeism, reduced working capacity and reduced income for people with chronic musculoskeletal pain, but few studies have specifically focused on the effects of chronic pain on the employment status of older populations.

Dr Niederstrasser, from the University's Department of Psychology, said: "The older you get, the more prevalent pain becomes. This paper really highlights the scope of the problem, which found that pain -- above and beyond all other variables -- is predicting whether or not someone retires earlier."

Other factors associated with earlier retirement age included higher work dissatisfaction and higher self-perceived social status. Frequent musculoskeletal pain remained a significant predictor of earlier retirement and risk of finishing work at earlier ages even when taking into account the influence of job satisfaction, depressive symptoms, self-perceived social status, sex, and working conditions.

The authors conclude that pain experiences can lead to poor work outcomes and point out that further research should establish the mechanisms and decision making involved in leaving the workforce for people with frequent musculoskeletal pain.

Dr Niederstrasser added: "It is remarkable that pain predicts earlier retirement and work cessation to a similar extent or even more strongly than other variables, such as job satisfaction or specific job demands. It shows just how much impact pain can have on all aspects of people's lives.

"For people to remain in the workforce in good health, pain needs to be addressed much earlier on. If people retire earlier because they can't work anymore, but they don't necessarily have the pension built up or the income to support themselves, we're heading towards a crisis. We already have problems with older people living in poverty, and this is only going to get worse."
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Ancient giant dolphin discovered in the Amazon | ScienceDaily
Measuring between 3 to 3.5 meters, 16 million years old: Paleontologists from the University of Zurich have announced the discovery of a new species of freshwater dolphin in the Peruvian Amazon region. Surprisingly, its closest living relatives can be found in the river dolphins of South Asia.


						
River dolphins are among the rarest modern cetaceans, with most extant species critically endangered. Despite their similar appearance, however, these animals are not directly related, but represent the late survivors of different cetacean groups that once inhabited our planet.

An international research team led by the University of Zurich (UZH) has now revealed the largest river dolphin ever found, measuring between 3 and 3.5 meters. The new species, named Pebanista yacuruna after a mythical aquatic people believed to inhabit the Amazon basin, was found in Peruvian Amazonia and is dated to be 16 million years old.

Changing landscape drove giant dolphin to extinction 

The new dolphin species belongs to the Platanistoidea, a group of dolphins that were common in the world's oceans between 24 and 16 million years ago. The researchers believe that their originally marine ancestors invaded the prey-rich freshwater ecosystems of proto-Amazonia and adapted to this new environment.

"Sixteen million years ago, the Peruvian Amazonia looked very different from what it is today," says lead author Aldo Benites-Palomino from the Department of Paleontology at UZH. "Much of the Amazonian plain was covered by a large system of lakes and swamps called Pebas." This landscape included aquatic, semi-aquatic and terrestrial ecosystems (swamps, floodplains, etc.) and stretched across what is today Colombia, Ecuador, Bolivia, Peru and Brazil.

When the Pebas system began to give way to modern Amazonia about 10 million years ago, new habitats caused Pebanista's prey to disappear, driving the giant dolphin to extinction. This opened an ecological niche that was exploited by relatives of today's Amazon river dolphins (Inia), which were also facing extinction in the oceans due to the rise of new cetaceans, such as modern oceanic dolphins.




Findings shed light on the evolutionary history of freshwater dolphins

"We discovered that its size is not the only remarkable aspect," says Aldo Benites-Palomino. "With this fossil record unearthed in the Amazon, we expected to find close relatives of the living Amazon River dolphin -- but instead the closest cousins of Pebanista are the South Asian river dolphins (genus Platanista)."

Pebanista and Platanista both share highly developed facial crests, which are specialized bony structures associated with echolocation -- the ability to "see" by emitting high-frequency sounds and listening or their echoes, which they rely on heavily for hunting.

"For river dolphins, echolocation, or biosonar, is even more critical as the waters they inhabit are extremely muddy, which impedes their vision," explains Gabriel Aguirre-Fernandez, a UZH researcher who also participated in this study. The elongated snout with many teeth suggests that Pebanista fed on fish, as other species of river dolphins do today.

"After two decades of work in South America we had found several giant forms from the region, but this is the first dolphin of its kind," adds Marcelo R. Sanchez-Villagra, director of the Department of Paleontology at UZH. "We were especially intrigued by its peculiar biogeographical deep-time history."

Finding Fossils in the Amazon

The Amazon rainforest is one of the harshest regions for paleontological fieldwork. Fossils are only accessible during the dry season, when river levels are low enough to expose the ancient fossil-bearing rocks. If these fossils are not collected in time, the rising water levels during the rainy season will sweep them away and they will be lost forever.

The holotype -- a single physical specimen on which the description and name of a new species is based -- of Pebanista was found in 2018, when the lead author of the study was still an undergraduate student. The expedition, led by Peruvian paleontologist Rodolfo Salas-Gismondi, former postdoctoral fellow at the Department of Paleontology at UZH, traversed more than 300 kilometers of the Napo River.

Dozens of fossils were discovered and collected, but the biggest surprise waited at the end of the expedition, after almost three weeks of exploration: the discovery of the large dolphin skull, catalogued as MUSM 4017, which has been permanently deposited in the Museo de Historia Natural in Lima.
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Study suggests an 'odor sensor' may explain male and female differences in blood pressure | ScienceDaily
Using data from both mice and humans, a Johns Hopkins Medicine research team has found that a cell surface protein that senses odors and chemicals may be responsible for -- and help explain -- sex differences in mammalian blood pressure. The unusual connection between such protein receptors and sex differences in blood pressure, reported in the March 20 issue of Science Advances, may lead to a better understanding of long known differences in blood pressure between females and males.


						
Blood pressure in premenopausal human and mouse females is typically 10 points lower in both diastolic and systolic pressure than in males. Some studies suggest the difference may be caused by sex hormones, but the biological basis for the variation is not entirely clear.

"Despite the well-known differences in blood pressure between females and males, most clinical guidelines have the same thresholds for treatment," says Jennifer Pluznick, Ph.D., associate professor of physiology at the Johns Hopkins University School of Medicine. "Taking a closer look at the fundamental, scientific basis for sex differences in blood pressure may eventually help clinicians think about blood pressure treatment in new ways."

Pluznick is a basic scientist who has found unique roles for so-called olfactory receptors in various organs of the body. The tiny proteins on the surface of cells essentially sniff out nearby odors or other chemicals.

The Johns Hopkins team began their studies looking for the locations in the body where a specific olfactory receptor -- Olfr558 -- is found. Olfr558 is one of three olfactory receptors (out of about 350 total) that are well-conserved by evolution in many mammals, including humans and mice. The human version of the receptor is called OR51E1.

Previously, the Johns Hopkins team found Olfr558 in the kidney, and other studies have located the receptor in other organs, aside from the cells responsible for scent detection in the nose.

For this study, the researchers found the receptor in blood vessel cells in the kidney and in juxtaglomerular granular cells, a type of kidney cell that secretes the hormone renin, which plays a key role in regulating blood pressure.




"This was our first indication that we should take a closer look at the impact of Olfr558 on blood pressure," says Pluznick.

Next, the team, led by Pluznick and research associate Jiaojiao Xu, Ph.D., measured blood pressure in young female and male mice during active and resting timeframes. Male mice with normal levels of the Olfr558 receptor typically had diastolic and systolic blood pressure 10 points higher than female mice.

However, when the researchers looked at young female and male mice genetically engineered to lack the gene for the Olfr558 receptor, they found that blood pressure increased in female mice but decreased in male mice, such that the sex difference in blood pressure disappeared.

Preliminary data from the Johns Hopkins team point to blood vessel stiffness and renin hormone levels in the blood as potential reasons for the lack of blood pressure variation in mice without the receptor.

The research team also analyzed genomic information on human tissue data stored in the U.K. Biobank, focusing on people with a rare variation in the human version of the olfactory receptor OR51E1. Their analysis showed that females and males younger than 50 with the variant do not show the typical sex-linked differences in blood pressure.

The research team cautioned that their work has not identified a direct molecular signaling pathway that would pin down the link between the olfactory receptor and blood pressure variation. Those studies have yet to be done.




Pluznick's team will try, in future experiments, to pinpoint the precise cell types that govern the receptor-blood pressure link.

"We hope that improving our understanding of the basic biology of this new link will provide insights on blood pressure regulation for both sexes," says Pluznick.

Support for this research was provided by the National Institutes of Health's National Institute of Diabetes and Digestive and Kidney Diseases [R56DK107726], the National Institute on Aging [R21AG081683], the American Heart Association Established Investigator Award, the NIHR Cardiovascular Biomedical Centre at Barts and the Queen Mary University of London.

In addition to Pluznick and Xu, researchers who contributed to this study are Rira Choi, Kunal Gupta and Lakshmi Santhanam from Johns Hopkins and Helen Warren from the Queen Mary University of London.
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Bacteria subtype linked to growth in up to 50% of human colorectal cancers | ScienceDaily
Researchers at Fred Hutchinson Cancer Center have found that a specific subtype of a microbe commonly found in the mouth is able to travel to the gut and grow within colorectal cancer tumors. This microbe is also a culprit for driving cancer progression and leads to poorer patient outcomes after cancer treatment.


						
The findings, published March 20 in the journal Nature, could help improve therapeutic approaches and early screening methods for colorectal cancer, which is the second most common cause of cancer deaths in adults in the U.S. according to the American Cancer Society.

Examining colorectal cancer tumors removed from 200 patients, the Fred Hutch team measured levels of Fusobacterium nucleatum, a bacterium known to infect tumors. In about 50% of the cases, they found that only a specific subtype of the bacterium was elevated in the tumor tissue compared to healthy tissue.

The researchers also found this microbe in higher numbers within stool samples of colorectal cancer patients compared with stool samples from healthy people.

"We've consistently seen that patients with colorectal tumors containing Fusobacterium nucleatum have poor survival and poorer prognosis compared with patients without the microbe," explained Susan Bullman, Ph.D., Fred Hutch cancer microbiome researcher and co-corresponding study author. "Now we're finding that a specific subtype of this microbe is responsible for tumor growth. It suggests therapeutics and screening that target this subgroup within the microbiota would help people who are at a higher risk for more aggressive colorectal cancer."

In the study, Bullman and co-corresponding author Christopher D. Johnston, Ph.D., Fred Hutch molecular microbiologist, along with the study's first author Martha Zepeda-Rivera, Ph.D., a Washington Research Foundation Fellow and Staff Scientist in the Johnston Lab, wanted to discover how the microbe moves from its typical environment of the mouth to a distant site in the lower gut and how it contributes to cancer growth.

First they found a surprise that could be important for future treatments. The predominant group of Fusobacterium nucleatum in colorectal cancer tumors, thought to be a single subspecies, is actually composed of two distinct lineages known as "clades."

"This discovery was similar to stumbling upon the Rosetta Stone in terms of genetics," Johnston explained. "We have bacterial strains that are so phylogenetically close that we thought of them as the same thing, but now we see an enormous difference between their relative abundance in tumors versus the oral cavity."




By separating out the genetic differences between these clades, the researchers found that the tumor-infiltrating Fna C2 type had acquired distinct genetic traits suggesting it could travel from the mouth through the stomach, withstand stomach acid and then grow in the lower gastrointestinal tract. The analysis revealed 195 genetic differences between the clades.

Then, comparing tumor tissue with healthy tissue from patients with colorectal cancer, the researchers found that only the subtype Fna C2 is significantly enriched in colorectal tumor tissue and is responsible for colorectal cancer growth.

Further molecular analyses of two patient cohorts, including over 200 colorectal tumors, revealed the presence of this Fna C2 lineage in approximately 50% of cases.

The researchers also found in hundreds of stool samples from people with and without colorectal cancer that Fna C2 levels were consistently higher in colorectal cancer.

"We have pinpointed the exact bacterial lineage that is associated with colorectal cancer, and that knowledge is critical for developing effective preventive and treatment methods," Johnston said.

He and Bullman believe their study presents significant opportunities for developing microbial cellular therapies, which use modified versions of bacterial strains to deliver treatments directly into tumors.
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Social bonding gets people on the same wavelength | ScienceDaily
When small hierarchical groups bond, neural activity between leaders and followers aligns, promoting quicker and more frequent communication, according to a study published on March 19 in the open-access journal PLOS Biology by Jun Ni from Beijing Normal University, China, and colleagues.


						
Social groups are often organized hierarchically, where status differences and bonds between members shape the group's dynamic. To better understand how bonding influences communication within hierarchical groups and which brain regions are involved in these processes, the researchers recorded 176 three-person groups of human participants (who had never met before) while they communicated with each other, sitting face-to-face in a triangle. Participants wore caps with fNIRS (functional near-infrared spectroscopy) electrodes to non-invasively measure brain activity while they communicated with their group members. Each group democratically selected a leader, so each group of three ultimately included one leader and two followers. After strategizing together, groups played two economic games designed to test their willingness to make sacrifices to benefit their group (or harm other groups).

Experimenters assigned some triads to go through a bonding session, where they were grouped according to color preferences, given uniforms, and led through an introductory chat session to build familiarity. Bonded groups spoke more freely and bounced between speakers more frequently and rapidly, relative to groups that didn't experience this bonding session. This bonding effect was stronger between leaders and followers than between two followers. Neural activity in two brain regions linked to social interaction, the right dorsolateral prefrontal cortex (rDLPFC) and the right temporoparietal junction (rTPJ), aligned between leaders and followers if they had bonded. The authors state that this neural synchronization suggests that leaders may be anticipating followers' mental states during group decision-making, though they acknowledge that their findings are restricted to East Asian Chinese individuals communicating via text (without non-verbal cues), whose culture emphasizes group cohesion and commitment towards group leaders.

The authors add, "Social bonding increases information exchange and prefrontal neural synchronization selectively among individuals with different social statuses, providing a potential neurocognitive explanation for how social bonding facilitates the hierarchical structure of human groups."
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Low social status increases risk of health problems from alcohol problems | ScienceDaily
Men and women with lower income or education levels are more likely to develop medical conditions related to alcohol abuse compared to similar individuals with a higher socioeconomic status. Alexis Edwards of Virginia Commonwealth University, US, and colleagues report these findings in a new study published March 19 in the open access journal PLOS Medicine.


						
The World Health Organization estimates that harmful alcohol use accounts for 5.1% of the global burden of disease and injury worldwide, and results in three million deaths each year. Excessive alcohol consumption can also take an economic toll. Previous studies have identified links between a person's socioeconomic status and alcohol use, but currently it is unclear how an individual's social class impacts their future risk of acquiring alcohol-related medical conditions, like alcoholic liver disease.

In the new study, researchers used a model that follows people over time to estimate their risk of developing medical conditions from alcohol abuse using two indicators for socioeconomic status: income and education level. The researchers analyzed data from more than 2.3 million individuals in a Swedish database to show that both men and women with a lower income or education level were more likely to develop these conditions. The associations held true, even when researchers controlled for other relevant factors, such as marital status, history of psychiatric illness and having a genetic predisposition to abuse alcohol.

The new findings are important for understanding which populations are most likely to suffer from medical conditions resulting from alcohol abuse, and contribute to a growing body of literature on health disparities that stem from socioeconomic factors. The researchers recommend that individuals with lower income or education levels might warrant additional screening by clinicians to evaluate their alcohol consumption and identify related conditions.

The authors add, "Among individuals with an alcohol use disorder, those with lower levels of education or lower incomes are at higher risk for developing an alcohol-related medical condition, such as cirrhosis or alcoholic cardiomyopathy. Additional screening and prevention efforts may be warranted to reduce health disparities."
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Craving snacks after a meal? It might be food-seeking neurons, not an overactive appetite | ScienceDaily
People who find themselves rummaging around in the refrigerator for a snack not long after they've eaten a filling meal might have overactive food-seeking neurons, not an overactive appetite.


						
UCLA psychologists have discovered a circuit in the brain of mice that makes them crave food and seek it out, even when they are not hungry. When stimulated, this cluster of cells propels mice to forage vigorously and to prefer fatty and pleasurable foods like chocolate over healthier foods like carrots.

People possess the same kinds of cells, and if confirmed in humans, the finding could offer new ways of understanding eating disorders.

The report, published in the journal Nature Communications, is the first to find cells dedicated to food-seeking in a part of the mouse brainstem usually associated with panic, but not with feeding.

"This region we're studying is called the periaqueductal gray (PAG), and it is in the brainstem, which is very old in evolutionary history and because of that, it is functionally similar between humans and mice," said corresponding author Avishek Adhikari, a UCLA associate professor of psychology. "Although our findings were a surprise, it makes sense that food-seeking would be rooted in such an ancient part of the brain, since foraging is something all animals need to do."

Adhikari studies how fear and anxiety help animals assess risks and minimize exposure to threats, and his group made the discovery while trying to learn how this particular spot was involved in fear.

"Activation of the entire PAG region causes a dramatic panic response in both mice and humans. But when we selectively stimulated only this specific cluster of PAG neurons called vgat PAG cells, they did not alter fear, and instead caused foraging and feeding," Adhikari said.




The researchers injected into mouse brains a virus genetically engineered to make the brain cells produce a light-sensitive protein. When a laser shines on the cells via a fiber-optic implant, the new protein translates that light to electrical neural activity in the cells. A miniature microscope, developed at UCLA and affixed to the mouse's head, recorded the neural activity of cells.

When stimulated with laser light, the vgat PAG cells fired and kicked the mouse into hot pursuit of live crickets and non-prey food, even if it had just eaten a large meal. The stimulation also induced the mouse to follow moving objects that were not food -- like ping pong balls, although it did not try to eat them -- and it also prompted the mouse to confidently explore everything in its enclosure.

"The results suggest the following behavior is related more to wanting than to hunger," Adhikari said. "Hunger is aversive, meaning that mice usually avoid feeling hungry if they can. But they seek out activation of these cells, suggesting that the circuit is not causing hunger. Instead, we think this circuit causes the craving of highly rewarding, high-caloric food. These cells can cause the mouse to eat more high-calorie foods even in the absence of hunger."

Satiated mice with activated vgat PAG cells craved fatty foods so much, they were willing to endure foot shocks to get them, something full mice normally would not do. Conversely, when the researchers injected a virus engineered to produce a protein that dampens the cells' activity under exposure to light, the mice foraged less, even if they were very hungry.

"Mice show compulsive eating in the presence of aversive direct consequences when this circuit is active, and don't search for food even if they're hungry when it's not active. This circuit can circumvent the normal hunger pressures of how, what and when to eat," said Fernando Reis, a UCLA postdoctoral researcher who did most of the experiments in the paper and came up with the idea to study compulsive eating. "We're doing new experiments based on these findings and learning that these cells induce eating of fatty and sugary foods, but not of vegetables in mice, suggesting this circuit may increase eating of junk food."

Like mice, humans also possess vgat PAG cells in the brainstem. It could be that if this circuit is overactive in a person, they might feel more rewarded by eating or crave food when not hungry. Conversely, if this circuit is not active enough, they could have less pleasure associated with eating, potentially contributing to anorexia. If found in humans, the food-seeking circuit could become the treatment target for some kinds of eating disorders.

The research was supported by the National Institute of Mental Health, the Brain & Behavior Research Foundation and the National Science Foundation.
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Early identification of persistent pain plus holistic interventions cut opioid use | ScienceDaily
For most people, recovering from an injury or surgery might require a short round of painkillers, but for about one in 10 people, pain can trigger protracted and escalating mental, physical and behavioral health problems.


						
Identifying who is at risk of poor pain outcomes could help steer patients to early interventions that set them on a better course while also reducing the potential for opioid overuse.

Now, a simple way to spot those at risk could be as simple as a two-question survey. In a study among patients at the Duke Integrated Pain and Wellness Program, researchers found that a carefully worded, short questionnaire successfully identified people who were most likely to develop chronic pain. These patients were then steered to a more detailed risk stratification and holistic services that led to better outcomes.

Findings appear March 20 in the New England Journal of Medicine Catalyst.

"Unlike traditional methods that reactively address chronic pain, this approach proactively provides resources to prevent the development of high-impact chronic pain, ensuring the right patient gets the right resources at the right time -- before the problem escalates," said senior author Padma Gulur, M.D., professor in the departments of Anesthesiology and Population Health Sciences at Duke University School of Medicine.

Gulur and colleagues enrolled patients who were referred to Duke's pain and wellness program. Patients were given a two-questions survey that was developed after reviewing studies that identified factors leading to poor pain outcomes:
    	Have you ever felt your pain is terrible and it's never going to get any better? (Y/N)
    	Have you ever used an illegal drug or prescription medication for non-medical reasons? (Y/N)

More than 13,500 patients -- about 12% -- responded yes to both questions and were considered at high risk of poor pain outcomes.




They further stratified participants into high, medium and low risk categories, with those at highest risk offered personalized treatment plans based on their level of need. The range of holistic interventions included close pain management with a pain specialist, referrals to social services for food, housing or transportation needs, and access to behavioral health, physical therapy and nutrition programs.

"The interventions were tailored to meet patients at their current state of pain management and to motivate them toward adopting a more holistic approach," Gulur said. "The guiding principles emphasize that patients are doing as well as they can with the coping skills they have but, with the right support, they can do better."

Of the 432 patients at highest risk of poor pain outcomes who participated in the holistic treatment approach, 224 patients (51%) reduced their morphine dose within 30 days.

The number of patients who reduced their morphine dose rose to 299 patients at 60 days and to 349 patients at 180 days. The program's effects were much better than those achieved through other chronic pain management approaches.

"By demonstrating the effectiveness of early identification and intervention for patients at risk of poor pain outcomes, this research can inform the development of new therapies and treatment approaches focused on prevention," Gulur said. "It could lead to improved health services by integrating similar proactive care models into broader health care settings, enhancing scientific understanding and leading to better health care outcomes through more personalized and preemptive pain management strategies."

In addition to Gulur, study authors include Nathan Christie, Amy Pope, Diana Zambrano, Kevin Vorenkamp, and Amanda Nelli.

The study was funded by Duke Health.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240320122421.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Powerful new AI can predict people's attitudes to vaccines | ScienceDaily
A powerful new tool in artificial intelligence is able to predict whether someone is willing to be vaccinated against COVID-19.


						
The predictive system uses a small set of data from demographics and personal judgments such as aversion to risk or loss.

The findings frame a new technology that could have broad applications for predicting mental health and result in more effective public health campaigns.

A team led by researchers at the University of Cincinnati and Northwestern University created a predictive model using an integrated system of mathematical equations describing the lawful patterns in reward and aversion judgment with machine learning.

"We used a small number of variables and minimal computational resources to make predictions," said lead author Nicole Vike, a senior research associate in UC's College of Engineering and Applied Science.

"COVID-19 is unlikely to be the last pandemic we see in the next decades. Having a new form of AI for prediction in public health provides a valuable tool that could help prepare hospitals for predicting vaccination rates and consequential infection rates."

The study was published in the Journal of Medical Internet Research Public Health and Surveillance.




Researchers surveyed 3,476 adults across the United States in 2021 during the COVID-19 pandemic. At the time of the survey, the first vaccines had been available for more than a year.

Respondents provided information such as where they live, income, highest education level completed, ethnicity and access to the internet. The respondents' demographics mirrored those of the United States based on U.S. Census Bureau figures.

Participants were asked if they had received either of the available COVID-19 vaccines. About 73% of respondents said they were vaccinated, slightly more than the 70% of the nation's population that had been vaccinated in 2021.

Further, they were asked if they routinely followed four recommendations designed to prevent the spread of the virus: wearing a mask, social distancing, washing their hands and not gathering in large groups.

Participants were asked to rate how much they liked or disliked a randomly sequenced set of 48 pictures on a seven-point scale of 3 to -3. The pictures were from the International Affective Picture Set, a large set of emotionally evocative color photographs, in six categories: sports, disasters, cute animals, aggressive animals, nature and food.

Vike said the goal of this exercise is to quantify mathematical features of people's judgments as they observe mildly emotional stimuli. Measures from this task include concepts familiar to behavioral economists -- or even people who gamble -- such aversion to risk (the point at which someone is willing to accept potential loss for a potential reward) and aversion to loss. This is the willingness to avoid risk by, for example, obtaining insurance.




"The framework by which we judge what is rewarding or aversive is fundamental to how we make medical decisions," said co-senior author Hans Breiter, a professor of computer science at UC. "A seminal paper in 2017 hypothesized the existence of a standard model of the mind. Using a small set of variables from mathematical psychology to predict medical behavior would support such a model. The work of this collaborative team has provided such support and argues that the mind is a set of equations akin to what is used in particle physics."

The judgment variables and demographics were compared between respondents who were vaccinated and those who were not. Three machine learning approaches were used to test how well the respondents' judgment, demographics and attitudes toward COVID-19 precautions predicted whether they would get the vaccine.

The study demonstrates that artificial intelligence can make accurate predictions about human attitudes with surprisingly little data or reliance on expensive and time-consuming clinical assessments.

"We found that a small set of demographic variables and 15 judgment variables predict vaccine uptake with moderate to high accuracy and high precision," the study said. "In an age of big-data machine learning approaches, the current work provides an argument for using fewer but more interpretable variables."

"The study is anti-big-data," said co-senior author Aggelos Katsaggelos, an endowed professor of electrical engineering and computer science at Northwestern University. "It can work very simply. It doesn't need super-computation, it's inexpensive and can be applied with anyone who has a smartphone. We refer to it as computational cognition AI. It is likely you will be seeing other applications regarding alterations in judgment in the very near future."
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While social media changes over decades, conversation dynamics stay the same, new study suggests | ScienceDaily

In particular, the study suggests that prolonged conversations on social media are more prone to toxicity, and polarisation, when divergent viewpoints from debate lead to an escalation of online disagreement.

Contrary to the prevailing assumption, the study suggests that toxic interactions do not deter users from engagement, they actively participate in conversations. It also suggests that toxicity does not necessarily escalate as discussions evolve.

The study was led by the Center for Data Science and Complexity for Society at the Department of Computer Science, Sapienza University of Rome, in collaboration with City, University of London and the Institute of Complex Systems, CNR, Rome.

Growing concern surrounds the impact of social media platforms on public discourse and their influence on social dynamics, especially in the context of toxicity.

The study employed a comparative approach across eight social media platforms to explore critical factors related to the persistence of toxic interactions in digital communities. The platforms included the more contemporary Facebook, Reddit, Gab, and YouTube, and the older USENET, a worldwide distributed discussion system established in 1980 -- over a decade before the world wide web went online to the general public. The dataset comprised more than 500 million user comments spanning a period of 34 years.

The study analysis adopted the definition of 'toxicity' provided by state-of-the-art classifier software, which considers toxicity as "a rude, disrespectful or unreasonable comment likely to make someone leave a discussion."

The core finding of the study indicates a complex interaction between harmful content and participation in online debates. It suggests user resilience to negativity in digital environments, and should inform policymakers' understanding of those environments and consequent decision making.




Despite the evolution of social media platforms and changing social norms over three decades, the study findings represent a significant consistency in user interaction dynamics based on a constant human component.

Professor Walter Quattrociocchi, Lead at the Center for Data Science and Complexity for Society at the Department of Computer Science, Sapienza University of Rome, said:

"This research represents a significant advancement in understanding online social dynamics and how they are influenced by algorithms, moving beyond the focus on single platforms. The results underscore the broad implications of algorithmic influence on social interactions.

"The study highlights the crucial importance of data science in analysing and interpreting online human behaviour, confirming that toxic behaviour is a deeply ingrained aspect of digital interactions."

Co-author of the study, Andrea Baronchelli, Professor of Complexity Science at City, University of London, Token Economy theme lead at The Alan Turing Institute, said:

"Analysing multiple platforms is key to isolating genuinely human behavioural patterns from simple reactions to the idiosyncratic online environments. The attention is too often focused on the specific platform, forgetting human nature. Our study is an important step to change this attitude and move the spotlight back on who we are and how we act."
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8-hour time-restricted eating linked to a 91% higher risk of cardiovascular death | ScienceDaily
An analysis of over 20,000 U.S. adults found that people who limited their eating across less than 8 hours per day, a time-restricted eating plan, were more likely to die from cardiovascular disease compared to people who ate across 12-16 hours per day, according to preliminary research presented at the American Heart Association's Epidemiology and Prevention Lifestyle and Cardiometabolic Scientific Sessions 2024, March 18- 21, in Chicago. The meeting offers the latest science on population-based health and wellness and implications for lifestyle.


						
Time-restricted eating, a type of intermittent fasting, involves limiting the hours for eating to a specific number of hours each day, which may range from a 4- to 12-hour time window in 24 hours. Many people who follow a time-restricted eating diet follow a 16:8 eating schedule, where they eat all their foods in an 8-hour window and fast for the remaining 16 hours each day, the researchers noted. Previous research has found that time-restricted eating improves several cardiometabolic health measures, such as blood pressure, blood glucose and cholesterol levels.

"Restricting daily eating time to a short period, such as 8 hours per day, has gained popularity in recent years as a way to lose weight and improve heart health," said senior study author Victor Wenze Zhong, Ph.D., a professor and chair of the department of epidemiology and biostatistics at the Shanghai Jiao Tong University School of Medicine in Shanghai, China. "However, the long-term health effects of time-restricted eating, including risk of death from any cause or cardiovascular disease, are unknown."

In this study, researchers investigated the potential long-term health impact of following an 8-hour time-restricted eating plan. They reviewed information about dietary patterns for participants in the annual 2003-2018 National Health and Nutrition Examination Surveys (NHANES) in comparison to data about people who died in the U.S., from 2003 through December 2019, from the Centers for Disease Control and Prevention's National Death Index database.

The analysis found:
    	People who followed a pattern of eating all of their food across less than 8 hours per day had a 91% higher risk of death due to cardiovascular disease.
    	The increased risk of cardiovascular death was also seen in people living with heart disease or cancer.
    	Among people with existing cardiovascular disease, an eating duration of no less than 8 but less than 10 hours per day was also associated with a 66% higher risk of death from heart disease or stroke.
    	Time-restricted eating did not reduce the overall risk of death from any cause.
    	An eating duration of more than 16 hours per day was associated with a lower risk of cancer mortality among people with cancer.

"We were surprised to find that people who followed an 8-hour, time-restricted eating schedule were more likely to die from cardiovascular disease. Even though this type of diet has been popular due to its potential short-term benefits, our research clearly shows that, compared with a typical eating time range of 12-16 hours per day, a shorter eating duration was not associated with living longer," Zhong said.

"It's crucial for patients, particularly those with existing heart conditions or cancer, to be aware of the association between an 8-hour eating window and increased risk of cardiovascular death. Our study's findings encourage a more cautious, personalized approach to dietary recommendations, ensuring that they are aligned with an individual's health status and the latest scientific evidence," he continued. "Although the study identified an association between an 8-hour eating window and cardiovascular death, this does not mean that time-restricted eating caused cardiovascular death." Study details and background:
    	The study included approximately 20,000 adults in the U.S. with an average age of 49 years.
    	Study participants were followed for a median length of 8 years and maximum length of 17 years.
    	The study included data for NHANES participants who were at least 20 years old at enrollment, between 2003-2018, and had completed two 24-hour dietary recall questionnaires within the first year of enrollment.
    	Approximately half of the participants self-identified as men, and half self-identified as women. 73.3% of the participants self-identified as non-Hispanic white adults, 11% self-identified as Hispanic adults, 8% self-identified as non-Hispanic Black adults and 6.9% of adults self-identified as another racial category, including mixed-race adults and adults of other non-Hispanic races.

The study's limitations included its reliance on self-reported dietary information, which may be affected by participant's memory or recall and may not accurately assess typical eating patterns. Factors that may also play a role in health, outside of daily duration of eating and cause of death, were not included in the analysis.




Future research may examine the biological mechanisms that underly the associations between a time-restricted eating schedule and adverse cardiovascular outcomes, and whether these findings are similar for people who live in other parts of the world, the authors noted.

"Overall, this study suggests that time-restricted eating may have short-term benefits but long-term adverse effects. When the study is presented in its entirety, it will be interesting and helpful to learn more of the details of the analysis," said Christopher D. Gardner, Ph.D., FAHA, the Rehnborg Farquhar Professor of Medicine at Stanford University in Stanford, California, and chair of the writing committee for the Association's 2023 scientific statement, Popular Dietary Patterns: Alignment with American Heart Association 2021 Dietary Guidance.

"One of those details involves the nutrient quality of the diets typical of the different subsets of participants. Without this information, it cannot be determined if nutrient density might be an alternate explanation to the findings that currently focus on the window of time for eating. Second, it needs to be emphasized that categorization into the different windows of time-restricted eating was determined on the basis of just two days of dietary intake," he said.

"It will also be critical to see a comparison of demographics and baseline characteristics across the groups that were classified into the different time-restricted eating windows -- for example, was the group with the shortest time-restricted eating window unique compared to people who followed other eating schedules, in terms of weight, stress, traditional cardiometabolic risk factors or other factors associated with adverse cardiovascular outcomes? This additional information will help to better understand the potential independent contribution of the short time-restricted eating pattern reported in this interesting and provocative abstract."
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Toxic metal particles can be present in cannabis vapes even before the first use, study finds | ScienceDaily
Vapes have often been heralded as a "safer" way to consume either nicotine or cannabis, where legal to do so. But the devices present their own suite of risks that are slowly being revealed as they undergo increasing research and regulation. Now, researchers have discovered that nano-sized toxic metal particles may be present in cannabis vaping liquids even before the vaping device is heated, and the effect is worse in unregulated products.


						
The researchers will present their results today at the spring meeting of the American Chemical Society (ACS). ACS Spring 2024 is a hybrid meeting being held virtually and in person March 17-21; it features nearly 12,000 presentations on a range of science topics.

While cannabis regulation and legalization are still growing in the U.S., it was made federally legal in Canada under its Cannabis Act in 2018. "Cannabis vapes are newly regulated products in Canada, so we don't yet have much scientific data about them," says Andrew Waye, who will present the work at the meeting. "This is an opportunity for us to look at some of the questions concerning the risks and unknowns of cannabis vapes." Waye manages the research program at the Office of Cannabis Science and Surveillance at Health Canada.

Unlike smoking, vaping does not involve a combustion reaction, which produces harmful byproducts. Instead, a vaping device heats a liquid until it evaporates into an inhalable vapor. As a result, it is often seen as a safer method to consume cannabis or nicotine. But research on nicotine vapes has shown that the metal components that heat the vape liquid may release harmful elemental metals, including nickel, chromium and lead, which can then be transported into the aerosol and deposited into the user's body.

Waye's team wanted to investigate whether this was also true for cannabis vapes. To do so, the group collaborated with Zuzana Gajdosechova, who is a scientist at the Metrology Research Centre of the National Research Council of Canada, which has been involved in cannabis testing and standardization for several years.

The team gathered 41 samples of cannabis vape liquids -- 20 legal, regulated samples from the Ontario Cannabis Store and 21 samples from the illicit market provided by the Ontario Provincial Police. The liquids were analyzed by mass spectrometry to look for the presence of 12 metals. Regulated cannabis products are routinely tested for some of the analyzed metals, as well as other contaminants.

To verify the team's findings, Gajdosechova collaborated with imaging experts and used techniques such as scanning electron microscopy to provide a visual confirmation of the metal particles. While some metals, such as arsenic, mercury and cadmium, were within the generally accepted tolerance limits for cannabis products, others were detected in concentrations considered to be very high. The most striking example proved to be lead: Some unregulated samples contained 100 times more lead than the regulated samples, far exceeding the generally accepted tolerance limit.




Importantly, this metal contamination was found in the liquid of cannabis vapes that had never been used and were less than six months old. "The evidence strongly suggests that metal contamination can come from the device when it's produced, and not from the heating of the coils," explains Gajdosechova. "But depending on the quality of the device, the contamination may be increased by that heating."

Additionally, the team found that vapes belonging to the same production lot could contain different levels of metal contamination, demonstrating a high level of variability between samples. This could have implications for testing procedures, as Canadian regulations require samples to be representative of the whole lot or batch and that testing be done at or after the last step where contamination can occur. "If contamination is happening when the device is assembled, you should be testing at that stage rather than earlier," says Waye.

Next, the team wanted to investigate the size of the metal particles to understand their potential health risks. Using single particle inductively coupled plasma mass spectrometry, the researchers found many particles that were of nanoscale size. "Some nano-sized metal particles are highly reactive and potentially harmful," says Gajdosechova.

Moving forward, the team wants to determine how many of these particles are transmitted into the vape aerosol when a device is used. This is when the metals could get into users' lungs, which will be important to determine the public health implications of these findings. The effect has been demonstrated in nicotine vapes, and the researchers expect that cannabis vapes could show the same.

"Different types of cannabis products present different risks. Our research doesn't answer whether vaping is riskier than smoking, it just underlines that the risks may be different. Previously uncharacterized risks with cannabis vaping are still being identified," concludes Waye. So, while there isn't necessarily one way to "safely" consume these products, this research demonstrates that regulation can help create safer cannabis products overall.

This research was funded by Health Canada.
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A protein found in human sweat may protect against Lyme disease | ScienceDaily
Lyme disease, a bacterial infection transmitted by ticks, affects nearly half a million people in the United States every year. In most cases, antibiotics effectively clear the infection, but for some patients, symptoms linger for months or years.


						
Researchers at MIT and the University of Helsinki have now discovered that human sweat contains a protein that can protect against Lyme disease. They also found that about one-third of the population carries a genetic variant of this protein that is associated with Lyme disease in genome-wide association studies.

It's unknown exactly how the protein inhibits the growth of the bacteria that cause Lyme disease, but the researchers hope to harness the protein's protective abilities to create skin creams that could help prevent the disease, or to treat infections that don't respond to antibiotics.

"This protein may provide some protection from Lyme disease, and we think there are real implications here for a preventative and possibly a therapeutic based on this protein," says Michal Caspi Tal, a principal research scientist in MIT's Department of Biological Engineering and one of the senior authors of the new study.

Hanna Ollila, a senior researcher at the Institute for Molecular Medicine at the University of Helsinki and a researcher at the Broad Institute of MIT and Harvard, is also a senior author of the paper, which appears today in Nature Communications. The paper's lead author is Satu Strausz, a postdoc at the Institute for Molecular Medicine at the University of Helsinki.

A surprising link

Lyme disease is most often caused by a bacterium called Borrelia burgdorferi. In the United States, this bacterium is spread by ticks that are carried by mice, deer, and other animals. Symptoms include fever, headache, fatigue, and a distinctive bulls-eye rash.




Most patients receive doxycycline, an antibiotic that usually clears up the infection. In some patients, however, symptoms such as fatigue, memory problems, sleep disruption, and body aches can persist for months or years.

Tal and Ollila, who were postdocs together at Stanford University, began this study a few years ago in hopes of finding genetic markers of susceptibility to Lyme disease. To that end, they decided to run a genome-wide association study (GWAS) on a Finnish dataset that contains genome sequences for 410,000 people, along with detailed information on their medical histories.

This dataset includes about 7,000 people who had been diagnosed with Lyme disease, allowing the researchers to look for genetic variants that were more frequently found in people who had had Lyme disease, compared with those who hadn't.

This analysis revealed three hits, including two found in immune molecules that had been previously linked with Lyme disease. However, their third hit was a complete surprise -- a secretoglobin called SCGB1D2.

Secretoglobins are a family of proteins found in tissues that line the lungs and other organs, where they play a role in immune responses to infection. The researchers discovered that this particular secretoglobin is produced primarily by cells in the sweat glands.

To find out how this protein might influence Lyme disease, the researchers created normal and mutated versions of SCGB1D2 and exposed them to Borrelia burgdorferi grown in the lab. They found that the normal version of the protein significantly inhibited the growth of Borrelia burgdorferi. However, when they exposed bacteria to the mutated version, twice as much protein was required to suppress bacterial growth.




The researchers then exposed bacteria to either the normal or mutated variant of SCGB1D2 and injected them into mice. Mice injected with the bacteria exposed to the mutant protein became infected with Lyme disease, but mice injected with bacteria exposed to the normal version of SCGB1D2 did not.

"In the paper we show they stayed healthy until day 10, but we followed the mice for over a month, and they never got infected. This wasn't a delay, this was a full stop. That was really exciting," Tal says.

Preventing infection

After the MIT and University of Helsinki researchers posted their initial findings on a preprint server, researchers in Estonia replicated the results of the genome-wide association study, using data from the Estonian Biobank. These data, from about 210,000 people, including 18,000 with Lyme disease, were later added to the final Nature Communications study.

The researchers aren't sure yet how SCGB1D2 inhibits bacterial growth, or why the variant is less effective. However, they did find that the variant causes a shift from the amino acid proline to leucine, which may interfere with the formation of a helix found in the normal version.

They now plan to investigate whether applying the protein to the skin of mice, which do not naturally produce SCGB1D2, could prevent them from being infected by Borrelia burgdorferi. They also plan to explore the protein's potential as a treatment for infections that don't respond to antibiotics.

"We have fantastic antibiotics that work for 90 percent of people, but in the 40 years we've known about Lyme disease, we have not budged that," Tal says. "Ten percent of people don't recover after having antibiotics, and there's no treatment for them."

The researchers note that people who have the protective version of SCGB1D2 can still develop Lyme disease, and they should not assume that they won't. One factor that may play a role is whether the person happens to be sweating when they're bitten by a tick carrying Borrelia burgdorferi.

SCGB1D2 is just one of 11 secretoglobin proteins produced by the human body, and Tal also plans to study what some of those other secretoglobins may be doing in the body, especially in the lungs, where many of them are found.

"The thing I'm most excited about is this idea that secretoglobins might be a class of antimicrobial proteins that we haven't thought about. As immunologists, we talk nonstop about immunoglobulins, but I had never heard of a secretoglobin before this popped up in our GWAS study. This is why it's so fun for me now. I want to know what they all do," she says.

The research was funded, in part, by Emily and Malcolm Fairbairn, the Instrumentarium Science Foundation, the Academy of Finland, the Finnish Medical Foundation, the Younger Family, and the Bay Area Lyme Foundation.
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Biomarkers of the middle-aged brain predict cognitive health in old age | ScienceDaily
The middle-aged brain could provide a window into future cognitive health, researchers write in a review publishing March 19 in the journal Trends in Neurosciences. The team reviewed evidence from human and animal studies suggesting that middle age -- commonly considered as the period between 40 and 60 or 65 years of age -- marks a shift in brain aging. They argue that more research should be dedicated to middle age, a period of life that is historically understudied.


						
"Middle age is associated with specific and modifiable risk factors for future dementia risk," write the authors, who include neuroscientist Yvonne Nolan of APC Microbiome Ireland at University College Cork. "We encourage giving this previously understudied period of life renewed consideration."

Most studies of brain health and cognitive decline focus on older age groups, but by this time, interventions may have limited efficacy. Screening for risk of future cognitive decline could help by allowing treatment to begin earlier when it might be more effective. A better understanding of brain shifts during middle age might also help identify novel targets for therapy, the researchers say.

During middle age, the brain undergoes significant molecular, cellular, and structural changes, and many of these changes have been linked to cognitive decline, which has also been shown to accelerate during middle age.

"There is good evidence to suggest that the human brain undergoes non-linear structural and functional changes during middle age that have implications for cognitive functioning, and variation in these processes could account for individual trajectories in cognitive aging," the authors write.

Structurally, middle age is associated with changes in the volume of several brain structures, shrinking of the hippocampus (a brain structure involved in memory and learning), and decreased connectivity between different parts of the brain.

"The fourth and fifth decades of life may be a turning point in the organization of brain networks, characterized by optimal efficiency, system segregation, and modularity, followed by accelerated decay of these properties," the authors write.




Middle age is also associated with changes in gene expression, both within the brain and in other parts of the body. In the human brain, studies show increased expression of immune-related genes and decreased expression of synaptic genes. The authors also point to evidence suggesting that changes in other parts of the body may predict brain health and function.

"Factors in systemic circulation -- mainly proteins secreted by various organs -- are understood to mediate brain aging in terms of cognition, plasticity, adult neurogenesis, and neuroinflammation," the authors write. "Some of the largest peaks of change across the entire adult lifespan occur during middle age, as measured in plasma, peripheral blood monocytes, and muscle."

There is some evidence that exercise might aid healthy cognitive aging, but more research is needed. "Studying the intersection of aging- and exercise-related molecular processes could unveil new therapeutic targets," the authors write.

Further research is also needed to investigate observed sex differences in brain aging, as evident in the higher rate of dementia in women, the researchers say. They also note that it will be important for future studies to differentiate processes that cause declining brain health from biomarkers that reflect compensatory mechanisms.

"Ultimately, scientists will want to find novel therapeutic targets to mitigate unhealthy cognitive aging," the authors write. "We argue that applying recent trends in aging research to this period of life could reveal novel biomarkers and possible interventions to combat cognitive decline in an increasingly older global population."

This research was supported by the Science Foundation Ireland, the Irish Health Research Board, and Alzheimer Nederland.
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Addressing both flu and COVID-19 through a single, multitasking injection | ScienceDaily
In preparation for the winter season last year, the Korean Medical Association recommended that people with compromised immune systems receive both the flu and COVID-19 vaccines simultaneously. The prospect of receiving shots in both arms may have been a shock, especially for children. However, there is now exciting news about a multitasking substance capable of preventing and treating both flu and COVID-19 infections concurrently, and it is gaining momentum.


						
Professor Seung-Woo Lee from the Department of Life Sciences and the School of Convergence Science and Technology, Subin Park and Yujin Jeong, PhD candidates from the Department of Life Sciences at Pohang University of Science and Technology (POSTECH), and Dr. Donghoon Choi from NeoImmuneTech (CEO Sehwan Yang) collaborated with the Gyeongbuk Institute for Bio Industry and the International Vaccine Institute to identify new drug candidates for preventing and treating major respiratory viral infections. This research has recently been published in the international journal Cell Reports Medicine.

In recent times, a global resurgence of infections has been observed, predominantly linked to a novel variant of COVID-19 known as 'JN.1'. The Korean Disease Control and Prevention Agency reports that this variant has become the dominant strain in Korea, surpassing a detection rate of 50%. While vaccines prove effective against specific viruses, the emergence of new variants necessitates considerable time for the development of corresponding vaccines, leading to potential public health crises as witnessed during the COVID-19 pandemic. To address this challenge, there is a pressing need for more broadly applicable treatments capable of swiftly responding to the ongoing mutations.

The research team explored the potential application of the long-acting recombinant cytokine protein rhIL-7-hyFc (NT-I7; efineptakin alfa), currently undergoing clinical development as an immunotherapy drug. This exploration aimed to assess its suitability as a treatment for major respiratory viruses due to its capacity to activate diverse immune cells within the respiratory tract. In experimental settings, the protein triggered the influx of acquired T cells and the proliferation of innate-like T cells in the lungs. These innate-like T cells demonstrated a swift and comprehensive defense against a broad spectrum of pathogens, functioning as if they were deploying inherent mechanisms. Consequently, the treatment exhibited both therapeutic and preventive effects against COVID-19, influenza virus, respiratory syncytial virus, and others. Notably, the drug candidates were not tailored to a specific virus but demonstrated universal applicability to major respiratory diseases.

Professor Seung-Woo Lee, leading the study, stated, "Through collaborative study involving industry, academia, and the research community, we have discovered insights to prepare for future respiratory virus pandemics." He added, "We are committed to advancing our efforts to transform the prospect of a universal treatment, capable of controlling co- and serial infections of respiratory viruses and bacteria, into a reality."

The research was sponsored by the Infectious Disease Prevention and Treatment Technology Development Program of the Ministry of Health and Welfare, the Mid-Career Researcher Program of the National Research Foundation of Korea, and the Bio-Industrial Technology Development Project of the Ministry of Trade, Industry and Energy.
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Industrial societies losing healthy gut microbes | ScienceDaily
Everyone knows that fiber is healthy and an important part of our daily diet. But what is fiber and why is it healthy? Fiber is cellulose, the stringy stuff that plants are made of. Leaves, stems, roots, stalks, and tree-trunks (wood) are made of cellulose. The purest form of cellulose is the long, white fibers of cotton. Dietary fiber comes from vegetables or whole grain products.


						
Why is fiber healthy? Fiber helps to keep our intestinal flora (scientists call it our gut microbiome) happy and balanced. Fiber serves as the starting point of a natural food chain. It begins with bacteria that can digest cellulose, providing the rest of our microbiome with a balanced diet. But our eating habits in industrialized societies are far removed from those of ancient humans. This is impacting our intestinal flora, it seems, as newly discovered cellulose degrading bacteria are being lost from the human gut microbiome, especially in industrial societies, according to a new report published in Science late last week.

The study comes from the team of Prof. Itzhak Mizrahi at Ben-Gurion University (BGU) of the Negev in Israel, with support from the Weizmann Institute of Science in Rehovot and international collaborators in the US and Europe.

"Throughout human evolution, fiber has always been a mainstay of the human diet," explains lead investigator Sarah Morais from BGU, "It is also a main component in the diet of our primate ancestors. Fiber keeps our intestinal flora healthy." Morais and team identified important new members of the human gut microbiome, cellulose-degrading bacteria named Ruminococcus. These bacteria degrade cellulose by producing large and highly specialized extracellular protein complexes called cellulosomes.

"It's no easy task to degrade cellulose, few bacteria can do it." explains Prof. Edward Bayer, from the Weizmann Institute, a world-leader on cellulosomes and coauthor of the study. "Cellulose is difficult to digest because it is insoluble. Fiber in the gut is like a tree-trunk in a swimming pool, it gets wet, but it does not dissolve."

Cellulosomes are engineered by bacteria to attach to cellulose fibers and peel them apart, like the individual threads in a piece of rope. The cellulosomal enzymes then break down the individual threads of fiber into shorter chains, which become soluble. They can be digested, not only by Ruminococcus, but also by many other members of the gut microbiome.

"Bottom line, cellulosomes turn fiber into sugars that feed an entire community, a formidable engineering feat," says Bayer.




The production of cellulosomes puts Ruminococcus at the top of the fiber-degradation cascade that feeds a healthy gut microbiome. But the evolutionary history of Ruminococcus is complicated, and Western culture is taking its toll on our microbiome, as the new study shows.

"These cellulosome-producing bacteria have been around for a long time, their ancestors are important members of the rumen microbiome in cows and sheep," explains Prof. Mizrahi from BGU, senior author of the study. The rumen is the special stomach organ of cows, sheep, and deer, where the grass they eat (fiber) is converted into useful food by cellulose-degrading microbes, including Ruminococcus. "We were surprised to see that the cellulosome-producing bacteria of humans seem to have switched hosts during evolution, because the strains from humans are more closely related to the strains from livestock than to the strains from our own primate ancestors."

That is, it looks like humans have acquired important components of a healthy gut microbiome from livestock that they domesticated early in human evolution.

"It's a real possibility," says Mizrahi, an expert on rumen biology.

However, the story does not end there. Sampling of human cohorts revealed that Ruminococcus strains are indeed robust components of the human gut microbiome among human hunter-gatherer societies and among rural human societies, but that they are sparse or missing in human samples from industrialized societies.

"Our ancestors in Africa 200,000 years ago did not pick up lunch from a drive-through, or phone in a home-delivery for dinner," says Prof. William Martin at the Heinrich Heine University Dusseldorf in Germany, evolutionary biologist, and coauthor of the study. In Western societies this does, however, happen on a large scale. Diet is changing in industrialized societies, far removed from the farms where food is produced. The authors conclude that this shift away from a fiber-rich diet is an explanation for the loss of important cellulose-degrading microbes in our microbiome.

How can you counteract this evolutionary decline? It might help to do what doctors and dieticians have been saying for decades: Eat more fiber!

Sarah Morais, Sarah Winkler, Alvah Zorea, Liron Levin, Falk S. P. Nagies, Nils Kapust, Eva Setter-Lamed, Avital Artan-Furman, David N. Bolam, Madhav P. Yadav, Edward A. Bayer, William F. Martin and Itzhak Mizrahi. Cryptic diversity of cellulose-degrading gut bacteria in industrialized humans. Science.
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New discovery concerning occurrence of antibiotic resistance | ScienceDaily
A new study shows how heteroresistance, a transient resistance common in many bacteria, can act as a precursor to the development of antibiotic resistance. According to researchers at Uppsala University, this is the first time this link has been demonstrated.


						
"Heteroresistance is common and we have shown that it occurs for at least ten different classes of antibiotics. In a patient carrying heteroresistant bacteria and undergoing treatment with antibiotics, the mortality rate and risk of requiring transfer to an intensive care unit are higher compared to susceptible bacteria. Therefore, if heteroresistance is a stepping stone towards resistance, we need to have much better control of its occurrence and effects," explains Dan I. Andersson, Professor of Medical Bacteriology at Uppsala University and lead researcher behind the study.

Heteroresistance is common in many disease-causing bacteria and can lead to reduced efficacy of antibiotic treatment. This particular type of antibiotic resistance means that the majority of bacteria in a population are susceptible to antibiotics, but there is also a small resistant subgroup that can grow under antibiotic treatment. These resistant bacteria carry more resistance gene copies than the others, which also result in slower growth.

In a comprehensive study published in the journal Nature Communications, researchers at Uppsala University showed in laboratory studies that bacteria can acquire new resistance mutations that restore faster growth. In this way, heteroresistance can act as a springboard and facilitate the evolution towards stable antibiotic resistance.

"It is possible that we are wrong, but we have observed the process in the laboratory and there is no reason to believe that it would not also occur in a patient or an animal. This is an important finding in terms of understanding how bacteria become resistant to antibiotics," notes Andersson.

He believes that this discovery will lead to more clinical studies and increased diagnostics of heteroresistance in microbiological laboratories. Within healthcare, it is important to continue to be restrictive with antibiotics to prevent resistance.

"Antibiotics should be used in a smart way, at the right time and not unnecessarily, to prolong the lifetime of our existing antibiotics and to give us time to develop new ones," continues Andersson.

The research has been funded by the Wallenberg Foundation, the Swedish Research Council and the National Institutes of Health (NIH).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240318142422.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mapping the evolution of urinary tract cancer cells | ScienceDaily
Researchers at Weill Cornell Medicine have performed the most comprehensive analysis to date of cancer of the ureters or the urine-collection cavities in the kidney, known as upper tract urothelial carcinoma (UTUC). The study, which compared the characteristics of primary and metastatic tumors, provides new insights into the biology of these aggressive cancers and potential ways to treat them.


						
In the study, which appeared March 18 in Nature Communications, the researchers examined tissue samples from 44 primary and metastatic UTUC tumors. They compared gene mutations and gene activity patterns in these tumors and mapped cell types using a technology that can visualize protein surface markers at the single-cell resolution. A key finding was that the basic molecular characteristics of these UTUC tumors -- their molecular subtype -- are mostly stable during the evolution from the primary to the metastatic stage. That suggests that oncologists treating UTUC patients may often be able to use analyses of primary tumor samples for molecular subtype-guided treatment of metastases.

"This dataset we generated provides unique insights into UTUC biology and should be an important resource for researchers and clinicians," said Dr. Juan Miguel Mosquera, a professor of pathology and laboratory medicine and director of research pathology in the Englander Institute for Precision Medicine at Weill Cornell Medicine.

Dr. Mosquera, who is also a member of the Sandra and Edward Meyer Cancer Center at Weill Cornell Medicine, co-led the study with Dr. Bishoy Faltas, an assistant professor of medicine and the Gellert Family-John P. Leonard, M.D. Research Scholar at Weill Cornell Medicine. The study's first author is Dr. Kentaro O'Hara, who was a postdoctoral research fellow in the Department of Pathology and Laboratory Medicine and in the Englander Institute for Precision Medicine when the study was conducted.

UTUC tumors are rare compared to bladder tumors, accounting for 5 to 10 percent of all urothelial cancers. They are also considered relatively aggressive, and metastatic UTUC tumors are particularly hard to treat successfully. Previously, Dr. Faltas and colleagues illuminated the molecular details of primary UTUC tumors in a widely cited 2019 study. Much less has been known about the characteristics of metastatic tumors that have already spread to distant organs.

Building on this work, the researchers used DNA and RNA sequencing in the current study to map the gene mutations and gene activity patterns in the primary and metastatic samples. With funding from the Cornell Center for Immunology, they also employed a newer technique called Imaging Mass Cytometry. This technique labels key surface proteins on individual cells in the samples, enabling detailed, cell-by-cell identification and spatial mapping of cell types.

"The Imaging Mass Cytometry allowed us for the first time to explore the spatial relationships between tumor cells and other cells such as immune cells that make up the UTUC tumor microenvironment," said Dr. Mosquera, who is also a pathologist at NewYork-Presbyterian/Weill Cornell Medical Center.




The 2019 study led by Dr. Faltas revealed that primary UTUC tumors usually belong to a particular molecular subtype that also features a relative absence of T cells -- suggesting immune suppression in the tumor microenvironment. The new analysis confirmed this pattern and found that metastatic UTUC tumors in a given patient tended to have the same characteristics as the primary tumor.

"Frequently, we are unable to obtain sufficient biopsy tissue from metastatic tumors and have to rely on the molecular analysis of the primary tumor, so it's important to know that the molecular subtype based on RNA expression is generally stable from the primary to the metastatic stages," said Dr. Faltas, who is also director of bladder cancer research in the Englander Institute for Precision Medicine and a member of the Meyer Cancer Center at Weill Cornell Medicine, and an oncologist at NewYork-Presbyterian/Weill Cornell Medical Center. "We were able to understand the contributions of different cell types to these molecular subtypes and how they evolve over the cancer's natural history by analyzing the protein expression of hundreds of thousands of single cells from these tumors."

The researchers also observed that metastatic UTUC tumor cells had genetic mutations not found in the primary tumors. These differences were much greater in patients undergoing chemotherapy, suggesting that chemotherapy may have induced some mutations.

The study sets the stage for highly personalized, molecularly-guided primary and metastatic UTUC treatment strategies to improve patient outcomes. The single-cell insights gained have the potential to accelerate the development of targeted therapies and immunomodulatory approaches and transform the landscape of UTUC management.

Research reported in this story was supported by the National Cancer Institute of the National Institutes of Health under award number T32CA203702. The research was also supported by funding from the Starr Cancer Consortium.
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Implantable sensor could lead to timelier Crohn's treatment | ScienceDaily
A team of Northwestern University scientists has developed the first wireless, implantable temperature sensor to detect inflammatory flareups in patients with Crohn's disease. The approach offers long-term, real-time monitoring and could enable clinicians to act earlier to prevent or limit the permanent damage caused by inflammatory episodes.


						
More than 1 million Americans have Crohn's disease, a chronic inflammatory bowel disease that affects the intestines, causes digestive issues and can lead to weight loss, malnutrition and other complications. People with mild cases are treated with oral medications, but these drugs typically fail over time, requiring approximately 70 percent of Crohn's patients to undergo at least one surgery to remove portions of damaged intestines.

Because heat is indicative of inflammation, the Northwestern scientists tested whether a temperature sensor resting gently against the intestines of mice with Crohn's disease could provide real-time insight into the progression of the disease, as well as detect episodic flareups. Sure enough, they accomplished both goals in their research, which will be published online March 18 in the journal Nature Biomedical Engineering.

Arun Sharma, whose group led the animal testing, said there is currently no way for clinicians to quickly detect inflammatory events, some of which go unnoticed by patients until the problem becomes so severe that it requires invasive surgery.

"The magnitude of the flareup can be measured with regards to the heat signature," said Sharma, co-corresponding author on the paper and a research associate professor of urology at Northwestern University Feinberg School of Medicine and of biomedical engineering at McCormick School of Engineering. "Is it so extensive that it's going to cause tissue damage over time?

"This could be potentially prevented if a clinician has this information readily at hand and can determine what type of therapy can be given to that person at that moment in time, rather than waiting weeks to get a blood analysis, tissue biopsy or fecal analysis. In the meantime, you're losing valuable minutes regarding tissue damage with this inflammatory event."

Sharma said this strategy of measuring temperature fluctuations could also be useful for patients with ulcerative colitis, another inflammatory bowel disease, or any condition where there is a prolonged inflammatory response. In their study, the researchers used the wireless sensors to continuously track temperature fluctuations for nearly four months.




Bioelectronics pioneer John Rogers, whose group led the device development, recently published another paper describing an ultrathin, soft implant that measures temperature and perfusion changes as a way to monitor the health of transplanted organs. Once again, the relationship between heat and inflammation was key, as excess inflammation around the transplanted organ can offer an early warning sign that the new organ is being rejected by the patient's immune system.

"To address Crohn's disease, we developed an ultraminiaturized, precision temperature sensor with wireless communication capability," said Rogers, co-corresponding author on the paper. "This tiny, soft device takes the form of a smooth, round capsule that rests within the GI system, without affecting natural physiological processes for long-term recordings. The data show some very unique signatures, in the form of perturbations to natural circadian cycles, known as ultradian rhythms, as early indications of inflammatory responses."

The scientists discovered that the ultradian temperature rhythms correlate to cyclic variations in stress levels and inflammatory markers in blood, said Surabhi Madhvapathy, co-first author from Rogers group who led the sensor engineering.

"In addition to the short-term variations, we learned over the span of weeks to months, that the average temperature of the intestines decreases," Madhvapathy said. "This decrease was indicative of the worsening tissue quality over time."

Following these successful results in mice, the researchers plan to assess the sensor capabilities in human tissues that recreate the inflammatory gut conditions found in Inflammatory Bowel Disease.

Rogers is the Louis Simpson and Kimberly Querrey Professor of Materials Science and Engineering, Biomedical Engineering and Neurological Surgery at McCormick and director of the Querrey Simpson Institute for Bioelectronics, which supported the study. Sharma is director of Pediatric Urological Regenerative Medicine and Surgical Research at Ann & Robert H. Lurie Children's Hospital of Chicago and the Stanley Manne Children's Research Institute, and a member of Northwestern's Simpson Querrey Institute for BioNanotechnology.

Surabhi Madhvapathy of the Rogers group and Matthew Bury of the Sharma group are co-first authors of the paper.
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New strategy to facilitate muscle regeneration after injury | ScienceDaily
Muscle injuries are common in the active population, and they cause the majority of player leaves in the world of sport. Depending on the severity, recovery of muscle function is quite slow and may require surgery, medication and rehabilitation. Now, a study led by the University of Barcelona reveals a strategy to improve and accelerate recovery from muscle injuries that has potential application in the sports and health sector in general.


						
This is the first study to provide scientific evidence for faster and more effective recovery from muscle injuries through intermittent exposure to low oxygen availability (hypoxia) in a low-barometric pressure (hypobaric) chamber that simulates high-altitude geographic conditions.

The new approach is important for the recovery of athletes -- especially in the competitive elite -- but also to mitigate the socio-economic impact of the loss of work productivity caused by these injuries on the active population.

The study, carried out with animal models, has been published in the Journal of Physiology. The authors of the study are the experts Garoa Santoildes, Teresa Pages, Joan Ramon Torrella and Gines Viscor, from the Department of Cell Biology, Physiology and Immunology of the UB's Faculty of Biology.

Why does hypoxia help to regenerate injured muscle?

Hypobaric chambers have long been used to improve physical fitness in high-performance sports (mountaineers, climbers, etc.) and in professional sectors (high-altitude mining, astronomical observation, border control). In hypobaric hypoxia conditions, the body is exposed to a low atmospheric pressure environment in which cells take up less oxygen and generate a physiological response. The beneficial effects of intermittent hypoxia exposure on the body are well described, but its potential applications in biomedicine are still being explored.

"The study indicates that any type of muscle injury could recover more quickly with intermittent exposure to hypobaric hypoxia (simulated altitude), but probably also myotendinous injuries could accelerate their recovery," says Professor Gines Viscor, head of the Adaptive Physiology Group: Hypoxia, Exercise and Health at the UB.




In tissues, hypoxia causes local activation of the HIF (hypoxia-induced factor) pathway, which is a sensor of oxygenation levels. "When the amount of oxygen reaching the cells is not sufficient, the HIF protein acts as a switch that activates a series of changes in metabolic pathways to compensate for this deficit," explains Professor Garoa Santocildes.

Among other pathways, the HIF protein activates the proliferation of more capillary vessels through endothelial growth factor (VEGF), a process that would bring more growth factors, metabolic substrates and oxygen to the muscle level to support the muscle regeneration process after injury.

As Professor Teresa Pages explains, "in parallel, the HIF protein would also enhance the synthesis of specific proteins, the activity of some enzymes and the efficiency of the mitochondria, which are the cell organelles that supply energy for cellular functions."

Muscle injuries and therapies: a paradigm shift

In approaching muscle injuries, the classical view of RICE therapy (Rest, Ice, Compression and Elevation) has evolved towards a more holistic and active view, known as PEACE (Protection, Elevation, Avoid NSADs, Compression, Education) and LOVE (Load Management, Optimism, Vascularization, Exercise).

"All this has meant a major paradigm shift in the field of muscle injury recovery," says Professor Joan Ramon Torrella. "Exposure to hypobaric hypoxia -- the expert continues -- is fully compatible with this new paradigm, and could even contribute to improving the effects of emerging therapies to accelerate the recovery of injured muscle."

Therapy based on exposure to low concentrations of oxygen could also help to explore new treatments for pathophysiological injuries. Thus, it would be important to test whether hypoxia can counteract the muscle atrophy typical of sarcopenia -- a disease characterised by loss of muscle mass and strength -- through the processes involved in muscle recovery (capillary proliferation, more effective oxidative metabolism, etc.).

"In these cases, hypobaric hypoxia intervention would most likely be improved if combined with individualised strength and endurance exercise activities. Even its application in the recovery of patients with persistent COVID-19 syndrome could be improved," the team concludes.
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Breathe, don't vent: Turning down the heat is key to managing anger | ScienceDaily
Venting about a source of anger might feel good in the moment, but it's not effective at reducing the rage, new research suggests.


						
Instead, techniques often used to address stress -- deep breathing, mindfulness, meditation, yoga or even counting to 10 -- have been shown to be more effective at decreasing anger and aggression.

Researchers analyzed over 150 studies involving more than 10,000 participants and found that what really works to reduce anger is lowering physiological arousal -- in other words, turning down the heat. Activities that increased arousal overall had no effect on anger, and some activities made it worse -- particularly jogging.

"I think it's really important to bust the myth that if you're angry you should blow off steam -- get it off your chest," said senior author Brad Bushman, professor of communication at The Ohio State University. "Venting anger might sound like a good idea, but there's not a shred of scientific evidence to support catharsis theory.

"To reduce anger, it is better to engage in activities that decrease arousal levels," Bushman said. "Despite what popular wisdom may suggest, even going for a run is not an effective strategy because it increases arousal levels and ends up being counterproductive."

The study was led by first author Sophie Kjaervik, who completed the review for her Ohio State dissertation. It was published online March 11 in the journal Clinical Psychology Review.

Kjaervik, now a postdoctoral fellow at Virginia Commonwealth University, said the work was inspired in part by the rising popularity of rage rooms that promote smashing things (such as glass, plates and electronics) to work through angry feelings.




"I wanted to debunk the whole theory of expressing anger as a way of coping with it," she said. "We wanted to show that reducing arousal, and actually the physiological aspect of it, is really important."

The meta-analytic review was based on 154 studies involving 10,189 participants of different genders, races, ages and cultures. The study selection and analysis were guided by the Schachter-Singer two-factor theory, which assumes that all emotions, including anger, consist of physiological arousal and mental meanings. To get rid of anger, you can work on either of those.

Several previous meta-analytic reviews have focused on changing mental meanings using cognitive behavioral therapy, which works. However, Kjaervik and Bushman said a meta-analytic review on the role of arousal would fill an important gap in understanding how to resolve anger. Their analysis focused on examining both arousal-increasing activities (e.g., hitting a bag, jogging, cycling, swimming) and arousal-decreasing activities (e.g., deep breathing, mindfulness, meditation, yoga).

Results showed that arousal-decreasing activities were effective at fending off the fury in labs and field settings, using digital platforms or in-person instruction, and in group and individual sessions across multiple populations: college students and non-students, people with and without a criminal history, and individuals with and without intellectual disabilities.

Arousal-decreasing activities that were effective at lowering anger across the board included deep breathing, relaxation, mindfulness, meditation, slow flow yoga, progressive muscle relaxation, diaphragmic breathing and taking a timeout.

"It was really interesting to see that progressive muscle relaxation and just relaxation in general might be as effective as approaches such as mindfulness and meditation," Kjaervik said. "And yoga, which can be more arousing than meditation and mindfulness, is still a way of calming and focusing on your breath that has the similar effect in reducing anger.




"Obviously in today's society, we're all dealing with a lot of stress, and we need ways of coping with that, too. Showing that the same strategies that work for stress actually also work for anger is beneficial."

In contrast, activities that increased arousal were generally ineffective, but also produced a complex range of outcomes. Jogging was the most likely to increase anger, while physical education classes and playing ball sports had an arousal-decreasing effect -- suggesting to the researchers that introducing an element of play into physical activity may at least increase positive emotions or counteract negative feelings.

Finding that increasing arousal was not the answer to anger corresponded with previous work led by Bushman that linked venting anger with continued aggression.

"Certain physical activities that increase arousal may be good for your heart, but they're definitely not the best way to reduce anger," Bushman said. "It's really a battle because angry people want to vent, but our research shows that any good feeling we get from venting actually reinforces aggression."

That being the case, the authors noted that many arousal-decreasing interventions shown to lower the heat of anger are free or inexpensive and easy to access.

"You don't need to necessarily book an appointment with a cognitive behavioral therapist to deal with anger. You can download an app for free on your phone, or you can find a YouTube video if you need guidance," Kjaervik said.
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Feeling apathetic? There may be hope | ScienceDaily
Do you sometimes feel like you just can't be bothered? Would you like to have exercised more, learned a new language or taken more education, but you feel that everything is too much effort?


						
If so, you probably need more grit and belief in your ability to achieve things. A recent pilot study has sparked hope, and more research will show whether this new method can help more people.

The key is to tap into our hidden innate potential.

"We have developed a method that can help people develop greater persistence and belief in their ability to achieve their goals," says Professor Hermundur Sigmundsson at the Norwegian University of Science and Technology (NTNU's) Department of Psychology.

The key is to tap into our hidden innate potential.

Success depends on many factors

Professor Sigmundsson has been working for several years to find out what exactly enables people to perform at a high level and how they increase their performance. Many different factors come into play.




It is quite astounding that we can change our attitude in 35-40 minutes.

It is important to be really passionate about something, and your attitude really does make a difference. You have to believe that you will achieve your goals, i.e. believe in growth. Your chances of success also increase if most other aspects of your life are generally on track.

However, persistence or "grit" may affect whether you actually get started on something or see it through.

"I can do this"

An initial sample of 38 Norwegian students participated in a pilot trial, an exploratory study conducted by Sigmundsson in collaboration with Research Assistant Havard Hauge.
    	The researchers first gave the students a questionnaire to see how well they scored on several different factors that play a role in success, and mapped how good the students felt about themselves in general.
    	The students then completed an online course lasting 35 to 40 minutes, which is aptly called 'I CAN'.
    	Later, the students filled out the same questionnaire again to see if anything had changed.

"After the students had completed the online course, we saw a significant change in grit. It is quite astounding that we can change our attitude in 35-40 minutes," says Professor Sigmundsson.




Creating an 'I can' attitude

For other factors, there was less change, if any. But willingness to make an effort improved.

"We try to create an 'I can' attitude, a belief that they really will succeed. We also want to equip students with strategies that can help them evoke this feeling when they later find themselves in situations where they need it," says Professor Sigmundsson.

Evoking this feeling over and over again can in itself strengthen the networks in the brain needed to develop greater grit over time.

Stronger belief increases the chance of finding a passion

"When you believe that you really can achieve something and are willing to make the necessary effort, this can increase the likelihood of taking on new challenges. It can increase your courage and provide more opportunities to find what you are passionate about, and then help you develop this passion," says Professor Sigmundsson.

Participants learn that success depends on personal effort and practice. Other research has found that purposeful practice is a key factor in managing to achieve something, i.e. that you practise doing exactly what you want to be good at.

Helping to smooth out differences

Other studies show that when young people are helped to believe that they can succeed, that they can actually do something, they often do better at school. This is especially true for pupils who come from environments with so-called 'lower socioeconomic status', i.e. families with low income or low-prestige jobs.

For example, a study from an upper secondary school in Uganda shows that girls in particular benefit from having female role models. These role models show them that it is actually possible to achieve something difficult. This can both help reduce academic gender differences and help the pupils who struggle the most with academic work.

Like flipping a switch

"When people develop stronger belief in themselves or 'self-efficacy', it is almost as if a switch is flipped," says Professor Sigmundsson.

The course and results support previous studies that have shown the effects of short-term interventions, including a study by David S. Yeager et al. published in Nature in 2019.

The findings of this pilot project are very promising, but researchers still need to find out more.

They are therefore in the process of carrying out 'I CAN' on a much larger scale, this time with almost 1000 Year 10 pupils. The results from this latest study are not yet available.
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Rise in global fungal drug-resistant infections | ScienceDaily
A global wave of infections caused by fungi growing drug-resistant has the medical community issuing precautions on how to protect yourself.


						
Skin contact with microorganisms found in soil or on hard surfaces, such as common shower facilities, or exposure to infected pets, can result in fungal infections known as dermatomycoses. Rashes, itching, burning and skin irritation are among the symptoms.

Epidemiological data published in Microbial Cell indicates that a rise in severe fungal infections has resulted in over 150 million cases annually and almost 1.7 million fatalities globally.

In a recent study published in Pathogens and Immunity, Thomas McCormick and Mahmoud Ghannoum, professors of dermatology at the Case Western Reserve University School of Medicine and affiliated with University Hospitals Cleveland Medical Center, explain how rising antifungal resistance is worsening the problem of invasive fungal infections.

"This is not just an issue that affects individual patients," McCormick said. "The World Health Organization has recognized it as a widespread threat that has the potential to impact entire healthcare systems if left unchecked."

Based on their findings, the researchers issued precautions and a "call to action" for the medical community to help protect people from multidrug-resistant fungi -- starting with awareness and education.

"Healthcare providers must prioritize the use of diagnostic tests when faced with an unknown fungal infection," Ghannoum said. "Early detection can make all the difference in improving patient outcomes."

Patients treated with medications to protect the immune system after cancer and transplant procedures are more vulnerable to fungal infections -- making them especially more vulnerable to infections from drug-resistant fungi, the researchers said.




The emergence of multidrug-resistant fungal species, such as Candida auris and Trichophyton indotineae, is especially troubling and requires urgent attention, they reported.

In a studyrecently published in Emerging Infectious Diseases, Ghannoum's research team and the Centers for Disease Control and Prevention (CDC), detailed a case that demonstrated Trichophyton indotineae, in addition to becoming drug-resistant, was also sexually transmissible.

To address the growing health concern, McCormick and Ghannoum suggest several measures:
    	Increased awareness and education: Raising awareness in the general healthcare setting to obtain a more accurate understanding of the rise of antifungal-resistant infections.
    	Diagnostic Testing: Routine use of diagnostic tests can guide appropriate treatment strategies.
    	Antifungal Susceptibility Testing (AST): Improving insurance reimbursement rates for AST and increasing the number of qualified laboratories with the capacity to perform these tests.
    	Call to Action: Addressing the emerging challenge of antifungal resistance involves concerted efforts from healthcare professionals, researchers, policymakers and the pharmaceutical industry to develop and implement strategies for managing and preventing antifungal resistance.

"The ultimate goal of these measures," Ghannoum said, "is to improve the quality of patient care by ensuring effective treatment and preventing further escalation of the problem."
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New technique helps AI tell when humans are lying | ScienceDaily
Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.


						
"AI programs are used in a wide variety of business contexts, such as helping to determine how large of a mortgage an individual can afford, or what an individual's insurance premiums should be," says Mehmet Caner, co-author of a paper on the work. "These AI programs generally use mathematical algorithms driven solely by statistics to do their forecasting. But the problem is that this approach creates incentives for people to lie, so that they can get a mortgage, lower their insurance premiums, and so on.

"We wanted to see if there was some way to adjust AI algorithms in order to account for these economic incentives to lie," says Caner, who is the Thurman-Raytheon Distinguished Professor of Economics in North Carolina State University's Poole College of Management.

To address this challenge, the researchers developed a new set of training parameters that can be used to inform how the AI teaches itself to make predictions. Specifically, the new training parameters focus on recognizing and accounting for a human user's economic incentives. In other words, the AI trains itself to recognize circumstances in which a human user might lie to improve their outcomes.

In proof-of-concept simulations, the modified AI was better able to detect inaccurate information from users.

"This effectively reduces a user's incentive to lie when submitting information," Caner says. "However, small lies can still go undetected. We need to do some additional work to better understand where the threshold is between a 'small lie' and a 'big lie.'"

The researchers are making the new AI training parameters publicly available, so that AI developers can experiment with them.

"This work shows we can improve AI programs to reduce economic incentives for humans to lie," Caner says. "At some point, if we make the AI clever enough, we may be able to eliminate those incentives altogether."
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Study shows middle-aged Americans are lonelier than European peers, suggests loneliness in midlife is endemic | ScienceDaily
Contrary to some claims, middle-aged Americans might not be experiencing an epidemic of loneliness. New research suggests that for adults aged 45-65, loneliness might instead be endemic, or constantly present.


						
Loneliness is not just an emotion. It can seriously impair physical health, and its negative effects have been likened to smoking up to 15 cigarettes a day. But new research shows that not only are middle-aged Americans lonelier than their same-age peers in Europe and Israel, levels of loneliness are also increasing across generations in both the U.S. and Europe.

The study, which was led by researchers in Arizona State University's Department of Psychology, has been published in American Psychologist.

"Middle-aged Americans are experiencing very high levels of loneliness, especially baby boomers, but middle-aged adults in England, Italy, Spain, and Greece are 'catching up' to their American peers," said Frank Infurna, associate professor of psychology at ASU.

More than a feeling

Feeling lonely arises from a mismatch between actual and desired levels of connection with other people. Loneliness is getting a lot of attention as a public health issue -- the U.S. surgeon general recently issued a health advisory focused on the impacts of loneliness -- but the root causes are not well understood.

The study was based on long-term datasets made up of nationally representative samples of adults ages 45-65 living in 14 countries. The data sets included the Health and Retirement Study for the U.S.; the English Longitudinal Study of Ageing for England; and the Survey of Health, Ageing and Retirement in Europe for Austria, Belgium, France, Switzerland, Germany, Italy, Spain, Greece, Denmark, the Netherlands, Sweden and Israel.




The researchers mapped out loneliness trends based on geography and through time by examining differences across generations in the different countries.

Across all 14 countries, baby boomers reported the highest overall levels of loneliness, but American baby boomers far outpaced their peers.

"Americans in this cohort reported much, much higher levels of loneliness than same-aged adults in other countries; the magnitude of this difference is alarming and is cause for concern," Infurna said.

The geographic pattern was different for Generation X, with Americans reporting higher levels of loneliness relative to all other countries except for England.

How loneliness progresses with age 

The researchers examined how loneliness changed within each generation by tracking reported levels from participants as they aged from 45 to 65.




U.S. baby boomers born in 1946-54 experienced increasing loneliness as they approached age 65. For U.S. baby boomers born after 1955, the reported loneliness remained constant -- and very high. This increasing trend was also present in Generation X.

Reported loneliness was stable for baby boomers in England, Austria, France, Belgium, Germany, Switzerland and Israel.

In Italy, Spain and Greece, though, loneliness steeply increased across ages 40-65 for baby boomers and for Generation X.

Overall, middle-aged adults from all generations living in Denmark, the Netherlands and Sweden experienced the lowest levels of loneliness among all 14 countries included in the study. But, baby boomers again reported the highest levels of loneliness in these three countries.

According to Infurna, this study is a first step at addressing loneliness -- whether it is just epidemic or endemic.

"Though there are effective ways that individuals can work to reduce isolation and loneliness, such as volunteering in the community, there is an urgent need for systematic support, for programs that aid adult caregivers and that provide financial assistance. These types of supports can help middle-aged adults juggling work and caregiving have the time and means to connect with others.

"The findings of this study are suggestive of this as well -- middle-aged adults reporting the lowest levels of loneliness live in countries with robust government-supported safety nets," Infurna said.

Nutifafa Dey, a psychology graduate student at ASU; Kevin Grimm, professor of psychology at ASU; Margie Lachman, professor of psychology at Brandeis University; Tita Gonzalez Aviles, postdoctoral scholar at Humboldt University Berlin; and Denis Gerstorf, professor of psychology at Humboldt University Berlin, also contributed to the study.

This work was funded by the National Institute on Aging (R01 AG079523).
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Laws that punish drug use during pregnancy likely lead to worse health outcomes for families, study finds | ScienceDaily
Contrary to some claims, laws that criminalize or otherwise punish drug use during pregnancy are more likely to worsen rather than improve health outcomes, according to a paper by researchers at Columbia University Mailman School of Public Health. The study is the first to systematically review the literature on punitive prenatal drug laws -- an increasingly common state policy strategy for addressing rising rates of prenatal drug use. The findings are published in the International Journal on Drug Policy.


						
The authors collected data on the number of states with laws that explicitly allow criminal prosecution, involuntary commitment or that revoke custody rights following allegations of drug use during pregnancy. They then evaluated existing studies testing whether the enactment of such laws was associated health improvements, either for pregnant people themselves or their babies.

Of the 16 studies reviewed, the authors found that contrary to the intent of legislation, most evidence suggested that punitive laws either had no beneficial effects or made things worse. For example, four of the reviewed studies tested whether the adoption of punitive laws was associated with reductions in neonatal drug withdrawal syndrome (NDWS) -- a condition that can occur after exposure to opioids and other drugs in utero. Two of the studies found little change while the two others found increased NWDS after a punitive law was adopted.

"There has been considerable concern from within legal, medical and public health communities that punitive prenatal drug policies might increase potential harms. Our findings support this premise and suggest that such approaches constitute ineffective policy," said lead author Emilie Bruzelius, PhD, a postdoctoral research fellow in the Department of Epidemiology.

"Identifying effective policy strategies to support pregnant people with drug use disorder outside of the criminal-legal system is an important priority," noted Silvia S. Martins, MD, PhD, professor of Epidemiology at Columbia Mailman School, and senior author.

Co-authors include Melanie S. Askari, Sandhya Kajeepta, Lisa Bates, Seth J. Prins (Columbia University Mailman School of Public Health), Kristen Underhill (Cornell University Law School), and Marian Jarlenski (Pittsburgh School of Public Health).

The study was supported by the National Institutes on Drug Abuse (R01DA045872 and R01DA053745 and T32DA031099).
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Study eases concern at antipsychotics use in pregnancy | ScienceDaily
The use of antipsychotics during pregnancy isn't linked to childhood neurodevelopmental disorders or learning difficulties, UNSW Sydney-led study shows -- giving assurance to those concerned about continuing their medications during pregnancy.


						
Antipsychotics -- a branch of medication designed to treat schizophrenia and bipolar disorder -- are important tools for mental health care management. They work by blocking the effect of dopamine, which can help reduce psychotic symptoms such as hallucinations or delusions.

These versatile medications are also widely used for other mental health conditions and developmental disorders, like anxiety, depression, autism spectrum disorder, and insomnia.

But many women and pregnant people using these medications may feel concerned about the potential risks they pose to their unborn baby.

A new international study led by UNSW Sydney, published today in eClinicalMedicine, tracked the long-term risk of a child developing neurodevelopmental disorders and learning difficulties after being exposed to antipsychotics in the womb.

The findings show there's little to no increased risk of the exposure leading to intellectual disability, poor academic performance in maths and language, or learning, speech and language disorders.

"The findings are really reassuring for both women managing these psychiatric conditions during pregnancy and their providers," says Dr Claudia Bruno, a pharmacoepidemiologist based at UNSW's School of Population Health and lead author of the study.




"There's no increased risk when taking the medication during pregnancy, not only for the specific neurodevelopmental disorders that we looked at, but also ADHD and autism as shown in our team's previous studies."

This research is the most comprehensive study on antipsychotics and neurodevelopmental outcomes to date: it pulls together nationwide data from Denmark, Finland, Iceland, Norway, and Sweden into a large sample size of 213,302 children born to mothers with a diagnosed psychiatric condition, 5.5 per cent (11,626) of which were prenatally exposed to antipsychotics.

These five Nordic countries all have similar health and education systems and keep detailed data on birth records, filled prescriptions, and diagnoses from inpatient and outpatient specialist care, as well as antenatal care. The researchers teamed these data with results from the children's first standardised national school test (similar to Australia's NAPLAN tests), which happens between the ages of 8-10.

"It's reassuring that everything points to the same 'no major indication' of increased risks overall," says Scientia Associate Professor Helga Zoega, senior author of the study and pharmacoepidemiologist, also based at UNSW's School of Population Health.

"The study builds on our team's previous work that looked at birth outcomes, including serious congenital malformations, where we've seen similar null results.

"I think it's important to get excited about null results because this is essential information for the management of serious mental health conditions in pregnancy. It's as equally important as finding an increased risk of outcomes."

A gap that big health data is trying to fix




While this study is part of a growing body of research about medication safety in pregnancy, there's still a lot left in this field to discover, says A/Prof. Zoega.

"This is a hugely understudied area," she says. "Unfortunately, we know way too little about medication safety during pregnancy."

One of the reasons so little is known about medicines and pregnancy is that it's simply not feasible -- or in many cases, ethical -- to conduct randomised clinical trials on pregnant women. The potential risks of testing or withholding treatment to the unborn child and mother or pregnant person is often too great.

That's where harnessing big data can step in -- although the research isn't as simple as looking at the raw data alone.

For example, women treated with antipsychotics during pregnancy were more likely to smoke, have higher BMIs, lower education levels, to be older (35 years or more) and use other medications during pregnancy compared to women who didn't take antipsychotics during pregnancy -- all of which are risk factors that can potentially impact birth outcomes.

These circumstances -- called 'confounding factors' -- are accounted for in observational research using careful study design and complex adjusted risk models to make sure the results show the impact of the medication alone.

"These types of studies are methodologically tricky, and can take a long time to do," says A/Prof. Zoega. "This study has been in the making for almost 10 years now.

"We already know these women are dealing with psychiatric conditions, and by genetic default, their children would be more likely to have psychiatric or neurodevelopmental outcomes. But we're focused on the risks and benefits of the medication treatment in pregnancy, so we use methods to make the comparison groups as similar as possible."

The researchers also strengthened their findings by slicing up the data to take a closer look at whether individual medications, trimesters of exposure, and siblings carried higher risk levels.

While one antipsychotic, chlorpromazine, showed potential increased links to language and speech delays, these findings were based on small sample sizes of 8-15 children, so more research is needed to investigate this potential link.

Other than this anomaly, the results supported the finding that there was little to no increased risk of children prenatally exposed to antipsychotics developing neurodevelopmental disorders or learning difficulties.

Looking ahead 

Dr Bruno is currently involved in two related studies on prenatal medication use and pregnancy outcomes. One explores if there is a relationship between the use of antiseizure medications during pregnancy and child school performance, and the other examines whether taking ADHD medication use and discontinuation during pregnancy on child health outcomes.

But she sees many avenues for future research to build on this work, including harnessing more Australian big health data.

"There's so much to learn about medication safety in pregnancy," says Dr Bruno. "These women are typically excluded from clinical trials, so there's a real lack of data or evidence.

"While these results are highly generalisable to women in Australia, we now have real-world linked Australian data that can start contributing to large-scale international studies like this one which we're very excited for."

A/Prof. Zoega co-leads an international research collaboration called International Pregnancy Drug Safety Study (InPreSS), which investigates the safety of medication in pregnancy. She says there's plenty to do in this space.

"Antipsychotics are only one class of medications, and we already know that up to 80 per cent of women use at least one prescription medicine during pregnancy. Most often, there's little or no guidance on safety.

"There are so many unanswered questions that there's enough for a lifetime of research."
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How cells are ahead of the curve | ScienceDaily
The curvature of a surface determines the migration behavior of biological cells. They preferentially move along valleys or grooves while avoiding ridges. These findings with contribution from the Max Planck Institute for Dynamics and Self-Organization (MPI-DS) and the Weizmann Institute of Science gave rise to a model predicting cellular behavior. Such universal principles now allow a better understanding of the migration of immune and cancer cells, paving the way for new treatment options.


						
Cell migration within the body is a fundamental biological phenomenon. Immune cells constantly scout for pathogens and cancer cells migrate through the body causing metastasis. Inside the body, many surfaces such as tissues, blood vessels, or protrusions have a curved shape. "We were able to demonstrate that these curvatures directly affect the movement pattern of cells," explains Eberhard Bodenschatz, director at the MPI-DS. The scientists could show experimentally that cells prefer certain curvatures over others, a phenomenon called "curvotaxis."

To unravel this mechanism, they created a computer model of a vesicle containing active cytoskeletal components used for movement. This structure resembles a biological cell, migrating in the body. "Using this minimal cell model, we systematically explored the curvotaxis mechanism on various curved surfaces," reports Nir Gov from the Weizmann Institute of Science, Israel. "The model cell shows specific migration patterns, for example where cells move along grooves of a wave-like shape, while avoiding motion along the ridges," he continues.

This observation gave rise to a new model predicting cell behavior. The predictions of the model were then verified experimentally using several cell types. The scientists thus revealed a universal mechanism for cell motility that applies to many different types of migrating cells. On a convex or tubular structure such as the outside surface of a blood vessel, cells tend to move circumferentially around the shape. In contrast, axial forward or backward movement is preferred on concave structures (such as inside a blood vessel). "Our work highlights how physical principles shape universal behavior, even within the complex world of biology," concludes Eberhard Bodenschatz.
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Researchers find unanticipated complexity in aging brain's memory decline | ScienceDaily
Researchers from The University of Texas at Dallas Center for Vital Longevity (CVL) have discovered that brain correlates of age-related memory decline are more complicated than previously believed, a finding that could affect efforts to preserve cognitive health in older people.


						
Dr. Michael Rugg, CVL director and professor of psychology in the School of Behavioral and Brain Sciences, is the senior author of a study, published online Nov. 30 and in the Jan. 24 print edition of The Journal of Neuroscience, that found that age-related neural dedifferentiation, marked by a decline in the functional specialization of different brain regions, is driven by multiple mechanisms.

As people age -- even in good health -- the brain becomes less precise in how different classes of visual information are represented in the visual cortex. This reduction in neural selectivity, or dedifferentiation, is linked to worsening memory performance.

Using functional MRI (fMRI), the researchers examined the brain activity patterns of participants as they viewed images that belonged to broad categories of panoramic scenes and objects. Some of the images were repeated, thus allowing measurement of the brain's activity patterns elicited by image categories, as well as by individual stimulus items. The participants included groups of healthy young and older adults -- 24 men and women with an average age of 22 years, and 24 with an average age of 69 years.

"At the category level, as we expected, we found that the older group showed reduced selectivity for scenes compared to the younger group, but not for objects," Rugg said. "But when we looked at individual items, selectivity for both scenes and objects were reduced in the older group. This implies that the mechanisms driving dedifferentiation at the single item level are not the same as those at the category level. We had, to this point, assumed they were one and the same mechanism."

The implication, Rugg said, is that knowing how selective an individual's brain is for categories does not predict how selective the brain will be for individual items.

"There isn't a one-size-fits-all theory of age-related neural dedifferentiation," said Rugg, who is also the Distinguished Chair in Behavioral and Brain Sciences. "This has important implications for how we understand and investigate age differences in neural selectivity, some measures of which are predictive of memory performance. Moving forward, we're going to have to be more cautious in how we generalize from category-level findings to what's happening more broadly in the brain as people grow older."

Corresponding author Sabina Srokova PhD'22, a former student of Rugg's who is now a research associate at the University of Arizona, said the findings suggest at least two independent factors drive the reduction in selectivity in older adults.




"We know that the neural mechanisms underlying category-level selectivity are robustly related to memory success across the adult lifespan," Srokova said. "However, the factors that contribute to the relationship between neural selectivity, age and memory abilities remain unknown.

"Now that we believe different neural mechanisms are at work in these two contexts, it's crucial that we continue to study them separately."

Researchers will next examine the mechanisms that contribute to age-related declines in category-level selectivity using simultaneous recording of eye movements during fMRI scanning.

Additional study authors include Dr. Joshua D. Koen, a former postdoctoral fellow in Rugg's functional Neuroimaging of Memory laboratory, and lab research assistant Ayse Aktas.

The work was funded by the National Institute on Aging, a component of the National Institutes of Health (R56AG068149 and RF1AG039103), and by the nonprofit organization BvB Dallas.
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Overeating and starving both damage the liver: Cavefish provide new insight into fatty liver disease | ScienceDaily
Fatty liver, which can lead to liver damage and disease, can occur from both overeating and starvation. Now, new research shows how naturally starvation-resistant cavefish, unlike other animals, are able to protect their liver and remain healthy. The findings have implications for understanding and potentially addressing liver conditions in humans.


						
Researchers from the Stowers Institute for Medical Research in collaboration with Universite Libre de Bruxelles in Belgium and Iowa State University compared cavefish to other animals more susceptible to starvation, and identified a gene responsible for the development of starvation-induced fatty liver. The study, published in Life Science Alliance on March 11, 2024, led by co-first authors Ansa Cobham, Ph.D., in the lab of Associate Investigator Nicolas Rohner, Ph.D., and Macarena Pozo-Morales, Ph.D., in the lab of Assistant Professor Sumeet Pal Singh, Ph.D., also showed that this evolutionarily conserved gene can be targeted by an existing drug candidate to protect against liver damage.

"This same approach can be applied to what we see in overconsumption," Rohner said. "In Western societies where, often, too many calories and not enough exercise is a problem, this new understanding may lead to prevention or potential treatment of fatty liver disease."

"We have discovered for the first time an organism -- cavefish -- that can avoid fatty liver under starvation conditions," said Cobham. "Fatty liver can result in complications like liver cirrhosis and liver failure. This study helps us understand more about the biology underlying these diseases in humans."

Cavefish are cousins of the Mexican tetra river fish that flooded into underground caves over 100,000 years ago. The researchers show that in the absence of food, cavefish at early developmental stages not only survive much longer than their river fish counterparts, but also do not accumulate liver fat.

"This was the first time we clearly showed that the mechanism for this resistance is accomplished by not accumulating excess fat in the liver," said Rohner.

The accumulation of fat in liver cells leads to organ damage and atrophy or wasting away. The researchers compared gene expression levels between cavefish, river fish, zebrafish, and even fruit flies, identifying a gene that is activated during prolonged periods of starvation in all but cavefish.




"Expression levels of this gene are reduced in cavefish, which is a good indicator that if we are able to target this gene in humans, we may be able to treat or manage human metabolic diseases such as Type 2 diabetes and obesity," said Cobham.

The team's findings indicate that the starvation-induced gene not only regulates fatty liver disease, but its mechanism has also been conserved from fruit flies to fish to humans, or approximately 400 million years of animal evolution.

Inhibiting this gene's protein in zebrafish and river fish larvae and deleting the gene in fruit flies resulted in less liver fat and larger livers indicating this protects the liver from damage and atrophy.

"The collaboration between Dr. Sumeet Singh's team in Belgium, our team at Stowers, and scientists from Iowa State University combined our collective expertise in zebrafish, cavefish, and fruit flies to uncover the mechanism for starvation-induced fatty liver," said Rohner.
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Study estimates nearly 70 percent of children under six in Chicago may be exposed to lead-contaminated tap water | ScienceDaily
A new analysis led by researchers at the Johns Hopkins Bloomberg School of Public Health estimates that 68 percent of Chicago children under age six live in households with tap water containing detectable levels of lead.


						
For their analysis, the researchers used machine learning, an artificial intelligence technique, to gauge likely levels of lead in tap water in households across Chicago, based on an existing dataset that includes results from 38,385 tap water tests taken from 2016 to 2023. The tests were from households that had registered for a free self-administered testing service for lead exposure.

The threshold the researchers used was the lowest detectable level of lead in the water tests, one part per billion -- roughly the equivalent of a half teaspoon of water in an Olympic-size swimming pool. More than two-thirds -- 69 percent -- of the tests exceeded this level. From this, the machine learning model predicted lead-contaminated water in 75 percent of residential city blocks, covering 68 percent of Chicago children under 6. The Environmental Protection Agency's current "action" level for lead in drinking water -- the point at which a municipality must take additional steps -- is 15 ppb. The analysis found that 9 percent of tests had lead levels over 15 ppb. The analysis also found racial inequities in exposure levels and testing rates.

The findings were published online March 18 in JAMA Pediatrics.

Lead is considered a serious environmental toxin, especially for children, with no "safe" exposure level. Lead pipes were used and often required before they were banned in the U.S. in 1986. Many cities still use lead water pipes that were installed prior to their ban. Chicago has more than any other U.S. city, an estimated 400,000 lead pipes that supply water to as many as 2.7 million people. Across the U.S., more than 9.2 million households get water through lead pipes and service lines, according to the Environmental Protection Agency.

The EPA has proposed that U.S. cities replace all lead water service lines within 10 years. Under the proposal, Chicago would get 40 years to comply, given the disproportionate burden its water infrastructure poses.

"The extent of lead contamination of tap water in Chicago is disheartening -- it's not something we should be seeing in 2024," says study lead author Benjamin Huynh, PhD, an assistant professor in the Bloomberg School's Department of Environmental Health and Engineering.




For their study, Huynh and colleagues set out to quantify the exposure faced by Chicago children under six.

The researchers began with a publicly available dataset from the Chicago Department of Water Management that contained 38,385 tap water test results for lead that participating Chicago households had taken from January 2016 to September 2023. The results covered about 36 percent of residential blocks in the city.

The researchers then combined these data with U.S. Census and other official data on block-by-block demographics and used machine learning techniques to extrapolate -- from the partial coverage of the tap water test results -- the likely block-by-block risk of having lead-contaminated water.

The analysis also used the city's self-reported household survey data to estimate that 19 percent of exposed children -- about 129,000 across the city -- used unfiltered tap water for drinking. Using modeling, the researchers estimate that exposed children have approximately twice the amount of lead in their blood as unexposed children do.

The analysis suggested there are racial disparities in lead exposure in Chicago. For example, a 10 percentage-point increase in the Hispanic population was associated with an 11.2 percent increase in the chance of lead contamination. The analysis also suggests that Hispanic residents of the city were the least likely to drink unfiltered tap water, with 12 percent responding that they did. By contrast, 32 percent of white residents reported using unfiltered tap water as their primary drinking water source.

As for testing rates, Black and Hispanic populations were less likely to be tested for lead exposure, suggesting gaps in outreach. Ten percentage-point increases in Black and Hispanic populations were associated with 3- and 6-percent decreases respectively in chances of being tested for lead.

The authors note that the study has several limitations. The data on lead testing were anonymized at the block level, so the researchers were not able use household-specific data. The researchers did not have access to city-wide pediatric health records, and so had to model the health impacts of lead exposure instead of directly estimating them from data.
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Newborn piglets serve as a model for studying influenza | ScienceDaily
Although prevention and treatment strategies are available for influenza, they are not sufficient for vulnerable populations such as young children and newborns. In a new study, published in Virology, a multidisciplinary team of researchers have studied newborn piglets to better understand the progression of influenza infections.


						
The influenza A virus can infect a variety of birds and mammals, including humans and pigs, due to which it is a threat to public health and food security. While it causes mild to moderate infections in healthy individuals, susceptible human populations are at a higher risk. Even though vaccines and therapeutics are available, they are either less effective or they cannot be used in newborns and infants.

"Previous studies have looked at mice models, but compared to mice, pigs are a better model especially for studying immunity," said Ying Fang (CGD/MMG), a professor of veterinary medicine. "This study is an extension of what we did in the past, where we looked at the effect of maternal immunity on piglets. It is the first study to use neonatal piglet models to elucidate the interactions between the host microbiota and the influenza virus."

The respiratory tract in mammals is home to millions of microorganisms -- collectively known as the microbiota. Other research groups have found that the microbiota can dictate an individual's susceptibility to respiratory infections, either by improving immunity or making the infections worse.

To understand the interactions between the virus and the microbiota, the researchers used four types of viruses that differed based on their ability to cause disease. They introduced these virus suspensions drop-by-drop into each nostril of the piglets and monitored them for 5 days to see whether they displayed any symptoms, including changes in body temperature. The researchers also used nasal swabs to sample the microorganisms that were present at the beginning of the infection and after 5 days.

The team found that certain bacterial species, including Staphylococcus, were associated with the presence of lung lesions, higher rectal temperature, and viral loads, while others, such as Lactobacillus and Megasphaera, had the opposite effect. These results are in agreement with other studies that have shown that Staphylococcus is linked to inflammation and infection in other influenza and COVID-19 models.

"It is possible that microbes are mediating the impact of the virus on the host," said Christopher Gaulke (MME), an assistant professor of pathobiology. "This means that we could potentially prevent some of the damaging impacts of these infections by providing animals or even humans with probiotic microbes that could be protective."

They also found that regardless of what microbes were present on the first day, the infection disrupted the numbers and types of bacteria that were present in the nasal passages.




"These results suggest that by looking at the microbiota, we can predict whether a pig is infected regardless of the infecting virus strain. Although it might not be the best diagnostic tool at the moment, because it is relatively expensive, falling costs and improvements in statistical approaches could soon lead to low-cost microbiome-based diagnostics of swine health. It also highlights the possibility that we could use microbiome-based therapeutics to mitigate the impacts of influenza," Gaulke said.

The researchers are now interested in lengthening the duration of the study to observe the long-term changes in the microbial composition.

"In this study, we focused on the acute phase of infection, so we don't know the long-term impact: how long they take to recover the original levels of the microorganisms and whether they recover completely and resemble the uninfected pigs," Fang said.

"We will also need to test whether these results hold in swine farms and whether they can implement anything that we come up with in our experimental barns," Gaulke said. "Down the road, it would be interesting to see if these sorts of changes occur in human infants that are infected with influenza virus."
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Kallistatin contributes to the beneficial metabolic effects of weight loss | ScienceDaily
After weight loss, people with overweight and obesity express more of the protein Kallistatin* in subcutaneous white adipose tissue. This was demonstrated by researchers from the DZD in a recent study. In addition, Kallistatin improves metabolism and could open up new therapeutic options for people with obesity and type 2 diabetes in future. The results have now been published in Molecular Metabolism.


						
An increasing number of people are developing type 2 diabetes and obesity. These are highly complex and multifaceted diseases. In order to treat them sustainably, new approaches to therapy are needed. Clinical studies on humans have shown that heavily overweight individuals produce less Kallistatin. Kallistatin is a protein that has various effects in the body. Among other things, it is involved in counteracting inflammation and healing wounds. The role that Kallistatin plays in glucose metabolism and its potential suitability as a therapeutic target are currently being investigated by researchers from the German Center for Diabetes Research (DZD), the Institute for Diabetes Research and Metabolic Diseases (IDM) of Helmholtz Munich at the Eberhard-Karls-University of Tubingen, and the Department of Diabetology, Endocrinology and Nephrology at the University Hospital Tubingen.

Kallistatin Expression Increases After Weight Loss

To this end, they measured Kallistatin expression in subcutaneous white adipose tissue in 47 individuals with overweight to obesity before and after weight loss. The result: Kallistatin expression increases after weight loss.

Kallistatin Improves Hepatic Insulin Sensitivity

Additionally, the researchers examined the effect of the protein in an animal model. In the process, they observed that human Kallistatin improves hepatic insulin sensitivity in diet-induced obese mice.

"Our results suggest that Kallistatin may be an interesting, yet challenging, therapeutic target for people with obesity and insulin resistance," says lead author Leontine Sandforth. "Because Kallistatin has insulin-sensitizing effects in the liver, it should be investigated as a potential liver-specific target for emulating the beneficial effects of weight loss and potentially treating type 2 diabetes and obesity," adds last author Prof. Andreas Birkenfeld.
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Landmark study shows that 'transcendent' thinking may grow teens' brains over time | ScienceDaily
Scientists at the USC Rossier School of Education's Center for Affective Neuroscience, Development, Learning and Education (CANDLE), have shown for the first time that a type of thinking, that has been described for over a century as a developmental milestone of adolescence, may grow teenagers' brains over time. This kind of thinking, which the study's authors call "transcendent," moves beyond reacting to the concrete specifics of social situations to also consider the broader ethical, systems-level and personal implications at play. Engaging in this type of thinking involves analyzing situations for their deeper meaning, historical contexts, civic significance, and/or underlying ideas.


						
The research team, led by USC Rossier Professor Mary Helen Immordino-Yang, includes Rebecca J.M. Gotlieb, research scientist at UCLA, and Xiao-Fei Yang, assistant research professor at USC Rossier. The published study "Diverse adolescents' transcendent thinking predicts young adult psychosocial outcomes via brain network development" is published in Scientific Reports.

In previous studies, the authors had shown that when teens and adults think about issues and situations in a transcendent way, many brain systems coordinate their activity, among them two major networks important for psychological functioning: the executive control network and the default mode network. The executive control network is involved in managing focused and goal-directed thinking, while the default mode network is active during all kinds of thinking that transcends the "here and now," such as when recalling personal experiences, imagining the future, feeling enduring emotions such as compassion, gratitude and admiration for virtue, daydreaming or thinking creatively.

The researchers privately interviewed 65, 14-18-year-old high school students about true stories of other teens from around the world and asked the students to explain how each story made them feel. The students then underwent fMRI brain scans that day and again two years later. The researchers followed up with the participants twice more over the next three years, as they moved into their early twenties.

What the researchers found is that all teens in the experiment talked at least some about the bigger picture -- what lessons they took from a particularly poignant story, or how a story may have changed their perspective on something in their own life or the lives and futures of others. However, they found that while all of the participating teens could think transcendently, some did it far more than others. And that was what made the difference. The more a teen grappled with the bigger picture and tried to learn from the stories, the more that teen increased the coordination between brain networks over the next two years, regardless of their IQ or their socioeconomic status. This brain growth -- not how a teen's brain compared to other teens' brains but how a teen's brain compared to their own brain two years earlier -- in turn predicted important developmental milestones, like identity development in the late teen years and life satisfaction in young adulthood, about five years later.

The findings reveal a novel predictor of brain development -- transcendent thinking. The researchers believe transcendent thinking may grow the brain because it requires coordinating brain networks involved in effortful, focused thinking, like the executive control network, with those involved in internal reflection and free-form thinking, like the default mode network. These findings "have important implications for the design of middle and high schools, and potentially also for adolescent mental health," lead researcher Immordino-Yang says. The findings suggest "the importance of attending to adolescents' needs to engage with complex perspectives and emotions on the social and personal relevance of issues, such as through civically minded educational approaches,'' Immordino-Yang explains. Overall, Immordino-Yang underscores "the important role teens play in their own brain development through the meaning they make of the social world."
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Potential novel biomarkers of coronary heart disease discovered | ScienceDaily
Coronary heart disease is a major global health problem, especially among people with type 2 diabetes. Researchers at the German Center for Diabetes Research (DZD), Helmholtz Munich, and Ludwig-Maximilians-University Munich (LMU) have identified novel protein biomarkers that are associated with the development of CHD in people with and without diabetes. The results have been published in Cardiovascular Diabetology.


						
Coronary heart disease (CHD) is one of the most common causes of death worldwide -- especially in Europe: Here, it is responsible for nearly half of all deaths. Among middle-aged adults, individuals with type 2 diabetes (T2D) have a two to four times higher risk of developing CHD than people without T2D. The research team investigated the predictive performance of protein biomarkers on incident CHD in individuals with and without T2D.

For their study, the researchers used data from Cooperative Health Research in the Region of Augsburg (KORA). The validation cohort included 888 participants from the KORA-Age1 study with 70 incident cases of CHD (19 vs. 51 cases in the group with T2D and without T2D, respectively) during 6.9 years of follow-up. They tested blood samples of the subjects for 233 plasma proteins related to cardiovascular disease and inflammation.

The researchers thus identified two proteins associated with incident CHD in individuals with diabetes and 29 proteins in those without baseline T2D. Six of these proteins are novel candidates for incident CHD.

The results of this study contribute significantly to a better understanding of the pathophysiology of CHD in T2D patients and offer potential new approaches to the prevention and treatment of this serious complication. They underscore the importance of further research in this area and the role of the German Center for Diabetes Research in resolving pressing issues related to diabetes and its complications.
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Speaking without vocal cords, thanks to a new AI-assisted wearable device | ScienceDaily
People with voice disorders, including those with pathological vocal cord conditions or who are recovering from laryngeal cancer surgeries, can often find it difficult or impossible to speak. That may soon change.


						
A team of UCLA engineers has invented a soft, thin, stretchy device measuring just over 1 square inch that can be attached to the skin outside the throat to help people with dysfunctional vocal cords regain their voice function. Their advance is detailed this week in the journal Nature Communications.

The new bioelectric system, developed by Jun Chen, an assistant professor of bioengineering at the UCLA Samueli School of Engineering, and his colleagues, is able to detect movement in a person's larynx muscles and translate those signals into audible speech with the assistance of machine-learning technology -- with nearly 95% accuracy.

The breakthrough is the latest in Chen's efforts to help those with disabilities. His team previously developed a wearable glove capable of translating American Sign Language into English speech in real time to help users of ASL communicate with those who don't know how to sign.

The tiny new patch-like device is made up of two components. One, a self-powered sensing component, detects and converts signals generated by muscle movements into high-fidelity, analyzable electrical signals; these electrical signals are then translated into speech signals using a machine-learning algorithm. The other, an actuation component, turns those speech signals into the desired voice expression.

The two components each contain two layers: a layer of biocompatible silicone compound polydimethylsiloxane, or PDMS, with elastic properties, and a magnetic induction layer made of copper induction coils. Sandwiched between the two components is a fifth layer containing PDMS mixed with micromagnets, which generates a magnetic field.

Utilizing a soft magnetoelastic sensing mechanism developed by Chen's team in 2021, the device is capable of detecting changes in the magnetic field when it is altered as a result of mechanical forces -- in this case, the movement of laryngeal muscles. The embedded serpentine induction coils in the magnetoelastic layers help generate high-fidelity electrical signals for sensing purposes.




Measuring 1.2 inches on each side, the device weighs about 7 grams and is just 0.06 inch thick. With double-sided biocompatible tape, it can easily adhere to an individual's throat near the location of the vocal cords and can be reused by reapplying tape as needed.

Voice disorders are prevalent across all ages and demographic groups; research has shown that nearly 30% of people will experience at least one such disorder in their lifetime. Yet with therapeutic approaches, such as surgical interventions and voice therapy, voice recovery can stretch from three months to a year, with some invasive techniques requiring a significant period of mandatory postoperative voice rest.

"Existing solutions such as handheld electro-larynx devices and tracheoesophageal- puncture procedures can be inconvenient, invasive or uncomfortable," said Chen who leads the Wearable Bioelectronics Research Group at UCLA, and has been named one the world's most highly cited researchers five years in a row. "This new device presents a wearable, non-invasive option capable of assisting patients in communicating during the period before treatment and during the post-treatment recovery period for voice disorders."

How machine learning enables the wearable tech

In their experiments, the researchers tested the wearable technology on eight healthy adults. They collected data on laryngeal muscle movement and used a machine-learning algorithm to correlate the resulting signals to certain words. They then selected a corresponding output voice signal through the device's actuation component.

The research team demonstrated the system's accuracy by having the participants pronounce five sentences -- both aloud and voicelessly -- including "Hi, Rachel, how are you doing today?" and "I love you!"

The overall prediction accuracy of the model was 94.68%, with the participants' voice signal amplified by the actuation component, demonstrating that the sensing mechanism recognized their laryngeal movement signal and matched the corresponding sentence the participants wished to say.




Going forward, the research team plans to continue enlarging the vocabulary of the device through machine learning and to test it in people with speech disorders.

Other authors of the paper are UCLA Samueli graduate students Ziyuan Che, Chrystal Duan, Xiao Wan, Jing Xu and Tianqi Zheng -- all members of Chen's lab.

The research was funded by the National Institutes of Health, the U.S. Office of Naval Research, the American Heart Association, Brain & Behavior Research Foundation, the UCLA Clinical and Translational Science Institute, and the UCLA Samueli School of Engineering.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240315161029.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Fatty food before surgery may impair memory in old, young adults | ScienceDaily
Eating fatty food in the days leading up to surgery may prompt a heightened inflammatory response in the brain that interferes for weeks with memory-related cognitive function in older adults -- and, new research in animals suggests, even in young adults.


						
The study, building upon previous research from the same lab at The Ohio State University, also showed that taking a DHA omega-3 fatty acid supplement for a month before the unhealthy eating and surgical procedure prevented the effects on memory linked to both the high-fat diet and the surgery in aged and young adult rats.

Three days on a high-fat diet alone was detrimental to a specific type of fear-related memory in aged rats for as long as two weeks later -- the same type of impairment seen in younger rats that ate fatty food and had a surgical procedure. The team has traced the brain inflammation behind these effects to a protein that activates the immune response.

"These data suggest that these multiple insults have a compounding effect," said senior author Ruth Barrientos, an investigator in Ohio State's Institute for Behavioral Medicine Research and associate professor of psychiatry and behavioral health and neuroscience in the College of Medicine.

"We've shown that an unhealthy diet, even in the short term, especially when it's consumed so close to a surgery, which in and of itself will cause an inflammatory response, can have damaging results," Barrientos said. "The high-fat diet alone might increase inflammation in the brain just a little bit, but then you have surgery that does the same thing, and when put together in a short amount of time you get a synergistic response that can set things in motion toward a longer-term memory issue."

The study was published recently in the journal Brain, Behavior, and Immunity.

Barrientos' lab studies how everyday life events might trigger inflammation in the aging brain as the nervous system responds to signals from the immune system reacting to a threat. Decades of research has suggested that with aging comes long-term "priming" of the brain's inflammatory profile and a loss of brain-cell reserve to bounce back.




Researchers fed young adult and aged rats a diet high in saturated fat for three days before a procedure resembling exploratory abdominal surgery -- an event already known to cause about a week of cognitive issues in an older brain. Control rats ate regular food and were anesthetized, but had no surgery. (Barrientos' lab has determined anesthesia alone does not cause memory problems in rats.)

In this study, as in previous research on aged rats treated with morphine after surgery, the team showed that an immune system receptor called TLR4 was the culprit behind the brain inflammation and related memory problems generated by both surgery and the high-fat diet, said first author Stephanie Muscat, assistant clinical professor of neuroscience at Ohio State.

"Blocking the TLR4 signaling pathway prior to the diet and surgery completely prevented that neuroimmune response and memory impairments, which confirmed this specific mechanism," Muscat said. "And as we had found before in another model of an unhealthy diet, we showed that DHA supplementation did mitigate those inflammatory effects and prevent memory deficits after surgery."

There were some surprising memory findings in the new work. Different behavioral tasks are used to test two types of memory: contextual memory based in the hippocampus and cued-fear memory based in the amygdala. In contextual memory tests, rats with normal memory freeze when they re-enter a room in which they had an unpleasant experience. Cued-fear memory is evident when rats freeze in a new environment when they hear a sound connected to that previous bad experience.

For aged rats in this study, as expected, the combination of a high-fat diet and surgery led to problems with both contextual and cued-fear memory that persisted for at least two weeks -- a longer-lasting effect than the researchers had seen before.

The high-fat diet alone also impaired the aging rats' cued-fear memory. And in young adult rats, the combination of the high-fat diet and surgery led to only cued-fear memory deficits, but no problems with memory governed by the hippocampus.




"What this is telling us in aged animals, along with the fact we're seeing this same impairment in young animals after the high-fat diet and surgery, is that cued-fear memory is uniquely vulnerable to the effects of diet. And we don't know why," Barrientos said. "One of the things we're hoping to understand in the future is the vulnerability of the amygdala to these unhealthy diet challenges."

With increasing evidence suggesting that fatty and highly processed foods can trigger inflammation-related memory problems in brains of all ages, the consistent findings that DHA -- one of two omega-3 fatty acids in fish and other seafood and available in supplement form -- has a protective effect are compelling, Barrientos said.

"DHA was really effective at preventing these changes," she said. "And that's amazing -- it really suggests that this could be a potential pretreatment, especially if people know they're going to have surgery and their diet is unhealthy."

This work was supported by grants from the National Institute on Aging and the National Institute of Neurological Disorders and Stroke.

Co-authors included Michael Butler, Menaz Bettes, James DeMarsh, Emmanuel Scaria and Nicholas Deems, all of Ohio State.
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Researchers identify a signaling molecule in neuroblastoma immunosuppression and aggressiveness | ScienceDaily
The MYCN oncoprotein (proteins related to the growth of cancer cells)plays a key role in starting, advancing and making it difficult to treat various human cancers. When MYCN is overactive, especially in high-risk neuroblastoma (childhood cancer often found in the adrenal glands), the tumors become less responsive to immunotherapy -- a treatment that uses the body's immune system to fight cancer. Still, recognition of this problem has not led to any effective strategies to tackle this problem.


						
In a new study from Boston University Chobanian & Avedisian School of Medicine, researchers found that MYCN selectively increases the levels of a signaling molecule, CKLF, in neuroblastoma cells to suppress anti-tumor immune responses and promote tumor aggressiveness.

"As scientists, we are looking for ways to make these less responsive tumors more receptive to immunotherapy to increase its effectiveness. Understanding how tumor cells utilize this molecule to communicate with immune cells will facilitate the development of effective immunotherapeutic strategies to provide more effective treatments with fewer toxicities for children with high-risk neuroblastoma," explained corresponding author Hui Feng, MD, PhD, associate professor of pharmacology, physiology & biophysics at the school.

The researchers studied an experimental model, clinical patient samples, and in-vitro cell culture. The experimental models of neuroblastoma with and without overexpression of the signaling molecule, CKLF, were compared for their ability to increase tumor aggression through the suppression of anti-tumor immune responses.

According to Xiaodan Qin, PhD, the first author of the study and a research scientist in the Feng Lab, the research is critical to understanding the mechanisms by which tumor cells induce a tumor microenvironment that compromises the function of immune cells, and it uncovered additional therapeutic approaches to evoke anti-tumor immune responses. "The long-term goal of this research is to uncover effective drugs that are much less toxic than chemotherapy and radiotherapy for treating high-risk neuroblastoma and perhaps other types of MYCN-driven childhood cancers," Feng says.

The findings appear online in Science Advances.
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Key metabolic process responsible for rapid immune responses discovered | ScienceDaily
Researchers from Children's Hospital of Philadelphia (CHOP) identified a key metabolite in cells that helps direct immune responses and explains at a single cell level why immune cells that most efficiently recognize pathogens, vaccines, or diseased cells grow and divide faster than other cells. The findings also indicate that a better understanding of this metabolite and its role in immune response could improve the design of immunotherapies and create longer-lived responses against different types of cancer as well as enhance vaccine strategies.


						
The findings were published online today by the journal Science Immunology.

Antigens are foreign substances that our immune system recognizes and responds to by producing more T and B cells. These cells each have unique receptors that recognize specific antigens and can respond appropriately, and they can "remember" and respond similarly when exposed to the same antigen again. How well a T or B cell to sees its antigen is known as its affinity. This fundamental concept of immunology is how vaccines work. When those T and B cells encounter a pathogen, the body needs the ones that recognize their antigen the best, with high affinity, to divide more quickly to produce more daughter cells and "attack" the invader.

However, the underlying mechanisms as to why high affinity immune cells respond more efficiently have remained a mystery for researchers. After seeing an antigen, the chemistry inside T and B cells needs to change to allow them to properly respond. The researchers in this study wanted to look at metabolism to understand what causes high affinity cells to know that they need to divide more quickly to respond appropriately.

"We wanted to see if specific metabolites were sensitive to T cell receptor affinity and controlled T cell expansion during immune responses," said senior study author Will Bailis, PhD, Assistant Professor of Pathology and Laboratory Medicine at CHOP and the Perelman School of Medicine of the University of Pennsylvania.

The researchers identified nicotinamide adenine dinucleotide (NAD) as a key, affinity-dependent component of T cell receptor metabolic reprogramming during the early stages of a T cell activation. Using flow cytometry, the researchers could look at NAD in single cells immediately after activation and show how it dictates the number of times T cells can divide in the future. Therefore, researchers could essentially predict how T cells behave and how many times they divide based on how much NAD they started with.

Additionally, the researchers found that manipulating how much NAD a cell was allowed to make could control when that cell went from a resting state to wanting to divide, suggesting that the metabolite could be used to improve response in certain T cell-driven therapies or vaccines.

"We believe this work shows how single cell differences in metabolism are a key reason why similar cells sometimes display strikingly different behaviors and that this may provide insight into underlying processes that drive disease and dysfunction that cannot simply be explained by gene regulation or signaling," Bailis said. "With more work, we also believe that this information could potentially be used to improve vaccine strategies and the response and durability of cell-based therapies used to treat cancer and other diseases."

This study was supported by National Institutes of Health grants K22AI141758, R35GM138085, R01DK098656, R01HL165792, P30ES013508, R01AI165706, and F31CA261156, a Children's Hospital of Philadelphia Cell and Gene Therapy Collaborative SEED Award, a Children's Hospital of Philadelphia Junior Faculty Pilot Grant, Transfusion Medicine Research Training Program grant 2T32HL00777528, Microbial Pathogenesis and Genomics Training Grant 5T32AI141393, and Immunobiology of Normal and Neoplastic Lymphocytes Training Grant T32CA009140.
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Gut bacteria make neurotransmitters to shape the newborn immune system | ScienceDaily
Weill Cornell Medicine investigators discovered that unique bacteria colonize the gut shortly after birth and make the neurotransmitter serotonin to educate gut immune cells. This prevents allergic reactions to food and the bacteria themselves during early development.


						
The preclinical study, published in Science Immunology on Mar. 15, showed that bacteria abundant in the guts of newborns produce serotonin, which promotes the development of immune cells called T-regulatory cells or Tregs. These cells suppress inappropriate immune responses to help prevent autoimmune diseases and dangerous allergic reactions to harmless food items or beneficial gut microbes.

"The gut is now known as the second human brain as it makes over 90 percent of the neurotransmitters in the human body. While neurotransmitters such as serotonin are best known for their roles in brain health, receptors for neurotransmitters are located throughout the human body," explained the study's senior author, Dr. Melody Zeng, an assistant professor of immunology in the Gale and Ira Drukier Institute for Children's Research and the Department of Pediatrics at Weill Cornell Medicine.

Gut Bacteria in Babies Provide a Helping Hand

The researchers observed that the neonatal mouse gut had much higher levels of neurotransmitters, including serotonin, than the adult gut. "So far, almost all studies of gut neurotransmitters were conducted in adult animals or human subjects, where a specific gut cell type called enterochromaffin cells produce neurotransmitters," said Dr. Zeng. "However, we discovered that this isn't the case in the newborn gut where most of the serotonin is made by bacteria that are more abundant in the neonatal gut."

This was also confirmed in babies through a human infant stool biobank that the Zeng lab has established in collaboration with the Neonatal Intensive Care Unit in the NewYork-Presbyterian Alexandra Cohen Hospital for Women and Newborns. These samples were obtained with parental consent and deidentified.

The study results suggest that before the neonatal gut is mature enough to make its own neurotransmitters, unique gut bacteria may supply neurotransmitters that are needed for critical biological functions during early development.




"We found that gut bacteria in young mice not only directly produce serotonin but also decrease an enzyme called monoamine oxidase that normally breaks down serotonin, thus keeping gut serotonin levels high," said the study's lead author Dr. Katherine Sanidad, postdoctoral associate in pediatrics at Weill Cornell Medicine.

The high serotonin levels shift the balance of immune cells by increasing the number of Tregs, which helps prevent the immune system from overreacting and attacking gut bacteria or food antigens. "The neonatal gut needs these serotonin-producing bacteria to keep the immune system in check," Dr. Sanidad added.

Healthy Immune System Helps Later in Life

Dr. Zeng noted that this work underscores the importance of having the right types of beneficial bacteria soon after birth. Babies in developed countries have better access to antibiotics, less exposure to diverse microbes in their clean environments and potentially unhealthy diets that may significantly impact the abundance of serotonin-producing bacteria in their intestines.

As a result, these babies may have fewer Tregs and develop immune reactions to their own gut bacteria, or allergies to food. This may be one reason food allergies have become increasingly common in children, particularly in developed countries. "If educated properly, the immune system in babies would recognize that things like peanuts and eggs are okay, and it doesn't have to attack them," she said. This may also have an impact on developing autoimmune diseases -- when the immune system attacks the body's own healthy cells -- later in life.

The team next plans to look at bacteria in human infant stool samples to measure their production of serotonin, other neurotransmitters and molecules that may help train the immune system to prevent future immune-related diseases, such as allergies, infections and cancer.

"It's essential to understand how the immune system is trained during early life, but this is understudied in newborns and children. Further studies of these developmental periods may hopefully lead us to mitigation approaches to reduce the risk of inflammatory diseases like food allergies and inflammatory bowel disease later in life," Dr. Sanidad said.

Dr. Melody Zeng's lab is supported in part by the National Institutes of Health grants R01HD110118, R01HL169989, R21CA270998, and K01DK114376; The Starr Cancer Consortium; the Hartwell Foundation; and the Jill Roberts Center for Inflammatory Bowel Disease, the Children's Health Council, and the Drukier Institute for Children's Health at Weill Cornell Medicine. 
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Why killer T cells lose energy inside of solid tumors | ScienceDaily
T cells are often called "assassins" or "killers" because they can orchestrate and carry out missions to hunt down bacteria, viruses, and cancer cells throughout the body. Mighty as they may be, recent research has shown that once T cells infiltrate the environment of a solid tumor, they lose the energy needed to combat the cancer.


						
A research team led by Jessica Thaxton, PhD, MsCR, associate professor of cell biology and physiology and co-leader of the Cancer Cell Biology Program at the UNC Lineberger Comprehensive Cancer Center, aimed to understand why T cells do not sustain energy in tumors. Using their expertise in tumor immunity and metabolism, the Thaxton Lab, led by the Katie Hurst, MPH, and 4th year graduate student Ellie Hunt, found that a metabolic enzyme called Acetyl-CoA Carboxylase (ACC) causes T cells to store fat rather than burning fat for energy.

"Our discovery fills a long-standing gap in knowledge regarding why T cells in solid tumors don't appropriately generate energy," said Thaxton. "We inhibited the expression of ACC in mouse cancer models, and we observed that T cells were able to persist much better in solid tumors."

The new findings and immunotherapeutic strategies, which were published in Cell Metabolism, could be used to make multiple types of T-cell therapies more effective for patients, possibly encompassing both checkpoint and chimeric antigen receptor (CAR) T-cell therapies.

In the field of cancer immunotherapy, it has long been known that T cells are not able to create their cellular energy, called adenosine triphosphate or ATP, when they are inside of a solid tumor.

In 2019, Thaxton's lab studied a T cell with optimal antitumor function. In a publication in Cancer Immunology Research, Hurst and Thaxton used a proteomics screen to identify enzymes associated with the optimal antitumor metabolism of these T cells. Through this screen, the two discovered that ACC expression may limit the ability of T cells to make ATP in tumors. ACC, a key molecule that is involved in many metabolic pathways, blocks cells from breaking down fat and using it as fuel for energy in mitochondria.

"Acetyl-CoA carboxylase can drive the balance between storing lipids versus breaking down those lipids and feeding them into the citric acid cycle for energy," said Thaxton. "If ACC is flipped 'on', cells generally store lipid. If ACC is 'off', cells tend to use the lipid in their mitochondria to make ATP."

Using Hunt's expertise in confocal imaging, the research team was able to observe lipid stores in T cells isolated from multiple types of cancers. The observation, as well as other experiments, confirmed the team's hypothesis that T cells were storing lipids instead of breaking them down.




Thaxton's team then used CRISPR Cas9-mediated gene deletion to see what would happen if they "deleted" ACC from the picture. There was a rapid reduction in the amount of lipid storage in T cells, and the team was able to visualize fat relocating to the mitochondria to be used to generate energy.

Thaxton now hypothesizes that T cells may need a "delicate balance" of lipids to persist in solid tumors with a certain amount of lipid dedicated to cancer cell assassination and low levels of fats being maintained in stores.

The latest findings could prove to be useful in enhancing chimeric antigen receptor (CAR) T-cell therapies. This cutting-edge technology takes T cells out of cancer patients, modifies them in the lab to hunt down tumor cells, and then re-infuses the cells to fight the patient's cancer. Preliminary data from Thaxton's lab demonstrates that even the manufactured T cells contain excess lipid stores.

The lab is starting to look in patient samples to understand how researchers can possibly flip the ACC metabolic switch directly in patient tumors, negating the need to take out and reinfuse cells back into the body. But researchers must first determine how this could affect other immune cell populations in the body, such as macrophages.
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Sleep apnea solution could be right under your nose | ScienceDaily
Australian researchers have discovered that a bedtime nasal spray has the potential to reduce the severity of sleep apnea in people and lower their blood pressure.


						
The new research published in the American Journal of Physiology-Heart and Circulatory Physiology offers hope to millions of people around the world affected by sleep apnoea, a common and debilitating chronic respiratory condition.

"Obstructive sleep apnea (OSA) is a sleep disorder where the muscles in the back of the throat relax and the upper airway narrows or collapses, restricting oxygen intake and causing people to wake repeatedly throughout the night," says Professor Danny Eckert, College of Medicine and Public Health.

"It has been linked to a variety of medical conditions including cardiovascular disease, stroke, obesity, diabetes, anxiety and depression.

"Treatment options are limited and while continuous positive airway pressure (CPAP) machines are a proven treatment for OSA, around 50 per cent of people struggle to tolerate them," he says.

The aim of the study was to determine the effects of a new potassium channel blocker nasal spray on OSA severity and to investigate the potential influence of different breathing approaches such as restricted 'nasal only' breathing and the physiological characteristics of those who had a favourable response.

"Potassium channel blockers are a class of drugs that block the potassium channel in the central nervous system.




When used in a nasal spray, the blockers have the potential to increase the activity of the muscles that keep the upper airway open and reduce the likelihood of the throat collapsing during sleep," says lead author Dr Amal Osman.

Using a randomised, blind trial, 10 people with OSA were given either the potassium blocker nasal spray, a placebo nasal spray or the potassium nasal spray in combination with restricted 'nasal only' breathing.

Seven out of the 10 people responded to the potassium channel blocker nasal spray showing a reduction in the frequency of upper airway collapsing episodes during sleep and lower blood pressure the next morning. The use of the spray with restricted 'nasal only' breathing did not improve quality of sleep in this trial.

"What we have discovered is that the nasal spray application of the potassium channel blocker that we tested is safe, well tolerated. Those who had a physiological improvement in their airway function during sleep also had between 25-45% reductions in markers of their OSA severity including improved oxygen levels as well as a reduction in their blood pressure the next day," says Dr Osman.

"These insights provide a potential pathway for development of new therapeutic solutions for those people with OSA who are unable to tolerate CPAP machines and/or upper airway surgery, and those with a desire for alternatives to existing therapies," says Professor Eckert.

"Right now, there are no approved drugs for treating OSA, but through these findings and future research we are getting closer to developing new and effective drugs that are safe and easy to use," says Professor Eckert.
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Less social with age | ScienceDaily
As people get older, they increasingly focus on their more important relationships, often turning to family and close friends. This active reorientation towards a few, particularly close relationships could explain why ageing humans live in ever smaller social networks. Since human behavior not only reflects the current conditions of our modern society, but is also the result of our evolutionary past, studies on social aging in our closest relatives can shed light on the biological roots of social behavior.


						
Scientists from the Research Group Social Evolution in Primates at the German Primate Center (DPZ) -- Leibniz Institute for Primate Research and the Department for Behavioral Ecology at the University of Gottingen tested several hypotheses on the drivers of social aging in free-living Assamese macaques (Macaca assamensis) in Thailand. The researchers collected data on the social behavior of females for eight years and found that the size of their social networks decreases with increasing age. The females continued to interact with their close social partners, but gradually withdrew from social interactions altogether. The results contribute to the understanding of the evolutionary origins of social ageing (Proceedings of the Royal Society B).

Social bonds promote health and well-being. However, as people age, they often reduce their social contacts and focus on the people who are most important to them -- family and close friends. So far, it is unclear whether this change in social engagement is motivated by the knowledge of a limited lifespan, by physical limitations of an aging body or perhaps by the social exclusion of older people in modern societies. Baptiste Sadoughi, first author of the study and former PhD student in the Social Evolution in Primates Group at the German Primate Center turned to long-term social data on female Assamese macaques collected at the DPZ field site at Phu Khieo Wildlife Sanctuary to test the drivers of social aging in non-human primate species that lack a human-like sense of mortality. The team has been studying the behavior of Assamese macaques at Phu Khieo for years amassing thousands of hours of detailed observations of their social behavior.

"For the question of social aging, we focused on females, because they remain with their mothers, sisters and daughters in their natal group all their lives, which allowed us to track changes in behavior over their life span," Sadoughi explains.

Active social withdrawal with a constant preference for important partners

Sadoughi found that with increasing age, the females approached other females less frequently and invested less time in actively grooming them. However, less social contact does not necessarily mean that the females are alone more often. In fact, older females were not more often spatially isolated than younger ones, they just interacted less. "We assume that older females try to keep up with the group at all costs, as proximity to others is one of the best protective mechanisms against predators. However, once they have achieved this, they lack the motivation or energy to engage socially with others," says Sadoughi.

Given the parallels between social ageing in humans and macaques, the question now arose as to whether the increasing social selectivity assumed for humans could also explain the results in macaques. "Assamese macaque females are selective. Who a female has interacted with more in the past predicts who she will interact with now. But this tendency to be selective and prefer certain partners over others doesn't get stronger with age, as we know it from humans, it stays the same. Something that is constant over age cannot explain something that decreases with age. Selectivity in partner choice is therefore not sufficient to explain the age-dependent reduction of the social network," explains Sadoughi.

Longitudinal data are needed for aging studies

Studying age-related changes is further complicated by another phenomenon that has little to do with what we usually think of as aging. "With age comes a greater risk of death. With poor social integration and fewer partners close by comes a greater risk of death, especially under natural predation pressure. This simple fact means that changes in social integration with age are partially confounded by the greater likelihood that individuals who reach old age will be exceptionally well-connected socially, because the less well-connected have already died, a phenomenon called selective disappearance," explains Prof. Julia Ostner, head of the Social Evolution in Primates Group and senior author of the study. Access to longitudinal data has allowed the researchers to solve this problem and distinguish between changes that are truly related to aging, and those that are due to demographic trends.

Only in the last twenty years have scientists recognized that wild animals also undergo physiological, morphological or social changes associated with the ageing process. For a long time, it was assumed that individuals in the wild do not survive long enough to show signs of ageing. "Only now are we beginning to realize the possibilities offered by long-term data on animal populations in their natural environment to study how individuals deal with the challenges of aging," says Baptiste Sadoughi.
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        Two of the Milky Way's earliest building blocks identified
        Astronomers have identified what could be two of the Milky Way's earliest building blocks: Named 'Shakti' and 'Shiva', these appear to be the remnants of two galaxies that merged between 12 and 13 billion years ago with an early version of the Milky Way, contributing to our home galaxy's initial growth. The new find is the astronomical equivalent of archeologists identifying traces of an initial settlement that grew into a large present-day city.

      

      
        Say hello to biodegradable microplastics
        Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months.

      

      
        AI can now detect COVID-19 in lung ultrasound images
        Artificial intelligence can spot COVID-19 in lung ultrasound images much like facial recognition software can spot a face in a crowd, new research shows. The findings boost AI-driven medical diagnostics and bring health care professionals closer to being able to quickly diagnose patients with COVID-19 and other pulmonary diseases with algorithms that comb through ultrasound images to identify signs of disease.

      

      
        High school students contribute to exoplanet discovery
        A group of high school students from Oakland, California, made contributions to the field of exoplanet research. Researchers worked with the students to use backpack-sized digital smart telescopes. These young citizen scientists played a role in observing and confirming the nature of a warm and dense sub-Saturn planet, known as TIC 139270665 b, orbiting a metal-rich G2 star.

      

      
        Verifying the work of quantum computers
        Researchers have invented a new method by which classical computers can measure the error rates of quantum machines without having to fully simulate them.

      

      
        Icy impacts: Planetary scientists use physics and images of impact craters to gauge the thickness of ice on Europa
        New study reveals that Europa's ice shell is at least 20 kilometers thick.

      

      
        Scientists find one of the most ancient stars that formed in another galaxy
        The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.

      

      
        Robotic metamaterial: An endless domino effect
        If it walks like a particle, and talks like a particle... it may still not be a particle. A topological soliton is a special type of wave or dislocation which behaves like a particle: it can move around but cannot spread out and disappear like you would expect from, say, a ripple on the surface of a pond. Researchers now demonstrate the atypical behavior of topological solitons in a robotic metamaterial, something which in the future may be used to control how robots move, sense their surrounding...

      

      
        Quantum tornado provides gateway to understanding black holes
        Scientists have created a giant quantum vortex to mimic a black hole in superfluid helium that has allowed them to see in greater detail how analogue black holes behave and interact with their surroundings.

      

      
        ChatGPT is an effective tool for planning field work, school trips and even holidays
        A new study suggests anyone looking to shake off the winter blues by planning the perfect getaway should turn to ChatGPT.

      

      
        Powerful new AI can predict people's attitudes to vaccines
        A powerful new tool in artificial intelligence is able to predict whether someone is willing to be vaccinated against COVID-19.

      

      
        Toxic metal particles can be present in cannabis vapes even before the first use, study finds
        Though vapes have been heralded as a 'safer' way to consume either nicotine or cannabis, they present their own suite of risks that are being revealed through increasing regulation. Now, scientists have discovered that nano-sized toxic metal particles can be present in cannabis vaping liquids even before any heating occurs, and the effect is worse in illicit products.

      

      
        Bendable energy storage materials by cool science
        Imaging being able to wear clothes that charge your gadgets just by wearing them. New research has brought us a step closer to achieving this reality.

      

      
        Backyard insect inspires invisibility devices, next gen tech
        Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.

      

      
        Harnessing hydrogen at life's origin
        A new report uncovers how hydrogen gas, the energy of the future, provided energy in the past, at the origin of life 4 billion years ago. Hydrogen gas is clean fuel. It burns with oxygen in the air to provide energy with no CO2. Hydrogen is a key to sustainable energy for the future. Though humans are just now coming to realize the benefits of hydrogen gas (H2 in chemical shorthand), microbes have known that H2 is good fuel for as long as there has been life on Earth. Hydrogen is ancient energy.

      

      
        Two artificial intelligences talk to each other
        Performing a new task based solely on verbal or written instructions, and then describing it to others so that they can reproduce it, is a cornerstone of human communication that still resists artificial intelligence (AI). A team has succeeded in modelling an artificial neural network capable of this cognitive prowess. After learning and performing a series of basic tasks, this AI was able to provide a linguistic description of them to a 'sister' AI, which in turn performed them.

      

      
        Using light to produce medication and plastics more efficiently
        Anyone who wants to produce medication, plastics or fertilizer using conventional methods needs heat for chemical reactions -- but not so with photochemistry, where light provides the energy. The process to achieve the desired product also often takes fewer intermediate steps. Researchers are now going one step further and are demonstrating how the energy efficiency of photochemical reactions can be increased tenfold. More sustainable and cost-effective applications are now tantalizingly close.

      

      
        Projection mapping leaves the darkness behind
        Researchers developed a system that enables projection mapping within an illuminated environment. Several standard projectors and one large-aperture projector reproduce the environmental illumination in all areas except for the target object, whereas texture projectors display the texture on the unilluminated object's surface. Experiments show that participants perceived the objects using surface-color mode instead of aperture-color mode, verifying that the proposed system has the potential to pr...

      

      
        Holographic message encoded in simple plastic
        Important data can be stored and concealed quite easily in ordinary plastic using 3D printers and terahertz radiation, scientists show. Holography can be done quite easily: A 3D printer can be used to produce a panel from normal plastic in which a QR code can be stored, for example. The message is read using terahertz rays -- electromagnetic radiation that is invisible to the human eye.

      

      
        New technique helps AI tell when humans are lying
        Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.

      

      
        Largest-ever map of universe's active supermassive black holes released
        Astronomers have charted the largest-ever volume of the universe with a new map of active supermassive black holes living at the centers of galaxies. Called quasars, the gas-gobbling black holes are, ironically, some of the universe's brightest objects. The new map logs the location of about 1.3 million quasars in space and time, the furthest of which shone bright when the universe was only 1.5 billion years old. The work could help scientists better understand the properties of dark matter.

      

      
        Bridge in a box: Unlocking origami's power to produce load-bearing structures
        Load-bearing structures like bridges and shelters can be made with origami modules -- versatile components that can fold compactly and adapt into different shapes -- engineers have demonstrated.

      

      
        Advance for soft robotics manufacturing, design
        Engineers propose a new quantitative framework to account for and predict the impact of temperature on the curing speed of platinum-catalyzed silicone elastomers. The findings could maximize throughput and minimize waste in the manufacturing of components for soft robotics and wearables.

      

      
        Self-heating concrete is one step closer to putting snow shovels and salt out of business
        Researchers recently reported on the science behind its special concrete, that can warm itself up when it snows, or as temperatures approach freezing.

      

      
        Virtual reality better than video for evoking fear, spurring climate action
        Depicting worst-case climate scenarios like expanding deserts and dying coral reefs may better motivate people to support environmental policies when delivered via virtual reality, according to a research team that studied how VR and message framing affect the impact of environmental advocacy communications. The study findings may help advocacy groups decide how best to frame and deliver their messages.

      

      
        Engineers measure pH in cell condensates
        In a first for the condensate field, researchers have figured out how nucleolar sub-structures are assembled. This organization gives rise to unique pH profiles within nucleoli, which they measured and compared with the pH of nearby non-nucleolar condensates including nuclear speckles and Cajal bodies.

      

      
        Breakthrough in melting point prediction: Over 100-year-old physics problem solved
        Scientists propose a groundbreaking theory for predicting melting points. The theory offers a universal description of melting lines across various material types. This discovery has significant implications for materials science and related fields.

      

      
        Reimagining the future of solar energy
        New research suggests that there might be other ways to generate solar energy than just trying to make individual solar cells super-efficient.

      

      
        Speaking without vocal cords, thanks to a new AI-assisted wearable device
        Bioengineers have invented a thin, flexible device that adheres to the neck and translates the muscle movements of the larynx into audible speech. The device is trained through machine learning to recognize which muscle movements correspond to which words. The self-powered technology could serve as a non-invasive tool for people who have lost the ability to speak due to vocal cord problems.

      

      
        Breakthrough in ultraviolet spectroscopy
        Physicists achieve major leap in precision and accuracy at extremely low light levels.

      

      
        DNA origami-based vaccines toward safe and highly-effective precision cancer immunotherapy
        Researchers have created a DNA origami platform called DoriVac, whose core component is a self-assembling square block-shaped nanostructure. DoriVac vaccines enabled tumor-bearing mice to better control the growth of tumors and to survive significantly longer than control mice.

      

      
        Revolutionary method developed for mass-producing polymer solid electrolytes
        Scientists have unveiled a groundbreaking technique for mass-producing polymer solid electrolytes, crucial components in batteries.

      

      
        New research suggests that our universe has no dark matter
        A new study challenges the current model of the universe by showing that, in fact, it has no room for dark matter.

      

      
        Protein fragments ID two new 'extremophile' microbes--and may help find alien life
        Perfectly adapted microorganisms live in extreme environments from deep-sea trenches to mountaintops. Learning more about how these extremophiles survive in hostile conditions could inform scientists about life on Earth and potential life on other planets.

      

      
        Plasma oscillations propel breakthroughs in fusion energy
        Researchers have discovered a new class of plasma oscillations -- the back-and-forth, wave-like movement of electrons and ions. The research paves the way for improved particle accelerators and commercial fusion energy.

      

      
        Breakthrough could make automated dosing systems universal
        Automated insulin dosing systems combine low-cost blood-glucose monitors with insulin pumps that use precision dosing to continuously regulate blood-sugar and hold it steady. Synthetic biologists have found a way to piggyback on the technology and make it universally applicable for the precision dosing of virtually any drug.
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Two of the Milky Way's earliest building blocks identified | ScienceDaily
Astronomers have identified what could be two of the Milky Way's earliest building blocks: Named "Shakti" and "Shiva," these appear to be the remnants of two galaxies that merged between 12 and 13 billion years ago with an early version of the Milky Way, contributing to our home galaxy's initial growth. The new find is the astronomical equivalent of archeologists identifying traces of an initial settlement that grew into a large present-day city. It required combining data for nearly 6 million stars from ESA's Gaia mission with measurements from the SDSS survey. The results have been published in the Astrophysical Journal.


						
The early history of our home galaxy, the Milky Way, is one of joining smaller galaxies, which makes for fairly large building blocks. Now, Khyati Malhan and Hans-Walter Rix of the Max Planck Institute for Astronomy have succeeded in identifying what could be two of the earliest building blocks that can still be recognized as such today: proto-galactic fragments that merged with an early version of our Milky Way between 12 and 13 billion years ago, at the very beginning of the era of galaxy formation in the Universe. The components, which the astronomers have named Shakti and Shiva, were identified by combining data from ESA's astrometry satellite Gaia with data from the SDSS survey. For astronomers, the result is the equivalent of finding traces of an initial settlement that grew into a large present-day city.

Tracing the origins of stars that came from other galaxies

When galaxies collide and merge, several processes happen in parallel. Each galaxy carries along its own reservoir of hydrogen gas. Upon collision, those hydrogen gas clouds are destabilized, and numerous new stars are formed inside. Of course, the incoming galaxies also already have their own stars, and in a merger, stars from the galaxies will mingle. In the long run, such "accreted stars" will also account for some of the stellar population of the newly-formed combined galaxy. Once the merger is completed, it might seem hopeless to identify which stars came from which predecessor galaxy. But in fact, at least some ways of tracing back stellar ancestry exist.

Help comes from basic physics. When galaxies collide and their stellar populations mingle, most of the stars retain very basic properties, which are directly linked to the speed and direction of the galaxy in which they originated. Stars from the same pre-merger galaxy share similar values for both their energy and what physicists call angular momentum -- the momentum associated with orbital motion or rotation. For stars moving in a galaxy's gravitational field, both energy and angular momentum are conserved: they remain the same over time. Look for large groups of stars with similar, unusual values for energy and angular momentum -- and chances are, you might find a merger remnant.

Additional pointers can assist identification. Stars that formed more recently contain more heavier elements, what astronomers call "metals," than stars that formed a long time ago. The lower the metal content ("metallicity"), the earlier the star presumably formed. When trying to identify stars that already existed 13 billion years ago, one should look for stars with very low metal content ("metal-poor").

Virtual excavations in a large data set

Identifying the stars that joined our Milky Way as parts of another galaxy has only become possible comparatively recently. It requires large, high-quality data sets, and the analysis involves sifting the data in clever ways so as to identify the searched-for class of objects. This kind of data set has only been available for a few years. The ESA astrometry satellite Gaia provides an ideal data set for this kind of big-data galactic archeology. Launched in 2013, it has produced an increasingly accurate data set over the past decade, which by now includes positions, changes in position and distances for almost 1.5 billion stars within our galaxy.




Gaia data revolutionized studies of the dynamics of stars in our home galaxy, and has already led to the discovery of previously unknown substructures. This includes the so-called Gaia Enceladus/Sausage stream, a remnant of the most recent larger merger our home galaxy has undergone, between 8 and 11 billion years ago. It also includes two structures identified in 2022: the Pontus stream identified by Malhan and colleagues and the "poor old heart" of the Milky Way identified by Rix and colleagues. The latter is a population of stars that newly formed during the initial mergers that created the proto-Milky Way, and continue to reside in our galaxy's central region.

Traces of Shakti and Shiva

For their present search, Malhan and Rix used Gaia data combined with detailed stellar spectra from the Sloan Digital Sky Survey (DR17). The latter provide detailed information about the stars' chemical composition. Malhan says: "We observed that, for a certain range of metal-poor stars, stars were crowded around two specific combinations of energy and angular momentum."

In contrast with the "poor old heart," which was also visible in those plots, the two groups of like-minded stars had comparatively large angular momentum, consistent with groups of stars that had been part of separate galaxies which had merged with the Milky Way. Malhan has named these two structures Shakti and Shiva, the latter one of the principal deities of Hinduism and the former a female cosmic force often portrayed as Shiva's consort.

Their energy and angular momentum values, plus their overall low metallicity on par with that of the "poor old heart," makes Shakti and Shiva good candidates for some of the earliest ancestors of our Milky Way. Rix says: "Shakti and Shiva might be the first two additions to the 'poor old heart' of our Milky Way, initiating its growth towards a large galaxy."

Several surveys that are either already ongoing or bound to start over the next couple of years promise relevant additional data, both spectra (SDSS-V, 4MOST) and precise distances (LSST/Rubin Observatory), should enable astronomers to make a firm decision on whether or not Shakti and Shiva are indeed a glimpse of our home galaxy's earliest prehistory.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240321155515.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Say hello to biodegradable microplastics | ScienceDaily
Microplastics are tiny, nearly indestructible fragments shed from everyday plastic products. As we learn more about microplastics, the news keeps getting worse. Already well-documented in our oceans and soil, we're now discovering them in the unlikeliest of places: our arteries, lungs and even placentas. Microplastics can take anywhere from 100 to 1,000 years to break down and, in the meantime, our planet and bodies are becoming more polluted with these materials every day.


						
Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research from scientists at the University of California San Diego and materials-science company Algenesis shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months. The paper, whose authors are all UC San Diego professors, alumni or former research scientists, appears in Nature Scientific Reports.

"We're just starting to understand the implications of microplastics. We've only scratched the surface of knowing the environmental and health impacts," stated Professor of Chemistry and Biochemistry Michael Burkart, one of the paper's authors and an Algenesis co-founder. "We're trying to find replacements for materials that already exist, and make sure these replacements will biodegrade at the end of their useful life instead of collecting in the environment. That's not easy."

"When we first created these algae-based polymers about six years ago, our intention was always that it be completely biodegradable," said another of the paper's authors, Robert Pomeroy, who is also a professor of chemistry and biochemistry and an Algenesis co-founder. "We had plenty of data to suggest that our material was disappearing in the compost, but this is the first time we've measured it at the microparticle level."

Putting it to the test

To test its biodegradability, the team ground their product into fine microparticles, and used three different measurement tools to confirm that, when placed in a compost, the material was being digested by microbes.

The first tool was a respirometer. When the microbes break down compost material, they release carbon dioxide (CO2), which the respirometer measures. These results were compared to the breakdown of cellulose, which is considered the industry standard of 100% biodegradability. The plant-based polymer matched the cellulose at almost one hundred percent.




Next the team used water flotation. Since plastics are not water soluble and they float, they can easily be scooped off the surface of water. At intervals of 90 and 200 days, almost 100% of the petroleum-based microplastics were recovered, meaning none of it had biodegraded. On the other hand, after 90 days, only 32% of the algae-based microplastics were recovered, showing that more than two thirds of it had biodegraded. After 200 days, only 3% was recovered indicating that 97% of it had disappeared.

The last measurement involved chemical analysis via gas chromatography/mass spectrometry (GCMS), which detected the presence of the monomers used to make the plastic, indicating that the polymer was being broken to its starting plant materials. Scanning-electron microscopy further showed how microorganisms colonize the biodegradable microplastics during composting.

"This material is the first plastic demonstrated to not create microplastics as we use it," said Stephen Mayfield, a paper coauthor, School of Biological Sciences professor and co-founder of Algenesis. "This is more than just a sustainable solution for the end-of-product life cycle and our crowded landfills. This is actually plastic that is not going to make us sick."

Creating an eco-friendly alternative to petroleum-based plastics is only one part of the long road to viability. The ongoing challenge is to be able to use the new material on pre-existing manufacturing equipment that was originally built for traditional plastic, and here Algenesis is making progress. They have partnered with several companies to make products that use the plant-based polymers developed at UC San Diego, including Trelleborg for use in coated fabrics and RhinoShield for use in the production of cell phone cases.

"When we started this work, we were told it was impossible," stated Burkart. "Now we see a different reality. There's a lot of work to be done, but we want to give people hope. It is possible."

Full list of authors: Robert S. Pomeroy, Michael D. Burkart, Steven P. Mayfield (all UC San Diego), Marco N. Allemann, Marissa Tessman, Jaysen Reindel, Gordon B. Scofield, Payton Evans, Ryan Simkovsky (all Algenesis).

This research was supported by funding from the Department of Energy (DE-SC0019986 and DE-EE0009295).

Disclosure: Burkart, Mayfield and Pomeroy are co-founders of and hold equity positions in Algenesis Corporation.
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AI can now detect COVID-19 in lung ultrasound images | ScienceDaily
Artificial intelligence can spot COVID-19 in lung ultrasound images much like facial recognition software can spot a face in a crowd, new research shows.


						
The findings boost AI-driven medical diagnostics and bring health care professionals closer to being able to quickly diagnose patients with COVID-19 and other pulmonary diseases with algorithms that comb through ultrasound images to identify signs of disease.

The findings, newly published in Communications Medicine, culminate an effort that started early in the pandemic when clinicians needed tools to rapidly assess legions of patients in overwhelmed emergency rooms.

"We developed this automated detection tool to help doctors in emergency settings with high caseloads of patients who need to be diagnosed quickly and accurately, such as in the earlier stages of the pandemic," said senior author Muyinatu Bell, the John C. Malone Associate Professor of Electrical and Computer Engineering, Biomedical Engineering, and Computer Science at Johns Hopkins University. "Potentially, we want to have wireless devices that patients can use at home to monitor progression of COVID-19, too."

The tool also holds potential for developing wearables that track such illnesses as congestive heart failure, which can lead to fluid overload in patients' lungs, not unlike COVID-19, said co-author Tiffany Fong, an assistant professor of emergency medicine at Johns Hopkins Medicine.

"What we are doing here with AI tools is the next big frontier for point of care," Fong said. "An ideal use case would be wearable ultrasound patches that monitor fluid buildup and let patients know when they need a medication adjustment or when they need to see a doctor."

The AI analyzes ultrasound lung images to spot features known as B-lines, which appear as bright, vertical abnormalities and indicate inflammation in patients with pulmonary complications. It combines computer-generated images with real ultrasounds of patients -- including some who sought care at Johns Hopkins.




"We had to model the physics of ultrasound and acoustic wave propagation well enough in order to get believable simulated images," Bell said. "Then we had to take it a step further to train our computer models to use these simulated data to reliably interpret real scans from patients with affected lungs."

Early in the pandemic, scientists struggled to use artificial intelligence to assess COVID-19 indicators in lung ultrasound images because of a lack of patient data and because they were only beginning to understand how the disease manifests in the body, Bell said.

Her team developed software that can learn from a mix of real and simulated data and then discern abnormalities in ultrasound scans that indicate a person has contracted COVID-19. The tool is a deep neural network, a type of AI designed to behave like the interconnected neurons that enable the brain to recognize patterns, understand speech, and achieve other complex tasks.

"Early in the pandemic, we didn't have enough ultrasound images of COVID-19 patients to develop and test our algorithms, and as a result our deep neural networks never reached peak performance," said first author Lingyi Zhao, who developed the software while a postdoctoral fellow in Bell's lab and is now working at Novateur Research Solutions. "Now, we are proving that with computer-generated datasets we still can achieve a high degree of accuracy in evaluating and detecting these COVID-19 features."

The team's code and data are publicly available here: https://gitlab.com/pulselab/covid19
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High school students contribute to exoplanet discovery | ScienceDaily
In a project aimed at democratizing science and fostering educational enrichment, a group of high school students from the Galaxy Explorer program at the Chabot Space & Science Center in Oakland, California, made contributions to the field of exoplanet research. Researchers from the SETI Institute worked with the students to use backpack-sized digital smart telescopes provided by Unistellar; these young citizen scientists played a role in observing and confirming the nature of a warm and dense sub-Saturn planet, known as TIC 139270665 b, orbiting a metal-rich G2 star.


						
"By using new technology available with digital smart telescopes, we can take large steps towards the democratization of modern astronomy and education since the outcomes of initiatives like this can contribute to both astronomical research and education with easy-to-use and increasingly accessible technology," said Dr. Dan Peluso, SETI Institute Affiliate. "In such endeavors, participants are 'learning by doing' and the doing is not some meaningless task. Instead, the 'doing' is the astronomical data collection, which in the past has been mostly left to professional astronomers and their observatories, or with highly skilled citizen astronomers with technical telescope setups. With TIC 139270665 b, our high school students had a challenging but meaningful task -- capture the second transit of an exoplanet with a poorly understood orbital period. These students were engaged, inspired, and were easily able to setup and control the Unistellar telescopes with very little training. Citizen science opportunities like this and new technology with digital smart telescopes represent a fundamental shift and revolution for how we can approach and perform astronomical research moving forward."

The discovery of TIC 139270665 b, the densest known warm sub-Saturn within the TESS (Transiting Exoplanet Survey Satellite) family, marks a milestone in exploring exoplanets. The initial clues of TIC 139270665 b's existence was initially discovered by a citizen science group inspecting TESS photometric data, highlighting the role of public engagement in advancing scientific knowledge. Through further study by analyzing radial velocity data from the Lick Observatory, Peluso and Dr. Paul Dalba and their team were able to confirm that TIC 139270665 b is indeed a planet and even has a sibling planet, TIC 139270665 c. The photometric data from the global Unistellar Citizen Science Network, including the Galaxy Explorers, was not able to definitively confirm a second transit with 100% confidence, however, their data was useful for the exoplanet study since it helped to rule out times when a transit was not happening and because it helped the scientists to learn valuable lessons about how to approach citizen scientist campaigns such as this in the future.

The SETI Institute is the scientific partner of the Unistellar network, known for its global distribution of citizen astronomers. Citizen astronomers with Unistellar telescopes collected data that furthered the understanding of this exoplanet's orbital period and characteristics as part of the Unistellar Network Investigating TESS Exoplanets (UNITE) program, a NASA citizen science project that is part of the Unistellar Transiting Exoplanets campaign. This effort, funded by the Gordon and Betty Moore Foundation and NASA, contributes to the scientific community's knowledge of planetary formation and evolution and is an educational initiative integrating young students into astrophysics data collection.

The high school students' involvement in this research underscores the potential of hands-on science education to motivate and engage young minds. Through their participation, students gained real-life skills and insights into the scientific process, from planning and conducting observations to analyzing data and contributing to a scientific publication, on which they are all co-authors. This experience demonstrates the power of blending educational empowerment with research, allowing students to contribute to our understanding of the universe.

"This experience further propelled my fascination with the subject of astronomy, specifically in regard to exoplanetary science," said Serina Jain, student at San Francisco University High School. "Working on this observation fueled my joy of engaging in astrophysics research and my plans to pursue this as a major in college, as well as my love of sharing astronomy with others. Since helping Dr. Peluso with this observation, I have been able to bring even more passion and knowledge to my role as co-founder and leader of the San Francisco University High School Astronomy Club. This past summer, I went on to partake in a 7-week lab internship with the California Institute of Technology (Caltech) Mawet Astrophysics Lab, researching in exoplanet detection by way of direct imaging, using coronagraphy and spectroscopy. My inspiration to seek this involvement largely stemmed from my overwhelmingly positive experience working on this observation with Dr. Peluso."

This initiative is a testament to the collaborative spirit of the scientific and educational communities. It showcases how integrating citizen science and education can lead to discoveries and inspire the next generation of scientists and explorers. The high school students' enthusiasm for this project is a beacon of hope for the future of scientific inquiry and education, proving that young minds can contribute to our understanding of the cosmos when given the opportunity.

As we continue to explore the vast expanse of space, the contributions of these young citizen scientists remind us of the pivotal role of education and public engagement in the pursuit of knowledge and discovery. The future of astronomy and space exploration is bright, with students like those in the Galaxy Explorer program leading the way toward new horizons and uncovering the mysteries of the universe.

This research was funded by the Gordon and Betty Moore Foundation (#10561) and NASA Citizen Science Seed Funding Program grant (Goddard-80NSSC22K113), with additional funding from the NSF Astronomy and Astrophysics Postdoctoral Fellowship (AST-1903811) and the 51 Pegasi b Postdoctoral Fellowship, courtesy of the Heising-Simons Foundation.
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Verifying the work of quantum computers | ScienceDaily
Quantum computers of the future may ultimately outperform their classical counterparts to solve intractable problems in computer science, medicine, business, chemistry, physics, and other fields. But the machines are not there yet: They are riddled with inherent errors, which researchers are actively working to reduce. One way to study these errors is to use classical computers to simulate the quantum systems and verify their accuracy. The only catch is that as quantum machines become increasingly complex, running simulations of them on traditional computers would take years or longer.


						
Now, Caltech researchers have invented a new method by which classical computers can measure the error rates of quantum machines without having to fully simulate them. The team describes the method in a paper in the journal Nature.

"In a perfect world, we want to reduce these errors. That's the dream of our field," says Adam Shaw, lead author of the study and a graduate student who works in the laboratory of Manuel Endres, professor of physics at Caltech. "But in the meantime, we need to better understand the errors facing our system, so we can work to mitigate them. That motivated us to come up with a new approach for estimating the success of our system."

In the new study, the team performed experiments using a type of simple quantum computer known as a quantum simulator. Quantum simulators are more limited in scope than current rudimentary quantum computers and are tailored for specific tasks. The group's simulator is made up of individually controlled Rydberg atoms -- atoms in highly excited states -- which they manipulate using lasers.

One key feature of the simulator, and of all quantum computers, is entanglement -- a phenomenon in which certain atoms become connected to each other without actually touching. When quantum computers work on a problem, entanglement is naturally built up in the system, invisibly connecting the atoms. Last year, Endres, Shaw, and colleagues revealed that as entanglement grows, those connections spread out in a chaotic or random fashion, meaning that small perturbations lead to big changes in the same way that a butterfly's flapping wings could theoretically affect global weather patterns.

This increasing complexity is believed to be what gives quantum computers the power to solve certain types of problems much faster than classical computers, such as those in cryptography in which large numbers must be quickly factored.

But once the machines reach a certain number of connected atoms, or qubits, they can no longer be simulated using classical computers. "When you get past 30 qubits, things get crazy," Shaw says. "The more qubits and entanglement you have, the more complex the calculations are."

The quantum simulator in the new study has 60 qubits, which Shaw says puts it in a regime that is impossible to simulate exactly. "It becomes a catch-22. We want to study a regime that is hard for classical computers to work in, but still rely on those classical computers to tell if our quantum simulator is correct." To meet the challenge, Shaw and colleagues took a new approach, running classical computer simulations that allow for different amounts of entanglement. Shaw likens this to painting with brushes of different size.




"Let's say our quantum computer is painting the Mona Lisa as an analogy," he says. "The quantum computer can paint very efficiently and, in theory, perfectly, but it makes errors that smear out the paint in parts of the painting. It's like the quantum computer has shaky hands. To quantify these errors, we want our classical computer to simulate what the quantum computer has done, but our Mona Lisa would be too complex for it. It's as if the classical computers only have giant brushes or rollers and can't capture the finer details.

"Instead, we have many classical computers paint the same thing with progressively finer and finer brushes, and then we squint our eyes and estimate what it would have looked like if they were perfect. Then we use that to compare against the quantum computer and estimate its errors. With many cross-checks, we were able to show this 'squinting' is mathematically sound and gives the answer quite accurately."

The researchers estimated that their 60-qubit quantum simulator operates with an error rate of 91 percent (or an accuracy rate of 9 percent). That may sound low, but it is, in fact, relatively high for the state of the field. For reference, the 2019 Google experiment, in which the team claimed their quantum computer outperformed classical computers, had an accuracy of 0.3 percent (though it was a different type of system than the one in this study).

Shaw says: "We now have a benchmark for analyzing the errors in quantum computing systems. That means that as we make improvements to the hardware, we can measure how well the improvements worked. Plus, with this new benchmark, we can also measure how much entanglement is involved in a quantum simulation, another metric of its success."

The Nature paper titled "Benchmarking highly entangled states on a 60-atom analog quantum simulator" was funded by the National Science Foundation (partially via Caltech's Institute for Quantum Information and Matter, or IQIM), the Defense Advanced Research Projects Agency (DARPA), the Army Research Office, the U.S. Department of Energy's Quantum Systems Accelerator, the Troesh postdoctoral fellowship, the German National Academy of Sciences Leopoldina, and Caltech's Walter Burke Institute for Theoretical Physics. Other Caltech authors include former postdocs Joonhee Choi and Pascal Scholl; Ran Finkelstein, Troesh Postdoctoral Scholar Research Associate in Physics; and Andreas Elben, Sherman Fairchild Postdoctoral Scholar Research Associate in Theoretical Physics. Zhuo Chen, Daniel Mark, and Soonwon Choi (BS '12) of MIT are also authors.
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Icy impacts: Planetary scientists use physics and images of impact craters to gauge the thickness of ice on Europa | ScienceDaily
Sometimes planetary physics is like being in a snowball fight. Most people, if handed an already-formed snowball, can use their experience and the feel of the ball to guess what kind of snow it is comprised of: packable and fluffy, or wet and icy.


						
Using nearly the same principles, planetary scientists have been able to study the structure of Europa, Jupiter's icy moon.

Europa is a rocky moon, home to saltwater oceans twice the volume of Earth's, encased in a shell of ice. Scientists have long thought that Europa may be one of the best places in our solar system to look for nonterrestrial life. The likelihood and nature of that life, though, heavily depend on the thickness of its icy shell, something astronomers have not yet been able to ascertain.

A team of planetary science experts including Brandon Johnson, an associate professor, and Shigeru Wakita, a research scientist, in the Department of Earth, Atmospheric, and Planetary Sciences in Purdue University's College of Science, announced in a new paper published in Science Advances [ES1] that Europa's ice shell is at least 20 kilometers thick.

To reach their conclusion, the scientists studied large craters on Europa, running a variety of models to determine what combination of physical characteristics could have created such a surface structure.

"This is the first work that has been done on this large crater on Europa," Wakita said. "Previous estimates showed a very thin ice layer over a thick ocean. But our research showed that there needs to be a thick layer -- so thick that convection in the ice, which has previously been debated, is likely."

Using data and images from the spacecraft Galileo, which studied Europa in 1998, Johnson analyzed the impact craters to decode truths about Europa's structure. An expert in planetary physics and colossal collisions, Johnson has studied almost every major planetary body in the solar system. Scientists have long debated the thickness of Europa's ice shell; no one has visited to measure it directly, so scientists are creatively using the evidence at hand: the craters on Europa's icy surface.




"Impact cratering is the most ubiquitous surface process shaping planetary bodies," Johnson said. "Craters are found on almost every solid body we've ever seen. They are a major driver of change in planetary bodies. When an impact crater forms, it is essentially probing the subsurface structure of a planetary body. By understanding the sizes and shapes of craters on Europa and reproducing their formation with numerical simulations, we're able to infer information about how thick its ice shell is."

Europa is a frozen world, but the ice shelters a rocky core. The icy surface, though, is not stagnant. Plate tectonics and convection currents in the oceans and the ice itself refresh the surface fairly frequently. This means the surface itself is only 50 million to 100 million years old -- which sounds old to short-lived organisms like humans, but is young as far as geological periods go.

That smooth, young surface means that craters are clearly defined, easier to analyze and not very deep. Their impacts tell scientists more about the icy shell of the moon and the water ocean below, rather than conveying much information about its rocky heart.

"Understanding the thickness of the ice is vital to theorizing about possible life on Europa," Johnson said. "How thick the ice shell is controls what kind of processes are happening within it, and that is really important for understanding the exchange of material between the surface and the ocean. That is what will help us understand how all kinds of processes happen on Europa -- and help us understand the possibility of life."
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Scientists find one of the most ancient stars that formed in another galaxy | ScienceDaily
The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.


						
No one has been able to find one of those first generation of stars, but scientists have announced a unique finding: a star from the second generation that originally formed in a different galaxy from ours.

"This star provides a unique window into the very early element-forming process in galaxies other than our own," said Anirudh Chiti, a University of Chicago postdoctoral fellow and first author on a paper announcing the findings. "We have built up an idea of the how these stars that were chemically enriched by the first stars look like in the Milky Way, but we don't yet know if some of these signatures are unique, or if things happened similarly across other galaxies."

The paper was published March 20 in Nature Astronomy. 

'Fishing needles out of haystacks'

Chiti specializes in what is called stellar archaeology: Reconstructing how the earliest generations of stars changed the universe. "We want to understand what the properties of those first stars were and what were the elements they produced," said Chiti.

But no one has yet managed to directly see these first-generation stars, if any remain in the universe. Instead, Chiti and his colleagues look for stars that formed from the ashes of that first generation.




It's hard work, because even the second generation of stars is now incredibly ancient and rare. Most stars in the universe, including our own sun, are the result of tens to thousands of generations, building up more and more heavy elements each time. "Maybe fewer than 1 in 100,000 stars in the Milky Way is one of these second-gen stars," he said. "You really are fishing needles out of haystacks."

But it's worth it to get snapshots of what the universe looked like back in time. "In their outer layers, these stars preserve the elements near where they formed," he explained. "If you can find a very old star and get its chemical composition, you can understand what the chemical composition of the universe was like where that star formed, billions of years ago."

An intriguing oddity

For this study, Chiti and his colleagues aimed their telescopes at an unusual target: the stars that make up the Large Magellanic Cloud.

The Large Magellanic Cloud is a bright swath of stars visible to the naked eye in the Southern Hemisphere. We now think it was once a separate galaxy that was captured by the Milky Way's gravity just a few billion years ago. This makes it particularly interesting because its oldest stars were formed outside the Milky Way -- giving astronomers a chance to learn about whether conditions in the early universe all looked the same, or were different in other places.

The scientists searched for evidence of these particularly ancient stars in the Large Magellanic Cloud and catalogued ten of them, first with the European Space Agency's Gaia satellite and then with the Magellan Telescope in Chile.




One of these stars immediately jumped out as an oddity. It had much, much less of the heavier elements in it than any other star yet seen in the Large Magellanic Cloud. This means it was probably formed in the wake of the first generation of stars -- so it had not yet built up heavier elements over the course of repeated star births and deaths.

Mapping out its elements, the scientists were surprised to see that it had a lot less carbon than iron compared to what we see in Milky Way stars.

"That was very intriguing, and it suggests that perhaps carbon enhancement of the earliest generation, as we see in the Milky Way, was not universal," Chiti said. "We'll have to do further studies, but it suggests there are differences from place to place.

"I think we're filling out the picture of what the early element enrichment process looked like in different environments," he said.

Their findings also corroborated other studies that have suggested that the Large Magellanic Cloud made much fewer stars early on compared to the Milky Way.

Chiti is currently leading an imaging program to map out a large portion of the southern sky to find the earliest stars possible. "This discovery suggests there should be many of these stars in the Large Magellanic Cloud if we look closely," he said. "It's really exciting to be opening up stellar archeology of the Large Magellanic Cloud, and to be able to map out in such detail how the first stars chemically enriched the universe in different regions."
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Robotic metamaterial: An endless domino effect | ScienceDaily
If it walks like a particle, and talks like a particle... it may still not be a particle. A topological soliton is a special type of wave or dislocation which behaves like a particle: it can move around but cannot spread out and disappear like you would expect from, say, a ripple on the surface of a pond. In a new study published in Nature, researchers from the University of Amsterdam demonstrate the atypical behaviour of topological solitons in a robotic metamaterial, something which in the future may be used to control how robots move, sense their surroundings and communicate.


						
Topological solitons can be found in many places and at many different length scales. For example, they take the form of kinks incoiled telephone cords and large molecules such as proteins. At a very different scale, a black hole can be understood as a topological soliton in the fabric of spacetime. Solitons play an important role in biological systems, being relevant forprotein folding andmorphogenesis -- the development of cells or organs.

The unique features of topological solitons -- that they can move around but always retain their shape and cannot suddenly disappear -- are particularly interesting when combined with so-called non-reciprocal interactions. "In such an interaction, an agent A reacts to an agent B differently to the way agent B reacts to agent A," explains Jonas Veenstra, a PhD student at the University of Amsterdam and first author of the new publication.

Veenstra continues: "Non-reciprocal interactions are commonplace in society and complex living systems but have long been overlooked by most physicists because they can only exist in a system out of equilibrium. By introducing non-reciprocal interactions in materials, we hope to blur the boundary between materials and machines and to create animate or lifelike materials."

TheMachine Materials Laboratory where Veenstra does his research specialises in designing metamaterials: artificial materials and robotic systems that interact with their environment in a programmable fashion. The research team decided to study the interplay between non-reciprocal interactions and topological solitons almost two years ago, when then-students Anahita Sarvi and Chris Ventura Meinersen decided to follow up on their research project for the MSc course 'Academic Skills for Research'.

Solitons moving like dominoes

The soliton-hosting metamaterial developed by the researchers consists of a chain of rotating rods that are linked to each other by elastic bands. Each rod is mounted on a little motor which applies a small force to the rod, depending on how it is oriented with respect to its neighbours. Importantly, the force applied depends on which side the neighbour is on, making the interactions between neighbouring rods non-reciprocal. Finally, magnets on the rods are attracted by magnets placed next to the chain in such a way that each rod has two preferred positions, rotated either to the left or the right.




Solitons in this metamaterial are the locations where left- and right-rotated sections of the chain meet. The complementary boundaries between right- and left-rotated chain sections are then so-called 'anti-solitons'. This is analogous to kinks in an old-fashioned coiled telephone cord, where clockwise and anticlockwise-rotating sections of the cord meet.

When the motors in the chain are turned off, the solitons and anti-solitons can be manually pushed around in either direction. However, once the motors -- and thereby the reciprocal interactions -- are turned on, the solitons and anti-solitons automatically slide along the chain. They both move in the same direction, with a speed set by the anti-reciprocity imposed by the motors.

Veenstra: "A lot of research has focussed on moving topological solitons by applying external forces. In systems studied so far, solitons and anti-solitons were found to naturally travel in opposite directions. However, if you want to control the behaviour of (anti-)solitons, you might want to drive them in the same direction. We discovered that non-reciprocal interactions achieve exactly this. The non-reciprocal forces are proportional to the rotation caused by the soliton, such that each soliton generates its own driving force."

The movement of the solitons is similar to a chain of dominoes falling, each one toppling its neighbour. However, unlike dominoes, the non-reciprocal interactions ensure that the 'toppling' can only happen in one direction. And while dominoes can only fall down once, a soliton moving along the metamaterial simply sets up the chain for an anti-soliton to move through it in the same direction. In other words, any number of alternating solitons and anti-solitons can move through the chain without the need to 'reset'.

Motion control

Understanding the role of non-reciprocal driving will not only help us to better understand the behaviour of topological solitons in living systems, but can also lead to technological advances. The mechanism that generates the self-driving, one-directional solitons uncovered in this study, can be used to control the motion of different types of waves (known as waveguiding), or to endow a metamaterial with a basic information processing capability such as filtering.

Future robots can also use topological solitons for basic robotic functionalities such as movement, sending out signals and sensing their surroundings. These functionalities would then not be controlled from a central point, but rather emerge from the sum of the robot's active parts.

All in all, the domino effect of solitons in metamaterials, now an interesting observation in the lab, may soon start to play a role in different branches of engineering and design.
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Quantum tornado provides gateway to understanding black holes | ScienceDaily
Scientists have for the first time created a giant quantum vortex to mimic a black hole in superfluid helium that has allowed them to see in greater detail how analogue black holes behave and interact with their surroundings.


						
Research led by the University of Nottingham, in collaboration with King's College London and Newcastle University, have created a novel experimental platform: a quantum tornado. They have created a giant swirling vortex within superfluid helium that is chilled to the lowest possible temperatures. Through the observation of minute wave dynamics on the superfluid's surface, the research team has shown that these quantum tornados mimic gravitational conditions near rotating black holes. The research has been published today in Nature.

Lead author of the paper, Dr Patrik Svancara from the School of Mathematical Sciences at the University of Nottingham explains: "Using superfluid helium has allowed us to study tiny surface waves in greater detail and accuracy than with our previous experiments in water. As the viscosity of superfluid helium is extremely small, we were able to meticulously investigate their interaction with the superfluid tornado and compare the findings with our own theoretical projections."

The team constructed a bespoke cryogenic system capable of containing several litres of superfluid helium at temperatures lower than -271 degC. At this temperature liquid helium acquires unusual quantum properties. These properties typically hinder the formation of giant vortices in other quantum fluids like ultracold atomic gases or quantum fluids of light, this system demonstrates how the interface of superfluid helium acts as a stabilizing force for these objects.

Dr Svancara continues: "Superfluid helium contains tiny objects called quantum vortices, which tend to spread apart from each other. In our set-up, we've managed to confine tens of thousands of these quanta in a compact object resembling a small tornado, achieving a vortex flow with record-breaking strength in the realm of quantum fluids."

Researchers uncovered intriguing parallels between the vortex flow and the gravitational influence of black holes on the surrounding spacetime. This achievement opens new avenues for simulations of finite-temperature quantum field theories within the complex realm of curved spacetimes.

Professor Silke Weinfurtner, leading the work in the Black Hole Laboratory where this experiment was developed, highlights the significance of this work: "When we first observed clear signatures of black hole physics in our initial analogue experiment back in 2017, it was a breakthrough moment for understanding some of the bizarre phenomena that are often challenging, if not impossible, to study otherwise. Now, with our more sophisticated experiment, we have taken this research to the next level, which could eventually lead us to predict how quantum fields behave in curved spacetimes around astrophysical black holes."

This groundbreaking research is funded by a PS5 million grant from the Science Technology Facilities Council, distributed among teams at seven leading UK institutions, including the University of Nottingham, Newcastle University and King's College London. The project has also been supported by both the UKRI Network grant on Quantum Simulators for Fundamental Physics and the Leverhulme Research Leaders Fellowship held by Professor Silke Weinfurtner.

The culmination of this research will be celebrated and creatively explored in an ambi exhibitiontitled Cosmic Titans at the Djanogly Gallery, Lakeside Arts, The University of Nottingham, from 25 January to 27 April 2025 (and touring to venues in the UK and overseas). The exhibition will comprise newly commissioned sculptures, installations, and immersive art works by leading artists including Conrad Shawcross RA that result from a series of innovative collaborations between artists and scientists facilitated by the ARTlab Nottingham. The exhibition will marry creative and theoretical inquiries into black holes and the birth of our Universe.
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ChatGPT is an effective tool for planning field work, school trips and even holidays | ScienceDaily
Researchers exploring ways to utilise ChatGPT for work, say it could save organisations and individuals a lot of time and money when it comes to planning trips.


						
A new study, published in Innovations in Education and Teaching International (IETI), has tested whether ChatGPT can be used to design University field studies. It found that the free-to-use AI model is an effective tool for not only planning educational trips around the world, but also could be used by other industries.

The research, led by scientists from the University of Portsmouth and University of Plymouth, specifically focused on marine biology courses. It involved the creation of a brand new field course using ChatGPT, and the integration of the AI-planned activities into an existing university module.

The team developed a comprehensive guide for using the chatbot, and successfully organised a single-day trip in the UK using the AI's suggestion of a beach clean-up activity to raise awareness about marine pollution and its impact on marine ecosystems.

They say the established workflow could also be easily adapted to support other projects and professions outside of education, including environmental impact studies, travel itineraries, and business trips.

Dr Mark Tupper, from the University of Portsmouth's School of Biological Sciences, said: "It's well known that universities and schools across the UK are stretched thin when it comes to resources. We set out to find a way to utilise ChatGPT for planning field work, because of the considerable amount of effort that goes into organising these trips. There's a lot to consider, including safety procedures, risks, and design logistics. This process can take several days, but we found ChatGPT effectively does most of the leg work in just a few hours. The simple framework we've created can be used across the whole education sector, not just by universities. With many facing budget constraints and staffing limitations, this could save a lot of time and money."

Chatbots like ChatGPT are powered by large amounts of data and computing techniques to make predictions to string words together in a meaningful way. They not only tap into a vast amount of vocabulary and information, but also understand words in context.




Since OpenAI launched the 3.0 model in November 2022, millions of users have used the technology to improve their personal lives and boost productivity. Some workers have used it to write papers, make music, develop code, and create lesson plans.

"If you're a school teacher and want to plan a class with 40 kids, our ChatGPT roadmap will be a game changer," said Dr Reuben Shipway, Lecturer in Marine Biology at the University of Plymouth. "All a person needs to do is input some basic data, and the AI model will be able to design a course or trip based on their needs and requirements. It can competently handle various tasks, from setting learning objectives to outlining assessment criteria. For businesses, ChatGPT is like having a personal planning assistant at your fingertips. Imagine trips with itineraries that unfold effortlessly, or fieldwork logistics handled with the ease of conversation."

The paper says while the AI model is adaptable and user-friendly, there are limitations when it comes to field course planning, including risk assessments.

Dr Ian Hendy, from the University of Portsmouth, explained: "We asked ChatGPT to identify the potential hazards of this course and assess the overall risk of this activity from low to high, and the results were mixed. In some instances, ChatGPT was able to identify hazards specific to the activity -- like the increased risk of slipping on seaweed-covered rocks exposed at low tide -- but in other instances, ChatGPT exaggerated threats. For example, we find the risk of students suffering from physical strain and fatigue from carrying bags of collected litter to be low. That's why there still needs to be a human element in the planning stages, to iron out any issues. It's also important that the individual sifting through the results understands the nuances of successful field courses so they can recognise these discrepancies."

The paper concludes with a series of recommendations for best practices in using ChatGPT for field course design, underscoring the need for thoughtful human input, logical prompt sequencing, critical evaluation, and adaptive management to refine course designs.

Top tips to help potential users get the most out of ChatGPT:
    	Get the ball rolling with ChatGPT: Ask what details it thrives on for crafting the perfect assignment plan. By understanding the key information it needs, you'll be well-equipped to structure your prompts effectively and ensure ChatGPT provides tailored and insightful assistance;
    	Time Management Made Easy: Share your preferred schedule, and let ChatGPT handle the logistics. Whether you're a back-to-back meetings person or prefer a more relaxed pace, ChatGPT creates an itinerary that suits your working style;
    	Flexible Contingency Plans: Anticipate the unexpected. ChatGPT can help you create contingency plans in case of unforeseen events, ensuring that the trip remains adaptable to changing circumstances without compromising the educational goals;
    	Cultural Etiquette Guidance: Familiarise yourself with local cultural norms and business etiquette. ChatGPT can provide tips on appropriate greetings, gift-giving customs, and other cultural considerations, ensuring smooth interactions with local business partners;
    	Become a proficient Prompt Engineer: There are many quality, low-cost courses in the field of ChatGPT prompt engineering. These are available from online learning platforms such as Udemy, Coursera, and LinkedIn Learning. Poor input leads to poor ChatGPT output, so improving your prompt engineering will always lead to better results;
    	Use your unique experiences to improve ChatGPT output: Remember that AI knowledge cannot replace personal experience, but AI can learn from your experiences and use them to improve its recommendations;
    	Remember, planning is a two-way street! Engage in feedback with ChatGPT. Don't hesitate to tweak and refine the itinerary until it feels just right. It's your trip, after all.
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Powerful new AI can predict people's attitudes to vaccines | ScienceDaily
A powerful new tool in artificial intelligence is able to predict whether someone is willing to be vaccinated against COVID-19.


						
The predictive system uses a small set of data from demographics and personal judgments such as aversion to risk or loss.

The findings frame a new technology that could have broad applications for predicting mental health and result in more effective public health campaigns.

A team led by researchers at the University of Cincinnati and Northwestern University created a predictive model using an integrated system of mathematical equations describing the lawful patterns in reward and aversion judgment with machine learning.

"We used a small number of variables and minimal computational resources to make predictions," said lead author Nicole Vike, a senior research associate in UC's College of Engineering and Applied Science.

"COVID-19 is unlikely to be the last pandemic we see in the next decades. Having a new form of AI for prediction in public health provides a valuable tool that could help prepare hospitals for predicting vaccination rates and consequential infection rates."

The study was published in the Journal of Medical Internet Research Public Health and Surveillance.




Researchers surveyed 3,476 adults across the United States in 2021 during the COVID-19 pandemic. At the time of the survey, the first vaccines had been available for more than a year.

Respondents provided information such as where they live, income, highest education level completed, ethnicity and access to the internet. The respondents' demographics mirrored those of the United States based on U.S. Census Bureau figures.

Participants were asked if they had received either of the available COVID-19 vaccines. About 73% of respondents said they were vaccinated, slightly more than the 70% of the nation's population that had been vaccinated in 2021.

Further, they were asked if they routinely followed four recommendations designed to prevent the spread of the virus: wearing a mask, social distancing, washing their hands and not gathering in large groups.

Participants were asked to rate how much they liked or disliked a randomly sequenced set of 48 pictures on a seven-point scale of 3 to -3. The pictures were from the International Affective Picture Set, a large set of emotionally evocative color photographs, in six categories: sports, disasters, cute animals, aggressive animals, nature and food.

Vike said the goal of this exercise is to quantify mathematical features of people's judgments as they observe mildly emotional stimuli. Measures from this task include concepts familiar to behavioral economists -- or even people who gamble -- such aversion to risk (the point at which someone is willing to accept potential loss for a potential reward) and aversion to loss. This is the willingness to avoid risk by, for example, obtaining insurance.




"The framework by which we judge what is rewarding or aversive is fundamental to how we make medical decisions," said co-senior author Hans Breiter, a professor of computer science at UC. "A seminal paper in 2017 hypothesized the existence of a standard model of the mind. Using a small set of variables from mathematical psychology to predict medical behavior would support such a model. The work of this collaborative team has provided such support and argues that the mind is a set of equations akin to what is used in particle physics."

The judgment variables and demographics were compared between respondents who were vaccinated and those who were not. Three machine learning approaches were used to test how well the respondents' judgment, demographics and attitudes toward COVID-19 precautions predicted whether they would get the vaccine.

The study demonstrates that artificial intelligence can make accurate predictions about human attitudes with surprisingly little data or reliance on expensive and time-consuming clinical assessments.

"We found that a small set of demographic variables and 15 judgment variables predict vaccine uptake with moderate to high accuracy and high precision," the study said. "In an age of big-data machine learning approaches, the current work provides an argument for using fewer but more interpretable variables."

"The study is anti-big-data," said co-senior author Aggelos Katsaggelos, an endowed professor of electrical engineering and computer science at Northwestern University. "It can work very simply. It doesn't need super-computation, it's inexpensive and can be applied with anyone who has a smartphone. We refer to it as computational cognition AI. It is likely you will be seeing other applications regarding alterations in judgment in the very near future."
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Toxic metal particles can be present in cannabis vapes even before the first use, study finds | ScienceDaily
Vapes have often been heralded as a "safer" way to consume either nicotine or cannabis, where legal to do so. But the devices present their own suite of risks that are slowly being revealed as they undergo increasing research and regulation. Now, researchers have discovered that nano-sized toxic metal particles may be present in cannabis vaping liquids even before the vaping device is heated, and the effect is worse in unregulated products.


						
The researchers will present their results today at the spring meeting of the American Chemical Society (ACS). ACS Spring 2024 is a hybrid meeting being held virtually and in person March 17-21; it features nearly 12,000 presentations on a range of science topics.

While cannabis regulation and legalization are still growing in the U.S., it was made federally legal in Canada under its Cannabis Act in 2018. "Cannabis vapes are newly regulated products in Canada, so we don't yet have much scientific data about them," says Andrew Waye, who will present the work at the meeting. "This is an opportunity for us to look at some of the questions concerning the risks and unknowns of cannabis vapes." Waye manages the research program at the Office of Cannabis Science and Surveillance at Health Canada.

Unlike smoking, vaping does not involve a combustion reaction, which produces harmful byproducts. Instead, a vaping device heats a liquid until it evaporates into an inhalable vapor. As a result, it is often seen as a safer method to consume cannabis or nicotine. But research on nicotine vapes has shown that the metal components that heat the vape liquid may release harmful elemental metals, including nickel, chromium and lead, which can then be transported into the aerosol and deposited into the user's body.

Waye's team wanted to investigate whether this was also true for cannabis vapes. To do so, the group collaborated with Zuzana Gajdosechova, who is a scientist at the Metrology Research Centre of the National Research Council of Canada, which has been involved in cannabis testing and standardization for several years.

The team gathered 41 samples of cannabis vape liquids -- 20 legal, regulated samples from the Ontario Cannabis Store and 21 samples from the illicit market provided by the Ontario Provincial Police. The liquids were analyzed by mass spectrometry to look for the presence of 12 metals. Regulated cannabis products are routinely tested for some of the analyzed metals, as well as other contaminants.

To verify the team's findings, Gajdosechova collaborated with imaging experts and used techniques such as scanning electron microscopy to provide a visual confirmation of the metal particles. While some metals, such as arsenic, mercury and cadmium, were within the generally accepted tolerance limits for cannabis products, others were detected in concentrations considered to be very high. The most striking example proved to be lead: Some unregulated samples contained 100 times more lead than the regulated samples, far exceeding the generally accepted tolerance limit.




Importantly, this metal contamination was found in the liquid of cannabis vapes that had never been used and were less than six months old. "The evidence strongly suggests that metal contamination can come from the device when it's produced, and not from the heating of the coils," explains Gajdosechova. "But depending on the quality of the device, the contamination may be increased by that heating."

Additionally, the team found that vapes belonging to the same production lot could contain different levels of metal contamination, demonstrating a high level of variability between samples. This could have implications for testing procedures, as Canadian regulations require samples to be representative of the whole lot or batch and that testing be done at or after the last step where contamination can occur. "If contamination is happening when the device is assembled, you should be testing at that stage rather than earlier," says Waye.

Next, the team wanted to investigate the size of the metal particles to understand their potential health risks. Using single particle inductively coupled plasma mass spectrometry, the researchers found many particles that were of nanoscale size. "Some nano-sized metal particles are highly reactive and potentially harmful," says Gajdosechova.

Moving forward, the team wants to determine how many of these particles are transmitted into the vape aerosol when a device is used. This is when the metals could get into users' lungs, which will be important to determine the public health implications of these findings. The effect has been demonstrated in nicotine vapes, and the researchers expect that cannabis vapes could show the same.

"Different types of cannabis products present different risks. Our research doesn't answer whether vaping is riskier than smoking, it just underlines that the risks may be different. Previously uncharacterized risks with cannabis vaping are still being identified," concludes Waye. So, while there isn't necessarily one way to "safely" consume these products, this research demonstrates that regulation can help create safer cannabis products overall.

This research was funded by Health Canada.
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Bendable energy storage materials by cool science | ScienceDaily
Imaging being able to wear your smartphone on your wrist, not as a watch, but literally as a flexible band that wraps around your arm. How about clothes that charge your gadgets just by wearing them?


						
Recently, a collaborative team led by Professor Jin Kon Kim and Dr. Keon-Woo Kim of Pohang University of Science and Technology (POSTECH), Professor Taesung Kim and M.S./Ph.D. student Hyunho Seok of Sungkyunkwan University (SKKU), and Professor Hong Chul Moon of University of Seoul (UOS) has brought us a step closer to achieving this reality. This research work was published in Advanced Materials.

Mesoporous metal oxides (MMOs) are characterized by pores ranging from 2 to 50 nanometers (nm) in size. Due to their extensive surface area, MMOs have various applications, such as high-performance energy storage and efficient catalysis, semiconductors, and sensors. However, the integration of MMOs on wearable and flexible devices remains a great challenge, because plastic substrates could not maintain their integrity at elevated temperatures (350degC or above) where MMOs could be synthesized.

The research team tackled this problem by using synergetic effect of heat and plasma to synthesize various MMOs including vanadium oxide (V2O5), renowned high-performance energy storage materials, V6O13, TiO2, Nb2O5, and WO3, on flexible materials at much lower temperatures (150 ~ 200 oC). The high reactive plasma chemical moieties provide enough energy that could be compensated by high temperature. The fabricated devices could be bent thousands of times without losing the energy storage performance.

Professor Jin Kon Kim, the leading researcher, expressed his opinion, stating: "We're on the brink of a revolution in wearable tech."

"Our breakthrough could lead to gadgets that are not only more flexible but also much more adaptable to our daily needs."

This research was supported by National Creative Initiative Research Program, the Basic Research in Science & Engineering Program, and the Nano & Material Technology Development Program.
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Backyard insect inspires invisibility devices, next gen tech | ScienceDaily
Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study led by Penn State researchers. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.


						
This could allow the development of bioinspired optical materials with possible applications ranging from invisible cloaking devices to coatings to more efficiently harvest solar energy, said Tak-Sing Wong, professor of mechanical engineering and biomedical engineering. Wong led the study, which was published today (March 18) in the Proceedings of the National Academy of Sciences of the United States of America (PNAS).

The unique, tiny particles have an unusual soccer ball-like geometry with cavities, and their exact purpose for the insects has been something of a mystery to scientists since the 1950s. In 2017, Wong led the Penn State research team that was the first to create a basic, synthetic version of brochosomes in an effort to better understand their function.

"This discovery could be very useful for technological innovation," said Lin Wang, postdoctoral scholar in mechanical engineering and the lead author of the study. "With a new strategy to regulate light reflection on a surface, we might be able to hide the thermal signatures of humans or machines. Perhaps someday people could develop a thermal invisibility cloak based on the tricks used by leafhoppers. Our work shows how understanding nature can help us develop modern technologies."

Wang went on to explain that even though scientists have known about brochosome particles for three-quarters of a century, making them in a lab has been a challenge due to the complexity of the particle's geometry.

"It has been unclear why the leafhoppers produce particles with such complex structures," Wang said, "We managed to make these brochosomes using a high-tech 3D-printing method in the lab. We found that these lab-made particles can reduce light reflection by up to 94%. This is a big discovery because it's the first time we've seen nature do something like this, where it controls light in such a specific way using hollow particles."

Theories on why leafhoppers coat themselves with a brochosome armor have ranged from keeping them free of contaminants and water to a superhero-like invisibility cloak. However, a new understanding of their geometry raises a strong possibility that its main purpose could be the cloak to avoid predators, according to Tak-Sing Wong, professor of mechanical engineering and biomedical engineering and corresponding author of the study.




The researchers have found that the size of the holes in the brochosome that give it a hollow, soccer ball-like appearance is extremely important. The size is consistent across leafhopper species, no matter the size of the insect's body. The brochosomes are roughly 600 nanometers in diameter -- about half the size of a single bacterium -- and the brochosome pores are around 200 nanometers.

"That makes us ask a question," Wong said. "Why this consistency? What is the secret of having brochosomes of about 600 nanometers with about 200-nanometer pores? Does that serve some purpose?"

The researchers found the unique design of brochosomes serves a dual purpose -- absorbing ultraviolet (UV) light, which reduces visibility to predators with UV vision, such as birds and reptiles, and scattering visible light, creating an anti-reflective shield against potential threats. The size of the holes is perfect for absorbing light at the ultraviolet frequency.

This potentially could lead to a variety of applications for humans using synthetic brochosomes, such as more efficient solar energy harvesting systems, coatings that protect pharmaceuticals from light-induced damage, advanced sunscreens for better skin protection against sun damage and even cloaking devices, researchers said. To test this, the team first had to make synthetic brochosomes, a major challenge in and of itself.

In their 2017 study, the researchers mimicked some features of brochosomes, particularly the dimples and their distribution, using synthetic materials. This allowed them to begin understanding the optical properties. However, they were only able to make something that looked like brochosomes, not an exact replica.

"This is the first time we are able to make the exact geometry of the natural brochosome," Wong said, explaining that the researchers were able to create scaled synthetic replicas of the brochosome structures by using advanced 3D-printing technology.




They printed a scaled-up version that was 20,000 nanometers in size, or roughly one-fifth the diameter of a human hair. The researchers precisely replicated the shape and morphology, as well as the number and placement of pores using 3D printing, to produce still-small faux brochosomes that were large enough to characterize optically.

They used a Micro-Fourier transform infrared (FTIR) spectrometer to examine how the brochosomes interacted with infrared light of different wavelengths, helping the researchers understand how the structures manipulate the light.

Next, the researchers said they plan to improve the synthetic brochosome fabrication to enable production at a scale closer to the size of natural brochosomes. They will also explore additional applications for synthetic brochosomes, such as information encryption, where brochosome-like structures could be used as part of an encryption system where data is only visible under certain light wavelengths.

Wang noted that their brochosome work demonstrates the value of a biomimetic research approach, where scientists looks to nature for inspiration.

"Nature has been a good teacher for scientists to develop novel advanced materials," Wang said. "In this study, we have just focused on one insect species, but there are many more amazing insects out there that are waiting for material scientists to study, and they may be able to help us solve various engineering problems. They are not just bugs; they are inspirations."

Along with Wong and Wang from Penn State, other researchers on the study include Sheng Shen, professor of mechanical engineering, and Zhuo Li, doctoral candidate in mechanical engineering, both at Carnegie Mellon University, who contributed to the simulations in this study. Wang and Li contributed equally to this work, for which the researchers have filed a U.S. provisional patent. The Office of Naval Research supported this research.
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Harnessing hydrogen at life's origin | ScienceDaily
A new report uncovers how hydrogen gas, the energy of the future, provided energy in the past, at the origin of life 4 billion years ago. Hydrogen gas is clean fuel. It burns with oxygen in the air to provide energy with no CO2. Hydrogen is a key to sustainable energy for the future. Though humans are just now coming to realize the benefits of hydrogen gas (H2 in chemical shorthand), microbes have known that H2 is good fuel for as long as there has been life on Earth. Hydrogen is ancient energy. The very first cells on Earth lived from H2 produced in hydrothermal vents, using the reaction of H2 with CO2 to make the molecules of life.


						
Microbes that thrive from the reaction of H2 and CO2 can live in total darkness, inhabiting spooky, primordial habitats like deep-sea hydrothermal vents or hot rock formations deep within the Earth's crust, environments where many scientists think that life itself arose. Surprising new insights about how the first cells on Earth came to harness H2 as an energy source are now reported in PNAS. The new study comes from the team of William F. Martin at the University of Dusseldorf and Martina Preiner at the Max Planck Institute (MPI) for Terrestrial Microbiology in Marburg with support from collaborators in Germany and Asia.

In order to harvest energy, cells first have to push the electrons from H2 energetically uphill. "That is like asking a river to flow uphill instead of downhill, so cells need engineered solutions," explains one of the three first authors of the study, Max Brabender. How cells solve that problem was discovered only 15 years ago by Wolfgang Buckel together with his colleague Rolf Thauer in Marburg. They found that cells send the two electrons in hydrogen down different paths. One electron goes far downhill, so far downhill that it sets something like a pulley (or a siphon) in motion that can pull the other electron energetically uphill. This process is called electron bifurcation. In cells, it requires several enzymes that send the electrons uphill to an ancient and essential biological electron carrier called ferredoxin. The new study shows that at pH 8.5, typical of naturally alkaline vents, "no proteins are required," explains Buckel, co-author on the study, "the H-H bond of H2 splits on the iron surface, generating protons that are consumed by the alkaline water and electrons that are then easily transferred directly to ferredoxin."

How an energetically uphill reaction could have worked in early evolution, before there were enzymes or cells, has been a very tough puzzle. "Several different theories have proposed how the environment might have pushed electrons energetically uphill to ferredoxin before the origin of electron bifurcation," says Martin, "we have identified a process that could not be simpler and that works in the natural conditions of hydrothermal vents."

Since the discovery of electron bifurcation, scientists have found that the process is both ancient and absolutely essential in microbes that live from H2. The vexing problem for evolutionarily-minded chemists like Martina Preiner, whose team in Marburg focusses on the impact of the environment on reactions that microbes use today and possibly used at life's origin, is: How was H2 harnessed for CO2 fixing pathways before there were complicated proteins? "Metals provide answers,," she says, "at the onset of life, metals under ancient environmental conditions can send the electrons from H2 uphill, and we can see relicts of that primordial chemistry preserved in the biology of modern cells." But metals alone are not enough. "H2 needs to be produced by the environment as well" adds co-first author Delfina Pereira from Preiner's lab. Such environments are found in hydrothermal vents, where water interacts with iron-containing rocks to make H2 and where microbes still live today from that hydrogen as their source of energy.

Hydrothermal vents, both modern and ancient, generate H2 in such large amounts that the gas can turn iron-containing minerals into shiny metallic iron. "That hydrogen can make metallic iron out of minerals is no secret" says Harun Tuysuz, expert for high-tech materials at the Max-Planck-Institut fur Kohlenforschung Mulheim and coauthor on the study. "Many processes in chemical industry use H2 to make metals out of minerals during the reaction." The surprise is that nature does this too, especially at hydrothermal vents, and that this naturally deposited iron could have played a crucial role at the origin of life.

Iron was the only metal identified in the new study that was able to send the electrons in H2 uphill to ferredoxin. But the reaction only works under alkaline conditions like those in a certain type of hydrothermal vents. Natalia Mrnjavac from the Dusseldorf group and co-first author on the study points out: "This fits well with the theory that life arose in such environments. The most exciting thing is that such simple chemical reactions can close an important gap in understanding the complex process of origins, and that we can see those reactions working under the conditions of ancient hydrothermal vents in the laboratory today."
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Two artificial intelligences talk to each other | ScienceDaily
Performing a new task based solely on verbal or written instructions, and then describing it to others so that they can reproduce it, is a cornerstone of human communication that still resists artificial intelligence (AI). A team from the University of Geneva (UNIGE) has succeeded in modelling an artificial neural network capable of this cognitive prowess. After learning and performing a series of basic tasks, this AI was able to provide a linguistic description of them to a ''sister'' AI, which in turn performed them. These promising results, especially for robotics, are published in Nature Neuroscience.


						
Performing a new task without prior training, on the sole basis of verbal or written instructions, is a unique human ability. What's more, once we have learned the task, we are able to describe it so that another person can reproduce it. This dual capacity distinguishes us from other species which, to learn a new task, need numerous trials accompanied by positive or negative reinforcement signals, without being able to communicate it to their congeners.

A sub-field of artificial intelligence (AI) -- Natural language processing -- seeks to recreate this human faculty, with machines that understand and respond to vocal or textual data. This technique is based on artificial neural networks, inspired by our biological neurons and by the way they transmit electrical signals to each other in the brain. However, the neural calculations that would make it possible to achieve the cognitive feat described above are still poorly understood.

''Currently, conversational agents using AI are capable of integrating linguistic information to produce text or an image. But, as far as we know, they are not yet capable of translating a verbal or written instruction into a sensorimotor action, and even less explaining it to another artificial intelligence so that it can reproduce it,'' explains Alexandre Pouget, full professor in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine.

A model brain

The researcher and his team have succeeded in developing an artificial neuronal model with this dual capacity, albeit with prior training. ''We started with an existing model of artificial neurons, S-Bert, which has 300 million neurons and is pre-trained to understand language. We 'connected' it to another, simpler network of a few thousand neurons,'' explains Reidar Riveland, a PhD student in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine, and first author of the study.

In the first stage of the experiment, the neuroscientists trained this network to simulate Wernicke's area, the part of our brain that enables us to perceive and interpret language. In the second stage, the network was trained to reproduce Broca's area, which, under the influence of Wernicke's area, is responsible for producing and articulating words. The entire process was carried out on conventional laptop computers. Written instructions in English were then transmitted to the AI.

For example: pointing to the location -- left or right -- where a stimulus is perceived; responding in the opposite direction of a stimulus; or, more complex, between two visual stimuli with a slight difference in contrast, showing the brighter one. The scientists then evaluated the results of the model, which simulated the intention of moving, or in this case pointing. ''Once these tasks had been learned, the network was able to describe them to a second network -- a copy of the first -- so that it could reproduce them. To our knowledge, this is the first time that two AIs have been able to talk to each other in a purely linguistic way,'' says Alexandre Pouget, who led the research.

For future humanoids 

This model opens new horizons for understanding the interaction between language and behaviour. It is particularly promising for the robotics sector, where the development of technologies that enable machines to talk to each other is a key issue. ''The network we have developed is very small. Nothing now stands in the way of developing, on this basis, much more complex networks that would be integrated into humanoid robots capable of understanding us but also of understanding each other,'' conclude the two researchers.
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Using light to produce medication and plastics more efficiently | ScienceDaily
Anyone who wants to produce medication, plastics or fertilizer using conventional methods needs heat for chemical reactions -- but not so with photochemistry, where light provides the energy. The process to achieve the desired product also often takes fewer intermediate steps. Researchers from the University of Basel are now going one step further and are demonstrating how the energy efficiency of photochemical reactions can be increased tenfold. More sustainable and cost-effective applications are now tantalizingly close.


						
Industrial chemical reactions usually occur in several stages across various interim products. Photochemistry enables shortcuts, meaning fewer intermediate steps are required. Photochemistry also allows you to work with less hazardous substances than in conventional chemistry, as light produces a reaction in substances which do not react well under heat. However, to this point there have not been many industrial applications for photochemistry, partly because supplying energy with light is often inefficient or creates unwanted by-products.

The research group led by Professor Oliver Wenger at the University of Basel now describes a fundamental principle which has an unexpectedly strong impact on the energy efficiency of photochemistry and can increase the speed of photochemical reactions. Their results are published in Nature Chemistry.

In the case of this kind of reaction, the starting molecules are in a liquid solution. If they receive energy in the form of light, they can exchange electrons with one another and form radicals. These extremely reactive molecules always occur in pairs and remain surrounded by solvent, which encloses the pairs of radicals like a kind of cage. In order for the radicals to be able to continue to react to the desired target products, they need to "break out" of this cage and find a reaction partner outside of it. The team surrounding Wenger and his postdoc Dr. Cui Wang identified this process of breaking out as a decisive step which limits the energy efficiency and the speed of photochemical reactions.

Radicals break free

As long as the radicals remain in pairs in the solvent cage, they can spontaneously react with one another back into the starting materials. This reverse reaction wastes energy because it only uses the light already absorbed to get back to the starting point. The Basel team was able to slow down this reverse reaction and therefore give the radicals more time to leave the cage. The longer the unwanted reverse reaction became, the more radicals were able to break out and the more energy efficient and faster the desired target products developed.

Wang, who now holds the position of assistant professor at Osnabruck University, used two particular dyes in her study, both of which absorb light and store its energy for a short period before using it to form pairs of radicals. However, one of the two dyes examined was able to store significantly more energy than the other and transfer it to the radicals. Due to the additional energy, the radicals were able to leave the solvent cage up to ten times more efficiently. Consequently, the target products are produced with up to ten times higher energy efficiency. "This direct link between the radicals breaking out of the solvent cage and the efficient formation of the target products is astonishingly clear," stated Wang.

Dyes are key

The key finding is that certain dyes can release more radicals than others per the amount of light absorbed. "The choice of dye can be used to boost the energy efficiency of photochemical reactions," emphasizes Wenger. In turn, he states that energy efficiency is also a decisive criterion for the industrial use of photochemistry.
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Projection mapping leaves the darkness behind | ScienceDaily
Images projected onto objects in the real world create impressive displays that educate and entertain. However, current projection mapping systems all have one common limitation: they only work well in the dark. In a study recently published in IEEE Transactions on Visualization and Computer Graphics, researchers from Osaka University suggest a way to bring projection mapping "into the light."


						
Conventional projection mapping, which turns any three-dimensional surface into an interactive display, requires darkness because any illumination in the surroundings also illuminates the surface of the target object used for display. This means that black and dark colors appear too bright and can't be displayed properly. In addition, the projected images always look like they are glowing, but not all real objects are luminous, which restricts the range of objects that can be displayed. Displays in dark environments have another disadvantage. Multiple viewers can interact with an illuminated scene, but they are less able to interact with each other in the dark environment.

"To get around this problem, we use projectors to reproduce normal illumination on every part of the room except the display object itself," says Masaki Takeuchi, lead author of the study. "In essence, we create the illusion of global illumination without using actual global illumination."

Projecting global illumination requires a set of techniques that differs from those of conventional projection mapping. The research team use several standard projectors to illuminate the room along with a projector with a wide aperture and large-format lens to soften the crisp edges of shadows. These luminaire projectors illuminate the environment, but the target object remains in shadow. Conventional texture projectors are then used to map the texture onto its shadowed surface.

The researchers built a prototype environment and evaluated the performance of their approach. One aspect they evaluated was whether the objects were perceived by humans in aperture-color mode (where the colors appear to radiate from the object itself) or surface-color mode (in which the light appears to be reflected from a colored surface).

"To our knowledge, we are the first to consider this," says Daisuke Iwai, senior author of the study. "However, we believe it is fundamental for producing realistic environments."

The researchers found that, using their method, they could project texture images onto objects without making the object appear to glow. Instead, the textures were perceived to be the true colors of the object's surface.

In future, the researchers plan to add more projectors to handle the complex illumination in the areas next to the display object. Eventually, they aim to produce scenes that are indistinguishable from real-world three-dimensional scenes. They believe that this approach will enable visual design environments for industrial products or packaging, in which the participants can interact not only with their design under natural light but also with each other, facilitating communication and improving design performance.
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Holographic message encoded in simple plastic | ScienceDaily
There are many ways to store data -- digitally, on a hard disk, or using analogue storage technology, for example as a hologram. In most cases, it is technically quite complicated to create a hologram: High-precision laser technology is normally used for this.


						
However, if the aim is simply to store data in a physical object, then holography can be done quite easily, as has now been demonstrated at TU Wien: A 3D printer can be used to produce a panel from normal plastic in which a QR code can be stored, for example. The message is read using terahertz rays -- electromagnetic radiation that is invisible to the human eye.

The hologram as a data storage device

A hologram is completely different from an ordinary image. In an ordinary image, each pixel has a clearly defined position. If you tear off a piece of the picture, a part of the content is lost.

In a hologram, however, the image is formed by contributions from all areas of the hologram simultaneously. If you take away a piece of the hologram, the rest can still create the complete image (albeit perhaps a blurrier version). With the hologram, the information is not stored pixel by pixel, but rather, all of the information is spread out over the whole hologram.

"We have applied this principle to terahertz beams," says Evan Constable from the Institute of Solid State Physics at TU Wien. "These are electromagnetic rays in the range of around one hundred to several thousand gigahertz, comparable to the radiation of a cell phone or a microwave oven -- but with a significantly higher frequency."

This terahertz radiation is sent to a thin plastic plate. This plate is almost transparent to the terahertz rays, but it has a higher refractive index than the surrounding air, so at each point of the plate, it changes the incident wave a little. "A wave then emanates from each point of the plate, and all these waves interfere with each other," says Evan Constable. "If you have adjusted the thickness of the plate in just the right way, point by point, then the superposition of all these waves produces exactly the desired image."

It is similar to throwing lots of little stones into a pond in a precisely calculated way so that the water waves from all these stones add up to a very specific overall wave pattern.




A piece of cheap plastic as a high-tech storage unit for valuable items

In this way, it was possible to encode a Bitcoin wallet address (consisting of 256 bits) in a piece of plastic. By shining terahertz rays of the correct wavelength through this plastic plate, a terahertz ray image is created that produces exactly the desired code. "In this way, you can securely store a value of tens of thousands of euros in an object that only costs a few cents," says Evan Constable.

In order for the plate to generate the correct code, one first has to calculate how thick the plate has to be at each point, so that it changes the terahertz wave in exactly the right way. Evan Constable and his collaborators made the code for obtaining this thickness profile available for free on Github. "Once you have this thickness profile, all you need is an ordinary 3D printer to print the plate and you have the desired information stored holographically," explains Constable. The aim of the research work was not only to make holography with terahertz waves possible, but also to demonstrate how well the technology for working with these waves has progressed and how precisely this still rather unusual range of electromagnetic radiation can already be used today.
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New technique helps AI tell when humans are lying | ScienceDaily
Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.


						
"AI programs are used in a wide variety of business contexts, such as helping to determine how large of a mortgage an individual can afford, or what an individual's insurance premiums should be," says Mehmet Caner, co-author of a paper on the work. "These AI programs generally use mathematical algorithms driven solely by statistics to do their forecasting. But the problem is that this approach creates incentives for people to lie, so that they can get a mortgage, lower their insurance premiums, and so on.

"We wanted to see if there was some way to adjust AI algorithms in order to account for these economic incentives to lie," says Caner, who is the Thurman-Raytheon Distinguished Professor of Economics in North Carolina State University's Poole College of Management.

To address this challenge, the researchers developed a new set of training parameters that can be used to inform how the AI teaches itself to make predictions. Specifically, the new training parameters focus on recognizing and accounting for a human user's economic incentives. In other words, the AI trains itself to recognize circumstances in which a human user might lie to improve their outcomes.

In proof-of-concept simulations, the modified AI was better able to detect inaccurate information from users.

"This effectively reduces a user's incentive to lie when submitting information," Caner says. "However, small lies can still go undetected. We need to do some additional work to better understand where the threshold is between a 'small lie' and a 'big lie.'"

The researchers are making the new AI training parameters publicly available, so that AI developers can experiment with them.

"This work shows we can improve AI programs to reduce economic incentives for humans to lie," Caner says. "At some point, if we make the AI clever enough, we may be able to eliminate those incentives altogether."
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Largest-ever map of universe's active supermassive black holes released | ScienceDaily
Astronomers have charted the largest-ever volume of the universe with a new map of active supermassive black holes living at the centers of galaxies. Called quasars, the gas-gobbling black holes are, ironically, some of the universe's brightest objects.


						
The new map logs the location of about 1.3 million quasars in space and time, the furthest of which shone bright when the universe was only 1.5 billion years old. (For comparison, the universe is now 13.7 billion years old.)

"This quasar catalog is different from all previous catalogs in that it gives us a three-dimensional map of the largest-ever volume of the universe," says map co-creator David Hogg, a senior research scientist at the Flatiron Institute's Center for Computational Astrophysics in New York City and a professor of physics and data science at New York University. "It isn't the catalog with the most quasars, and it isn't the catalog with the best-quality measurements of quasars, but it is the catalog with the largest total volume of the universe mapped."

Hogg and his colleagues present the map in a paper published March 18 in The Astrophysical Journal. The paper's lead author, Kate Storey-Fisher, is a postdoctoral researcher at the Donostia International Physics Center in Spain.

The scientists built the new map using data from the European Space Agency's Gaia space telescope. While Gaia's main objective is to map the stars in our galaxy, it also inadvertently spots objects outside the Milky Way, such as quasars and other galaxies, as it scans the sky.

"We were able to make measurements of how matter clusters together in the early universe that are as precise as some of those from major international survey projects -- which is quite remarkable given that we got our data as a 'bonus' from the Milky Way-focused Gaia project," Storey-Fisher says.

Quasars are powered by supermassive black holes at the centers of galaxies and can be hundreds of times as bright as an entire galaxy. As the black hole's gravitational pull spins up nearby gas, the process generates an extremely bright disk and sometimes jets of light that telescopes can observe.




The galaxies that quasars inhabit are surrounded by massive halos of invisible material called dark matter. By studying quasars, astronomers can learn more about dark matter, such as how much it clumps together.

Astronomers can also use the locations of distant quasars and their host galaxies to better understand how the cosmos expanded over time. For example, scientists have already compared the new quasar map with the oldest light in our cosmos, the cosmic microwave background. As this light travels to us, it is bent by the intervening web of dark matter -- the same web mapped out by the quasars. By comparing the two, scientists can measure how strongly matter clumps together.

"It has been very exciting to see this catalog spurring so much new science," Storey-Fisher says. "Researchers around the world are using the quasar map to measure everything from the initial density fluctuations that seeded the cosmic web to the distribution of cosmic voids to the motion of our solar system through the universe."

The team used data from Gaia's third data release, which contained 6.6 million quasar candidates, and data from NASA's Wide-Field Infrared Survey Explorer and the Sloan Digital Sky Survey. By combining the datasets, the team removed contaminants such as stars and galaxies from Gaia's original dataset and more precisely pinpointed the distances to the quasars. The team also created a map showing where dust, stars and other nuisances are expected to block our view of certain quasars, which is critical for interpreting the quasar map.

"This quasar catalog is a great example of how productive astronomical projects are," says Hogg. "Gaia was designed to measure stars in our own galaxy, but it also found millions of quasars at the same time, which give us a map of the entire universe."
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Bridge in a box: Unlocking origami's power to produce load-bearing structures | ScienceDaily
For the first time, load-bearing structures like bridges and shelters can be made with origami modules -- versatile components that can fold compactly and adapt into different shapes -- University of Michigan engineers have demonstrated.


						
It's an advance that could enable communities to quickly rebuild facilities and systems damaged or destroyed during natural disasters, or allow for construction in places that were previously considered impractical, including outer space. The technology could also be used for structures that need to be built and then disassembled quickly, such as concert venues and event stages.

"With both the adaptability and load-carrying capability, our system can build structures that can be used in modern construction," said Evgueni Filipov, an associate professor of civil and environmental engineering and of mechanical engineering, and a corresponding author of the study in Nature Communications.

Principles of the origami art form allow for larger materials to be folded and collapsed into small spaces. And with modular building systems gaining wider acceptance, the applications for components that can be stored and transported with ease have grown.

Researchers have struggled for years to create origami systems with the necessary weight capacities while keeping the ability to quickly deploy and reconfigure. U-M engineers have created an origami system that solves that problem. Examples of what the system can create include:
    	A 3.3-foot-tall column that can support 2.1 tons of weight while itself weighing just over 16 pounds, and with a base footprint of less than 1 square foot.
    	A package that can unfold from a 1.6-foot-wide cube to deploy into different structures, including: a 13-foot-long walking bridge, a 6.5-foot-tall bus stop and a 13-foot-tall column.

A key to the breakthrough came in the form of a different design approach provided by Yi Zhu, research fellow in mechanical engineering and first author of the study.

"When people work with origami concepts, they usually start with the idea of thin, paper-folded models -- assuming your materials will be paper-thin," Zhu said. "However, in order to build common structures like bridges and bus stops using origami, we need mathematical tools that can directly consider thickness during the initial origami design."

To bolster weight-bearing capacity, many researchers have attempted to thicken their paper-thin designs in varying spots. U-M's team, however, found that uniformity is key.




"What happens is you add one level of thickness here, and a different level of thickness there, and it becomes mismatched," Filipov said. "So when the load is carried through these components, it starts to cause bending.

"That uniformity of the component's thickness is what's key and what's missing from many current origami systems. When you have that, together with appropriate locking devices, the weight placed upon a structure can be evenly transferred throughout."

In addition to carrying a large load, this system -- known as the Modular and Uniformly Thick Origami-Inspired Structure system -- can adapt its shapes to become bridges, walls, floors, columns and many other structures.

U-M's research has been helped along by use of its Sequentially Working Origami Multi-Physics Simulator (SWOMPS). It's a simulator that accurately predicts the behaviors or large-scale origami systems. Developed at U-M, the system has been available to the public since 2020.

The study was supported by funding from the National Science Foundation and the Automotive Research Center.
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Advance for soft robotics manufacturing, design | ScienceDaily
Soft robots use pliant materials such as elastomers to interact safely with the human body and other challenging, delicate objects and environments. A team of Rice University researchers has developed an analytical model that can predict the curing time of platinum-catalyzed silicone elastomers as a function of temperature. The model could help reduce energy waste and improve throughput for elastomer-based components manufacturing.


						
"In our study, we looked at elastomers as a class of materials that enables soft robotics, a field that has seen a huge surge in growth over the past decade," said Daniel Preston, a Rice assistant professor of mechanical engineering and corresponding author on a study published in Cell Reports Physical Science. "While there is some related research on materials like epoxies and even on several specific silicone elastomers, until now there was no detailed quantitative account of the curing reaction for many of the commercially available silicone elastomers that people are actually using to make soft robots. Our work fills that gap."

The platinum-catalyzed silicone elastomers that Preston and his team studied typically start out as two viscoelastic liquids that, when mixed together, transform over time into a rubbery solid. As a liquid mixture, they can be poured into intricate molds and thus used for casting complex components. The curing process can occur at room temperature, but it can also be sped up using heat.

Manufacturing processes involving elastomers have typically relied on empirical estimates for temperature and duration to control the curing process. However, this ballpark approach makes it difficult to predict how elastomers will behave under varying curing conditions. Having a quantitative framework to determine exactly how temperature impacts curing speed will enable manufacturers to maximize efficiency and reduce waste.

"Previously, using existing models to predict elastomers' curing behavior under varying temperature conditions was a much more challenging task," said Te Faye Yap, a graduate student in the Preston lab who is lead author on the study. "There's a huge need to make manufacturing processes more efficient and reduce waste, both in terms of energy consumption and materials."

To understand how temperature impacts the curing process, the researchers used a rheometer -- an instrument that measures the mechanical properties of liquids and soft solids -- to analyze the curing behavior of six commercially available platinum-catalyzed elastomers.

"We were able to develop a model based on what is called the Arrhenius relationship that relates this curing reaction rate to the temperature at which the elastomer is being cured," Preston said. "Now we have a really nice quantitative understanding of exactly how temperature impacts curing speed."

The Arrhenius framework, a formula that relates the rate of chemical reactions to temperature, has been used in a variety of contexts such as semiconductor processing and virus inactivation. Preston and his group have used the framework in some of their prior work and found it also applies to curing reactions for materials like epoxies as described in previous studies. In this study, the researchers used the Arrhenius framework along with rheological data to develop an analytical model that could directly impact manufacturing practices.




"In this work, we really probed the curing reaction as a function of the temperature of the elastomer, but we also looked in depth at the mechanical properties of the elastomers when cured at elevated temperatures meant to achieve these higher throughputs and curing speeds," Preston said.

The researchers conducted mechanical testing on elastomer samples that were cured at room temperature and at elevated temperatures to see whether heating treatments impact the materials' mechanical properties.

"We found that exposing the elastomers to 70 degrees Celsius (158 Fahrenheit) does not alter the tensile and compressive properties of the material when compared to components that were cured at room temperature," Yap said. "Moreover, to demonstrate the usage of accelerated curing when making a device, we fabricated soft, pneumatically actuated grippers at both elevated and room temperature conditions, and we observed no difference in the performance of the grippers upon pressurizing."

While temperature did not seem to have an effect on the elastomers' ability to withstand mechanical stress, the researchers found that it did impact adhesion between components.

"Say we've already cured a few different components that need to be assembled together into the complete, soft robotic system," Preston said. "When we then try to adhere these components to each other, there's an impact on the adhesion or the ability to stick them together. In this case, that is greatly affected by the extent of curing that has occurred before we tried to bond."

The research advances scientific understanding of how temperature can be used to manipulate fabrication processes involving elastomers, which could open up the soft robotics design space for new or improved applications. One key area of interest is the biomedical industry.




"Surgical robots oftenbenefit from being compliant or soft in nature, because operating inside the human body means you want to minimize the risk of puncture or bruising to tissue or organs," Preston said. "So a lot of the robots that now operate inside the human body are moving to softer architectures and are benefiting from that. Some researchers have also started to look into using soft robotic systems to help reposition patients confined to a bed for long periods of time to try to avoid putting pressure on certain areas."

Other areas of potential use for soft robotics are agriculture (for instance picking fruits or vegetables that are fragile or bruise easily), disaster relief (search-and-rescue operations in impacted areas with limited or difficult access) and research (collecting or handling samples).

"This study provides a framework that could expand the design space for manufacturing with thermally cured elastomers to create complex structures that exhibit high elasticity which can be used to develop medical devices, shock absorbers and soft robots," Yap said.

Silicone elastomers' unique properties -- biocompatibility, flexibility, thermal resistance, shock absorption, insulation and more -- will continue to be an asset in a range of industries, and the current research can help expand and improve their use beyond current capabilities.

The research was supported by the National Science Foundation (2144809), the Rice Academy of Fellows, NASA (80NSSC21K1276), the National GEM Consortium and the US Department of Energy through an appointment with the Energy Efficiency & Renewable Energy Science, Technology and Policy Program administered by the Oak Ridge Institute for Science and Education (ORISE) and managed by Oak Ridge Associated Universities (ORAU) under contract number DE-SC0014664.
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Self-heating concrete is one step closer to putting snow shovels and salt out of business | ScienceDaily
There's a patch of concrete on Drexel University's campus that could portend a frost-free future for sidewalks and highways in the Northeast. Tucked inconspicuously next to a parking lot for the university's facilities vehicles, two 30-inch-by-30-inch slabs have been warding off snow, sleet and freezing rain on their own -- without shoveling, salting or scraping -- for a little over three years. Researchers in Drexel's College of Engineering, recently reported on the science behind the special concrete, that can warm itself up when it snows, or as temperatures approach freezing.


						
Self-heating concrete, like Drexel's, is the latest in an ongoing effort to create more environmentally responsive and resilient infrastructure, particularly in the northern regions of the United States, where the National Highway Administration estimates states spend $2.3 billion on snow and ice removal operations each year and millions to repair roadways damaged by winter weather.

"One way to extend the service life of a concrete surfaces, like roadways, is to help them maintain a surface temperature above freezing during the winter," said Amir Farnam, PhD, an associate professor in the College of Engineering whose Advanced Infrastructure Materials Lab has been leading the research. "Preventing freezing and thawing and cutting back on the need for plowing and salting are good ways to keep the surface from deteriorating. So, our work is looking at how we can incorporate special materials in the concrete that help it to maintain a higher surface temperature when the ambient temperature around it drops."

The Drexel team has been developing its cold-weather-resilient concrete mix over the last five years with the goal of reducing the freezing, thawing and salting that eats away at roads and other concrete surfaces. Until now, the success of their self-heating concrete -- which they have previously reported can melt snow and prevent or slow ice formation for an extended period of time -- has only been in a controlled lab setting. In a paper recently published in the American Society for Civil Engineering's Journal of Materials in Civil Engineering, the group took the important step of proving its viability in the natural environment.

"We have demonstrated that our self-heating concrete is capable of melting snow on its own, using only the environmental daytime thermal energy -- and doing it without the help of salt, shoveling or heating systems," Farnam said. "This self-heating concrete is suitable for mountainous and northern regions in the U.S., such as Northeast Pennsylvania and Philadelphia, where there are suitable heating and cooling cycles in winter."

A Warm Welcome

The secret to the concrete's warming is low-temperature liquid paraffin, which is a phase-change material, meaning it releases heat when it turns from its room-temperature state -- as a liquid -- to a solid, when temperatures drop. In a previous paper, the group reported that incorporating liquid paraffin into the concrete triggers heating when temperatures drop. Their latest research looks at two methods for incorporating the phase-change material in concrete slabs and how each fares outside in the cold.




One method involves treating porous lightweight aggregate -- the pebbles and small stone fragments that are ingredients in concrete -- with the paraffin. The aggregate absorb the liquid paraffin before being mixed into the concrete. The other strategy is mixing micro-capsules of paraffin directly into the concrete.

A Test in the Elements

The researchers poured one slab using each method and a third without any phase-change material, as a control. All three have been outside in the elements since December 2021. In the first two years, they faced a total of 32 freeze-thaw events -- instances where temperature dropped below freezing, regardless of precipitation -- and five snow falls of an inch or more.

Using cameras and thermal sensors, the researchers monitored the temperature and snow and ice-melting behavior of the slabs. They reported that the phase-change slabs maintained a surface temperature between 42- and 55-degrees Fahrenheit for up to 10 hours, when air temperatures dipped below freezing.

This heating is enough to melt a couple of inches of snow, at a rate of about a quarter of an inch of snow per hour. And while this may not be warm enough to melt a heavy snow event before plows are needed, it can help deice the road surface and increase transportation safety, even in heavy snow events.

Staying Warm Enough

Simply preventing the surface from dropping below freezing also goes a long way when it comes to preventing deterioration, according to the researchers.




"Freeze-thaw cycles, periods of extreme cooling -- below freezing -- and warming, can cause a surface to expand and contract in size, which puts a strain on its structural integrity and can cause damaging cracking and spalling over time," said Robin Deb, a doctoral student in the College of Engineering, who helped to lead the research. "And while this alone may not degrade the structure to the point of failure, it creates a vulnerability that will lead to the problematic interior deterioration that we need to avoid. One of the promising findings is that the slabs with phase-change materials were able to stabilize their temperature above freezing when faced with dropping ambient temperatures."

Slow and Steady

Overall, the treated lightweight aggregate slab performed better at sustaining its heating -- keeping the temperature above freezing for up to 10 hours -- while the slab with microencapsulated phase-change material was able to heat up more quickly, but only maintain the warming for half as long. The researchers suggest this is due to the relative disbursal of the phase-change material within the pores of the aggregate, by comparison to the concentration of phase-change material inside the microcapsules -- a phenomenon that has been studied extensively.

They also noted that the porosity of the aggregate likely contributes to the paraffin remaining a liquid below its usual freezing temperature of 42 degrees Fahrenheit. This proved beneficial to the slab's performance because the material did not immediately release its heat energy when the temperature began to drop -- holding its release until the material reached 39 degrees Fahrenheit. By contrast, the microencapsulated paraffin began releasing its warming energy as soon as its temperature reached 42 degrees, which contributed to its relatively shorter activation period.

"Our findings suggest that the phase-change material treated lightweight aggregate concrete was more suited for deicing applications at sub-zero temperatures due to its gradual heat release within wider range of temperature," Farnam said.

Room for Improvement

While both applications were able to raise the temperature of the concrete to between 53- and 55-degrees Fahrenheit, which is more than enough to melt snow. Their performance was affected by the ambient air temperature before a snowfall and the rate of snowfall.

"We found that PCM-incorporated pavements cannot completely melt heavy snow accumulation -- larger than 2 inches," Deb said. "It can, however, melt snowfalls less than two inches quite effectively. The PCM-incorporated slabs begin melting snow as soon as it starts to accumulate. And the gradual heat release can effectively deice a pavement's surface, which would eliminate the need to pre-salt before the heavy snowfall."

They also noted that if the phase-change material does not have some time to "recharge" by warming enough to return to its liquid state between freeze-thaw or snow events, then its performance may be diminished.

"Conducting this research was an important step for us to understand how concrete incorporating phase-change material behaves in nature," Deb said. "With these findings, we will be able to continue to improve the system to one day optimize it for longer heating and greater melting. But it is encouraging to see evidence of significant reduction of freeze-thaw cycles, which demonstrates that PCM concrete is more freeze-thaw durable compared to traditional concrete."

The team plans to continue to collect data on the slabs to understand the long-term effectiveness of the phase-change materials and study how this method may extend the lifespan of concrete.
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Virtual reality better than video for evoking fear, spurring climate action | ScienceDaily
Depicting worst-case climate scenarios like expanding deserts and dying coral reefs may better motivate people to support environmental policies when delivered via virtual reality, according to a research team led by Penn State that studied how VR and message framing affect the impact of environmental advocacy communications. The study findings, published in the journal Science Communication, may help advocacy groups decide how best to frame and deliver their messages.


						
The researchers examined individuals' responses to climate change messaging when delivered through traditional video and desktop virtual reality -- VR programs like Google Earth that can run on a mobile phone or computer. They found that loss-framed messages, or those that transitioned from a positive to negative climate scenario to emphasize what humanity has to lose, were more effective at convincing people to support environmental policies when delivered via VR. Gain-framed messages, which depict a more hope-inspiring change from a negative to a positive environmental outcome, had a greater impact when delivered through traditional video format.

"The findings of this study suggest that in terms of seeking support for climate change policy, it's the combination of the medium and the message that can determine the most effective solution for promoting a particular advocacy message," said S. Shyam Sundar, senior author and the James P. Jimirro Professor of Media Effects at Penn State. "For consumers, the media literacy message here is that you're much more emotionally vulnerable or more likely to be swayed by a VR presentation of an advocacy message, especially if the presentation focuses on loss."

The research team created two desktop virtual reality experiences, one gain-framed and one loss-framed, using the Unity3D game engine. In addition to the loss and gain framed messages, the VR programs also depicted healthy and unhealthy coral reef ecosystems, accompanied by lighter or darker ambient lighting and hopeful or sad audio, and allowed users to explore the aquatic environments. The researchers used the programs to record loss- and gain-framed videos based on the VR experiences.

They chose to depict coral reef ecosystems because corals are one of the species most endangered by the effects of climate change and far removed from many peoples' lived experiences.

"It's difficult to communicate environmental issues to non-scientists because the consequences are usually long-term and not easily foreseeable," said Mengqi Liao, first author and doctoral candidate in mass communication at Penn State. "Not to mention that it's usually very hard to bring people to an environment that has been damaged by climate change, such as coral reefs, which, based on decades of data collected in part from NASA's airborne and satellite missions, have declined rapidly over the past 30 years. This is where VR comes in handy. You can bring the environment to people and show them what would happen if we fail to act."

The researchers recruited 130 participants from Amazon Mechanical Turk and asked them to complete a pre-questionnaire to measure variables like attitudes toward climate change and political ideology. Then they randomly assigned participants to a video or desktop VR experience. Within each of these groups, half saw the gain-framed messaging while the other half saw the loss-framed messaging.




Participants in the loss-framed experiences saw healthy then unhealthy coral ecosystems, with a message explaining the negative consequences of failing to adopt climate change mitigation behaviors. Those in the gain-framed versions saw unhealthy then healthy coral ecosystems, with messages explaining the positive impacts of adopting climate policies. After completing the experiences, participants answered a questionnaire to measure how likely they would be to support environmental policies.

The researchers found that loss-framed messages were most effective at motivating people to support climate change mitigation policies when delivered through desktop VR. Gain-framed messages were most effective when delivered in video format.

Virtual reality is inherently interesting and attention-grabbing, and it has a low cognitive barrier to entry -- even small children with limited reading ability can use it, according to Sundar.

"The nickname for VR is empathy machine. It can generate better empathy because you're one with the environment," he said. "Loss-framed messaging tends to be more effective, more about emotions like fear rather than hope. Sometimes fear can be better represented in visually resplendent media like VR."

Gain-framed messaging, on the other hand, tends to involve more thinking about the consequences of action or inaction for the environment and what humans have to gain, Sundar explained. The movement and interactivity that come with VR may distract too much from the kind of thinking needed to process the potential gains highlighted in that type of messaging, which is better suited for traditional video or text.

"With politicized topics like climate change, people are guided by their motivated reasoning, whereby an individual readily accepts information consistent with their worldview and ignores or rejects information that is inconsistent with that view," Liao said. "Our study suggests that showing stark portrayals of environmental loss can be persuasive in spurring people into action, to support climate change issues regardless of their pre-existing worldviews."

Pejman Sajjadi, who completed the work as a postdoctoral scholar at Penn State and is now with Meta, also contributed to the research.
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Engineers measure pH in cell condensates | ScienceDaily
Scientists trying to understand the physical and chemical properties that govern biomolecular condensates now have a crucial way to measure pH and other emergent properties of these enigmatic, albeit important cellular compartments.


						
Condensates are communities of proteins and nucleic acids. They lack a membrane and come together and fall apart as needed. The nucleolus is a prominent condensate in cells. It serves vital roles in cellular physiology and is the site of ribosome production.

Ribosomes are the multi-protein and RNA assemblies where the genetic code is translated to synthesize proteins. Impairment of ribosome production and other nucleolar dysfunctions lie at the heart of cancers, neurodegeneration and developmental disorders.

In a first for the condensate field, researchers from the lab of Rohit Pappu, the Gene K. Beare Distinguished Professor of biomedical engineering, and colleagues in the Center for Biomolecular Condensates in the McKelvey School of Engineering at Washington University in St. Louis, figured out how nucleolar sub-structures are assembled. This organization gives rise to unique pH profiles within nucleoli, which they measured and compared with the pH of nearby non-nucleolar condensates including nuclear speckles and Cajal bodies.

In the study, published online in Cell, the authors report that the distinct protein compositions of nucleoli give them an acidic character, whereas nuclear speckles have the same pH as the nucleus, and Cajal bodies are more basic.

Building on spatial proteomics data from the lab of Emma Lundberg, associate professor of bioengineering at Stanford University, and novel algorithms developed by Kiersten Ruff, a staff research scientist at McKelvey, and colleagues in the Pappu lab, the team identified unique "molecular grammars" including the presence of proteins with long acidic tracts as a key defining feature of many nucleolar proteins. This, the team reasoned, must help carry hydrogen protons into nucleoli (pH is the measurement of the activity of protons).

Condensates are like a gathering of people on a convention floor. There are no walls keeping them in place; just sparkling conversations led by a few key individuals -- the "scaffolds." The community of molecules that come together enables emergent properties in the condensates, like internal pH in nucleoli.




Condensates form via a process that the team now refers to as condensation. This combines phase separation -- think demixing of oil and water -- and sticky interactions among molecules that like to bind with one another.

"Biomolecules are defined by a combination of specific interactions and distinct solubility profiles. Condensation involves the totality of these interactions, and this gives rise to what are known as emergent properties," said Matthew King, postdoctoral fellow in the Pappu lab and lead author of the paper.

The new research provides a starting point for understanding how emergent properties, whereby the whole is greater than the sum of its parts, give rise to condensate-specific "physicochemical barcodes," according to King.

Differentials in pH between condensates and the surrounding nucleoplasm generate gradients and "a pH gradient generates what is known as a proton motive force," King said.

This proton motive force, measured to be -88 mJ per proton, "might be able to facilitate directional movement of RNA and protein molecules, which is a key first step in enabling ribosomal assembly," King added.

Getting chemical probes to the right place in cells and to measure the condensates required technological innovations that included contributions from McKelvey project partners Michael Vahey assistant professor of biomedical engineering, and Matthew Lew, associate professor of electrical and systems engineering.




According to Pappu, this work "provides an elegant solution to the challenge that many biochemists see for the condensate concept."

Cellular reactions require specificity. Every biochemical reaction must take place in the right place, at the right time, and must involve specific sets of proteins and nucleic acids.

"Condensates were often criticized as being non-specific blobs," Pappu said.

Thanks to this new research, those blobs clearly have specific physiochemical properties.

"We now have evidence that distinct compositional biases of condensates generate distinct physicochemical environments, and this might provide the basis for biochemical specificity," Pappu noted.
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Breakthrough in melting point prediction: Over 100-year-old physics problem solved | ScienceDaily
A longstanding problem in physics has finally been cracked by Professor Kostya Trachenko of Queen Mary University of London's School of Physical and Chemical Sciences. His research, published in the Physical Review E, unveils a general theory for predicting melting points, a fundamental property whose understanding has baffled scientists for over a century.


						
For decades, our understanding of the three basic states of matter -- solids, liquids, and gases -- relied on temperature-pressure phase diagrams. These diagrams depict the conditions under which each state exists, with distinct lines separating them. However, one crucial line, the melting line -- marking the transition between solid and liquid -- lacked a universal description.

Professor Trachenko's theory bridges this gap. By developing a new framework that incorporates recent advancements in liquid theory, he demonstrates that melting lines can be described by a simple parabolic equation. This not only offers a practical tool for predicting melting points but also reveals a surprising universality across different material types. This universality comes from observing that parameters in the parabolic equation are governed by fundamental physical constants such as the Planck constant and electron mass and charge.

"The simplicity and universality of this result are particularly exciting," explains Professor Trachenko. "It suggests that melting, despite its complexities, exhibits a fundamental unity across diverse systems, from noble gases to metals."

This discovery holds significant implications beyond theoretical physics. Accurate prediction of melting points is crucial in materials science, with applications ranging from drug development to designing advanced materials and other areas where predicting phase diagrams is important. Professor Trachenko's work paves the way for a deeper understanding of phase transitions and the creation of new materials with tailored properties.
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Reimagining the future of solar energy | ScienceDaily
Scientists are always on the lookout for ways to make our world a better place, and one area they're focusing on is solar energy. One idea in this area is to make solar cells more efficient by concentrating more solar light onto them. While investigating this recently, a group of scientists at the Cavendish Laboratory and AMOLF (Amsterdam NL) have found that improving solar cells efficiency in this way is harder than we might think but have discovered other avenues by which it might be possible to improve solar energy capture anywhere on the planet.


						
The researchers were interested in finding out if solar cells, devices that turn sunlight into electricity, could be tweaked to perform better in different parts of the world, where concentration of solar light may be higher. To examine this, they used machine learning models and neural networks (AI) to understand how the sun's radiation would behave in different spots on Earth.

They integrated this data into an electronic model to calculate the solar cells' output. By simulating various scenarios, they could predict how much energy the solar cells could produce at various locations worldwide.

Their findings published in Joule, however, revealed a surprising twist. "Making solar cells super-efficient turns out to be very difficult. So, instead of just trying to make solar cells better, we figured some other ways to capture more solar energy," said Dr. Tomi Baikie, first author of the study and Research Fellow at the Cavendish Laboratory and at Lucy Cavendish College. "This could be really helpful for communities, giving them different options to think about, instead of just focusing on making the cells more efficient with light."

Imagine solar panels that can flex and fold like origami or become partially transparent to blend seamlessly into surroundings and make them easy to install. By enhancing the durability and versatility of these panels, they could be integrated into a wide range of settings, promising longevity and efficiency.

"We suggest a different plan that can make solar panels work well in lots of different places around the world," said Baikie. "The idea is to make them flexible, a bit see-through/semi-transparent, and able to fold up. This way, the panels can fit into all kinds of places."

Furthermore, the researchers advocate the use of patterning the solar capture devices with the aim to optimise their arrangement for maximum sunlight absorption. This approach holds the potential to improve the design of solar arrays, increasing their effectiveness in harnessing solar energy.

"This realisation means that we can now focus on different things instead of just making solar cells work better. In future, we're going to examine solar harvesting pathwaysthat includes tessellation. It's like a puzzle pattern that could help us capture even more sun power," concluded Baikie.
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Speaking without vocal cords, thanks to a new AI-assisted wearable device | ScienceDaily
People with voice disorders, including those with pathological vocal cord conditions or who are recovering from laryngeal cancer surgeries, can often find it difficult or impossible to speak. That may soon change.


						
A team of UCLA engineers has invented a soft, thin, stretchy device measuring just over 1 square inch that can be attached to the skin outside the throat to help people with dysfunctional vocal cords regain their voice function. Their advance is detailed this week in the journal Nature Communications.

The new bioelectric system, developed by Jun Chen, an assistant professor of bioengineering at the UCLA Samueli School of Engineering, and his colleagues, is able to detect movement in a person's larynx muscles and translate those signals into audible speech with the assistance of machine-learning technology -- with nearly 95% accuracy.

The breakthrough is the latest in Chen's efforts to help those with disabilities. His team previously developed a wearable glove capable of translating American Sign Language into English speech in real time to help users of ASL communicate with those who don't know how to sign.

The tiny new patch-like device is made up of two components. One, a self-powered sensing component, detects and converts signals generated by muscle movements into high-fidelity, analyzable electrical signals; these electrical signals are then translated into speech signals using a machine-learning algorithm. The other, an actuation component, turns those speech signals into the desired voice expression.

The two components each contain two layers: a layer of biocompatible silicone compound polydimethylsiloxane, or PDMS, with elastic properties, and a magnetic induction layer made of copper induction coils. Sandwiched between the two components is a fifth layer containing PDMS mixed with micromagnets, which generates a magnetic field.

Utilizing a soft magnetoelastic sensing mechanism developed by Chen's team in 2021, the device is capable of detecting changes in the magnetic field when it is altered as a result of mechanical forces -- in this case, the movement of laryngeal muscles. The embedded serpentine induction coils in the magnetoelastic layers help generate high-fidelity electrical signals for sensing purposes.




Measuring 1.2 inches on each side, the device weighs about 7 grams and is just 0.06 inch thick. With double-sided biocompatible tape, it can easily adhere to an individual's throat near the location of the vocal cords and can be reused by reapplying tape as needed.

Voice disorders are prevalent across all ages and demographic groups; research has shown that nearly 30% of people will experience at least one such disorder in their lifetime. Yet with therapeutic approaches, such as surgical interventions and voice therapy, voice recovery can stretch from three months to a year, with some invasive techniques requiring a significant period of mandatory postoperative voice rest.

"Existing solutions such as handheld electro-larynx devices and tracheoesophageal- puncture procedures can be inconvenient, invasive or uncomfortable," said Chen who leads the Wearable Bioelectronics Research Group at UCLA, and has been named one the world's most highly cited researchers five years in a row. "This new device presents a wearable, non-invasive option capable of assisting patients in communicating during the period before treatment and during the post-treatment recovery period for voice disorders."

How machine learning enables the wearable tech

In their experiments, the researchers tested the wearable technology on eight healthy adults. They collected data on laryngeal muscle movement and used a machine-learning algorithm to correlate the resulting signals to certain words. They then selected a corresponding output voice signal through the device's actuation component.

The research team demonstrated the system's accuracy by having the participants pronounce five sentences -- both aloud and voicelessly -- including "Hi, Rachel, how are you doing today?" and "I love you!"

The overall prediction accuracy of the model was 94.68%, with the participants' voice signal amplified by the actuation component, demonstrating that the sensing mechanism recognized their laryngeal movement signal and matched the corresponding sentence the participants wished to say.




Going forward, the research team plans to continue enlarging the vocabulary of the device through machine learning and to test it in people with speech disorders.

Other authors of the paper are UCLA Samueli graduate students Ziyuan Che, Chrystal Duan, Xiao Wan, Jing Xu and Tianqi Zheng -- all members of Chen's lab.

The research was funded by the National Institutes of Health, the U.S. Office of Naval Research, the American Heart Association, Brain & Behavior Research Foundation, the UCLA Clinical and Translational Science Institute, and the UCLA Samueli School of Engineering.
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Breakthrough in ultraviolet spectroscopy | ScienceDaily
Researchers at the Max Planck Institute of Quantum Optics (MPQ) have successfully developed a new technique for deciphering the properties of light and matter that can simultaneously detect and precisely quantify many substances with high chemical selectivity. Their technique interrogates the atoms and molecules in the ultraviolet spectral region at very feeble light levels. Exciting prospects for conducting experiments in low-light conditions pave the way for novel applications of photon-level diagnostics, such as precision spectroscopy of single atoms or molecules for fundamental tests of physics and ultraviolet photochemistry in the Earth's atmosphere or from space telescopes. The work is published today in the scientific journal Nature.


						
Ultraviolet spectroscopy plays a critical role in the study of electronic transitions in atoms and rovibronic transitions in molecules. These studies are essential for tests of fundamental physics, quantum-electrodynamics theory, determination of fundamental constants, precision measurements, optical clocks, high-resolution spectroscopy in support of atmospheric chemistry and astrophysics, and strong-field physics. Scientists in the group of Nathalie Picque at the Max-Planck Institute of Quantum Optics have now made a significant leap in the field of ultraviolet spectroscopy by successfully implementing high-resolution linear-absorption dual-comb spectroscopy in the ultraviolet spectral range. This groundbreaking achievement opens up new possibilities for performing experiments under low-light conditions, paving the way for novel applications in various scientific and technological fields.

Dual-comb spectroscopy, a powerful technique for precise spectroscopy over broad spectral bandwidths, has been mainly used for infrared linear absorption of small molecules in the gas phase. It relies on measuring the time-dependent interference between two frequency combs with slightly different repetition frequencies. A frequency comb is a spectrum of evenly spaced, phase-coherent laser lines, that acts like a ruler to measure the frequency of light with extreme precision. The dual-comb technique does not suffer from the geometric limitations associated with traditional spectrometers, and offers great potential for high precision and accuracy.

Dual-comb spectroscopy now available for low light intensities

However, dual-comb spectroscopy typically requires intense laser beams, making it less suitable for scenarios where low light levels are critical. The MPQ team have now experimentally demonstrated that dual-comb spectroscopy can be effectively employed in starved-light conditions, at power levels more than a million times weaker than those typically used. This breakthrough was achieved using two distinct experimental setups with different types of frequency-comb generators. The team developed a photon-level interferometer that accurately records the statistics of photon counting, showcasing a signal-to-noise ratio at the fundamental limit. This achievement highlights the optimal use of available light for experiments, and opens up the prospect of dual-comb spectroscopy in challenging scenarios where low light levels are essential.

The MPQ researchers addressed the challenges associated with generating ultraviolet frequency combs and building dual-comb interferometers with long coherence times, paving the way for advances in this coveted goal. They exquisitely controlled the mutual coherence of two comb lasers with one femtowatt per comb line, demonstrating an optimal build-up of the counting statistics of their interference signal over times exceeding one hour. "Our innovative approach to low-light interferometry overcomes the challenges posed by the low efficiency of nonlinear frequency conversion, and lays a solid foundation for extending dual-comb spectroscopy to even shorter wavelengths," comments Bingxin Xu, the post-doctoral scientist who led the experiments.

Indeed, an exciting future application is the development of dual-comb spectroscopy at short wavelengths, to enable precise vacuum- and extreme-ultraviolet molecular spectroscopy over broad spectral spans. Currently, broadband extreme-UV spectroscopy is limited in resolution and accuracy, and relies on unique instrumentation at specialized facilities. "Ultraviolet dual-comb spectroscopy, while a challenging goal, has now become a realistic one as a result of our research. Importantly, our results extend the full capabilities of dual-comb spectroscopy to low-light conditions, unlocking novel applications in precision spectroscopy, biomedical sensing, and environmental atmospheric sounding," Nathalie Picque concludes.
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DNA origami-based vaccines toward safe and highly-effective precision cancer immunotherapy | ScienceDaily
Therapeutic cancer vaccines are a form of immunotherapy in the making that could not only destroy cancer cells in patients, but keep a cancer from coming back and spreading. Multiple therapeutic cancer vaccines are being studied in clinical trials, but despite their promise, they are not routinely used yet by clinical oncologists to treat their patients.


						
The central ingredient of therapeutic cancer vaccines is antigens, which are preferentially produced or newly produced (neoantigens) by tumor cells and enable a patient's immune system to search and destroy the cancerous cells. In most cases, those antigens cannot act alone and need the help of adjuvant molecules that trigger a general alarm signal in immune cells known as antigen-presenting cells (APCs). APCs internalize both antigen and adjuvant molecules and present the antigens to different types of T cells. Those T cells then launch an immediate attack against the tumor, or preserve a longer-lasting memory of the tumor for future defense.

A cancer vaccine's effectiveness depends on the level and duration of the "alarm" its adjuvants can ring in APCs. Previously, researchers found that delivering adjuvant and antigen molecules to APCs simultaneously using nanostructures like DNA origami can increase APC activation. However, none of these approaches systematically investigated how the number and nanoscale arrangement of adjuvant molecules affect downstream tumor-directed immunity.

Now, a research team at the Wyss Institute at Harvard University, Dana-Farber Cancer Institute (DFCI), Harvard Medical School (HMS), and Korea Institute of Science and Technology (KIST) has created a DNA origami platform called DoriVac, whose core component is a self-assembling square block-shaped nanostructure. To one face of the square block, defined numbers of adjuvant molecules can be attached in highly tunable, nanoprecise patterns, while the opposite face can bind tumor antigens. The study found that molecules of an adjuvant known as CpG spaced exactly 3.5 nanometers apart from each other resulted in the most beneficial stimulation of APCs that induced a highly-desirable profile of T cells, including those that kill cancer cells (cytotoxic T cells), those that cause beneficial inflammation (Th-1 polarized T cells), and those that provide a long-term immune memory of the tumor (memory T cells). DoriVac vaccines enabled tumor-bearing mice to better control the growth of tumors and to survive significantly longer than control mice. Importantly, the effects of DoriVac also synergized with those of immune checkpoint inhibitors, which are a highly successful immunotherapy that is already widely used in the clinic. The findings are published in Nature Nanotechnology.

"DoriVac's DNA origami vaccine technology merges different nanotechnological capabilities that we have developed over the years with an ever-deepening knowledge about cancer-suppressing immune processes," said Wyss Core Faculty member William Shih, Ph.D., who led the Wyss Institute team together with first-author Yang (Claire) Zeng, M.D., Ph.D.. "We envision that in the future, antigens identified in patients with different types of tumors could be quickly loaded onto prefabricated, adjuvant-containing DNA origami to enable highly effective personalized cancer vaccines that can be paired with FDA-approved checkpoint inhibitors in combination therapies." Shih is also a Professor at HMS and DFCI's Department of Cancer Biology and, as some of the other authors, a member of the NIH-funded cross-institutional "Immuno-engineering to Improve Immunotherapy" (i3) Center based at the Wyss.

DNA origami rationale

The CpG adjuvant is a synthetic strand of DNA made up of repeated CpG nucleotide motifs that mimic the genetic material from immune cell-invading bacterial and viral pathogens. Like its natural counterparts, CpG adjuvants bind to a "danger receptor" called TLR9 in immune cells, which in turn induces an inflammatory (innate) immune response that works in concert with the antigen-induced (adaptive) immune response.




"We knew from previous work that to trigger strong inflammatory responses, TLR9 receptors need to dimerize and aggregate into multimeric complexes binding to multiple CpG molecules. The nanoscale distances between the CpG-binding domains in effective TLR9 assemblies revealed by structural analysis fell right into the range of what we hypothesized we could mirror with DNA origami structures presenting precisely spaced CpG molecules," explained Zeng, who was an Instructor in Medicine at the time of the study and now is a senior scientist at DFCI and Harvard Medical School (HMS). In addition to Shih, Zeng was also mentored on the project by senior authors Ju Hee Ryu, Ph.D., a Principal Researcher at KIST, and Wyss Founding Core Faculty member David Mooney, Ph.D., who also is Professor at Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS), and one of the i3 Center's Principal Investigators.

Zeng and the team fabricated DoriVac vaccines in which different numbers of CpG strands were spaced at 2.5, 3.5, 5, or 7 nanometers apart from each other on one face of the square block, and a model antigen was attached to the opposite face. They protected their structures from being degraded in the body using a chemical modification method that Shih's group had developed earlier. When internalized by different types of APCs, including dendritic cells (DCs), which orchestrate tumor-directed T cell responses, the DoriVac vaccines improved the uptake of antigens compared to controls consisting of free antigen molecules. A CpG spacing of 3.5 nanometers produced the strongest and most beneficial responses in APCs, and significantly outperformed a control vaccine containing only free CpG molecules. "We were excited to find that the DoriVac vaccine preferentially induced an immune activation state that supports anti-tumor immunity, which is what researchers generally want to see in a good vaccine," said Zeng.

Besides spacing, the numbers of CpG molecules in DoriVac vaccines also mattered. The team tested vaccines containing between 12 to 63 optimally spaced CpG molecules and found that 18 CpG molecules provided the best APC activation. This meant that their approach can also help limit the dosage of CpG molecules and thus minimize commonly observed toxic side effects observed with adjuvants.

Gained in (tumor) translation

Importantly, these in vitro trends translated to in vivo mouse tumor models. When prophylactically injected under the skin of mice, DoriVac vaccines accumulated in the closest lymph nodes where they stimulated DCs. A vaccine loaded with a melanoma antigen prevented the growth of subsequently injected aggressive melanoma cells. While all control animals had succumbed to the cancer by day 42 of the experiment, DoriVac-protected animals all were alive. DoriVac vaccines also inhibited tumor growth in mice in which the formation of melanoma tumors was already underway, with a 3.5 nanometer spacing of 18 CpG molecules again providing maximum effects on DC and T cells, and the strongest reduction in tumor growth.

Next, the team asked whether DoriVac vaccines could also boost immune responses produced by small "neoantigens" emerging in melanoma tumors. Neoantigens are ideal targets because they are exclusively made by tumor cells. However, they often are not very immunogenic themselves, which make highly effective adjuvants an important component in neoantigen vaccines. A DoriVac vaccine customized with four neoantigens enabled the researchers to significantly suppress growth of the tumor in mice that produced the neoantigens.




Finally, the researchers asked whether DoriVac could synergize with immune checkpoint therapy, which reactivates T cells that have been silenced in tumors. In mice, the two therapies combined resulted in the total regression of melanoma tumors, and prevented them from growing back when the animals were exposed to the same tumor cells again four months later. The animals had built up an immune memory of the tumor. The team obtained a similar vaccination efficiency in a mouse lymphoma model.

"We think that DoriVac's value for determining a sweet spot in adjuvant delivery and enhancing the delivery and effects of coupled antigens can pave the way to more effective clinical cancer vaccines for use in patients with a variety of cancers," said Zeng. The team is currently translating the DoriVac platform toward its clinical application, which is supported by the study's assessment of vaccine distribution and vaccine-directed antibodies in mice, as well as cytokines produced by immune cells in response to the vaccines in vivo.

"The DoriVac platform is our first example of how our pursuit of what we call Molecular Robotics -- synthetic bioinspired molecules that have programmable shape and function -- can lead to entirely new and powerful therapeutics. This technology opens an entirely new path for development of designer vaccines with properties tailored to meet specific clinical challenges. We hope to see its rapid translation into the clinic," said Wyss Institute Founding Director Donald Ingber, M.D., Ph.D., who is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital, and the Hansjorg Wyss Professor of Bioinspired Engineering at SEAS.

Other authors on the study are Olivia Young, Christopher Wintersinger, Frances Anastassacos, James MacDonald, Giorgia Isinelli, Maxence Dellacherie, Miguel Sobral, Haiqing Bai, Amanda Graveline, Andyna Vernet, Melinda Sanchez, Kathleen Mulligan, Youngjin Choi, Thomas Ferrante, Derin Keskin, Geoffrey Fell, Donna Neuberg, Cathrine Wu, and Ick Chan Kwon. The study was funded by the Wyss Institute's Validation Project and Institute Project programs, Claudia Adams Barr Program at DFCI, Korean Fund for Regenerative Medicine (award #21A0504L1), Intramural Research Program of KIST (award #2E30840), and National Institutes of Health (under the i3 Center supporting U54 grant (award #CA244726-01).
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Revolutionary method developed for mass-producing polymer solid electrolytes | ScienceDaily
A research team, led by Professor Seok Ju Kang in the School of Energy and Chemical Engineering at UNIST, has unveiled a groundbreaking technique for mass-producing polymer solid electrolytes, crucial components in batteries.


						
Departing from the traditional melt casting method, the team introduced a horizontal centrifugal casting method to overcome existing limitations. This innovative approach has redefined the production process for high-quality polymer solid electrolytes, revolutionizing the industry.

Drawing inspiration from the horizontal centrifugal casting technique used in producing iron pipes, the research team successfully achieved a uniform polymer solid electrolyte by rotating the solution horizontally during manufacturing. This method ensures minimal raw material wastage and offers superior electrochemical performance, economic feasibility, and effectiveness compared to conventional methods.

Professor Kang commented, "By adapting the iron pipe manufacturing process, we have developed a method capable of mass-producing uniform and high-performance solid electrolytes."

The newly developed technology enables a remarkable 13-fold increase in production speed by eliminating the need for drying polymer solutions and vacuum heat treatment, thereby streamlining the manufacturing process significantly.

Moreover, the production volume can be easily adjusted by varying the size of the horizontal centrifugal casting cylinder, ensuring consistent thickness and surface quality of polymer solid electrolytes, ideal for battery production.

Lead author Hyunwoo Kim from the School of Energy and Chemical Engineering at UNIST stated, "Through this method, we have achieved enhanced battery stability and performance without altering the material composition."

Professor Kim emphasized, "The elimination of the time-consuming and energy-intensive vacuum heat treatment process is a key aspect of this study, enabling efficient mass production of polymer solid electrolytes."

The research findings have been published in the online version of Energy Storage Materials on February 13, 2024. This research has been supported by the National Research Foundation of Korea (NRF), the Korea Institute of Energy Technology Evaluation and Planning (KETEP), and the Ministry of Science and ICT (MSIT).
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New research suggests that our universe has no dark matter | ScienceDaily
The current theoretical model for the composition of the universe is that it's made of 'normal matter,' 'dark energy' and 'dark matter.' A new uOttawa study challenges this.


						
A University of Ottawa study published today challenges the current model of the universe by showing that, in fact, it has no room for dark matter.

In cosmology, the term "dark matter" describes all that appears not to interact with light or the electromagnetic field, or that can only be explained through gravitational force. We can't see it, nor do we know what it's made of, but it helps us understand how galaxies, planets and stars behave.

Rajendra Gupta, a physics professor at the Faculty of Science, used a combination of the covarying coupling constants (CCC) and "tired light" (TL) theories (the CCC+TL model) to reach this conclusion. This model combines two ideas -- about how the forces of nature decrease over cosmic time and about light losing energy when it travels a long distance. It's been tested and has been shown to match up with several observations, such as about how galaxies are spread out and how light from the early universe has evolved.

This discovery challenges the prevailing understanding of the universe, which suggests that roughly 27% of it is composed of dark matter and less than 5% of ordinary matter, remaining being the dark energy.

Challenging the need for dark matter in the universe

"The study's findings confirm that our previous work ("JWST early Universe observations and LCDM cosmology") about the age of the universe being 26.7billionyears has allowed us to discover that the universe does not require dark matter to exist," explains Gupta. "In standard cosmology, the accelerated expansion of the universe is said to be caused by dark energy but is in fact due to the weakening forces of nature as it expands, not due to dark energy."

"Redshifts" refer to when light is shifted toward the red part of the spectrum. The researcher analyzed data from recent papers on the distribution of galaxies at low redshifts and the angular size of the sound horizon in the literature at high redshift.

"There are several papers that question the existence of dark matter, but mine is the first one, to my knowledge, that eliminates its cosmological existence while being consistent with key cosmological observations that we have had time to confirm," says Gupta.

By challenging the need for dark matter in the universe and providing evidence for a new cosmological model, this study opens up new avenues for exploring the fundamental properties of the universe.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240315160911.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Protein fragments ID two new 'extremophile' microbes--and may help find alien life | ScienceDaily
Perfectly adapted microorganisms live in extreme environments from deep-sea trenches to mountaintops. Learning more about how these extremophiles survive in hostile conditions could inform scientists about life on Earth and potential life on other planets. In ACS' Journal of Proteome Research, researchers detail a method for more accurate extremophile identification based on protein fragments instead of genetic material. The study identified two new hardy bacteria from high-altitude lakes in Chile -- an environment like early Mars.


						
Even though humans tend to avoid settling in extremely hot, cold or high-altitude areas, some microorganisms have adapted to live in such harsh locations. These extremophile microbes are of interest to astrobiologists who are searching for life on other planets. Researchers currently use individual gene sequencing to identify Earth-bound microbes, based on their DNA. However, current methods can't distinguish closely related species of extremophiles. So, Ralf Moeller and colleagues investigated whether they could identify an extremophile by using its protein signature rather than a gene sequence.

The researchers started their demonstration with water samples from five high-altitude Andean lakes more than 2.3 miles above sea level in the Chilean Altiplano. (For reference, Denver is about one mile above sea level.) From the samples, the researchers cultivated 66 microbes and then determined which of two methods better identified the microorganisms:
    	Traditional gene sequencing compared the nucleotides of the 16s rRNA gene (a typical gene for sequence-based microbe analysis) from each sample to a database for identification.
    	The newer "proteotyping" technique analyzed protein fragments known as peptides to produce peptide signatures, which the team used to identify microorganisms from proteome databases.

With these methods, the researchers identified 63 of the 66 microorganisms that were cultivated from the high-altitude lake samples. For the three microorganisms that gene sequencing failed to identify because their genetic information wasn't in the available database, proteotyping identified two potentially new types of extremophile bacteria. These results suggest proteotyping could be a more complete solution for identifying extremophile microorganisms from small biological samples. The team says protein profiling could someday help us search for and identify extraterrestrial life and better explore the biodiversity on our own planet.

The authors acknowledge funding from the Federal Ministry of Education and Research-Association of German Engineers and the Association of Electrical, Electronic and Information Technologies Innovation + Technology grant; German Aerospace Center; German Research Foundation; an Occitania Region grant; and the Volkswagen Foundation. 
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Plasma oscillations propel breakthroughs in fusion energy | ScienceDaily
Most people know about solids, liquids, and gases as the main three states of matter, but a fourth state of matter exists as well. Plasma -- also known as ionized gas -- is the most abundant, observable form of matter in our universe, found in the sun and other celestial bodies.


						
Creating the hot mix of freely moving electrons and ions that compose a plasma often requires extreme pressures or temperatures. In these extreme conditions, researchers continue to uncover the unexpected ways that plasma can move and evolve. By better understanding the motion of plasma, scientists gain valuable insights into solar physics, astrophysics, and fusion.

In a paper published in Physical Review Letters, researchers from the University of Rochester, along with colleagues at the University of California, San Diego, discovered a new class of plasma oscillations -- the back-and-forth, wave-like movement of electrons and ions. The findings have implications for improving the performance of miniature particle accelerators and the reactors used to create fusion energy.

"This new class of plasma oscillations can exhibit extraordinary features that open the door to innovative advancements in particle acceleration and fusion," says John Palastro, a senior scientist at the Laboratory for Laser Energetics, an assistant professor in the Department of Mechanical Engineering, and an associate professor at the Institute of Optics.

Plasma waves with a mind of their own

One of the properties that characterizes a plasma is its ability to support collective motion, where electrons and ions oscillate -- or wave -- in unison. These oscillations are like a rhythmic dance. Just as dancers respond to each other's movements, the charged particles in a plasma interact and oscillate together, creating a coordinated motion.

The properties of these oscillations have traditionally been linked to the properties -- such as the temperature, density, or velocity -- of the plasma as a whole. However, Palastro and his colleagues determined a theoretical framework for plasma oscillations where the properties of the oscillations are completely independent of the plasma in which they exist.




"Imagine a quick pluck of a guitar string where the impulse propagates along the string at a speed determined by the string's tension and diameter," Palastro says. "We've found a way to 'pluck' a plasma, so that the waves move independently of the analogous tension and diameter."

Within their theoretical framework, the amplitude of the oscillations could be made to travel faster than the speed of light in a vacuum or come to a complete stop, while the plasma itself travels in an entirely different direction.

The research has a variety of promising applications, most notably in helping to achieve clean-burning, commercial fusion energy.

Coauthor Alexey Arefiev, a professor of mechanical and aerospace engineering at the University of California, San Diego, says, "This new type of oscillation may have implications for fusion reactors, where mitigating plasma oscillations can facilitate the confinement needed for high-efficiency power generation."
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Breakthrough could make automated dosing systems universal | ScienceDaily
Rice University synthetic biologists have found a way to piggyback on the glucose monitoring technology used in automated insulin dosing systems and make it universally applicable for the monitoring and dosing of virtually any drug.


						
In a recently published study in Nature Communications, researchers in the lab of Caroline Ajo-Franklin demonstrated the technique by modifying a blood-glucose sensor to detect the anticancer drug afimoxifene , an estrogen inhibitor that patient's bodies also make after they take the chemotherapy tamoxifen.

By building on mature biosensing technology that's commercially available at most drug stores for under $20, Ajo-Franklin's team hopes to speed the development of automated dosing systems for chemotherapies and other drugs as well as other technologies for real-time monitoring of biomarkers in the blood.

"The dream is to have technology similar to what's available today for monitoring and treating variations in blood glucose, and have that be true for basically any drug," said Ajo-Franklin, a bioscientist, cancer researcher and director of the Rice Synthetic Biology Institute . "Millions of people use blood-glucose monitors every day. If we can use that same basic technology to monitor other drugs and biomarkers, we could move away from the one-size-fits-all dosing regimes that we're stuck with today."

The heart of blood-glucose monitoring technology is a biochemical reaction in which specific proteins bind to glucose molecules and release electrons. Millions of these reactions take place within seconds, creating a small electrical current that is proportional to the amount of glucose in the blood sample.

Rong Cai , a postdoctoral research associate and the lead author of the study, tested more than 400 slightly modified versions of the electron-releasing protein and found a version that reacted with afimoxifene, reducing the current output from the glucose reaction in the blood. This allowed the team to detect the presence of afimoxifene by comparing the current produced by the regular glucose test to the reduced current from the modified test.

To demonstrate the technology in an electronic device, Ajo-Franklin's team worked with the research group of Rice engineer and materials scientist Rafael Verduzco to create an afimoxifene sensor that emitted a current when the drug was detected.




Ajo-Franklin said her lab is already working on both ways to improve the sensitivity of glucose-based drug tests and methods to rapidly identify glucose-oxidizing proteins that can detect drugs other than afimoxifene.

"The glucometer is the part that's so well-developed," Cai said. "While our target is different, it's just a matter of engineering and changing the protein on the inside. On the outside, everything will still be the same. You can still do the test with a strip or on your arm."

She said another key feature of the technology is that it produces an electrical output.

"If your signal is electrical, you can read it in your phone, store its data in your phone, send it to the cloud, whatever," Cai said. "That's the part, that marriage between electricity and biology, that is very attractive."

Ajo-Franklin is a professor of biosciences in the Weiss School of Natural Sciences and a CPRIT Scholar in Cancer Research with the Cancer Prevention and Research Institute of Texas (CPRIT). Verduzco is a professor of chemical and biomolecular engineering and of materials science and nanoengineering in the George R. Brown School of Engineering .

The research was supported by CPRIT (RR190063), the National Science Foundation (1828869, 2223678) and the Army Research Office (W911NF-22-1-0239).
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        Evolutionary history of the formation of forceps and maternal care in earwigs
        Researchers examined the developmental processes and reproduction-related behavior of 8 of the 11 families of Dermaptera (earwigs) in detail and compared with those reported in previous studies. The results confirmed that Dermaptera is a polyneopteran order, and the features such as caudal forceps and elaborate maternal care for eggs and young larvae emerged in parallel within the order during evolution.

      

      
        Say hello to biodegradable microplastics
        Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months.

      

      
        As we age, our cells are less likely to express longer genes
        Aging may be less about specific 'aging genes' and more about how long a gene is. Many of the changes associated with aging could be occurring due to decreased expression of long genes, say researchers. A decline in the expression of long genes with age has been observed in a wide range of animals, from worms to humans, in various human cell and tissue types, and also in individuals with neurodegenerative disease. Mouse experiments show that the phenomenon can be mitigated via known anti-aging fa...

      

      
        Alaska Native tribes take lead on shellfish toxin testing where state falls short
        A group of coastal Alaska Native tribes in 2016 began monitoring shellfish, a traditional harvest, for deadly biotoxins because the state only tests commercial harvests. The program fills an essential gap in public health protection and has found success, with 17 tribes now in the testing network. Securing stable, long-term funding and improving public outreach could improve outcomes even further, a new study reports.

      

      
        Heat to blame for space pebble demise
        The dust of comets fills the space between the planets, collectively called the zodiacal cloud. Still, severe breakdown has reduced that dust in size so much that it now scatters sunlight efficiently, causing the faint glow in the night sky known as the 'zodiacal light.' It was long thought that high-speed collisions pulverized the comet ejecta, but now a team of researchers reports that heat is to blame.

      

      
        Killer whales use specialized hunting techniques to catch marine mammals in the open ocean
        Killer whales foraging in deep submarine canyons off the coast of California represent a distinct subpopulation that uses specialized hunting techniques to catch marine mammals, researchers report.

      

      
        The first Neolithic boats in the Mediterranean
        More than 7,000 years ago, people navigated the Mediterranean Sea using technologically sophisticated boats, according to a new study.

      

      
        Bacteria subtype linked to growth in up to 50% of human colorectal cancers
        Researchers have found that a specific subtype of a microbe commonly found in the mouth is able to travel to the gut and grow within colorectal cancer tumors. This microbe is also a culprit for driving cancer progression and leads to poorer patient outcomes after cancer treatment. The findings could help improve therapeutic approaches and early screening methods for colorectal cancer, which is the second most common cause of cancer deaths in adults in the U.S. according to the American Cancer Soc...

      

      
        Toba supereruption unveils new insights into early human migration
        Working in the Horn of Africa, researchers have uncovered evidence showing how early modern humans survived in the wake of the eruption of Toba, one of the largest supervolcanoes in history, some 74,000 years ago. Modern humans dispersed from Africa multiple times, but the event that led to global expansion occurred less than 100,000 years ago. Some researchers hypothesize that dispersals were restricted to 'green corridors' formed during humid intervals when food was abundant and human populatio...

      

      
        The heat index -- how hot it really feels -- is rising faster than temperature
        Researchers showed in 2022 that heat index calculations by NOAA based on analyses from the 1970s don't adequately reflect the heat stress humans feel during the extremes of heat and humidity accompanying climate change. Using their revised heat index, the researchers looked at Texas's summer 2023 heat wave and found that the 3 degree F rise in global temperatures has increased the state's heat index as much as 11 degrees F on the hottest days.

      

      
        Sea surface temperature research provides clear evidence of human-caused climate change
        Claims that climate change is natural are inconsistent with new oceanic temperature trends.

      

      
        Craving snacks after a meal? It might be food-seeking neurons, not an overactive appetite
        Psychologists have discovered a circuit in the brain of mice that makes them crave food and seek it out, even when they are not hungry. When stimulated, this cluster of cells propels mice to forage vigorously and to prefer fatty and pleasurable foods like chocolate over healthier foods like carrots.

      

      
        ChatGPT is an effective tool for planning field work, school trips and even holidays
        A new study suggests anyone looking to shake off the winter blues by planning the perfect getaway should turn to ChatGPT.

      

      
        Decoding the Easter Bunny -- an eastern Finnish brown hare to represent the standard for the species' genome
        Biologists have published a chromosomally assembled reference genome for the European brown hare. The genome consists of 2.9 billion base pairs, which form 23 autosomal chromosomes, and X and Y sex chromosomes. The timing of the genome release is very appropriate as the brown hare also represents the original Easter Bunny familiar from European folklore.

      

      
        8-hour time-restricted eating linked to a 91% higher risk of cardiovascular death
        A study of over 20,000 adults found that those who followed an 8-hour time-restricted eating schedule, a type of intermittent fasting, had a 91% higher risk of death from cardiovascular disease.

      

      
        Toxic metal particles can be present in cannabis vapes even before the first use, study finds
        Though vapes have been heralded as a 'safer' way to consume either nicotine or cannabis, they present their own suite of risks that are being revealed through increasing regulation. Now, scientists have discovered that nano-sized toxic metal particles can be present in cannabis vaping liquids even before any heating occurs, and the effect is worse in illicit products.

      

      
        There are large accumulations of plastics in the ocean, even outside so-called garbage patch
        When plastic ends up in the ocean, it gradually weathers and disintegrates into small particles. If marine animals ingest these particles, their health can be severely affected. Large accumulations of plastic can therefore disrupt the biological balance of marine ecosystems. But which areas are particularly affected?

      

      
        A protein found in human sweat may protect against Lyme disease
        Human sweat contains a protein that may protect against Lyme disease. About one-third of the population carries a genetic variant of this protein that is associated with Lyme disease in genome-wide association studies.

      

      
        Fairy circles: Plant water stress causes Namibia's gaps in grass
        Namibia's legendary fairy circles are mysterious, circular, bald patches in the dry grasslands on the edge of the Namib Desert. Their formation has been researched for decades and has recently been the subject of much debate. With extensive fieldwork, researchers investigated how freshly germinated grass dies inside the fairy circle. Their results show that the grass withers due to a lack of water inside the fairy circle. The topsoil, comprised of the top 10 to 12 centimeters of the soil, acts as...

      

      
        Tanks of the Triassic: New crocodile ancestor identified
        Dinosaurs get all the glory. But aetosaurs, a heavily armored cousin of modern crocodiles, ruled the world before dinosaurs did. These tanks of the Triassic came in a variety of shapes and sizes before going extinct around 200 million years ago. Today, their fossils are found on every continent except Antarctica and Australia.

      

      
        Backyard insect inspires invisibility devices, next gen tech
        Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.

      

      
        Harnessing hydrogen at life's origin
        A new report uncovers how hydrogen gas, the energy of the future, provided energy in the past, at the origin of life 4 billion years ago. Hydrogen gas is clean fuel. It burns with oxygen in the air to provide energy with no CO2. Hydrogen is a key to sustainable energy for the future. Though humans are just now coming to realize the benefits of hydrogen gas (H2 in chemical shorthand), microbes have known that H2 is good fuel for as long as there has been life on Earth. Hydrogen is ancient energy.

      

      
        Industrial societies losing healthy gut microbes
        Our eating habits in industrialized societies are far removed from those of ancient humans. This is impacting our intestinal flora, it seems, as newly discovered cellulose degrading bacteria are being lost from the human gut microbiome, especially in industrial societies.

      

      
        New discovery concerning occurrence of antibiotic resistance
        A new study shows how heteroresistance, a transient resistance common in many bacteria, can act as a precursor to the development of antibiotic resistance.

      

      
        A wetter world recorded in Australian coral colony
        When climate scientists look to the future to determine what the effects of climate change may be, they use computer models to simulate potential outcomes such as how precipitation will change in a warming world. Some scientists are also looking at something a little more tangible: coral.

      

      
        Genetic basis for the evolution of hair discovered in the clawed frog
        The development of hair was of central importance for the evolution of mammals and thus also of humans. However, the evolutionary origin of the genetic program of hair was previously unknown. Researchers have now been able to show that important hair components and their genetic control have already evolved in amphibians. Human hair therefore shows unexpected similarities to the claws of clawed frogs.

      

      
        Scientists discover how Diadem butterfly mimics African Queen
        Scientists have discovered how female Diadem butterflies have evolved to look like African Queen butterflies to repel predators.

      

      
        Eyes open and toes out of water: How a giant water bug reached the island of Cyprus
        A new visitor was reported on the coast of Cyprus, thanks to the growing power of citizen science. Researchers collected information and specimens through personal communication with amateur naturalists, but also through the internet, in order to compose the mosaic of repeated appearances of a giant water bug on the eastern shoreline of the island.

      

      
        Rise in global fungal drug-resistant infections
        A global wave of infections caused by fungi growing drug-resistant has the medical community issuing precautions on how to protect yourself.

      

      
        Transforming wood waste for sustainable manufacturing
        Research is exploring how to add value to lignin by breaking it down into small molecules that are structurally similar to oxygenated hydrocarbons. These renewable chemicals are key components in many industrial processes and products, but they are traditionally sourced from non-renewable petroleum.

      

      
        Self-heating concrete is one step closer to putting snow shovels and salt out of business
        Researchers recently reported on the science behind its special concrete, that can warm itself up when it snows, or as temperatures approach freezing.

      

      
        Study estimates nearly 70 percent of children under six in Chicago may be exposed to lead-contaminated tap water
        A new analysis estimates that 68 percent of Chicago children under age six live in households with tap water containing detectable levels of lead.

      

      
        Cacao plants' defense against toxic cadmium unveiled
        Researchers used bright X-rays to unveil how cacao trees protect themselves from toxic metal cadmium.

      

      
        Virtual reality better than video for evoking fear, spurring climate action
        Depicting worst-case climate scenarios like expanding deserts and dying coral reefs may better motivate people to support environmental policies when delivered via virtual reality, according to a research team that studied how VR and message framing affect the impact of environmental advocacy communications. The study findings may help advocacy groups decide how best to frame and deliver their messages.

      

      
        Global wildlife study during COVID-19 shows rural animals are more sensitive to human activity
        One of the largest studies on wildlife activity reveals that wild animals react differently to humans depending on where the animals live and what they eat. Bigger herbivores -- plant-eating animals like deer or moose -- tend to become more active when humans are around, while meat-eaters like wolves or wolverines tend to be less active, preferring to avoid risky encounters.

      

      
        Newborn piglets serve as a model for studying influenza
        Although prevention and treatment strategies are available for influenza, they are not sufficient for vulnerable populations such as young children and newborns. A team of researchers has studied newborn piglets to better understand the progression of influenza infections.

      

      
        Engineers measure pH in cell condensates
        In a first for the condensate field, researchers have figured out how nucleolar sub-structures are assembled. This organization gives rise to unique pH profiles within nucleoli, which they measured and compared with the pH of nearby non-nucleolar condensates including nuclear speckles and Cajal bodies.

      

      
        Reimagining the future of solar energy
        New research suggests that there might be other ways to generate solar energy than just trying to make individual solar cells super-efficient.

      

      
        Fatty food before surgery may impair memory in old, young adults
        Eating fatty food in the days leading up to surgery may prompt a heightened inflammatory response in the brain that interferes for weeks with memory-related cognitive function in older adults -- and, new research in animals suggests, even in young adults.

      

      
        Oregon State researchers take deep dive into how much water is stored in snow
        There's a new metric that provides a more holistic look at how much water is stored in snowpack, and for how long.

      

      
        'Noisy' roundworm brains give rise to individuality
        Research has demonstrated individual differences in and successfully extracted commonalities from the whole-brain activity of roundworms. The researchers also found that computer simulations based on the whole-brain activity of roundworms more accurately reflect real-brain activity when they include so-called 'noise,' or probabilistic elements.

      

      
        Gut bacteria make neurotransmitters to shape the newborn immune system
        Investigators discovered that unique bacteria colonize the gut shortly after birth and make the neurotransmitter serotonin to educate gut immune cells. This prevents allergic reactions to food and the bacteria themselves during early development.

      

      
        Less social with age
        Scientists tested several hypotheses on the drivers of social aging in free-living Assamese macaques in Thailand. The researchers collected data on the social behavior of females for eight years and found that the size of their social networks decreases with increasing age. The females continued to interact with their close social partners, but gradually withdrew from social interactions altogether. The results contribute to the understanding of the evolutionary origins of social aging.

      

      
        Even inactive smokers are densely colonized by microbial communities
        Everything is everywhere -- under certain conditions microbial communities can grow and thrive, even in places that are seemingly uninhabitable. This is the case at inactive hydrothermal vents on the sea floor. An international team is presently working to accurately quantify how much inorganic carbon can be bound in these environments.

      

      
        Meteorology: Weak polar vortex makes weather more predictable
        Events in the stratosphere are making long-range weather in Northern Europe easier to forecast, researchers have discovered.

      

      
        Arctic nightlife: Seabird colony bursts with sound at night
        Acoustic recordings of a colony of little auks reveal their nocturnal activities and offer valuable monitoring means for avian biology in the Arctic.

      

      
        DNA origami-based vaccines toward safe and highly-effective precision cancer immunotherapy
        Researchers have created a DNA origami platform called DoriVac, whose core component is a self-assembling square block-shaped nanostructure. DoriVac vaccines enabled tumor-bearing mice to better control the growth of tumors and to survive significantly longer than control mice.

      

      
        Protein fragments ID two new 'extremophile' microbes--and may help find alien life
        Perfectly adapted microorganisms live in extreme environments from deep-sea trenches to mountaintops. Learning more about how these extremophiles survive in hostile conditions could inform scientists about life on Earth and potential life on other planets.

      

      
        Shark-bitten orcas in the Northeastern Pacific could be a new population of killer whale
        Researchers believe a group of killer whales observed hunting marine mammals including sperm whales, as well as a sea turtle, in the open ocean off California and Oregon could be a new population. Based on available evidence, the researchers posit that the 49 orcas could belong to a subpopulation of transient killer whales or a unique oceanic population found in waters off the coast of California and Oregon.

      

      
        Breakthrough could make automated dosing systems universal
        Automated insulin dosing systems combine low-cost blood-glucose monitors with insulin pumps that use precision dosing to continuously regulate blood-sugar and hold it steady. Synthetic biologists have found a way to piggyback on the technology and make it universally applicable for the precision dosing of virtually any drug.
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Evolutionary history of the formation of forceps and maternal care in earwigs | ScienceDaily
Dermaptera (earwigs) are an order of common insects often found under stones and is characterized by a pair of forcep-like pincers on their dark abdominal ends. Systematically, they belong to Polyneoptera, which is important for understanding the evolution of insects. However, there is no consensus among researchers on assigning them to Polyneoptera, their position within the group, or the relationships between families within this order.


						
Recently, large-scale molecular phylogenetic analyses have begun to elucidate these phylogenetic aspects. However, the understanding of evolution will be extremely superficial in absence of biological information on development and reproduction.

Therefore, researchers examined the developmental and reproductive biology of almost all Dermaptera families (8 out of 11) and compared them from various perspectives. The results corroborated the systematic membership of Dermaptera to Polyneoptera and strongly supported the phylogeny within the order, which was inferred from the latest molecular phylogenetic analyses but was significantly different from the conventional understanding. These findings indicated that the "caudal forceps," which is a major characteristic of Dermaptera, and the "elaborate maternal care for eggs and young larvae," which are an important behavioral trait in this order, have emerged in parallel.

Future studies will examine more basal families as well as families whose monophyly is dubious, including more genera into the analysis, to advance the phylogenetic understanding of Dermaptera and, ultimately of Polyneoptera and Insecta.

This study was supported by the JSPS (Japan Society for the Promotion of Science) KAKENHI: Grant-in-Aid for JSPS Research Fellowship for Young Scientists (24-1550) to SS; Grants-in-Aid for Scientific Research C: 21570089, 25440201, 19K06821, and Scientific Research B:16H04825 to RM.
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Say hello to biodegradable microplastics | ScienceDaily
Microplastics are tiny, nearly indestructible fragments shed from everyday plastic products. As we learn more about microplastics, the news keeps getting worse. Already well-documented in our oceans and soil, we're now discovering them in the unlikeliest of places: our arteries, lungs and even placentas. Microplastics can take anywhere from 100 to 1,000 years to break down and, in the meantime, our planet and bodies are becoming more polluted with these materials every day.


						
Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research from scientists at the University of California San Diego and materials-science company Algenesis shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months. The paper, whose authors are all UC San Diego professors, alumni or former research scientists, appears in Nature Scientific Reports.

"We're just starting to understand the implications of microplastics. We've only scratched the surface of knowing the environmental and health impacts," stated Professor of Chemistry and Biochemistry Michael Burkart, one of the paper's authors and an Algenesis co-founder. "We're trying to find replacements for materials that already exist, and make sure these replacements will biodegrade at the end of their useful life instead of collecting in the environment. That's not easy."

"When we first created these algae-based polymers about six years ago, our intention was always that it be completely biodegradable," said another of the paper's authors, Robert Pomeroy, who is also a professor of chemistry and biochemistry and an Algenesis co-founder. "We had plenty of data to suggest that our material was disappearing in the compost, but this is the first time we've measured it at the microparticle level."

Putting it to the test

To test its biodegradability, the team ground their product into fine microparticles, and used three different measurement tools to confirm that, when placed in a compost, the material was being digested by microbes.

The first tool was a respirometer. When the microbes break down compost material, they release carbon dioxide (CO2), which the respirometer measures. These results were compared to the breakdown of cellulose, which is considered the industry standard of 100% biodegradability. The plant-based polymer matched the cellulose at almost one hundred percent.




Next the team used water flotation. Since plastics are not water soluble and they float, they can easily be scooped off the surface of water. At intervals of 90 and 200 days, almost 100% of the petroleum-based microplastics were recovered, meaning none of it had biodegraded. On the other hand, after 90 days, only 32% of the algae-based microplastics were recovered, showing that more than two thirds of it had biodegraded. After 200 days, only 3% was recovered indicating that 97% of it had disappeared.

The last measurement involved chemical analysis via gas chromatography/mass spectrometry (GCMS), which detected the presence of the monomers used to make the plastic, indicating that the polymer was being broken to its starting plant materials. Scanning-electron microscopy further showed how microorganisms colonize the biodegradable microplastics during composting.

"This material is the first plastic demonstrated to not create microplastics as we use it," said Stephen Mayfield, a paper coauthor, School of Biological Sciences professor and co-founder of Algenesis. "This is more than just a sustainable solution for the end-of-product life cycle and our crowded landfills. This is actually plastic that is not going to make us sick."

Creating an eco-friendly alternative to petroleum-based plastics is only one part of the long road to viability. The ongoing challenge is to be able to use the new material on pre-existing manufacturing equipment that was originally built for traditional plastic, and here Algenesis is making progress. They have partnered with several companies to make products that use the plant-based polymers developed at UC San Diego, including Trelleborg for use in coated fabrics and RhinoShield for use in the production of cell phone cases.

"When we started this work, we were told it was impossible," stated Burkart. "Now we see a different reality. There's a lot of work to be done, but we want to give people hope. It is possible."

Full list of authors: Robert S. Pomeroy, Michael D. Burkart, Steven P. Mayfield (all UC San Diego), Marco N. Allemann, Marissa Tessman, Jaysen Reindel, Gordon B. Scofield, Payton Evans, Ryan Simkovsky (all Algenesis).

This research was supported by funding from the Department of Energy (DE-SC0019986 and DE-EE0009295).

Disclosure: Burkart, Mayfield and Pomeroy are co-founders of and hold equity positions in Algenesis Corporation.
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As we age, our cells are less likely to express longer genes | ScienceDaily
Aging may be less about specific "aging genes" and more about how long a gene is. Many of the changes associated with aging could be occurring due to decreased expression of long genes, say researchers in an opinion piece publishing March 21 in the journal Trends in Genetics. A decline in the expression of long genes with age has been observed in a wide range of animals, from worms to humans, in various human cell and tissue types, and also in individuals with neurodegenerative disease. Mouse experiments show that the phenomenon can be mitigated via known anti-aging factors, including dietary restriction.


						
"If you ask me, this is the main cause of systemic aging in the whole body," says co-author and molecular biologist Jan Hoeijmakers of the Erasmus University Medical Center, Rotterdam; the University of Cologne; and Oncode Institute/Princess Maxima Institute, Utrecht.

The authors span four research groups from Spain, the Netherlands, Germany, and the United States, with each group arriving at the same conclusions using different methods.

Aging is associated with changes at the molecular, cellular, and organ level -- from altered protein production to sub-optimal cell metabolism to compromised tissue architecture. These changes are thought to originate from DNA damage resulting from cumulative exposure to harmful agents such as UV radiation or reactive oxygen species generated by our own metabolism.

While a lot of research in aging has focused on specific genes that might accelerate or slow aging, investigations of exactly which genes are more susceptible to aging have revealed no clear pattern in terms of gene function. Instead, susceptibility seems to be linked to the genes' lengths.

"For a long time, the aging field has been focused on genes associated with aging, but our explanation is that it is much more random -- it's a physical phenomenon related to the length of the genes and not to the specific genes involved or the function of those genes," says co-author Ander Izeta of the Biogipuzkoa Health Research Institute and Donostia University Hospital, Spain.

It essentially comes down to chance; long genes simply have more potential sites that could be damaged. The researchers compare it to a road trip -- the longer the trip, the more likely that something will go wrong. And because some cell types tend to express long genes more than others, these cells are more likely to accumulate DNA damage as they age. Cells that don't (or very rarely) divide also seem to be more susceptible compared to rapidly replicating cells because long-lived cells have more time to accumulate DNA damage and must rely on DNA repair mechanisms to fix them, whereas rapidly dividing cells tend to be short-lived.




Because neural cells are known to express particularly long genes and are also slow or non-dividing, they are especially susceptible to the phenomenon, and the researchers highlight the link between aging and neurodegeneration. Many of the genes involved in preventing protein aggregation in Alzheimer's disease are exceptionally long, and pediatric cancer patients, who are cured by DNA-damaging chemotherapy, later suffer from premature aging and neurodegeneration.

The authors speculate that damage to long genes could explain most of the features of aging because it is associated with known aging accelerants and because it can be mitigated with known anti-aging therapies, such as dietary restriction (which has been shown to limit DNA damage).

"Many different things that are known to affect aging seem to lead to this length-dependent regulation, for example, different types of irradiation, smoking, alcohol, diet, and oxidative stress," says co-author Thomas Stoeger of Northwestern University.

However, although the association between the decline in long-gene expression and aging is strong, causative evidence remains to be demonstrated. "Of course, you never know which came first, the egg or the chicken, but we can see a strong relationship between this phenomenon and many of the well-known hallmarks of aging," says Izeta.

In future studies, the researchers plan to further investigate the phenomenon's mechanism and evolutionary implications and to explore its relationship with neurodegeneration.
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Alaska Native tribes take lead on shellfish toxin testing where state falls short | ScienceDaily
A group of coastal Alaska Native tribes in 2016 began monitoring shellfish, a traditional harvest, for deadly biotoxins because the state only tests commercial harvests. The program fills an essential gap in public health protection and has found success, with 17 tribes now in the testing network. Securing stable, long-term funding and improving public outreach could improve outcomes even further, a new study reports.


						
Toxins from some types of algae blooms can accumulate in shellfish and, when consumed, cause paralytic shellfish poisoning (PSP). Even small quantities of the toxin can lead to death. Alaska tests commercially sold shellfish, and the state's Division of Environmental Health advises against eating shellfish harvested from beaches that have not been recently tested.

But because local community shellfish harvests are not for commercial sale, the shellfish can't be tested with the state. Coastal indigenous communities are at high risk of poisoning because many depend on traditional wild-harvested shellfish. Between 1993 and 2021, Alaska Natives suffered 53% of recorded PSP cases despite only making up 16% of Alaska's population.

In 2014, Alaska Native tribes founded the Southeast Alaska Tribal Ocean Research network (SEATOR), with early testing beginning in 2016. SEATOR's tribal partners regularly collect shellfish samples, encourage community members to collect and send in their own shellfish for testing, and share toxin data with communities to inform harvesting decisions. Seventeen tribal communities are now involved, increasing participation and risk awareness.

Even with this success, funding and community perceptions around risks limit how widespread and effective the toxin testing program can be, the study reports.

"Shellfish harvesting is central to coastal Alaska Native culture," said Hugh Roland, an environmental sociologist at the University of Alabama at Birmingham who led the study. "Filling this gap between commercial shellfish testing and community needs is critical, especially for rural communities that rely more heavily on shellfish. And to do that, we really need to understand how the testing network has been effective, as well as what has constrained testing efforts and capacities. Then we can address those barriers, and communities can continue their traditions safely."

The study was published in GeoHealth, which publishes research investigating the intersection of human and planetary health for a sustainable future.




In testing we trust?

To understand the barriers to the program's reach and effectiveness across Alaska and how it is perceived by communities, Roland and his collaborators interviewed 27 SEATOR staff who help manage testing, and they also interviewed other individuals with shellfish toxin expertise. They discussed several broad themes: community perceptions of toxin testing and the risks of shellfish harvesting; the status of toxin testing in those communities; and barriers to or facilitators of the actual toxin testing process.

Overall, the researchers found that communities with active toxin testing were very aware of shellfish poisoning, but reactions varied widely. Some people were less concerned, relying on personal experience with the safety of the traditional shellfish harvest. Others took the risk of PSP so seriously that they stopped harvesting shellfish altogether.

"It's about bringing both sides to the middle," said Jacob Kohlhoff, the environmental education coordinator for the Sitka Tribe. "We want to show that harvesting is good. We don't want to stop it. But we have to do it safely."

But successful risk communication relies on consistent, timely testing, which can be a problem. The program struggled with delays particularly during the height of the COVID-19 pandemic, with the testing facility closed between October 2021 and February 2023 and delays in testing until July 2023.

That halt in testing just a few years into the program damaged trust with communities, interviewees said. People don't want to keep shellfish in the freezer indefinitely while they're waiting for test results, especially if they're relying on it for food during lean winter months.




"Full-scale testing had just begun in late 2018 and was relatively new, so trust eroded pretty quickly," Kohlhoff said. It has been difficult to get people to buy back into the program when it seems like testing could stop again at any time, he said.

Climate change is further complicating risk communication, Roland said. As coastal waters warm and their nutrient fluxes change, harmful algae blooms -- the source of shellfish toxins -- are becoming more frequent and widespread, and they are occurring over a longer season. Historically, winter was a safe time to harvest, but "things are changing," one participant said. "We find paralytic shellfish toxins in our shellfish pretty much year-round at this point."

Room for improvement

The researchers found major barriers related to the communities' remoteness, which makes it more difficult to work and attract workers, and low and unreliable funding from grants.

The first issue is geographic: Many Southeast Alaska Native communities are deeply isolated and difficult to get to. There, the cost of living is high, and housing is limited and expensive. Those factors make carrying out sampling difficult, and it can be a tough sell for would-be staff members.

The second hurdle is financial. The toxin testing is funded by a series of grants, each supporting novel work and each lasting only a few years. However, more rural communities with fewer resources are less able to apply for these grants. The need to apply for new funding every few years also contributes to high staff turnover. SEATOR enables communities to better pool resources and apply for grants together, but applying still takes staff time and resources.

Despite these barriers, the toxin testing program has enabled small or remote tribes to take the safety of traditional harvests into their own hands when the state falls short. The network's success could serve as a model for other community-led environmental health efforts elsewhere, Roland said.
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Heat to blame for space pebble demise | ScienceDaily
The dust of comets fills the space between the planets, collectively called the zodiacal cloud. Still, severe breakdown has reduced that dust in size so much that it now scatters sunlight efficiently, causing the faint glow in the night sky known as the "zodiacal light."


						
It was long thought that high-speed collisions pulverized the comet ejecta, but now a 45-member team of researchers reports, in a paper published online in the journal Icarus this week, that heat is to blame.

"Comets eject most debris as large sand-grain to pebble-sized particles, called meteoroids, that move in meteoroid streams and cause the visible meteors in our meteor showers," says Dr. Peter Jenniskens, meteor astronomer at the SETI Institute. "In contrast, the zodiacal cloud is mostly composed of particles the size of tobacco smoke that even radars have difficulty detecting as meteors."

Why do pebbles pulverize after they leave the comet?

"Meteor showers show us this loss of pebbles over time, because older showers tend to contain fewer bright meteors than young showers," said Jenniskens. "We set out to investigate what is responsible."

Jenniskens leads a NASA-sponsored global network called "CAMS" that monitors the night sky for meteors with low-light video security cameras. Most co-authors on the paper are the researchers and citizen scientists who built and operate the 15 CAMS camera networks in ten countries.

"We developed software that detects meteors in videos recorded from different locations and then triangulates their trajectory in the atmosphere," said detection specialist Peter S. Gural. "Meteors arriving from the same direction each day belong to a meteor shower."

Nightly maps showing from what direction those meteors arrive at Earth are at the website: https://meteorshowers.seti.org




After 13 years of observations, the combined maps were recently published as a book, "Atlas of Earth's Meteor Showers," an encyclopedia of information on each known meteor shower.

"As part of this work, we determined the age of meteor showers from how much they had dispersed," says Stuart Pilorz of the SETI Institute, "and then examined how rapidly they were losing their large meteoroids compared to the smaller ones."

To investigate what is responsible, the team examined of how close those streams came to the Sun. If collisions were to blame, then the pebbles were expected to be destroyed faster directly proportionally to their proximity to the Sun.

"Because there is more comet dust closer to the Sun, we had expected collisions there would pulverize the pebbles that much faster," says Jenniskens. "Instead, we found that the pebbles survived better than expected."

The research team concluded that, instead, the pebbles are destroyed proportional to the peak temperature they reach along their orbit. Thermal stresses are likely to blame for breaking up the large meteoroids near Earth, and all the way to the orbit of Mercury, while deep inside the orbit of Mercury the particles are heated so much that they fall apart from losing material.

"Here at Earth, we sometimes see that process in action when in a short time of say 10 seconds we detect ten or twenty meteors in part of the sky, a meteor cluster, the result of a meteoroid having fallen apart by thermal stresses just before entering Earth's atmosphere," says Jenniskens.
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Killer whales use specialized hunting techniques to catch marine mammals in the open ocean | ScienceDaily
Killer whales foraging in deep submarine canyons off the coast of California represent a distinct subpopulation that uses specialized hunting techniques to catch marine mammals, Josh McInnes at the University of British Columbia and colleagues report March 20 in the open-access journal PLOS ONE.


						
Killer whales (Orcinus orca) are found in oceans around the world, but they form separate populations, or 'ecotypes', that have their own social structure, food preferences and hunting behaviors. One ecotype, known as transient killer whales, specialize in hunting marine mammals. This ecotype can be divided into two groups -- inner coast whales that feed in shallow coastal waters, and outer coast whales that hunt in deep water -- but relatively little is known about the outer coast whales. Researchers compiled data from marine mammal surveys conducted between 2006 and 2018 and whale-watching ecotours between 2014 and 2021, to investigate the foraging behavior of outer coast transient killer whales around Monterey Submarine Canyon in California.

Members of this subpopulation were only sighted in open water and mainly preyed on California sea lions, grey whale calves and northern elephant seals. They use specialized techniques to hunt in open water, where prey can't easily be cornered. They often subdued their prey by ramming it with their head or body, and used their tail to hit or catapult sea lions into the air. The researchers identified two main types of foraging behavior -- distributed groups diving independently in the open water, and tightly coordinated groups foraging along the contours of the submarine canyons.

These results suggest that the outer coast whales are a distinct subpopulation that has developed specialized hunting techniques to catch marine mammals in this deep-water habitat. Their distinct foraging behaviors may be culturally transmitted from generation to generation, the authors say.

The authors add: "Transient (mammal-hunting) killer whales have been studied primarily in coastal shallow water habitats, and there is currently little known regarding their behavior in offshore and deep pelagic systems. This study highlights the complex foraging behavior and ecology of transients and how they act as apex predators in productive deep submarine canyon systems and how their behavior is linked to multiple marine mammal prey populations in the North Pacific Ocean."
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The first Neolithic boats in the Mediterranean | ScienceDaily
More than 7,000 years ago, people navigated the Mediterranean Sea using technologically sophisticated boats, according to a study published March 20, 2024 in the open-access journal PLOS ONE by Juan F. Gibaja of the Spanish National Research Council, Barcelona and colleagues.


						
Many of the most important civilizations in Europe originated on the shores of the Mediterranean Sea. During the Neolithic, communities clearly traveled and traded across the water, as evidenced by watercraft in the archeological record and the presence of settlements on coasts and islands. In this study, Gibaja and colleagues provide new insights into the history of seafaring technology through analysis of canoes at the Neolithic lakeshore village of La Marmotta, near Rome, Italy.

Excavation at this site has recovered five canoes built from hollowed-out trees (dugout canoes) dating between 5700-5100BC. Analysis of these boats reveals that they are built from four different types of wood, unusual among similar sites, and that they include advanced construction techniques such as transverse reinforcements. One canoe is also associated with three T-shaped wooden objects, each with a series of holes that were likely used to fasten ropes tied to sails or other nautical elements. These features, along with previous reconstruction experiments, indicate these were seaworthy vessels, a conclusion supported by the presence at the site of stone tools linked to nearby islands.

The authors describe these canoes as exceptional examples of prehistoric boats whose construction required a detailed understanding of structural design and wood properties in addition to well-organized specialized labor. Similarities between these canoes and more recent nautical technologies support the idea that many major advances in sailing were made during the early Neolithic. The authors suggest there may be more boats preserved near La Marmotta, a potential avenue for future research.

The authors add: "Direct dating of Neolithic canoes from La Marmotta reveals them to be the oldest in the Mediterranean, offering invaluable insights into Neolithic navigation. This study reveals the amazing technological sophistication of early agricultural and pastoral communities, highlighting their woodworking skills and the construction of complex vessels."
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Bacteria subtype linked to growth in up to 50% of human colorectal cancers | ScienceDaily
Researchers at Fred Hutchinson Cancer Center have found that a specific subtype of a microbe commonly found in the mouth is able to travel to the gut and grow within colorectal cancer tumors. This microbe is also a culprit for driving cancer progression and leads to poorer patient outcomes after cancer treatment.


						
The findings, published March 20 in the journal Nature, could help improve therapeutic approaches and early screening methods for colorectal cancer, which is the second most common cause of cancer deaths in adults in the U.S. according to the American Cancer Society.

Examining colorectal cancer tumors removed from 200 patients, the Fred Hutch team measured levels of Fusobacterium nucleatum, a bacterium known to infect tumors. In about 50% of the cases, they found that only a specific subtype of the bacterium was elevated in the tumor tissue compared to healthy tissue.

The researchers also found this microbe in higher numbers within stool samples of colorectal cancer patients compared with stool samples from healthy people.

"We've consistently seen that patients with colorectal tumors containing Fusobacterium nucleatum have poor survival and poorer prognosis compared with patients without the microbe," explained Susan Bullman, Ph.D., Fred Hutch cancer microbiome researcher and co-corresponding study author. "Now we're finding that a specific subtype of this microbe is responsible for tumor growth. It suggests therapeutics and screening that target this subgroup within the microbiota would help people who are at a higher risk for more aggressive colorectal cancer."

In the study, Bullman and co-corresponding author Christopher D. Johnston, Ph.D., Fred Hutch molecular microbiologist, along with the study's first author Martha Zepeda-Rivera, Ph.D., a Washington Research Foundation Fellow and Staff Scientist in the Johnston Lab, wanted to discover how the microbe moves from its typical environment of the mouth to a distant site in the lower gut and how it contributes to cancer growth.

First they found a surprise that could be important for future treatments. The predominant group of Fusobacterium nucleatum in colorectal cancer tumors, thought to be a single subspecies, is actually composed of two distinct lineages known as "clades."

"This discovery was similar to stumbling upon the Rosetta Stone in terms of genetics," Johnston explained. "We have bacterial strains that are so phylogenetically close that we thought of them as the same thing, but now we see an enormous difference between their relative abundance in tumors versus the oral cavity."




By separating out the genetic differences between these clades, the researchers found that the tumor-infiltrating Fna C2 type had acquired distinct genetic traits suggesting it could travel from the mouth through the stomach, withstand stomach acid and then grow in the lower gastrointestinal tract. The analysis revealed 195 genetic differences between the clades.

Then, comparing tumor tissue with healthy tissue from patients with colorectal cancer, the researchers found that only the subtype Fna C2 is significantly enriched in colorectal tumor tissue and is responsible for colorectal cancer growth.

Further molecular analyses of two patient cohorts, including over 200 colorectal tumors, revealed the presence of this Fna C2 lineage in approximately 50% of cases.

The researchers also found in hundreds of stool samples from people with and without colorectal cancer that Fna C2 levels were consistently higher in colorectal cancer.

"We have pinpointed the exact bacterial lineage that is associated with colorectal cancer, and that knowledge is critical for developing effective preventive and treatment methods," Johnston said.

He and Bullman believe their study presents significant opportunities for developing microbial cellular therapies, which use modified versions of bacterial strains to deliver treatments directly into tumors.
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Toba supereruption unveils new insights into early human migration | ScienceDaily
Modern humans dispersed from Africa multiple times, but the event that led to global expansion occurred less than 100,000 years ago. Some researchers hypothesize that dispersals were restricted to "green corridors" formed during humid intervals when food was abundant and human populations expanded in lockstep with their environments. But a new study in Nature, including ASU researchers Curtis Marean, Christopher Campisano, and Jayde Hirniak, suggests that humans also may have dispersed during arid intervals along "blue highways" created by seasonal rivers. Researchers also found evidence of cooking and stone tools that represent the oldest evidence of archery.


						
Working in the Horn of Africa, researchers have uncovered evidence showing how early modern humans survived in the wake of the eruption of Toba, one of the largest supervolcanoes in history, some 74,000 years ago. The behavioral flexibility of these people not only helped them live through the supereruption but may have facilitated the later dispersal of modern humans out of Africa and across the rest of the world.

"This study confirms the results from Pinnacle Point in South Africa -- the eruption of Toba may have changed the environment in Africa, but people adapted and survived that eruption-caused environmental change," said Marean, research scientist with the Institute of Human Origins and Foundation Professor with the School of Human Evolution and Social Change.

The team investigated the Shinfa-Metema 1 site in the lowlands of present-day northwestern Ethiopia along the Shinfa River, a tributary of the Blue Nile River.

The supereruption occurred during the middle of the time when the site was occupied and is documented by tiny glass shards whose chemistry matches that of Toba.

Pinpoint timing through cryptotephra

"One of the ground-breaking implications of this study," said Marean, "is that with the new cryptotephra methods developed for our prior study in South Africa, and now applied here to Ethiopia, we can correlate sites across Africa, and perhaps the world, at a resolution of several weeks of time."

Cryptotephra are signature volcanic glass shards that can range from 80-20 microns in size, which is smaller than the diameter of a human hair. To extract these microscopic shards from archaeological sediment requires patience and great attention to detail.




"Searching for cryptotephra at these archaeological sites is like looking for a needle in a haystack, but not knowing if there is even a needle. However, having the ability to correlate sites 5,000 miles apart, and potentially further, to within weeks instead of thousands of years makes it all worth it," said Christopher Campisano, research scientist with the Institute of Human Origins and professor with the School of Human Evolution and Social Change.

"This study, once again," said Campisano, "highlights the importance of the University of Nevada-Las Vegas/Arizona State University team pushing the limits for successfully analyzing extremely low abundance cryptotephra to date and correlate archaeological sites across Africa."

The methods for identifying low abundance cryptotephra at Pinnacle Point were first developed at University of Nevada Las Vegas led by the late Gene Smith and Racheal Johnsen and now carried on at Arizona State University's Sediment and TEphra Preparation (STEP) Lab.

School of Human Evolution and Social Change graduate student Jayde Hirniak led ASU's effort to create its own cryptotephra lab -- the STEP Lab -- working with Campisano and building on methods developed at UNLV. Hirniak also collaborated with cryptotephra labs in the United Kingdom that work with sediment samples preserving hundreds or thousands of glass shards. Now Hirniak's primary expertise is in tephrochronology, which involves the use of volcanic ash to link archaeological and paleoenvironmental records and place them on the same timeline, which was her contribution to this research.

"Our lab at ASU was built to process extremely low abundance cryptotephra horizons (<10 shards per gram) using a highly specialized technique. There are only a few labs in the world with these capabilities," said Hirniak.

Migrations along "blue highways"

Based on isotope geochemistry of the teeth of fossil mammals and ostrich eggshells, they concluded that the site was occupied by humans during a time with long dry seasons on a par with some of the most seasonally arid habitats in East Africa today. Additional findings suggest that when river flows stopped during dry periods, people adapted by hunting animals that came to the remaining waterholes to drink. As waterholes continued to shrink, it became easier to capture fish without any special equipment, and diets shifted more heavily to fish.




Its climatic effects appear to have produced a longer dry season, causing people in the area to rely even more on fish. The shrinking of the waterholes may also have pushed humans to migrate outward in search of more food.

"As people depleted food in and around a given dry season waterhole, they were likely forced to move to new waterholes," said John Kappelman, a UT anthropology and earth and planetary sciences professor and lead author of the study. "Seasonal rivers thus functioned as 'pumps' that siphoned populations out along the channels from one waterhole to another, potentially driving the most recent out-of-Africa dispersal.

The humans who lived at Shinfa-Metema 1 are unlikely to have been members of the group that left Africa. However, the behavioral flexibility that helped them adapt to challenging climatic conditions such as the Toba supereruption was probably a key trait of Middle Stone Age humans that allowed our species to ultimately disperse from Africa and expand across the globe.

The people living in the Shinfa-Metema 1 site hunted a variety of terrestrial animals, from antelope to monkey, as attested to by cut marks on the bones, and apparently cooked their meals as shown by evidence of controlled fire at the site. The most distinctive stone tools are small, symmetrical triangular points. Analyses show that the points are most likely arrowheads that, at 74,000 years in age, represent the oldest evidence of archery.

ASU's cryptotephra research was funded by the Hyde Family Foundations, the National Science Foundation, the Institute of Human Origins, and Arizona State University.
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The heat index -- how hot it really feels -- is rising faster than temperature | ScienceDaily
Texans have long endured scorching summer temperatures, so a global warming increase of about 3 degrees Fahrenheit (1.5 Celsius) might not sound like much to worry about.


						
But a new study concludes that the heat index -- essentially how hot it really feels -- has increased much faster in Texas than has the measured temperature: about three times faster.

That means that on some extreme days, what the temperature feels like is between 8 and 11 F (5 to 6 C) hotter than it would without climate change.

The study, using Texas data from June, July and August of 2023, highlights a problem with communicating the dangers of rising temperatures to the public. The temperature alone does not accurately reflect the heat stress people feel. Even the heat index itself, which takes into account the relative humidity and thus the capacity to cool off by sweating, gives a conservative estimate of heat stress, according to study author David Romps, a professor of earth and planetary science at the University of California, Berkeley.

In 2022, Romps co-authored a paper pointing out that the way most government agencies calculate the heat index is inaccurate when dealing with the temperature and humidity extremes we're seeing today. This leads people to underestimate their chances of suffering hyperthermia on the hottest days and of their chances of dying.

Texas is not an outlier. Last week, Arizona's most populous county, covering most of Phoenix, reported that heat-associated deaths last year were 50% higher than in 2022, rising from 425 in 2022 to 645 in 2023. Two-thirds of Maricopa County's heat-related deaths in 2023 were of people 50 years or older, and 71% occurred on days when the National Weather Service had issued an excessive heat warning, according to the Associated Press.

"I mean, the obvious thing to do is to cease additional warming, because this is not going to get better unless we stop burning fossil fuels," Romps said. "That's message No. 1, without doubt. We have only one direction we can really be taking the planet's average temperature, and that's up. And that's through additional burning of fossil fuels. So that's gotta stop and stop fast."

The reason that it feels much hotter than you'd expect from the increase in ambient temperature alone is that global warming is affecting the interplay between humidity and temperature, he said. In the past, relative humidity typically dropped when the temperature increased, allowing the body to sweat more and thus feel more comfortable.




But with climate change, the relative humidity remains about constant as the temperature increases, which reduces the effectiveness of sweating to cool the body.

To deal with the irreversible temperature increases we already experience, people need to take precautions to avoid hyperthermia, Romps said. He advised that, for those in extreme heat situations and unable to take advantage of air conditioning, "you can use shade and water as your friends.

"You can coat yourself in water. Get a wet rag, run it under the faucet, get your skin wet and get in front of a fan. As long as you are drinking enough water and you can keep that skin wetted in front of the fan, you're doing a good thing for yourself."

Romps' study was published March 15 in the journal Environmental Research Letters (ERL).

It's the humidity

Romps, an atmospheric physicist, got interested several years ago in how the human body responds to global warming's increased temperatures. Although the heat index, defined in 1979, is based on the physiological stresses induced by heat and humidity, he noted that the calculations of the heat index did not extend to the extremes of heat and humidity experienced today. Romps and graduate student and now postdoctoral fellow Yi-Chuan Lu extended the calculation of the heat index to all combinations of temperature and humidity, enabling its use in even the most extreme heat waves, like those that buffeted Texas in the summer of 2023.




Over the decades, the nation's major weather forecaster, the National Oceanic and Atmospheric Administration's (NOAA) National Weather Service, has dealt with the lack of calculated values for high heat and humidity by extrapolating from the known values. Romps and Lu found, however, that the commonly used extrapolation falls far short when conditions of temperature and humidity are extreme. Although the heat index has now been calculated for all conditions using the underlying physiological model, those values have not yet been adopted by NOAA.

After Lu spent a sweltering summer in Texas last year, Romps decided to take the state as a case study to determine how global warming has affected the perceived heat stress represented by the corrected heat index.

"I picked Texas because I had seen some high heat index values there that made me think, OK, this is a state that this summer is probably experiencing combinations of heat and humidity that are not being captured properly by NOAA's approximation to the heat index," he said.

He found that, while temperatures peaked at various places and times around the state last summer, one place, Houston's Ellington Airport, stood out. On July 23, 2023, he calculated that the heat index was 75 C, or 167 F. Global warming accounted for 12 F (6 C) of that heat index, he said.

"It sounds completely insane," Romps said. "It's beyond the physiological capacity of a young, healthy person to maintain a standard core temperature. We think it's hyperthermic, but survivable."

The fact that people can survive such temperatures is a testament to the power of evaporative cooling to cool the body, though intense sweating requires the heart to pump more blood to the skin to shed heat, which is part of heat stress. In a 2023 paper, Romps and Lu argued that what many have referred to as the maximum survivable temperature, a wet bulb temperature of 35 C (equivalent to a skin temperature when sweating of 95 F, close to the average person's core body temperature), would actually rarely lead to death in a young and healthy adult, though it would cause hyperthermia. The wet bulb temperature is what a thermometer measures when a wet rag is wrapped around it, so it takes account of the cooling effects of sweat.

"Heat index is very much like the wet bulb thermometer, only it adds the metabolic heat that a human has that a thermometer does not have," Romps said. "We think if you kept your skin wet and you were exposed to 167 degrees, even though we're approaching something like a setting on the oven, you'd still be alive. Definitely not happy. But alive."

While the current study didn't try to predict when, in the future, heat waves in Texas might generate a heat index high enough to make everyone hyperthermic, "we can see that there are times when people are getting pushed in that direction," he said. "It's not terribly far off."

Romps plans to look at other regions in light of the improved heat index scale he and Lu have proposed and expects to find similar trends.

"If humanity goes ahead and burns the fossil fuel available to it, then it is conceivable that half of Earth's population would be exposed to unavoidably hyperthermic conditions, even for young, healthy adults," Romps said. "People who aren't young and healthy would be suffering even more, as would people who are laboring or are out in the sun -- all of them would be suffering potentially life-threatening levels of heat stress."
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Sea surface temperature research provides clear evidence of human-caused climate change | ScienceDaily
New oceanic research provides clear evidence of a human "fingerprint" on climate change and shows that specific signals from human activities have altered the seasonal cycle amplitude of sea surface temperatures (SST).


						
"This is breakthrough evidence that there is a human-caused climate change signal in ocean temperatures associated with CO2 increases," according to co-author Benjamin Santer, an adjunct scientist and distinguished scholar in the Physical Oceanography Department at Woods Hole Oceanographic Institute (WHOI).

"We show that a human-caused signal in the seasonal cycle of sea surface temperature (SST) has emerged from the noise of natural variability. Geographical patterns of changes in SST seasonal cycle amplitude (SSTAC) reveal two distinctive features: an increase at Northern Hemisphere mid-latitudes related to mixed-layer depth changes, and a robust dipole pattern between 40 S and 55 S which is mainly driven by surface wind changes," according to the journal article, "The emerging human influence on the seasonal cycle of sea surface temperature," published in Nature Climate Change.

"The evidence we found is very clear. Our research is based on four different observational data sets of sea surface ocean temperature. We analyzed data from various monitoring systems, including satellite records and ocean measurements that WHOI has been collecting from ships and floats since 1950. All of this data provided the same story and the same conclusion: that the human-caused signal in SSTAC is very strong and has a very distinctive pattern," reported co-lead author Dr. Jia-Rui Shi, Postdoc with WHOI.

The model-predicted pattern of SSTAC change is identifiable with high statistical confidence in four different observed SST products and in 51 individual model realizations of historical climate evolution. Simulations with historical changes in individual forcing reveal that greenhouse gas increases are the primary driver of changes in SSTAC, with smaller but distinct contributions from anthropogenic aerosol and ozone forcing.

The research was motivated by earlier work by Santer, who has worked on climate fingerprinting for more than 30 years. Previous studies used satellite records to identify human fingerprints in the changing seasonal cycle of mid-to-upper tropospheric temperature. However, this is the first fingerprinting study that reveals detailed patterns of climate change in seasonal sea surface temperatures.

"The seasonal cycle amplitude of sea surface temperature is changing and becoming stronger. One of our biggest findings is that warming is greater in the summer than in the winter. In both the northern and southern hemispheres, the mixed-layer depths of the ocean are becoming thinner which can significantly amplify summer temperatures," stated Shi. "The warming in the northern hemisphere is more extreme, associated with smaller ocean basin sizes. In the southern hemisphere, we discovered that sea surface temperature changes are largely driven by wind shift patterns caused by atmospheric warming."

"This research rebuts claims that recent temperature changes are natural, whether due to the Sun or due to internal cycles in the climate system. A natural explanation is virtually impossible in terms of what we are looking at here: changes in the seasonal temperatures of the ocean," stated Santer. "This research further rules out the claim that we don't need to treat climate change seriously because it is natural."




"This robust human fingerprint in the seasonal cycle of ocean surface temperature is expected to have wide-ranging impacts on marine ecosystems. This can dramatically influence fisheries and the distribution of nutrients," said Shi. "Gaining insight into the anthropogenic influence on seasonality is of scientific, economic, and societal importance."

In 2023, the upper ocean heat content was the highest on record, leading to strong concern in the scientific community. The ocean absorbs roughly 90 percent of the Earth's excess heat from global warming and plays a vital role in regulating planetary climate systems.

"Ocean temperatures are literally off the charts. A lot of people want to know what is happening," said Santer. "A big part of the answer is that human activities have gradually warmed the world's oceans. The scientific community has been focused on changes in the ocean's annual average temperature. This paper shows that it's also critically important to perform fingerprinting with seasonal changes," said Santer.

The ocean is a vital carbon sink, absorbing 25 percent of the carbon dioxide that we produce by burning fossil fuels. However, the ability of the ocean to absorb CO2 is temperature dependent. As the ocean warms, it is critical that we understand how the ability of the oceans to absorb CO2 is affected.

"As oceans absorb carbon dioxide, it creates widely reported acidification which can negatively impact marine organisms. If we start altering the pH of the ocean, we risk affecting the structural integrity of organisms at the base of the food chain," said Shi.

"We now face important decisions, in the United States and globally, on what to do about climate change. Those decisions should be based on our best scientific understanding of the reality and seriousness of human effects on average climate and on the seasons," stated Santer.
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Craving snacks after a meal? It might be food-seeking neurons, not an overactive appetite | ScienceDaily
People who find themselves rummaging around in the refrigerator for a snack not long after they've eaten a filling meal might have overactive food-seeking neurons, not an overactive appetite.


						
UCLA psychologists have discovered a circuit in the brain of mice that makes them crave food and seek it out, even when they are not hungry. When stimulated, this cluster of cells propels mice to forage vigorously and to prefer fatty and pleasurable foods like chocolate over healthier foods like carrots.

People possess the same kinds of cells, and if confirmed in humans, the finding could offer new ways of understanding eating disorders.

The report, published in the journal Nature Communications, is the first to find cells dedicated to food-seeking in a part of the mouse brainstem usually associated with panic, but not with feeding.

"This region we're studying is called the periaqueductal gray (PAG), and it is in the brainstem, which is very old in evolutionary history and because of that, it is functionally similar between humans and mice," said corresponding author Avishek Adhikari, a UCLA associate professor of psychology. "Although our findings were a surprise, it makes sense that food-seeking would be rooted in such an ancient part of the brain, since foraging is something all animals need to do."

Adhikari studies how fear and anxiety help animals assess risks and minimize exposure to threats, and his group made the discovery while trying to learn how this particular spot was involved in fear.

"Activation of the entire PAG region causes a dramatic panic response in both mice and humans. But when we selectively stimulated only this specific cluster of PAG neurons called vgat PAG cells, they did not alter fear, and instead caused foraging and feeding," Adhikari said.




The researchers injected into mouse brains a virus genetically engineered to make the brain cells produce a light-sensitive protein. When a laser shines on the cells via a fiber-optic implant, the new protein translates that light to electrical neural activity in the cells. A miniature microscope, developed at UCLA and affixed to the mouse's head, recorded the neural activity of cells.

When stimulated with laser light, the vgat PAG cells fired and kicked the mouse into hot pursuit of live crickets and non-prey food, even if it had just eaten a large meal. The stimulation also induced the mouse to follow moving objects that were not food -- like ping pong balls, although it did not try to eat them -- and it also prompted the mouse to confidently explore everything in its enclosure.

"The results suggest the following behavior is related more to wanting than to hunger," Adhikari said. "Hunger is aversive, meaning that mice usually avoid feeling hungry if they can. But they seek out activation of these cells, suggesting that the circuit is not causing hunger. Instead, we think this circuit causes the craving of highly rewarding, high-caloric food. These cells can cause the mouse to eat more high-calorie foods even in the absence of hunger."

Satiated mice with activated vgat PAG cells craved fatty foods so much, they were willing to endure foot shocks to get them, something full mice normally would not do. Conversely, when the researchers injected a virus engineered to produce a protein that dampens the cells' activity under exposure to light, the mice foraged less, even if they were very hungry.

"Mice show compulsive eating in the presence of aversive direct consequences when this circuit is active, and don't search for food even if they're hungry when it's not active. This circuit can circumvent the normal hunger pressures of how, what and when to eat," said Fernando Reis, a UCLA postdoctoral researcher who did most of the experiments in the paper and came up with the idea to study compulsive eating. "We're doing new experiments based on these findings and learning that these cells induce eating of fatty and sugary foods, but not of vegetables in mice, suggesting this circuit may increase eating of junk food."

Like mice, humans also possess vgat PAG cells in the brainstem. It could be that if this circuit is overactive in a person, they might feel more rewarded by eating or crave food when not hungry. Conversely, if this circuit is not active enough, they could have less pleasure associated with eating, potentially contributing to anorexia. If found in humans, the food-seeking circuit could become the treatment target for some kinds of eating disorders.

The research was supported by the National Institute of Mental Health, the Brain & Behavior Research Foundation and the National Science Foundation.
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ChatGPT is an effective tool for planning field work, school trips and even holidays | ScienceDaily
Researchers exploring ways to utilise ChatGPT for work, say it could save organisations and individuals a lot of time and money when it comes to planning trips.


						
A new study, published in Innovations in Education and Teaching International (IETI), has tested whether ChatGPT can be used to design University field studies. It found that the free-to-use AI model is an effective tool for not only planning educational trips around the world, but also could be used by other industries.

The research, led by scientists from the University of Portsmouth and University of Plymouth, specifically focused on marine biology courses. It involved the creation of a brand new field course using ChatGPT, and the integration of the AI-planned activities into an existing university module.

The team developed a comprehensive guide for using the chatbot, and successfully organised a single-day trip in the UK using the AI's suggestion of a beach clean-up activity to raise awareness about marine pollution and its impact on marine ecosystems.

They say the established workflow could also be easily adapted to support other projects and professions outside of education, including environmental impact studies, travel itineraries, and business trips.

Dr Mark Tupper, from the University of Portsmouth's School of Biological Sciences, said: "It's well known that universities and schools across the UK are stretched thin when it comes to resources. We set out to find a way to utilise ChatGPT for planning field work, because of the considerable amount of effort that goes into organising these trips. There's a lot to consider, including safety procedures, risks, and design logistics. This process can take several days, but we found ChatGPT effectively does most of the leg work in just a few hours. The simple framework we've created can be used across the whole education sector, not just by universities. With many facing budget constraints and staffing limitations, this could save a lot of time and money."

Chatbots like ChatGPT are powered by large amounts of data and computing techniques to make predictions to string words together in a meaningful way. They not only tap into a vast amount of vocabulary and information, but also understand words in context.




Since OpenAI launched the 3.0 model in November 2022, millions of users have used the technology to improve their personal lives and boost productivity. Some workers have used it to write papers, make music, develop code, and create lesson plans.

"If you're a school teacher and want to plan a class with 40 kids, our ChatGPT roadmap will be a game changer," said Dr Reuben Shipway, Lecturer in Marine Biology at the University of Plymouth. "All a person needs to do is input some basic data, and the AI model will be able to design a course or trip based on their needs and requirements. It can competently handle various tasks, from setting learning objectives to outlining assessment criteria. For businesses, ChatGPT is like having a personal planning assistant at your fingertips. Imagine trips with itineraries that unfold effortlessly, or fieldwork logistics handled with the ease of conversation."

The paper says while the AI model is adaptable and user-friendly, there are limitations when it comes to field course planning, including risk assessments.

Dr Ian Hendy, from the University of Portsmouth, explained: "We asked ChatGPT to identify the potential hazards of this course and assess the overall risk of this activity from low to high, and the results were mixed. In some instances, ChatGPT was able to identify hazards specific to the activity -- like the increased risk of slipping on seaweed-covered rocks exposed at low tide -- but in other instances, ChatGPT exaggerated threats. For example, we find the risk of students suffering from physical strain and fatigue from carrying bags of collected litter to be low. That's why there still needs to be a human element in the planning stages, to iron out any issues. It's also important that the individual sifting through the results understands the nuances of successful field courses so they can recognise these discrepancies."

The paper concludes with a series of recommendations for best practices in using ChatGPT for field course design, underscoring the need for thoughtful human input, logical prompt sequencing, critical evaluation, and adaptive management to refine course designs.

Top tips to help potential users get the most out of ChatGPT:
    	Get the ball rolling with ChatGPT: Ask what details it thrives on for crafting the perfect assignment plan. By understanding the key information it needs, you'll be well-equipped to structure your prompts effectively and ensure ChatGPT provides tailored and insightful assistance;
    	Time Management Made Easy: Share your preferred schedule, and let ChatGPT handle the logistics. Whether you're a back-to-back meetings person or prefer a more relaxed pace, ChatGPT creates an itinerary that suits your working style;
    	Flexible Contingency Plans: Anticipate the unexpected. ChatGPT can help you create contingency plans in case of unforeseen events, ensuring that the trip remains adaptable to changing circumstances without compromising the educational goals;
    	Cultural Etiquette Guidance: Familiarise yourself with local cultural norms and business etiquette. ChatGPT can provide tips on appropriate greetings, gift-giving customs, and other cultural considerations, ensuring smooth interactions with local business partners;
    	Become a proficient Prompt Engineer: There are many quality, low-cost courses in the field of ChatGPT prompt engineering. These are available from online learning platforms such as Udemy, Coursera, and LinkedIn Learning. Poor input leads to poor ChatGPT output, so improving your prompt engineering will always lead to better results;
    	Use your unique experiences to improve ChatGPT output: Remember that AI knowledge cannot replace personal experience, but AI can learn from your experiences and use them to improve its recommendations;
    	Remember, planning is a two-way street! Engage in feedback with ChatGPT. Don't hesitate to tweak and refine the itinerary until it feels just right. It's your trip, after all.
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Decoding the Easter Bunny -- an eastern Finnish brown hare to represent the standard for the species' genome | ScienceDaily
The Hare Research Group at the Department of Environmental and Biological Sciences, University of Eastern Finland, has published a chromosomally assembled reference genome for the European brown hare. Reference genomes represent a type of a standard for the species genomes, to which any genomic data from the species can be compared.


						
Traditionally, assembling reference genomes has been very difficult, as they have required constructing cytogenetic and linkage maps of chromosomes, which is why they have been available only for humans and for some well-known model organisms in used in research.

However, recent technological advances have enabled new methods to reconstruct chromosome structures and identify their gene contents. These methods were also utilised in this study to sequence and assemble a reference genome of a brown male hare from Liperi, Eastern Finland. The genome consists of 2.9 billion base pairs, which form 23 autosomal chromosomes, and X and Y sex chromosomes. In total 30,833 genes were identified, of which 21,467 are protein encoding. As a comparison, the human genome is slightly bigger (3.1 billion bases) but has less protein coding genes (20,080).

The brown hare represents the first genome of a Finnish species in the European Reference Genome Atlas (ERGA) initiative, which aims to generate reference genomes for all European eukaryotic species.

The reference genome enables and facilitates many types of research with the species in the future, as any DNA sequence data from the species can be rapidly identified by comparing it with the reference. In addition, researchers can seek and identify any interesting parts of the genome, such as individual genes and use these to plan and conduct research. Together with the mountain hare reference genome that is currently under preparation, the brown hare genome has already opened new research avenues into evolutionary history, physiological adaptations and population surveys. Openly accessible genome data and related research will also accelerate development in the field, generating new knowledge, practical applications and innovations.

The timing of the genome release is very appropriate as the brown hare also represents the original Easter Bunny familiar from European folklore. While there are conflicting accounts for the origins and symbolism of the Easter Bunny, brown hares were common in mainland Europe long before rabbits -- originating from the Iberian Peninsula -- became popular.
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8-hour time-restricted eating linked to a 91% higher risk of cardiovascular death | ScienceDaily
An analysis of over 20,000 U.S. adults found that people who limited their eating across less than 8 hours per day, a time-restricted eating plan, were more likely to die from cardiovascular disease compared to people who ate across 12-16 hours per day, according to preliminary research presented at the American Heart Association's Epidemiology and Prevention Lifestyle and Cardiometabolic Scientific Sessions 2024, March 18- 21, in Chicago. The meeting offers the latest science on population-based health and wellness and implications for lifestyle.


						
Time-restricted eating, a type of intermittent fasting, involves limiting the hours for eating to a specific number of hours each day, which may range from a 4- to 12-hour time window in 24 hours. Many people who follow a time-restricted eating diet follow a 16:8 eating schedule, where they eat all their foods in an 8-hour window and fast for the remaining 16 hours each day, the researchers noted. Previous research has found that time-restricted eating improves several cardiometabolic health measures, such as blood pressure, blood glucose and cholesterol levels.

"Restricting daily eating time to a short period, such as 8 hours per day, has gained popularity in recent years as a way to lose weight and improve heart health," said senior study author Victor Wenze Zhong, Ph.D., a professor and chair of the department of epidemiology and biostatistics at the Shanghai Jiao Tong University School of Medicine in Shanghai, China. "However, the long-term health effects of time-restricted eating, including risk of death from any cause or cardiovascular disease, are unknown."

In this study, researchers investigated the potential long-term health impact of following an 8-hour time-restricted eating plan. They reviewed information about dietary patterns for participants in the annual 2003-2018 National Health and Nutrition Examination Surveys (NHANES) in comparison to data about people who died in the U.S., from 2003 through December 2019, from the Centers for Disease Control and Prevention's National Death Index database.

The analysis found:
    	People who followed a pattern of eating all of their food across less than 8 hours per day had a 91% higher risk of death due to cardiovascular disease.
    	The increased risk of cardiovascular death was also seen in people living with heart disease or cancer.
    	Among people with existing cardiovascular disease, an eating duration of no less than 8 but less than 10 hours per day was also associated with a 66% higher risk of death from heart disease or stroke.
    	Time-restricted eating did not reduce the overall risk of death from any cause.
    	An eating duration of more than 16 hours per day was associated with a lower risk of cancer mortality among people with cancer.

"We were surprised to find that people who followed an 8-hour, time-restricted eating schedule were more likely to die from cardiovascular disease. Even though this type of diet has been popular due to its potential short-term benefits, our research clearly shows that, compared with a typical eating time range of 12-16 hours per day, a shorter eating duration was not associated with living longer," Zhong said.

"It's crucial for patients, particularly those with existing heart conditions or cancer, to be aware of the association between an 8-hour eating window and increased risk of cardiovascular death. Our study's findings encourage a more cautious, personalized approach to dietary recommendations, ensuring that they are aligned with an individual's health status and the latest scientific evidence," he continued. "Although the study identified an association between an 8-hour eating window and cardiovascular death, this does not mean that time-restricted eating caused cardiovascular death." Study details and background:
    	The study included approximately 20,000 adults in the U.S. with an average age of 49 years.
    	Study participants were followed for a median length of 8 years and maximum length of 17 years.
    	The study included data for NHANES participants who were at least 20 years old at enrollment, between 2003-2018, and had completed two 24-hour dietary recall questionnaires within the first year of enrollment.
    	Approximately half of the participants self-identified as men, and half self-identified as women. 73.3% of the participants self-identified as non-Hispanic white adults, 11% self-identified as Hispanic adults, 8% self-identified as non-Hispanic Black adults and 6.9% of adults self-identified as another racial category, including mixed-race adults and adults of other non-Hispanic races.

The study's limitations included its reliance on self-reported dietary information, which may be affected by participant's memory or recall and may not accurately assess typical eating patterns. Factors that may also play a role in health, outside of daily duration of eating and cause of death, were not included in the analysis.




Future research may examine the biological mechanisms that underly the associations between a time-restricted eating schedule and adverse cardiovascular outcomes, and whether these findings are similar for people who live in other parts of the world, the authors noted.

"Overall, this study suggests that time-restricted eating may have short-term benefits but long-term adverse effects. When the study is presented in its entirety, it will be interesting and helpful to learn more of the details of the analysis," said Christopher D. Gardner, Ph.D., FAHA, the Rehnborg Farquhar Professor of Medicine at Stanford University in Stanford, California, and chair of the writing committee for the Association's 2023 scientific statement, Popular Dietary Patterns: Alignment with American Heart Association 2021 Dietary Guidance.

"One of those details involves the nutrient quality of the diets typical of the different subsets of participants. Without this information, it cannot be determined if nutrient density might be an alternate explanation to the findings that currently focus on the window of time for eating. Second, it needs to be emphasized that categorization into the different windows of time-restricted eating was determined on the basis of just two days of dietary intake," he said.

"It will also be critical to see a comparison of demographics and baseline characteristics across the groups that were classified into the different time-restricted eating windows -- for example, was the group with the shortest time-restricted eating window unique compared to people who followed other eating schedules, in terms of weight, stress, traditional cardiometabolic risk factors or other factors associated with adverse cardiovascular outcomes? This additional information will help to better understand the potential independent contribution of the short time-restricted eating pattern reported in this interesting and provocative abstract."
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Toxic metal particles can be present in cannabis vapes even before the first use, study finds | ScienceDaily
Vapes have often been heralded as a "safer" way to consume either nicotine or cannabis, where legal to do so. But the devices present their own suite of risks that are slowly being revealed as they undergo increasing research and regulation. Now, researchers have discovered that nano-sized toxic metal particles may be present in cannabis vaping liquids even before the vaping device is heated, and the effect is worse in unregulated products.


						
The researchers will present their results today at the spring meeting of the American Chemical Society (ACS). ACS Spring 2024 is a hybrid meeting being held virtually and in person March 17-21; it features nearly 12,000 presentations on a range of science topics.

While cannabis regulation and legalization are still growing in the U.S., it was made federally legal in Canada under its Cannabis Act in 2018. "Cannabis vapes are newly regulated products in Canada, so we don't yet have much scientific data about them," says Andrew Waye, who will present the work at the meeting. "This is an opportunity for us to look at some of the questions concerning the risks and unknowns of cannabis vapes." Waye manages the research program at the Office of Cannabis Science and Surveillance at Health Canada.

Unlike smoking, vaping does not involve a combustion reaction, which produces harmful byproducts. Instead, a vaping device heats a liquid until it evaporates into an inhalable vapor. As a result, it is often seen as a safer method to consume cannabis or nicotine. But research on nicotine vapes has shown that the metal components that heat the vape liquid may release harmful elemental metals, including nickel, chromium and lead, which can then be transported into the aerosol and deposited into the user's body.

Waye's team wanted to investigate whether this was also true for cannabis vapes. To do so, the group collaborated with Zuzana Gajdosechova, who is a scientist at the Metrology Research Centre of the National Research Council of Canada, which has been involved in cannabis testing and standardization for several years.

The team gathered 41 samples of cannabis vape liquids -- 20 legal, regulated samples from the Ontario Cannabis Store and 21 samples from the illicit market provided by the Ontario Provincial Police. The liquids were analyzed by mass spectrometry to look for the presence of 12 metals. Regulated cannabis products are routinely tested for some of the analyzed metals, as well as other contaminants.

To verify the team's findings, Gajdosechova collaborated with imaging experts and used techniques such as scanning electron microscopy to provide a visual confirmation of the metal particles. While some metals, such as arsenic, mercury and cadmium, were within the generally accepted tolerance limits for cannabis products, others were detected in concentrations considered to be very high. The most striking example proved to be lead: Some unregulated samples contained 100 times more lead than the regulated samples, far exceeding the generally accepted tolerance limit.




Importantly, this metal contamination was found in the liquid of cannabis vapes that had never been used and were less than six months old. "The evidence strongly suggests that metal contamination can come from the device when it's produced, and not from the heating of the coils," explains Gajdosechova. "But depending on the quality of the device, the contamination may be increased by that heating."

Additionally, the team found that vapes belonging to the same production lot could contain different levels of metal contamination, demonstrating a high level of variability between samples. This could have implications for testing procedures, as Canadian regulations require samples to be representative of the whole lot or batch and that testing be done at or after the last step where contamination can occur. "If contamination is happening when the device is assembled, you should be testing at that stage rather than earlier," says Waye.

Next, the team wanted to investigate the size of the metal particles to understand their potential health risks. Using single particle inductively coupled plasma mass spectrometry, the researchers found many particles that were of nanoscale size. "Some nano-sized metal particles are highly reactive and potentially harmful," says Gajdosechova.

Moving forward, the team wants to determine how many of these particles are transmitted into the vape aerosol when a device is used. This is when the metals could get into users' lungs, which will be important to determine the public health implications of these findings. The effect has been demonstrated in nicotine vapes, and the researchers expect that cannabis vapes could show the same.

"Different types of cannabis products present different risks. Our research doesn't answer whether vaping is riskier than smoking, it just underlines that the risks may be different. Previously uncharacterized risks with cannabis vaping are still being identified," concludes Waye. So, while there isn't necessarily one way to "safely" consume these products, this research demonstrates that regulation can help create safer cannabis products overall.

This research was funded by Health Canada.
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There are large accumulations of plastics in the ocean, even outside so-called garbage patch | ScienceDaily
"Plastics in the ocean are a serious problem. Every year, millions of tonnes of plastics end up in the ocean via rivers and wind as well as from shipping and fishing -- and it remains there. It is still difficult to assess the consequences for the ocean ecosystem," says UFZ environmental chemist Prof Annika Jahnke, coordinator of the MICRO-FATE project, which made the study possible. What is the distribution of plastics in the oceans? Which areas are particularly affected? Are there any plastic-free zones? And what properties do plastics have close to the source or far away in the open ocean?


						
Jahnke and her research team have investigated these questions. During a five-week expedition on the German research vessel "Sonne" in 2019, the researchers took samples of the surface water in the North Pacific Ocean between Vancouver (Canada) and Singapore. The team selected the sampling stations along the cruise track based on a prediction model from the University of Hawaii (Surface CUrrents from a Diagnostic model (SCUD)). This model calculates how much plastics are likely to be present in a particular marine area. "We selected stations with predicted high and low plastic loads for our investigations," says Jahnke. "Some stations were located in areas that had already been well researched such as the so-called Great Pacific Garbage Patch. We also wanted to investigate zones in the open ocean that had hardly been explored. For example, we took samples in a marine reserve northwest of Hawaii, the Papahanaumokuakea Marine National Monument "

The team used two different methods to determine the amount of plastics in the surface water. The first one was a litter survey in which teams of two scientists on the deck of the "Sonne" counted plastic items that were visible to the naked eye during ship transits and documented their shape and size. The second one involved neuston nets towed at the surface to take samples at nine stations. "The mesh size was 0.3 millimetres. This allowed us to collect not only larger items, but also small plastic particles to determine the amount of microplastics, which are less than five millimetres in diameter," says UFZ researcher Robby Rynek, lead author of the study. "The plastic particles from each sample were sorted by size and counted. We then used a special form of infrared spectroscopy to chemically analyse the particles and estimate their weathering state based on their appearance."

The longer plastics are exposed to sun, wind, waves, and sea water, the more they weather and disintegrate. Other studies have shown that larger non-degraded plastic items and particles occur primarily where plastic enters the sea. The further the particles are transported, the more weathered and smaller they should be. "This is exactly what we showed with our investigations. And as expected, we found the highest quantities of plastics in the samples we took in the area known as the Great Pacific Garbage Patch," says Rynek. "However, the items do not in any way form a carpet of plastic that covers an entire surface in a dense manner. This is important when thinking about plastic removal technologies, which would have to cover vast areas in order to be able to collect significant amounts of plastic. Most plastics are small fragments that escape nets or which can only be collected with considerable animal 'by-catch'," says co-author Dr Melanie Bergmann from the AWI. It is therefore essential to reduce the emissions of plastics.

"The most surprising and at the same time most worrying result of our study is that we found equally large quantities of particularly small microplastics in the remote marine protected area north-west of Hawaii. We hadn't expected that. According to the calculations of the forecast model, there should be considerably less plastics in this area," says Rynek. "Microplastics are most likely distributed much further across the oceans than previously assumed. We actually found plastics at all of our sampling stations. There were no samples without plastics. So, we can't assume that plastics are causing problems mainly in the known accumulation areas -- the problem is much bigger and actually affects the entire ocean ecosystem," says Jahnke.

This year, UN member states intend to adopt a legally binding global Plastics Treaty in order to stop plastic pollution into the ocean. "As independent scientists, we stand as part of the Scientists' Coalition for an Effective Plastics Treaty to advise the delegates of the UN member states," says Bergmann. In addition to far-reaching reductions in plastic production by avoiding unnecessary plastic products and promoting reuse systems, many researchers believe that the chemical composition of plastic products needs to be simplified and improved. This is the only way to ensure safe reuse and higher recycling rates.
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A protein found in human sweat may protect against Lyme disease | ScienceDaily
Lyme disease, a bacterial infection transmitted by ticks, affects nearly half a million people in the United States every year. In most cases, antibiotics effectively clear the infection, but for some patients, symptoms linger for months or years.


						
Researchers at MIT and the University of Helsinki have now discovered that human sweat contains a protein that can protect against Lyme disease. They also found that about one-third of the population carries a genetic variant of this protein that is associated with Lyme disease in genome-wide association studies.

It's unknown exactly how the protein inhibits the growth of the bacteria that cause Lyme disease, but the researchers hope to harness the protein's protective abilities to create skin creams that could help prevent the disease, or to treat infections that don't respond to antibiotics.

"This protein may provide some protection from Lyme disease, and we think there are real implications here for a preventative and possibly a therapeutic based on this protein," says Michal Caspi Tal, a principal research scientist in MIT's Department of Biological Engineering and one of the senior authors of the new study.

Hanna Ollila, a senior researcher at the Institute for Molecular Medicine at the University of Helsinki and a researcher at the Broad Institute of MIT and Harvard, is also a senior author of the paper, which appears today in Nature Communications. The paper's lead author is Satu Strausz, a postdoc at the Institute for Molecular Medicine at the University of Helsinki.

A surprising link

Lyme disease is most often caused by a bacterium called Borrelia burgdorferi. In the United States, this bacterium is spread by ticks that are carried by mice, deer, and other animals. Symptoms include fever, headache, fatigue, and a distinctive bulls-eye rash.




Most patients receive doxycycline, an antibiotic that usually clears up the infection. In some patients, however, symptoms such as fatigue, memory problems, sleep disruption, and body aches can persist for months or years.

Tal and Ollila, who were postdocs together at Stanford University, began this study a few years ago in hopes of finding genetic markers of susceptibility to Lyme disease. To that end, they decided to run a genome-wide association study (GWAS) on a Finnish dataset that contains genome sequences for 410,000 people, along with detailed information on their medical histories.

This dataset includes about 7,000 people who had been diagnosed with Lyme disease, allowing the researchers to look for genetic variants that were more frequently found in people who had had Lyme disease, compared with those who hadn't.

This analysis revealed three hits, including two found in immune molecules that had been previously linked with Lyme disease. However, their third hit was a complete surprise -- a secretoglobin called SCGB1D2.

Secretoglobins are a family of proteins found in tissues that line the lungs and other organs, where they play a role in immune responses to infection. The researchers discovered that this particular secretoglobin is produced primarily by cells in the sweat glands.

To find out how this protein might influence Lyme disease, the researchers created normal and mutated versions of SCGB1D2 and exposed them to Borrelia burgdorferi grown in the lab. They found that the normal version of the protein significantly inhibited the growth of Borrelia burgdorferi. However, when they exposed bacteria to the mutated version, twice as much protein was required to suppress bacterial growth.




The researchers then exposed bacteria to either the normal or mutated variant of SCGB1D2 and injected them into mice. Mice injected with the bacteria exposed to the mutant protein became infected with Lyme disease, but mice injected with bacteria exposed to the normal version of SCGB1D2 did not.

"In the paper we show they stayed healthy until day 10, but we followed the mice for over a month, and they never got infected. This wasn't a delay, this was a full stop. That was really exciting," Tal says.

Preventing infection

After the MIT and University of Helsinki researchers posted their initial findings on a preprint server, researchers in Estonia replicated the results of the genome-wide association study, using data from the Estonian Biobank. These data, from about 210,000 people, including 18,000 with Lyme disease, were later added to the final Nature Communications study.

The researchers aren't sure yet how SCGB1D2 inhibits bacterial growth, or why the variant is less effective. However, they did find that the variant causes a shift from the amino acid proline to leucine, which may interfere with the formation of a helix found in the normal version.

They now plan to investigate whether applying the protein to the skin of mice, which do not naturally produce SCGB1D2, could prevent them from being infected by Borrelia burgdorferi. They also plan to explore the protein's potential as a treatment for infections that don't respond to antibiotics.

"We have fantastic antibiotics that work for 90 percent of people, but in the 40 years we've known about Lyme disease, we have not budged that," Tal says. "Ten percent of people don't recover after having antibiotics, and there's no treatment for them."

The researchers note that people who have the protective version of SCGB1D2 can still develop Lyme disease, and they should not assume that they won't. One factor that may play a role is whether the person happens to be sweating when they're bitten by a tick carrying Borrelia burgdorferi.

SCGB1D2 is just one of 11 secretoglobin proteins produced by the human body, and Tal also plans to study what some of those other secretoglobins may be doing in the body, especially in the lungs, where many of them are found.

"The thing I'm most excited about is this idea that secretoglobins might be a class of antimicrobial proteins that we haven't thought about. As immunologists, we talk nonstop about immunoglobulins, but I had never heard of a secretoglobin before this popped up in our GWAS study. This is why it's so fun for me now. I want to know what they all do," she says.

The research was funded, in part, by Emily and Malcolm Fairbairn, the Instrumentarium Science Foundation, the Academy of Finland, the Finnish Medical Foundation, the Younger Family, and the Bay Area Lyme Foundation.
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Fairy circles: Plant water stress causes Namibia's gaps in grass | ScienceDaily
Namibia's legendary fairy circles are mysterious, circular, bald patches in the dry grasslands on the edge of the Namib Desert. Their formation has been researched for decades and has recently been the subject of much debate. With extensive fieldwork, researchers from the University of Gottingen in Germany and Ben Gurion University in Israel investigated how freshly germinated grass dies inside the fairy circle. Their results show that the grass withers due to a lack of water inside the fairy circle. The topsoil, comprised of the top 10 to 12 centimetres of the soil, acts as a kind of "death zone" in which fresh grass cannot survive for long. The new grass dies between 10 and 20 days after the rain. According to the researchers, the fact that it shows no signs of termite damage disproves a competing theory. The results were published in the journal Perspectives in Plant Ecology, Evolution and Systematics.


						
For the study, the scientists analysed 500 individual grass plants in four regions of the Namib by taking measurements of root and leaf lengths, carrying out statistical analyses, as well as collecting and comparing photographic evidence. They also took several hundred measurements of soil moisture during or after the 2023 and 2024 rainy seasons.

This showed that the topsoil is very susceptible to drying out. During and after the rainy season, the soil moisture here is three to four times lower than the soil at a depth of around 20 centimetres. In addition, the topsoil is significantly drier within the fairy circle than outside during the period of grass growth after ample rainfall. Under these conditions, freshly germinated grasses cannot survive in the fairy circle: they dry out because they cannot reach the deeper, more moist layers of soil with their roots, which are on average 10 centimetres long.

In contrast, the large, perennial clumps of grass that grow at the edge of the fairy circle benefit from being able to access the soil water to a depth of 20 to 30 centimetres and below. These clumps of grass quickly turn green after the rain. "With their well-developed root system, these clumps of grass soak up the water particularly well. After the rain, they have a huge competitive advantage over the freshly germinated grasses in the fairy circle. The new grass only loses a small amount of water via transpiration from its small leaves, resulting in insufficient 'suction power' to pull new water from deeper soil layers," explains first author Dr Stephan Getzin, Gottingen University's Ecosystem Modelling Department.

The measurement data also show that the physical conductivity of the water is high in the first 20 days after the rain, particularly in the upper soil, and decreases with depth. As a result, the clumps of grass primarily draw water from the top 10 to 20 centimetres of the soil. Getzin says: "This is the cause of the death of the new grass in the fairy circle. Continuous soil moisture measurements over several years support this conclusion. This is because the soil water in the fairy circle only decreases noticeably quickly with the strengthening and regrowth of the surrounding grass after rain." According to the researchers, this testifies to the basic function of the fairy circles as water sources for the drought-stressed grass of the Namib. The round shape of the fairy circles is formed by the grass itself, as this creates the maximum supply of soil water for itself. "This self-organisation can be described as 'swarm intelligence'. It is a systematic adaptation to a lack of resources in arid regions," say Getzin and his colleague Dr Hezi Yizhaq.

In their study, Getzin and Yizhag also comment on the theory that termites shorten the roots of fresh grass in the fairy circle by feeding on them, causing the new grass to die. "In an extensive discussion of the publications on the sand termite theory, we show that so far not a single field study with systematic measurement data on the root length of dying grasses has shown that termite feeding on the roots of newly germinated grasses create the Namib fairy circles," the researchers say.

They also highlight a concern in that the supporters of the sand termite theory cite other research as "evidence" for the killing of fresh grass due to termite herbivory on the roots, but in fact the cited articles do not even deal with this specific subject matter.
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Tanks of the Triassic: New crocodile ancestor identified | ScienceDaily
Dinosaurs get all the glory. But aetosaurs, a heavily armored cousin of modern crocodiles, ruled the world before dinosaurs did. These tanks of the Triassic came in a variety of shapes and sizes before going extinct around 200 million years ago. Today, their fossils are found on every continent except Antarctica and Australia.


						
Scientists use the bony plates that make up aetosaur armor to identify different species and usually don't have many fossil skeletons to work with. But a new study led by researchers at The University of Texas at Austin centers on an aetosaur suit of armor that has most of its major parts intact.

The suit -- called a carapace -- is about 70% complete and covers each major region of the body.

"We have elements from the back of the neck and shoulder region all the way to the tip of the tail," said William Reyes, a doctoral student at the UT Jackson School of Geosciences who led the research. "Usually, you find very limited material."

The research was published in The Anatomical Record.

Reyes and his collaborators used the armor to identify the specimen as a new aetosaur species -- which they named Garzapelta muelleri. The name "Garza" recognizes Garza County in northwest Texas, where the aetosaur was found, and "Pelta" is Latin for shield, a nod to aetosaurs' heavily fortified body. The species name "muelleri" honors the paleontologist who originally discovered it, Bill Mueller.

Garzapelta lived about 215 million years ago and resembled a modern American crocodile -- but with much more armor.




"Take a crocodile from modern day, and turn it into an armadillo," said Reyes.

The bony plates that covered Garzapelta and other aetosaurs are called osteoderms. They were embedded directly in the skin and formed a suit of armor by fitting together like a mosaic. In addition to having a body covered in bony plates, Garzapelta's sides were flanked by curved spikes that would have offered another layer of protection from predators. Although crocodiles today are carnivores, scientists think that aetosaurs were primarily omnivorous.

The spikes on Garzapelta are very similar to those found in another aetosaur species, but surprisingly, researchers found that the two species are only distantly related. The similarities, they discovered, are an example of convergent evolution, the independent evolution of similar traits in different species. The development of flight in insects, birds, mammals and now-extinct pterosaurs is a classic example of this phenomenon.

According to Reyes, an array of unique features on Garzapelta's plates clearly marked it as a new species. They range from how the plates fit together to unique bumps and ridges on the bones. However, figuring out where Garzapelta fit into the larger aetosaur family tree was more of challenge. Depending on which portion of the armor the researchers emphasized in their analysis, Garzapelta would end up in very different places. Armor that ran down its back resembled armor from one species, while its midsection spikes resembled armor from another.

Once the researchers determined that the spikes evolved independently, they were able to work out where Garzapelta fit best among other aetosaur species. Nevertheless, Reyes said the research shows how convergent evolution can complicate things.

"Convergence of the osteoderms across distantly related aetosaurs has been noted before, but the carapace of Garzapelta muelleri is the best example of it and shows to what extent it can happen and the problems it causes in our phylogenetic analyses," Reyes said.




Garzapelta is part of the Texas Tech University fossil collections. It spent most of the past 30 years on a shelf before Reyes encountered it during a visit. Bill Parker, an aetosaur expert and park paleontologist at Petrified Forest National Park who was not part of the research, said that university and museum collections are a critical part of making this type of research possible.

"These specimens weren't just dug in the field yesterday," he said. "They've been sitting in the museum for decades and it just takes someone like Will to come along and finally decide to study them and make them come to life."

In addition to different species having different armor, it's possible that an animal's age or sex could also affect armor appearance. Reyes is currently exploring these questions by studying aetosaur fossils in the Jackson School's collection, most of which were found during the 1940s as part of excavations done by the Works Progress Administration.

The research was funded by the National Science Foundation and the Jackson School.

The study co-authors are Jeffrey Martz, an associate professor at the University of Houston-Downtown, and Bryan Small, a research associate at the Museum of Texas Tech University.
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Backyard insect inspires invisibility devices, next gen tech | ScienceDaily
Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study led by Penn State researchers. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.


						
This could allow the development of bioinspired optical materials with possible applications ranging from invisible cloaking devices to coatings to more efficiently harvest solar energy, said Tak-Sing Wong, professor of mechanical engineering and biomedical engineering. Wong led the study, which was published today (March 18) in the Proceedings of the National Academy of Sciences of the United States of America (PNAS).

The unique, tiny particles have an unusual soccer ball-like geometry with cavities, and their exact purpose for the insects has been something of a mystery to scientists since the 1950s. In 2017, Wong led the Penn State research team that was the first to create a basic, synthetic version of brochosomes in an effort to better understand their function.

"This discovery could be very useful for technological innovation," said Lin Wang, postdoctoral scholar in mechanical engineering and the lead author of the study. "With a new strategy to regulate light reflection on a surface, we might be able to hide the thermal signatures of humans or machines. Perhaps someday people could develop a thermal invisibility cloak based on the tricks used by leafhoppers. Our work shows how understanding nature can help us develop modern technologies."

Wang went on to explain that even though scientists have known about brochosome particles for three-quarters of a century, making them in a lab has been a challenge due to the complexity of the particle's geometry.

"It has been unclear why the leafhoppers produce particles with such complex structures," Wang said, "We managed to make these brochosomes using a high-tech 3D-printing method in the lab. We found that these lab-made particles can reduce light reflection by up to 94%. This is a big discovery because it's the first time we've seen nature do something like this, where it controls light in such a specific way using hollow particles."

Theories on why leafhoppers coat themselves with a brochosome armor have ranged from keeping them free of contaminants and water to a superhero-like invisibility cloak. However, a new understanding of their geometry raises a strong possibility that its main purpose could be the cloak to avoid predators, according to Tak-Sing Wong, professor of mechanical engineering and biomedical engineering and corresponding author of the study.




The researchers have found that the size of the holes in the brochosome that give it a hollow, soccer ball-like appearance is extremely important. The size is consistent across leafhopper species, no matter the size of the insect's body. The brochosomes are roughly 600 nanometers in diameter -- about half the size of a single bacterium -- and the brochosome pores are around 200 nanometers.

"That makes us ask a question," Wong said. "Why this consistency? What is the secret of having brochosomes of about 600 nanometers with about 200-nanometer pores? Does that serve some purpose?"

The researchers found the unique design of brochosomes serves a dual purpose -- absorbing ultraviolet (UV) light, which reduces visibility to predators with UV vision, such as birds and reptiles, and scattering visible light, creating an anti-reflective shield against potential threats. The size of the holes is perfect for absorbing light at the ultraviolet frequency.

This potentially could lead to a variety of applications for humans using synthetic brochosomes, such as more efficient solar energy harvesting systems, coatings that protect pharmaceuticals from light-induced damage, advanced sunscreens for better skin protection against sun damage and even cloaking devices, researchers said. To test this, the team first had to make synthetic brochosomes, a major challenge in and of itself.

In their 2017 study, the researchers mimicked some features of brochosomes, particularly the dimples and their distribution, using synthetic materials. This allowed them to begin understanding the optical properties. However, they were only able to make something that looked like brochosomes, not an exact replica.

"This is the first time we are able to make the exact geometry of the natural brochosome," Wong said, explaining that the researchers were able to create scaled synthetic replicas of the brochosome structures by using advanced 3D-printing technology.




They printed a scaled-up version that was 20,000 nanometers in size, or roughly one-fifth the diameter of a human hair. The researchers precisely replicated the shape and morphology, as well as the number and placement of pores using 3D printing, to produce still-small faux brochosomes that were large enough to characterize optically.

They used a Micro-Fourier transform infrared (FTIR) spectrometer to examine how the brochosomes interacted with infrared light of different wavelengths, helping the researchers understand how the structures manipulate the light.

Next, the researchers said they plan to improve the synthetic brochosome fabrication to enable production at a scale closer to the size of natural brochosomes. They will also explore additional applications for synthetic brochosomes, such as information encryption, where brochosome-like structures could be used as part of an encryption system where data is only visible under certain light wavelengths.

Wang noted that their brochosome work demonstrates the value of a biomimetic research approach, where scientists looks to nature for inspiration.

"Nature has been a good teacher for scientists to develop novel advanced materials," Wang said. "In this study, we have just focused on one insect species, but there are many more amazing insects out there that are waiting for material scientists to study, and they may be able to help us solve various engineering problems. They are not just bugs; they are inspirations."

Along with Wong and Wang from Penn State, other researchers on the study include Sheng Shen, professor of mechanical engineering, and Zhuo Li, doctoral candidate in mechanical engineering, both at Carnegie Mellon University, who contributed to the simulations in this study. Wang and Li contributed equally to this work, for which the researchers have filed a U.S. provisional patent. The Office of Naval Research supported this research.
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Harnessing hydrogen at life's origin | ScienceDaily
A new report uncovers how hydrogen gas, the energy of the future, provided energy in the past, at the origin of life 4 billion years ago. Hydrogen gas is clean fuel. It burns with oxygen in the air to provide energy with no CO2. Hydrogen is a key to sustainable energy for the future. Though humans are just now coming to realize the benefits of hydrogen gas (H2 in chemical shorthand), microbes have known that H2 is good fuel for as long as there has been life on Earth. Hydrogen is ancient energy. The very first cells on Earth lived from H2 produced in hydrothermal vents, using the reaction of H2 with CO2 to make the molecules of life.


						
Microbes that thrive from the reaction of H2 and CO2 can live in total darkness, inhabiting spooky, primordial habitats like deep-sea hydrothermal vents or hot rock formations deep within the Earth's crust, environments where many scientists think that life itself arose. Surprising new insights about how the first cells on Earth came to harness H2 as an energy source are now reported in PNAS. The new study comes from the team of William F. Martin at the University of Dusseldorf and Martina Preiner at the Max Planck Institute (MPI) for Terrestrial Microbiology in Marburg with support from collaborators in Germany and Asia.

In order to harvest energy, cells first have to push the electrons from H2 energetically uphill. "That is like asking a river to flow uphill instead of downhill, so cells need engineered solutions," explains one of the three first authors of the study, Max Brabender. How cells solve that problem was discovered only 15 years ago by Wolfgang Buckel together with his colleague Rolf Thauer in Marburg. They found that cells send the two electrons in hydrogen down different paths. One electron goes far downhill, so far downhill that it sets something like a pulley (or a siphon) in motion that can pull the other electron energetically uphill. This process is called electron bifurcation. In cells, it requires several enzymes that send the electrons uphill to an ancient and essential biological electron carrier called ferredoxin. The new study shows that at pH 8.5, typical of naturally alkaline vents, "no proteins are required," explains Buckel, co-author on the study, "the H-H bond of H2 splits on the iron surface, generating protons that are consumed by the alkaline water and electrons that are then easily transferred directly to ferredoxin."

How an energetically uphill reaction could have worked in early evolution, before there were enzymes or cells, has been a very tough puzzle. "Several different theories have proposed how the environment might have pushed electrons energetically uphill to ferredoxin before the origin of electron bifurcation," says Martin, "we have identified a process that could not be simpler and that works in the natural conditions of hydrothermal vents."

Since the discovery of electron bifurcation, scientists have found that the process is both ancient and absolutely essential in microbes that live from H2. The vexing problem for evolutionarily-minded chemists like Martina Preiner, whose team in Marburg focusses on the impact of the environment on reactions that microbes use today and possibly used at life's origin, is: How was H2 harnessed for CO2 fixing pathways before there were complicated proteins? "Metals provide answers,," she says, "at the onset of life, metals under ancient environmental conditions can send the electrons from H2 uphill, and we can see relicts of that primordial chemistry preserved in the biology of modern cells." But metals alone are not enough. "H2 needs to be produced by the environment as well" adds co-first author Delfina Pereira from Preiner's lab. Such environments are found in hydrothermal vents, where water interacts with iron-containing rocks to make H2 and where microbes still live today from that hydrogen as their source of energy.

Hydrothermal vents, both modern and ancient, generate H2 in such large amounts that the gas can turn iron-containing minerals into shiny metallic iron. "That hydrogen can make metallic iron out of minerals is no secret" says Harun Tuysuz, expert for high-tech materials at the Max-Planck-Institut fur Kohlenforschung Mulheim and coauthor on the study. "Many processes in chemical industry use H2 to make metals out of minerals during the reaction." The surprise is that nature does this too, especially at hydrothermal vents, and that this naturally deposited iron could have played a crucial role at the origin of life.

Iron was the only metal identified in the new study that was able to send the electrons in H2 uphill to ferredoxin. But the reaction only works under alkaline conditions like those in a certain type of hydrothermal vents. Natalia Mrnjavac from the Dusseldorf group and co-first author on the study points out: "This fits well with the theory that life arose in such environments. The most exciting thing is that such simple chemical reactions can close an important gap in understanding the complex process of origins, and that we can see those reactions working under the conditions of ancient hydrothermal vents in the laboratory today."
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Industrial societies losing healthy gut microbes | ScienceDaily
Everyone knows that fiber is healthy and an important part of our daily diet. But what is fiber and why is it healthy? Fiber is cellulose, the stringy stuff that plants are made of. Leaves, stems, roots, stalks, and tree-trunks (wood) are made of cellulose. The purest form of cellulose is the long, white fibers of cotton. Dietary fiber comes from vegetables or whole grain products.


						
Why is fiber healthy? Fiber helps to keep our intestinal flora (scientists call it our gut microbiome) happy and balanced. Fiber serves as the starting point of a natural food chain. It begins with bacteria that can digest cellulose, providing the rest of our microbiome with a balanced diet. But our eating habits in industrialized societies are far removed from those of ancient humans. This is impacting our intestinal flora, it seems, as newly discovered cellulose degrading bacteria are being lost from the human gut microbiome, especially in industrial societies, according to a new report published in Science late last week.

The study comes from the team of Prof. Itzhak Mizrahi at Ben-Gurion University (BGU) of the Negev in Israel, with support from the Weizmann Institute of Science in Rehovot and international collaborators in the US and Europe.

"Throughout human evolution, fiber has always been a mainstay of the human diet," explains lead investigator Sarah Morais from BGU, "It is also a main component in the diet of our primate ancestors. Fiber keeps our intestinal flora healthy." Morais and team identified important new members of the human gut microbiome, cellulose-degrading bacteria named Ruminococcus. These bacteria degrade cellulose by producing large and highly specialized extracellular protein complexes called cellulosomes.

"It's no easy task to degrade cellulose, few bacteria can do it." explains Prof. Edward Bayer, from the Weizmann Institute, a world-leader on cellulosomes and coauthor of the study. "Cellulose is difficult to digest because it is insoluble. Fiber in the gut is like a tree-trunk in a swimming pool, it gets wet, but it does not dissolve."

Cellulosomes are engineered by bacteria to attach to cellulose fibers and peel them apart, like the individual threads in a piece of rope. The cellulosomal enzymes then break down the individual threads of fiber into shorter chains, which become soluble. They can be digested, not only by Ruminococcus, but also by many other members of the gut microbiome.

"Bottom line, cellulosomes turn fiber into sugars that feed an entire community, a formidable engineering feat," says Bayer.




The production of cellulosomes puts Ruminococcus at the top of the fiber-degradation cascade that feeds a healthy gut microbiome. But the evolutionary history of Ruminococcus is complicated, and Western culture is taking its toll on our microbiome, as the new study shows.

"These cellulosome-producing bacteria have been around for a long time, their ancestors are important members of the rumen microbiome in cows and sheep," explains Prof. Mizrahi from BGU, senior author of the study. The rumen is the special stomach organ of cows, sheep, and deer, where the grass they eat (fiber) is converted into useful food by cellulose-degrading microbes, including Ruminococcus. "We were surprised to see that the cellulosome-producing bacteria of humans seem to have switched hosts during evolution, because the strains from humans are more closely related to the strains from livestock than to the strains from our own primate ancestors."

That is, it looks like humans have acquired important components of a healthy gut microbiome from livestock that they domesticated early in human evolution.

"It's a real possibility," says Mizrahi, an expert on rumen biology.

However, the story does not end there. Sampling of human cohorts revealed that Ruminococcus strains are indeed robust components of the human gut microbiome among human hunter-gatherer societies and among rural human societies, but that they are sparse or missing in human samples from industrialized societies.

"Our ancestors in Africa 200,000 years ago did not pick up lunch from a drive-through, or phone in a home-delivery for dinner," says Prof. William Martin at the Heinrich Heine University Dusseldorf in Germany, evolutionary biologist, and coauthor of the study. In Western societies this does, however, happen on a large scale. Diet is changing in industrialized societies, far removed from the farms where food is produced. The authors conclude that this shift away from a fiber-rich diet is an explanation for the loss of important cellulose-degrading microbes in our microbiome.

How can you counteract this evolutionary decline? It might help to do what doctors and dieticians have been saying for decades: Eat more fiber!

Sarah Morais, Sarah Winkler, Alvah Zorea, Liron Levin, Falk S. P. Nagies, Nils Kapust, Eva Setter-Lamed, Avital Artan-Furman, David N. Bolam, Madhav P. Yadav, Edward A. Bayer, William F. Martin and Itzhak Mizrahi. Cryptic diversity of cellulose-degrading gut bacteria in industrialized humans. Science.
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New discovery concerning occurrence of antibiotic resistance | ScienceDaily
A new study shows how heteroresistance, a transient resistance common in many bacteria, can act as a precursor to the development of antibiotic resistance. According to researchers at Uppsala University, this is the first time this link has been demonstrated.


						
"Heteroresistance is common and we have shown that it occurs for at least ten different classes of antibiotics. In a patient carrying heteroresistant bacteria and undergoing treatment with antibiotics, the mortality rate and risk of requiring transfer to an intensive care unit are higher compared to susceptible bacteria. Therefore, if heteroresistance is a stepping stone towards resistance, we need to have much better control of its occurrence and effects," explains Dan I. Andersson, Professor of Medical Bacteriology at Uppsala University and lead researcher behind the study.

Heteroresistance is common in many disease-causing bacteria and can lead to reduced efficacy of antibiotic treatment. This particular type of antibiotic resistance means that the majority of bacteria in a population are susceptible to antibiotics, but there is also a small resistant subgroup that can grow under antibiotic treatment. These resistant bacteria carry more resistance gene copies than the others, which also result in slower growth.

In a comprehensive study published in the journal Nature Communications, researchers at Uppsala University showed in laboratory studies that bacteria can acquire new resistance mutations that restore faster growth. In this way, heteroresistance can act as a springboard and facilitate the evolution towards stable antibiotic resistance.

"It is possible that we are wrong, but we have observed the process in the laboratory and there is no reason to believe that it would not also occur in a patient or an animal. This is an important finding in terms of understanding how bacteria become resistant to antibiotics," notes Andersson.

He believes that this discovery will lead to more clinical studies and increased diagnostics of heteroresistance in microbiological laboratories. Within healthcare, it is important to continue to be restrictive with antibiotics to prevent resistance.

"Antibiotics should be used in a smart way, at the right time and not unnecessarily, to prolong the lifetime of our existing antibiotics and to give us time to develop new ones," continues Andersson.

The research has been funded by the Wallenberg Foundation, the Swedish Research Council and the National Institutes of Health (NIH).
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A wetter world recorded in Australian coral colony | ScienceDaily
When climate scientists look to the future to determine what the effects of climate change may be, they use computer models to simulate potential outcomes such as how precipitation will change in a warming world.


						
But University of Michigan scientists are looking at something a little more tangible: coral.

Examining samples from corals in the Great Barrier Reef, the researchers discovered between 1750 and present day, as the global climate warmed, wet-season rainfall in that part of the world increased by about 10%, and the rate of extreme rain events more than doubled. Their results are published in Nature, Communications Earth and Environment.

"Climate scientists often find themselves saying, 'I knew it was going to get bad, but I didn't think it was going to get this bad this fast.' But we're actually seeing it in this coral record," said principal investigator Julia Cole, chair of the U-M Department of Earth and Environmental Sciences.

"Studies of the future tend to use climate models and those models can give different results. Some may say more rainfall, some they say less rainfall. We're showing that, at least in northeastern Queensland, there is definitely more rainfall, it's definitely more variable and it's definitely already happening."

The study, led by U-M researcher Kelsey Dyez, analyzed core samples drilled from a coral colony situated at the mouth of a river in northern Queensland, Australia. During the summer rainy seasons, rainfall filtering into the river picks up nutrients, organic material and sediments, which are then carried to the river mouth and discharged into the ocean, washing over the coral colony.

As the corals are bathed in this freshwater outflow, they pick up geochemical signals from the river and record them into their carbonate skeletons. The core samples of the corals display faint bands of lighter and darker material. These bands reflect each rainy and dry season the coral lived through. The bands also hold information about the climate in each season, just as trees' rings record climate patterns during the years it grows.




"We want to know, as we warm the earth, are we going to have more rainfall? Less rainfall? Maybe different parts of the Earth will respond differently?" Dyez said. "This project is especially important because we're able to put that warming and changes into context. We are able to record rainfall from the period before we have instrumental records for this part of the world."

To accurately determine how much rain fell each rainy season, and how many extreme rain events occurred during each season, the researchers compared instrumental rainfall records that began in the 1950s to the corresponding years in the coral. This gave the researchers a calibration period that they could use to determine the relationship between the coral characteristics and the amount of rainfall that fell each rainy season as long as the corals were alive, all the way back to 1750.

The coral core was taken from a remote region off northeastern Queensland by the Australian Institute of Marine Science. The land surrounding the river watershed is also in a protected area, meaning that nutrients and sediment flushed into the river by rains are unlikely to be generated by human activity.

"This is a region that has experienced pretty big swings in recent years between floods that have been devastating to communities, and then drier periods," Cole said. "Because northeastern Australia is an agricultural region, how rainfall changes in a warmer world is of real tangible importance. People might not sense a few degrees Celsius of warming, but they really suffer if there's a drought or a flood."

To reconstruct rainfall, the researchers used four different measures. First, the researchers looked at the luminescence of the bands in the coral. When they shine a black light on the coral, organic compounds in the coral cause it to fluoresce. The brighter the band fluoresces, the more organic compounds came down the river and were deposited onto the coral, reflecting a season of heavy rainfall.

The researchers also measured how much of the element barium is contained in each of the bands. The coral skeleton is composed of calcium, but when barium is deposited onto the skeleton, it can replace calcium. The more barium detected in the band, the more river discharge was flowing over the coral.




The researchers then looked at stable carbon isotopes (carbon-12 and carbon-13) within the coral. The more the ratio of these two isotopes favors carbon-12, the more water must have been coming down the river from greater rainfall.

Finally, the researchers examined stable oxygen isotopes (oxygen-16 and oxygen-18). When the ratio of these two isotopes favors oxygen-16, it is a signature of additional precipitation and freshwater coming down the river.

Because the coral record is located off northeastern Australia, the researchers wanted to understand if the whole of Australia experienced similar rainfall. Looking at instrumental rainfall records across Australia, the researchers found that the increased rainfall patterns did not occur evenly across Australia.

"It's not actually that well correlated to western Australia. That's too far away. But for most of eastern Australia, there is a significant correlation. And that's where many people live," Dyez said. "It's especially strong across Queensland, which is where a lot of these rainfall extremes are happening right now."
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Genetic basis for the evolution of hair discovered in the clawed frog | ScienceDaily
The development of hair was of central importance for the evolution of mammals and thus also of humans. However, the evolutionary origin of the genetic programme of hair was previously unknown.


						
An international research team led by Leopold Eckhart from MedUni Vienna has now been able to show that important hair components and their genetic control have already evolved in amphibians. Human hair therefore shows unexpected similarities to the claws of clawed frogs. The results were recently published in the scientific journal Nature Communications.

In order to investigate the evolution of skin appendages, which include human hair and nails, the MedUni Vienna research team, in collaboration with the University of Ghent (Belgium), used the tropical clawed frog (Xenopus tropicalis) as an experimental model. The study revealed that the cornified claws of Xenopus frogs consist of special proteins (keratins) that are very similar to the main components of mammalian hair and nails. The formation of these keratins was found to be controlled by a specific gene, Hoxc13, in both humans and frogs.

"It is known that patients with mutations in the Hoxc13 gene have defects in the growth of hair and nails. In our study, we were able to block the formation of claws in the clawed frog by switching off this gene," reports Leopold Eckhart from MedUni Vienna's Department of Dermatology. These results indicate that the genetic programme for the development of keratinized claws originated in a common ancestor of humans and frogs. "During the evolution of mammals, the programme of claw formation was modified for the development of hair," says Eckhart.

Important research question clarified

The evolution of terrestrial vertebrates is characterized by the appearance of an effective skin barrier against water loss in a dry environment and by the development of hard, keratinized skin appendages such as claws, scales, feathers and hair, which are crucial for catching prey, protection, supporting special types of locomotion and thermal insulation. The evolution of skin appendages is therefore an important research question. The findings from the project, which is funded by the Austrian Science Fund (FWF), contribute to clarifying the evolutionary origin of keratinized skin appendages and also help to better understand the regulation of hair in humans.

"Our publication will stimulate further exciting studies in basic and preclinical research," concludes Leopold Eckhart.
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Scientists discover how Diadem butterfly mimics African Queen | ScienceDaily
Scientists have discovered how female Diadem butterflies have evolved to look like African Queen butterflies to repel predators.


						
African Queens are toxic, making them poor food for predators such as birds.

Diadems are actually good prey for birds -- but they have evolved colours and patterns that closely match those of African Queens, making them appear toxic.

The new study -- by a team including the universities of Exeter, Edinburgh and Cambridge, and Mpala Research Centre in Kenya -- found that, surprisingly, different genes control these patterns in the two species.

"Since the time of Darwin, Wallace and Bates, people have wondered how different butterflies have evolved to appear the same -- and now we know," said Professor Richard ffrench-Constant, from the Centre for Ecology and Conservation on Exeter's Penryn Campus in Cornwall.

"Our findings present a compelling instance of convergent evolution, whereby species independently evolve similar traits.

"We also find evidence of adaptive atavism in the Diadem -- when a species reverts to a state found in its ancestors.




"In this case, Diadem butterflies have re-evolved an ancestral wing pattern and repurposed it to mimic the Africa Queen, providing a major advance in our understanding of how tasty species mimic those that are toxic."

Different patterns are found on African Queen butterflies in north, east, south and west Africa -- and the patterns on female Diadem butterflies in each area match these.

In contrast, male Diadems have distinctive dark wings with large white patches -- possibly because the need to be recognised by the female outweighs the need to hide.

"This is amazing, as the males and females look like totally different butterflies, even though they share the same genome," said Dr Dino Martins, who was the director of Mpala at the time all the butterflies were collected.

The study used "haplotagging," a linked-read sequencing technology, and a new analytical tool called Wrath to study the genomes of multiple butterflies from the two different species.

"These new techniques can give us unique insights into the molecular population genetics of this fascinating example of Batesian mimicry," said Dr Simon Martin, from the University of Edinburgh, one of the coauthors on the study.

Among the different funders was a Discovery Grant from the National Geographic Society, showing how blue skies research into butterflies can fundamentally change our understanding of evolution.

The paper, published in the journal Molecular Biology and Evolution, is entitled: "Transposable element insertions are associated with Batesian mimicry in the pantropical butterfly Hypolimnas misippus."
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Eyes open and toes out of water: How a giant water bug reached the island of Cyprus | ScienceDaily
The island of Cyprus, although considered a hotspot for biodiversity in the Mediterranean, is more famous for its beautiful sunny coasts than for its insect fauna. Nevertheless, some visitors of its highly populated beaches, with their observations and curiosity, have provided important information for a species never recorded before on the island: a the giant water bug, also known as a toe biter.


						
Scientists Michael Hadjiconstantis from the Association for the Protection of Natural Heritage and Biodiversity of Cyprus, Iakovos Tziortzis from the Ministry of Agriculture, Rural Development and Environment of Cyprus, and Kadir Bogac Kunt from the Cyprus Wildlife Research Institute collected information and specimens from an increasing number of records of the giant water bug on the east coastline of the island in late spring and summer of 2020 and 2021. The species, known for inhabiting ponds and slowly moving freshwaters, had never been recorded on the island before, although established populations are known in adjacent Mediterranean countries such as Greece, Turkey, and Israel.

Also referred to as Electric light bug, this giant water bug is described as a vicious hunter, praying on invertebrates, fish, turtles, and even birds. What is even scarier, as the largest European true bug and the largest European water insect and measuring up to 12 cm, it has a reputation of inflicting very painful bites when handled carelessly.

Its appearance, mainly on the eastern coastal front of the island, was initially recorded by swimmers, who were surprised by the fearsome looks and size of the bug. They either directly contacted the experts or published photos and videos online, mainly on Facebook groups related to biodiversity. The authors collected some of the specimens for further study. They also proceeded with an extensive online search on relevant online observation platforms (i.e. iNaturalist) in order to track any other reports of the species on the island. In addition, they sampled nearby wetlands, but did not spot the bug. End to end, a total of seven sightings were eventually recorded: five from social media and two after direct communication with the author team. Two specimens were obtained and examined morphologically to verify the species. The observations were recorded in a research article in the open-access journal Travaux du Museum National d'Histoire Naturelle "Grigore Antipa".

Having in mind that the toe biter is an iconic species accompanied by creepy stories concerning its encounters with humans, the authors assume that it is unlikely that it had gone unnoticed for too long. They consider it possible that several migration events might have been triggered in a short period of time by nearby countries hosting the species, such as Israel, Lebanon, and Syria. The specimens could have been transferred by wind or sea currents, as assumed by other researchers, or could have been driven by a decrease in food resources in their initial area of distribution.

Despite the number of recordings in a short timeframe, no conclusions can be drawn for the moment on the establishment of a population of the species on the island. This is further to be investigated, and as the initial recording of the species, citizen science can have an important role in this. The authors urge the public to be alert: "Naturalists looking for alien-like critters can provide valuable information on the presence and a possible establishment of the species through citizen science." Until then, they warn: "Cypriots should keep their eyes open and their toes out of the water."
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Rise in global fungal drug-resistant infections | ScienceDaily
A global wave of infections caused by fungi growing drug-resistant has the medical community issuing precautions on how to protect yourself.


						
Skin contact with microorganisms found in soil or on hard surfaces, such as common shower facilities, or exposure to infected pets, can result in fungal infections known as dermatomycoses. Rashes, itching, burning and skin irritation are among the symptoms.

Epidemiological data published in Microbial Cell indicates that a rise in severe fungal infections has resulted in over 150 million cases annually and almost 1.7 million fatalities globally.

In a recent study published in Pathogens and Immunity, Thomas McCormick and Mahmoud Ghannoum, professors of dermatology at the Case Western Reserve University School of Medicine and affiliated with University Hospitals Cleveland Medical Center, explain how rising antifungal resistance is worsening the problem of invasive fungal infections.

"This is not just an issue that affects individual patients," McCormick said. "The World Health Organization has recognized it as a widespread threat that has the potential to impact entire healthcare systems if left unchecked."

Based on their findings, the researchers issued precautions and a "call to action" for the medical community to help protect people from multidrug-resistant fungi -- starting with awareness and education.

"Healthcare providers must prioritize the use of diagnostic tests when faced with an unknown fungal infection," Ghannoum said. "Early detection can make all the difference in improving patient outcomes."

Patients treated with medications to protect the immune system after cancer and transplant procedures are more vulnerable to fungal infections -- making them especially more vulnerable to infections from drug-resistant fungi, the researchers said.




The emergence of multidrug-resistant fungal species, such as Candida auris and Trichophyton indotineae, is especially troubling and requires urgent attention, they reported.

In a studyrecently published in Emerging Infectious Diseases, Ghannoum's research team and the Centers for Disease Control and Prevention (CDC), detailed a case that demonstrated Trichophyton indotineae, in addition to becoming drug-resistant, was also sexually transmissible.

To address the growing health concern, McCormick and Ghannoum suggest several measures:
    	Increased awareness and education: Raising awareness in the general healthcare setting to obtain a more accurate understanding of the rise of antifungal-resistant infections.
    	Diagnostic Testing: Routine use of diagnostic tests can guide appropriate treatment strategies.
    	Antifungal Susceptibility Testing (AST): Improving insurance reimbursement rates for AST and increasing the number of qualified laboratories with the capacity to perform these tests.
    	Call to Action: Addressing the emerging challenge of antifungal resistance involves concerted efforts from healthcare professionals, researchers, policymakers and the pharmaceutical industry to develop and implement strategies for managing and preventing antifungal resistance.

"The ultimate goal of these measures," Ghannoum said, "is to improve the quality of patient care by ensuring effective treatment and preventing further escalation of the problem."
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Transforming wood waste for sustainable manufacturing | ScienceDaily
Lignin, a complex organic polymer, is one of the main components of wood, providing structural support and rigidity to make trees strong enough to withstand the elements. When transforming wood into paper, lignin is a key ingredient that must be removed and often becomes waste.


						
Marcus Foston, associate professor of energy, environmental & chemical engineering in the McKelvey School of Engineering at Washington University in St. Louis, is exploring how to add value to lignin by breaking it down into small molecules that are structurally similar to oxygenated hydrocarbons. These renewable chemicals are key components in many industrial processes and products, but they are traditionally sourced from non-renewable petroleum.

Foston's study of lignin disassembly, done in collaboration with Sai Venkatesh Pingali, a neutron scattering scientist at Oak Ridge National Laboratory (ONRL), was published Jan. 17 in Sustainable Chemistry & Engineering.

"Lignin's structure actually looks a lot like what we get from petroleum," said Foston, who is also the director of WashU's Synthetic Biology Manufacturing of Advanced Materials Research Center (SMARC). "In current manufacturing processes, we spend time making petroleum look like the elements of lignin. Instead, I'm using a catalyst to break lignin down more easily and in such a way that it produces specific chemicals. Once we can produce chemical from lignin in a form we want, then we can make more efficient use of lignin, which is an abundant byproduct of pulping wood into paper."

With collaborators at ORNL, Foston used neutron scattering to study how lignin interacts with solvents and catalysts during its disassembly under reaction conditions, including high temperature and pressure. ORNL's advanced facilities allowed researchers to observe the reaction process in real time to improve their catalyst and further streamline reaction systems for lignin depolymerization. This direct, molecular-level view is critical, Foston said, to figure out how the catalyst and lignin behave in solution and to ensure the lignin doesn't recondense into a polymer with bonds scientists can't easily break.

"In this study, we're specifically thinking about how we can take the large amount of lignin that gets produced during biofuel or paper production and use it to make renewable chemicals that replace some of the chemicals we currently get from petroleum," Foston said. "More broadly, the same depolymerization principles we're exploring with lignin could be used in other applications. For example, the same lessons from this study apply to plastic waste scenarios, where one approach is to deconstruct plastic waste into small molecules that could be used to make plastic or other useful products."

"Ultimately, we want to take a bunch of chemicals that are coming from petroleum and figure out how we can make those renewably," Foston added. "Everything we're learning about lignin will apply to other spaces as well."
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Self-heating concrete is one step closer to putting snow shovels and salt out of business | ScienceDaily
There's a patch of concrete on Drexel University's campus that could portend a frost-free future for sidewalks and highways in the Northeast. Tucked inconspicuously next to a parking lot for the university's facilities vehicles, two 30-inch-by-30-inch slabs have been warding off snow, sleet and freezing rain on their own -- without shoveling, salting or scraping -- for a little over three years. Researchers in Drexel's College of Engineering, recently reported on the science behind the special concrete, that can warm itself up when it snows, or as temperatures approach freezing.


						
Self-heating concrete, like Drexel's, is the latest in an ongoing effort to create more environmentally responsive and resilient infrastructure, particularly in the northern regions of the United States, where the National Highway Administration estimates states spend $2.3 billion on snow and ice removal operations each year and millions to repair roadways damaged by winter weather.

"One way to extend the service life of a concrete surfaces, like roadways, is to help them maintain a surface temperature above freezing during the winter," said Amir Farnam, PhD, an associate professor in the College of Engineering whose Advanced Infrastructure Materials Lab has been leading the research. "Preventing freezing and thawing and cutting back on the need for plowing and salting are good ways to keep the surface from deteriorating. So, our work is looking at how we can incorporate special materials in the concrete that help it to maintain a higher surface temperature when the ambient temperature around it drops."

The Drexel team has been developing its cold-weather-resilient concrete mix over the last five years with the goal of reducing the freezing, thawing and salting that eats away at roads and other concrete surfaces. Until now, the success of their self-heating concrete -- which they have previously reported can melt snow and prevent or slow ice formation for an extended period of time -- has only been in a controlled lab setting. In a paper recently published in the American Society for Civil Engineering's Journal of Materials in Civil Engineering, the group took the important step of proving its viability in the natural environment.

"We have demonstrated that our self-heating concrete is capable of melting snow on its own, using only the environmental daytime thermal energy -- and doing it without the help of salt, shoveling or heating systems," Farnam said. "This self-heating concrete is suitable for mountainous and northern regions in the U.S., such as Northeast Pennsylvania and Philadelphia, where there are suitable heating and cooling cycles in winter."

A Warm Welcome

The secret to the concrete's warming is low-temperature liquid paraffin, which is a phase-change material, meaning it releases heat when it turns from its room-temperature state -- as a liquid -- to a solid, when temperatures drop. In a previous paper, the group reported that incorporating liquid paraffin into the concrete triggers heating when temperatures drop. Their latest research looks at two methods for incorporating the phase-change material in concrete slabs and how each fares outside in the cold.




One method involves treating porous lightweight aggregate -- the pebbles and small stone fragments that are ingredients in concrete -- with the paraffin. The aggregate absorb the liquid paraffin before being mixed into the concrete. The other strategy is mixing micro-capsules of paraffin directly into the concrete.

A Test in the Elements

The researchers poured one slab using each method and a third without any phase-change material, as a control. All three have been outside in the elements since December 2021. In the first two years, they faced a total of 32 freeze-thaw events -- instances where temperature dropped below freezing, regardless of precipitation -- and five snow falls of an inch or more.

Using cameras and thermal sensors, the researchers monitored the temperature and snow and ice-melting behavior of the slabs. They reported that the phase-change slabs maintained a surface temperature between 42- and 55-degrees Fahrenheit for up to 10 hours, when air temperatures dipped below freezing.

This heating is enough to melt a couple of inches of snow, at a rate of about a quarter of an inch of snow per hour. And while this may not be warm enough to melt a heavy snow event before plows are needed, it can help deice the road surface and increase transportation safety, even in heavy snow events.

Staying Warm Enough

Simply preventing the surface from dropping below freezing also goes a long way when it comes to preventing deterioration, according to the researchers.




"Freeze-thaw cycles, periods of extreme cooling -- below freezing -- and warming, can cause a surface to expand and contract in size, which puts a strain on its structural integrity and can cause damaging cracking and spalling over time," said Robin Deb, a doctoral student in the College of Engineering, who helped to lead the research. "And while this alone may not degrade the structure to the point of failure, it creates a vulnerability that will lead to the problematic interior deterioration that we need to avoid. One of the promising findings is that the slabs with phase-change materials were able to stabilize their temperature above freezing when faced with dropping ambient temperatures."

Slow and Steady

Overall, the treated lightweight aggregate slab performed better at sustaining its heating -- keeping the temperature above freezing for up to 10 hours -- while the slab with microencapsulated phase-change material was able to heat up more quickly, but only maintain the warming for half as long. The researchers suggest this is due to the relative disbursal of the phase-change material within the pores of the aggregate, by comparison to the concentration of phase-change material inside the microcapsules -- a phenomenon that has been studied extensively.

They also noted that the porosity of the aggregate likely contributes to the paraffin remaining a liquid below its usual freezing temperature of 42 degrees Fahrenheit. This proved beneficial to the slab's performance because the material did not immediately release its heat energy when the temperature began to drop -- holding its release until the material reached 39 degrees Fahrenheit. By contrast, the microencapsulated paraffin began releasing its warming energy as soon as its temperature reached 42 degrees, which contributed to its relatively shorter activation period.

"Our findings suggest that the phase-change material treated lightweight aggregate concrete was more suited for deicing applications at sub-zero temperatures due to its gradual heat release within wider range of temperature," Farnam said.

Room for Improvement

While both applications were able to raise the temperature of the concrete to between 53- and 55-degrees Fahrenheit, which is more than enough to melt snow. Their performance was affected by the ambient air temperature before a snowfall and the rate of snowfall.

"We found that PCM-incorporated pavements cannot completely melt heavy snow accumulation -- larger than 2 inches," Deb said. "It can, however, melt snowfalls less than two inches quite effectively. The PCM-incorporated slabs begin melting snow as soon as it starts to accumulate. And the gradual heat release can effectively deice a pavement's surface, which would eliminate the need to pre-salt before the heavy snowfall."

They also noted that if the phase-change material does not have some time to "recharge" by warming enough to return to its liquid state between freeze-thaw or snow events, then its performance may be diminished.

"Conducting this research was an important step for us to understand how concrete incorporating phase-change material behaves in nature," Deb said. "With these findings, we will be able to continue to improve the system to one day optimize it for longer heating and greater melting. But it is encouraging to see evidence of significant reduction of freeze-thaw cycles, which demonstrates that PCM concrete is more freeze-thaw durable compared to traditional concrete."

The team plans to continue to collect data on the slabs to understand the long-term effectiveness of the phase-change materials and study how this method may extend the lifespan of concrete.
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Study estimates nearly 70 percent of children under six in Chicago may be exposed to lead-contaminated tap water | ScienceDaily
A new analysis led by researchers at the Johns Hopkins Bloomberg School of Public Health estimates that 68 percent of Chicago children under age six live in households with tap water containing detectable levels of lead.


						
For their analysis, the researchers used machine learning, an artificial intelligence technique, to gauge likely levels of lead in tap water in households across Chicago, based on an existing dataset that includes results from 38,385 tap water tests taken from 2016 to 2023. The tests were from households that had registered for a free self-administered testing service for lead exposure.

The threshold the researchers used was the lowest detectable level of lead in the water tests, one part per billion -- roughly the equivalent of a half teaspoon of water in an Olympic-size swimming pool. More than two-thirds -- 69 percent -- of the tests exceeded this level. From this, the machine learning model predicted lead-contaminated water in 75 percent of residential city blocks, covering 68 percent of Chicago children under 6. The Environmental Protection Agency's current "action" level for lead in drinking water -- the point at which a municipality must take additional steps -- is 15 ppb. The analysis found that 9 percent of tests had lead levels over 15 ppb. The analysis also found racial inequities in exposure levels and testing rates.

The findings were published online March 18 in JAMA Pediatrics.

Lead is considered a serious environmental toxin, especially for children, with no "safe" exposure level. Lead pipes were used and often required before they were banned in the U.S. in 1986. Many cities still use lead water pipes that were installed prior to their ban. Chicago has more than any other U.S. city, an estimated 400,000 lead pipes that supply water to as many as 2.7 million people. Across the U.S., more than 9.2 million households get water through lead pipes and service lines, according to the Environmental Protection Agency.

The EPA has proposed that U.S. cities replace all lead water service lines within 10 years. Under the proposal, Chicago would get 40 years to comply, given the disproportionate burden its water infrastructure poses.

"The extent of lead contamination of tap water in Chicago is disheartening -- it's not something we should be seeing in 2024," says study lead author Benjamin Huynh, PhD, an assistant professor in the Bloomberg School's Department of Environmental Health and Engineering.




For their study, Huynh and colleagues set out to quantify the exposure faced by Chicago children under six.

The researchers began with a publicly available dataset from the Chicago Department of Water Management that contained 38,385 tap water test results for lead that participating Chicago households had taken from January 2016 to September 2023. The results covered about 36 percent of residential blocks in the city.

The researchers then combined these data with U.S. Census and other official data on block-by-block demographics and used machine learning techniques to extrapolate -- from the partial coverage of the tap water test results -- the likely block-by-block risk of having lead-contaminated water.

The analysis also used the city's self-reported household survey data to estimate that 19 percent of exposed children -- about 129,000 across the city -- used unfiltered tap water for drinking. Using modeling, the researchers estimate that exposed children have approximately twice the amount of lead in their blood as unexposed children do.

The analysis suggested there are racial disparities in lead exposure in Chicago. For example, a 10 percentage-point increase in the Hispanic population was associated with an 11.2 percent increase in the chance of lead contamination. The analysis also suggests that Hispanic residents of the city were the least likely to drink unfiltered tap water, with 12 percent responding that they did. By contrast, 32 percent of white residents reported using unfiltered tap water as their primary drinking water source.

As for testing rates, Black and Hispanic populations were less likely to be tested for lead exposure, suggesting gaps in outreach. Ten percentage-point increases in Black and Hispanic populations were associated with 3- and 6-percent decreases respectively in chances of being tested for lead.

The authors note that the study has several limitations. The data on lead testing were anonymized at the block level, so the researchers were not able use household-specific data. The researchers did not have access to city-wide pediatric health records, and so had to model the health impacts of lead exposure instead of directly estimating them from data.
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Cacao plants' defense against toxic cadmium unveiled | ScienceDaily
Researchers from the University Grenoble Alpes (UGA), France, together with the ESRF, the European Synchrotron located in Grenoble, France, used ESRF's bright X-rays to unveil how cacao trees protect themselves from toxic metal cadmium. This knowledge is relevant as new EU regulations restrict cadmium concentration in chocolate. Their results are published in Environmental and Experimental Botany.


						
Cadmium often accumulates in food, but it is a highly toxic metal, which can be harmful in humans if chronically exposed to it, according to the Food and Agricultural Organization. The EU has imposed limits to the cadmium maximal concentration in foodstuffs such as rice, wheat, potatoes and more recently chocolate.

Whilst there have been studies on how cadmium is transferred from soil to the edible part of stable crops, there is hardly any research on cadmium in cacao cultivars. "Understanding how cadmium builds up in cacao trees is paramount to subsequently find strategies to mitigate the accumulation of this metal in the final product," explains Geraldine Sarret, researcher at the University Grenoble Alpes (UGA) and co-corresponding author of the publication.

The UGA scientists travelled to the International Cocoa Genebank in Trinidad and Tobago, which hosts a field cacao collection with approximately 2400 cacao genotypes, to collect their samples in collaboration with the Cocoa Research Centre.

Then they came to the ESRF, the European Synchrotron, located in Grenoble, France, to investigate a particular cacao cultivar/variety that absorbs more cadmium than others do. Using synchrotron techniques -nano X-ray fluorescence on ESRF beamline ID16B and X-ray absorption on ID21-, they delved into the micro and nanoscale composition of the different parts of the plant. "Thanks to the ESRF, we could map of the presence of cadmium and other elements in an unprecedented resolution, so we could see the big picture but also going to the smallest detail," says Hester Blommaert, PhD student at UGA and co-corresponding author of the publication. "The concentration of cadmium in the different parts of the plant is very low, so much so that we couldn't have done this research before EBS," says Hiram Castillo-Michel, researcher at the ID21 beamline at the ESRF. "In the near future, we will see an increasing number of studies on similar food safety topics at ID21, where our recently installed new microscope will offer enhanced resolution and detection limits," he adds.

The results yield a surprise: "We found that part of the cadmium is stored in calcium oxalate crystals in roots and branches of the cacao plant, which was unexpected," explains Blommaert. In particular, the crystals were most abundant in the branches. Interestingly, whilst crystals were present in the leaves, they did not seem to help in detoxifying cadmium in this part of the plant. "We believe that the calcium oxalate crystals are a mechanism of detoxification of the plant against the metal," she adds.

In addition, they also discovered that cadmium combines with sulphur in certain cells in the roots. This mechanism is well known in roots of cereals, where cadmium is retained in the vacuoles and bound to thiol-containing molecules. In the case of cacao, this mechanism is less pronounced, and more cadmium is transferred to aerial parts.

Overall, the strategy developed by cacao plants to manage cadmium is different from cereals, in terms of root to shoot transfer, storage compartments and storage forms.

"This new knowledge is a prerequisite for the selection or breeding of cacao cultivars accumulating less cadmium, and support a safe cacao production in South America," says Sarret. "However, we need to continue our studies, using other types of cacao plants and in different environmental conditions, to be able to design more precise strategies," she concludes.
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Virtual reality better than video for evoking fear, spurring climate action | ScienceDaily
Depicting worst-case climate scenarios like expanding deserts and dying coral reefs may better motivate people to support environmental policies when delivered via virtual reality, according to a research team led by Penn State that studied how VR and message framing affect the impact of environmental advocacy communications. The study findings, published in the journal Science Communication, may help advocacy groups decide how best to frame and deliver their messages.


						
The researchers examined individuals' responses to climate change messaging when delivered through traditional video and desktop virtual reality -- VR programs like Google Earth that can run on a mobile phone or computer. They found that loss-framed messages, or those that transitioned from a positive to negative climate scenario to emphasize what humanity has to lose, were more effective at convincing people to support environmental policies when delivered via VR. Gain-framed messages, which depict a more hope-inspiring change from a negative to a positive environmental outcome, had a greater impact when delivered through traditional video format.

"The findings of this study suggest that in terms of seeking support for climate change policy, it's the combination of the medium and the message that can determine the most effective solution for promoting a particular advocacy message," said S. Shyam Sundar, senior author and the James P. Jimirro Professor of Media Effects at Penn State. "For consumers, the media literacy message here is that you're much more emotionally vulnerable or more likely to be swayed by a VR presentation of an advocacy message, especially if the presentation focuses on loss."

The research team created two desktop virtual reality experiences, one gain-framed and one loss-framed, using the Unity3D game engine. In addition to the loss and gain framed messages, the VR programs also depicted healthy and unhealthy coral reef ecosystems, accompanied by lighter or darker ambient lighting and hopeful or sad audio, and allowed users to explore the aquatic environments. The researchers used the programs to record loss- and gain-framed videos based on the VR experiences.

They chose to depict coral reef ecosystems because corals are one of the species most endangered by the effects of climate change and far removed from many peoples' lived experiences.

"It's difficult to communicate environmental issues to non-scientists because the consequences are usually long-term and not easily foreseeable," said Mengqi Liao, first author and doctoral candidate in mass communication at Penn State. "Not to mention that it's usually very hard to bring people to an environment that has been damaged by climate change, such as coral reefs, which, based on decades of data collected in part from NASA's airborne and satellite missions, have declined rapidly over the past 30 years. This is where VR comes in handy. You can bring the environment to people and show them what would happen if we fail to act."

The researchers recruited 130 participants from Amazon Mechanical Turk and asked them to complete a pre-questionnaire to measure variables like attitudes toward climate change and political ideology. Then they randomly assigned participants to a video or desktop VR experience. Within each of these groups, half saw the gain-framed messaging while the other half saw the loss-framed messaging.




Participants in the loss-framed experiences saw healthy then unhealthy coral ecosystems, with a message explaining the negative consequences of failing to adopt climate change mitigation behaviors. Those in the gain-framed versions saw unhealthy then healthy coral ecosystems, with messages explaining the positive impacts of adopting climate policies. After completing the experiences, participants answered a questionnaire to measure how likely they would be to support environmental policies.

The researchers found that loss-framed messages were most effective at motivating people to support climate change mitigation policies when delivered through desktop VR. Gain-framed messages were most effective when delivered in video format.

Virtual reality is inherently interesting and attention-grabbing, and it has a low cognitive barrier to entry -- even small children with limited reading ability can use it, according to Sundar.

"The nickname for VR is empathy machine. It can generate better empathy because you're one with the environment," he said. "Loss-framed messaging tends to be more effective, more about emotions like fear rather than hope. Sometimes fear can be better represented in visually resplendent media like VR."

Gain-framed messaging, on the other hand, tends to involve more thinking about the consequences of action or inaction for the environment and what humans have to gain, Sundar explained. The movement and interactivity that come with VR may distract too much from the kind of thinking needed to process the potential gains highlighted in that type of messaging, which is better suited for traditional video or text.

"With politicized topics like climate change, people are guided by their motivated reasoning, whereby an individual readily accepts information consistent with their worldview and ignores or rejects information that is inconsistent with that view," Liao said. "Our study suggests that showing stark portrayals of environmental loss can be persuasive in spurring people into action, to support climate change issues regardless of their pre-existing worldviews."

Pejman Sajjadi, who completed the work as a postdoctoral scholar at Penn State and is now with Meta, also contributed to the research.
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Global wildlife study during COVID-19 shows rural animals are more sensitive to human activity | ScienceDaily
One of the largest studies on wildlife activity -- involving more than 220 researchers, 163 mammal species and 5,000 camera traps worldwide -- reveals that wild animals react differently to humans depending on where the animals live and what they eat.


						
Bigger herbivores -- plant-eating animals like deer or moose -- tend to become more active when humans are around, while meat-eaters like wolves or wolverines tend to be less active, preferring to avoid risky encounters.

Urban animals like deer or raccoons may become more active around people, as they get used to human presence and find food like garbage or plants, which they can access at night. But animals living farther from cities and other developed areas are more wary of encountering people.

Wildlife during the pandemic 'anthropause'

The new study, a collaboration across researchers from 161 institutions, used data from before and during the COVID-19 lockdowns to examine wildlife behaviour amid changing human activity levels.

"COVID-19 mobility restrictions gave researchers a truly unique opportunity to study how animals responded when the number of people sharing their landscape changed drastically over a relatively short period," said lead author Dr. Cole Burton, an associate professor of forest resources management at UBC and Canada Research Chair in Terrestrial Mammal Conservation.

"And contrary to the popular narratives that emerged around that time, we did not see an overall pattern of 'wildlife running free' while humans sheltered in place. Rather, we saw great variation in activity patterns of people and wildlife, with the most striking trends being that animal responses depended on landscape conditions and their position in the food chain."

In Canada, researchers monitoring areas such as Banff and Pacific Rim national parks, Cathedral, Golden Ears and South Chilcotin Mountains provincial parks, and the Sea-to-Sky corridor in B.C. found that carnivores like wolverines, wolves and cougars were generally less active when human activity was higher.




In several of these parks, and in cities such as Edmonton, large herbivores often increased their activity but became more nocturnal with the presence of more humans. Large carnivores were notably absent from the most human-dominated landscapes.

Preventing conflict through smart conservation measures

These findings highlight the importance of measures to minimize any detrimental effects of human disturbance on wildlife, including reducing overlaps that might lead to conflict.

"In remote areas with limited human infrastructure, the effects of our actual presence on wildlife may be particularly strong. To give wild animals the space they need, we may consider setting aside protected areas or movement corridors free of human activity, or consider seasonal restrictions, like temporary closures of campsites or hiking trails during migratory or breeding seasons," said study co-author and UBC biologist Dr. Kaitlyn Gaynor.

She added that strategies must also fit specific species and locations. In more remote areas, keeping human activity low will be necessary to protect sensitive species. In areas where people and animals overlap more, such as cities, nighttime is an important refuge for wildlife, and keeping it that way can help species survive. Efforts may focus on reducing human-wildlife conflict after dark, such as more secure storage of trash bins to reduce the number of animals getting into human food sources, or use of road mitigation measures to reduce vehicle collisions.

The findings are particularly useful amid the surge in global travel and outdoor recreation post-pandemic, Dr. Burton added.

"Understanding how wildlife respond to human activity in various contexts helps us develop effective conservation plans that have local and global impact. For that reason, we are working to improve wildlife monitoring systems using tools like the camera traps that made it possible to observe animal behaviours during the pandemic."

The study was published today in Nature Ecology and Evolution.
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Newborn piglets serve as a model for studying influenza | ScienceDaily
Although prevention and treatment strategies are available for influenza, they are not sufficient for vulnerable populations such as young children and newborns. In a new study, published in Virology, a multidisciplinary team of researchers have studied newborn piglets to better understand the progression of influenza infections.


						
The influenza A virus can infect a variety of birds and mammals, including humans and pigs, due to which it is a threat to public health and food security. While it causes mild to moderate infections in healthy individuals, susceptible human populations are at a higher risk. Even though vaccines and therapeutics are available, they are either less effective or they cannot be used in newborns and infants.

"Previous studies have looked at mice models, but compared to mice, pigs are a better model especially for studying immunity," said Ying Fang (CGD/MMG), a professor of veterinary medicine. "This study is an extension of what we did in the past, where we looked at the effect of maternal immunity on piglets. It is the first study to use neonatal piglet models to elucidate the interactions between the host microbiota and the influenza virus."

The respiratory tract in mammals is home to millions of microorganisms -- collectively known as the microbiota. Other research groups have found that the microbiota can dictate an individual's susceptibility to respiratory infections, either by improving immunity or making the infections worse.

To understand the interactions between the virus and the microbiota, the researchers used four types of viruses that differed based on their ability to cause disease. They introduced these virus suspensions drop-by-drop into each nostril of the piglets and monitored them for 5 days to see whether they displayed any symptoms, including changes in body temperature. The researchers also used nasal swabs to sample the microorganisms that were present at the beginning of the infection and after 5 days.

The team found that certain bacterial species, including Staphylococcus, were associated with the presence of lung lesions, higher rectal temperature, and viral loads, while others, such as Lactobacillus and Megasphaera, had the opposite effect. These results are in agreement with other studies that have shown that Staphylococcus is linked to inflammation and infection in other influenza and COVID-19 models.

"It is possible that microbes are mediating the impact of the virus on the host," said Christopher Gaulke (MME), an assistant professor of pathobiology. "This means that we could potentially prevent some of the damaging impacts of these infections by providing animals or even humans with probiotic microbes that could be protective."

They also found that regardless of what microbes were present on the first day, the infection disrupted the numbers and types of bacteria that were present in the nasal passages.




"These results suggest that by looking at the microbiota, we can predict whether a pig is infected regardless of the infecting virus strain. Although it might not be the best diagnostic tool at the moment, because it is relatively expensive, falling costs and improvements in statistical approaches could soon lead to low-cost microbiome-based diagnostics of swine health. It also highlights the possibility that we could use microbiome-based therapeutics to mitigate the impacts of influenza," Gaulke said.

The researchers are now interested in lengthening the duration of the study to observe the long-term changes in the microbial composition.

"In this study, we focused on the acute phase of infection, so we don't know the long-term impact: how long they take to recover the original levels of the microorganisms and whether they recover completely and resemble the uninfected pigs," Fang said.

"We will also need to test whether these results hold in swine farms and whether they can implement anything that we come up with in our experimental barns," Gaulke said. "Down the road, it would be interesting to see if these sorts of changes occur in human infants that are infected with influenza virus."
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Engineers measure pH in cell condensates | ScienceDaily
Scientists trying to understand the physical and chemical properties that govern biomolecular condensates now have a crucial way to measure pH and other emergent properties of these enigmatic, albeit important cellular compartments.


						
Condensates are communities of proteins and nucleic acids. They lack a membrane and come together and fall apart as needed. The nucleolus is a prominent condensate in cells. It serves vital roles in cellular physiology and is the site of ribosome production.

Ribosomes are the multi-protein and RNA assemblies where the genetic code is translated to synthesize proteins. Impairment of ribosome production and other nucleolar dysfunctions lie at the heart of cancers, neurodegeneration and developmental disorders.

In a first for the condensate field, researchers from the lab of Rohit Pappu, the Gene K. Beare Distinguished Professor of biomedical engineering, and colleagues in the Center for Biomolecular Condensates in the McKelvey School of Engineering at Washington University in St. Louis, figured out how nucleolar sub-structures are assembled. This organization gives rise to unique pH profiles within nucleoli, which they measured and compared with the pH of nearby non-nucleolar condensates including nuclear speckles and Cajal bodies.

In the study, published online in Cell, the authors report that the distinct protein compositions of nucleoli give them an acidic character, whereas nuclear speckles have the same pH as the nucleus, and Cajal bodies are more basic.

Building on spatial proteomics data from the lab of Emma Lundberg, associate professor of bioengineering at Stanford University, and novel algorithms developed by Kiersten Ruff, a staff research scientist at McKelvey, and colleagues in the Pappu lab, the team identified unique "molecular grammars" including the presence of proteins with long acidic tracts as a key defining feature of many nucleolar proteins. This, the team reasoned, must help carry hydrogen protons into nucleoli (pH is the measurement of the activity of protons).

Condensates are like a gathering of people on a convention floor. There are no walls keeping them in place; just sparkling conversations led by a few key individuals -- the "scaffolds." The community of molecules that come together enables emergent properties in the condensates, like internal pH in nucleoli.




Condensates form via a process that the team now refers to as condensation. This combines phase separation -- think demixing of oil and water -- and sticky interactions among molecules that like to bind with one another.

"Biomolecules are defined by a combination of specific interactions and distinct solubility profiles. Condensation involves the totality of these interactions, and this gives rise to what are known as emergent properties," said Matthew King, postdoctoral fellow in the Pappu lab and lead author of the paper.

The new research provides a starting point for understanding how emergent properties, whereby the whole is greater than the sum of its parts, give rise to condensate-specific "physicochemical barcodes," according to King.

Differentials in pH between condensates and the surrounding nucleoplasm generate gradients and "a pH gradient generates what is known as a proton motive force," King said.

This proton motive force, measured to be -88 mJ per proton, "might be able to facilitate directional movement of RNA and protein molecules, which is a key first step in enabling ribosomal assembly," King added.

Getting chemical probes to the right place in cells and to measure the condensates required technological innovations that included contributions from McKelvey project partners Michael Vahey assistant professor of biomedical engineering, and Matthew Lew, associate professor of electrical and systems engineering.




According to Pappu, this work "provides an elegant solution to the challenge that many biochemists see for the condensate concept."

Cellular reactions require specificity. Every biochemical reaction must take place in the right place, at the right time, and must involve specific sets of proteins and nucleic acids.

"Condensates were often criticized as being non-specific blobs," Pappu said.

Thanks to this new research, those blobs clearly have specific physiochemical properties.

"We now have evidence that distinct compositional biases of condensates generate distinct physicochemical environments, and this might provide the basis for biochemical specificity," Pappu noted.
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Reimagining the future of solar energy | ScienceDaily
Scientists are always on the lookout for ways to make our world a better place, and one area they're focusing on is solar energy. One idea in this area is to make solar cells more efficient by concentrating more solar light onto them. While investigating this recently, a group of scientists at the Cavendish Laboratory and AMOLF (Amsterdam NL) have found that improving solar cells efficiency in this way is harder than we might think but have discovered other avenues by which it might be possible to improve solar energy capture anywhere on the planet.


						
The researchers were interested in finding out if solar cells, devices that turn sunlight into electricity, could be tweaked to perform better in different parts of the world, where concentration of solar light may be higher. To examine this, they used machine learning models and neural networks (AI) to understand how the sun's radiation would behave in different spots on Earth.

They integrated this data into an electronic model to calculate the solar cells' output. By simulating various scenarios, they could predict how much energy the solar cells could produce at various locations worldwide.

Their findings published in Joule, however, revealed a surprising twist. "Making solar cells super-efficient turns out to be very difficult. So, instead of just trying to make solar cells better, we figured some other ways to capture more solar energy," said Dr. Tomi Baikie, first author of the study and Research Fellow at the Cavendish Laboratory and at Lucy Cavendish College. "This could be really helpful for communities, giving them different options to think about, instead of just focusing on making the cells more efficient with light."

Imagine solar panels that can flex and fold like origami or become partially transparent to blend seamlessly into surroundings and make them easy to install. By enhancing the durability and versatility of these panels, they could be integrated into a wide range of settings, promising longevity and efficiency.

"We suggest a different plan that can make solar panels work well in lots of different places around the world," said Baikie. "The idea is to make them flexible, a bit see-through/semi-transparent, and able to fold up. This way, the panels can fit into all kinds of places."

Furthermore, the researchers advocate the use of patterning the solar capture devices with the aim to optimise their arrangement for maximum sunlight absorption. This approach holds the potential to improve the design of solar arrays, increasing their effectiveness in harnessing solar energy.

"This realisation means that we can now focus on different things instead of just making solar cells work better. In future, we're going to examine solar harvesting pathwaysthat includes tessellation. It's like a puzzle pattern that could help us capture even more sun power," concluded Baikie.
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Fatty food before surgery may impair memory in old, young adults | ScienceDaily
Eating fatty food in the days leading up to surgery may prompt a heightened inflammatory response in the brain that interferes for weeks with memory-related cognitive function in older adults -- and, new research in animals suggests, even in young adults.


						
The study, building upon previous research from the same lab at The Ohio State University, also showed that taking a DHA omega-3 fatty acid supplement for a month before the unhealthy eating and surgical procedure prevented the effects on memory linked to both the high-fat diet and the surgery in aged and young adult rats.

Three days on a high-fat diet alone was detrimental to a specific type of fear-related memory in aged rats for as long as two weeks later -- the same type of impairment seen in younger rats that ate fatty food and had a surgical procedure. The team has traced the brain inflammation behind these effects to a protein that activates the immune response.

"These data suggest that these multiple insults have a compounding effect," said senior author Ruth Barrientos, an investigator in Ohio State's Institute for Behavioral Medicine Research and associate professor of psychiatry and behavioral health and neuroscience in the College of Medicine.

"We've shown that an unhealthy diet, even in the short term, especially when it's consumed so close to a surgery, which in and of itself will cause an inflammatory response, can have damaging results," Barrientos said. "The high-fat diet alone might increase inflammation in the brain just a little bit, but then you have surgery that does the same thing, and when put together in a short amount of time you get a synergistic response that can set things in motion toward a longer-term memory issue."

The study was published recently in the journal Brain, Behavior, and Immunity.

Barrientos' lab studies how everyday life events might trigger inflammation in the aging brain as the nervous system responds to signals from the immune system reacting to a threat. Decades of research has suggested that with aging comes long-term "priming" of the brain's inflammatory profile and a loss of brain-cell reserve to bounce back.




Researchers fed young adult and aged rats a diet high in saturated fat for three days before a procedure resembling exploratory abdominal surgery -- an event already known to cause about a week of cognitive issues in an older brain. Control rats ate regular food and were anesthetized, but had no surgery. (Barrientos' lab has determined anesthesia alone does not cause memory problems in rats.)

In this study, as in previous research on aged rats treated with morphine after surgery, the team showed that an immune system receptor called TLR4 was the culprit behind the brain inflammation and related memory problems generated by both surgery and the high-fat diet, said first author Stephanie Muscat, assistant clinical professor of neuroscience at Ohio State.

"Blocking the TLR4 signaling pathway prior to the diet and surgery completely prevented that neuroimmune response and memory impairments, which confirmed this specific mechanism," Muscat said. "And as we had found before in another model of an unhealthy diet, we showed that DHA supplementation did mitigate those inflammatory effects and prevent memory deficits after surgery."

There were some surprising memory findings in the new work. Different behavioral tasks are used to test two types of memory: contextual memory based in the hippocampus and cued-fear memory based in the amygdala. In contextual memory tests, rats with normal memory freeze when they re-enter a room in which they had an unpleasant experience. Cued-fear memory is evident when rats freeze in a new environment when they hear a sound connected to that previous bad experience.

For aged rats in this study, as expected, the combination of a high-fat diet and surgery led to problems with both contextual and cued-fear memory that persisted for at least two weeks -- a longer-lasting effect than the researchers had seen before.

The high-fat diet alone also impaired the aging rats' cued-fear memory. And in young adult rats, the combination of the high-fat diet and surgery led to only cued-fear memory deficits, but no problems with memory governed by the hippocampus.




"What this is telling us in aged animals, along with the fact we're seeing this same impairment in young animals after the high-fat diet and surgery, is that cued-fear memory is uniquely vulnerable to the effects of diet. And we don't know why," Barrientos said. "One of the things we're hoping to understand in the future is the vulnerability of the amygdala to these unhealthy diet challenges."

With increasing evidence suggesting that fatty and highly processed foods can trigger inflammation-related memory problems in brains of all ages, the consistent findings that DHA -- one of two omega-3 fatty acids in fish and other seafood and available in supplement form -- has a protective effect are compelling, Barrientos said.

"DHA was really effective at preventing these changes," she said. "And that's amazing -- it really suggests that this could be a potential pretreatment, especially if people know they're going to have surgery and their diet is unhealthy."

This work was supported by grants from the National Institute on Aging and the National Institute of Neurological Disorders and Stroke.

Co-authors included Michael Butler, Menaz Bettes, James DeMarsh, Emmanuel Scaria and Nicholas Deems, all of Ohio State.
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Oregon State researchers take deep dive into how much water is stored in snow | ScienceDaily
A heavy snowpack is fun for skiers and sledders, and it also acts like an open-air storage tank that melts away to provide water for drinking, irrigation and other purposes during dry months.


						
But exactly how much water is held in snowpacks, and for how long?

That information, critical to water managers around the globe, has taken on new clarity thanks to a new, more holistic calculation technique developed by researchers in the Oregon State University College of Engineering.

"Water managers tend to consider a portfolio of infrastructure options -- surface water reservoirs, groundwater recharge programs, etc. -- to match supply to demand," OSU's David Hill said. "Increased understanding of how much water is in snow should allow them to make long-term planning decisions for how to adjust that portfolio."

The study by Hill, a professor of civil engineering, and doctoral student Christina Aragon looked at nearly four decades of snowpack data. Through their new metric, which they call snow water storage, they identified a 22% drop in how much water is held annually in the mountain snowpacks of the lower 48 states.

"Unlike other widely used metrics that capture snow variables at a single point in time, like maximum snow water equivalent, or describe snow characteristics in terms of time, such as length of snow season, snow water storage is applicable at numerous time and space scales," Hill said. "It's really just a cumulative sum, not a maximum value; it's like adding up the number of miles you drive in a given year, rather than just thinking about the 500 you did on one day for your road trip."

In addition to introducing a better tool for gauging how much water is in snowpacks over periods of time, the findings are important because of what the new metric revealed about mountain snowpacks, which play an outsized role in the nation's water storage.




Hill and Aragon note that of all the water stored in the form of snow in the lower 48, 72% of it is in the mountains, though mountains cover just 16% of the total area.

"There are many ways to describe or quantify our snow resources, but some of the traditional measures, such as the April 1st snowpack, increasingly do not tell the full story," Hill said. "We present a new way of describing snow's water storage ability that adds deeper understanding and has more applicability in cases where our snowfall is increasingly intermittent or, regrettably, turning to rain."

The researchers' work, presented in a paper published in Hydrology and Earth System Sciences, builds on a commonly used measurement known as snow water equivalent; as its name implies, it's how much water is left in a container after the snow that was placed in it melts.

"By considering the amount of water held in the snowpack and the amount of time the water is stored as snow, we are able to quantify water storage in different types of snowpacks," Aragon said. "This includes persistent snowpacks, like we typically have at high elevations in the mountains; transient snowpacks, which are typically found at lower elevations; and snowpacks that are transitioning from persistent to transient due to climate warming."

Aragon adds that because the snow water storage metric can be applied to multiple types of snowpacks, it may become increasingly valuable for monitoring and predicting water resources "amidst a future of increased climate variability."

Hill points out that the past several years in the lower 48 have seen a "feast or famine cycle of extremes when it has come to the where and the when of our snow and rain." And in general snowpacks have considerably declined over the past 10 to 20 years.




"That particularly matters in places like Oregon, where 15% of the state's total annual precipitation falls as snow, and our snowpack functions like a reservoir," he said. "It holds back winter precipitation and slowly releases it in spring and early summer. This is useful because, at those times, our rainfall has tapered off for the year, but demand for water is on the rise."

As the climate warms and snowpacks become more and more variable -- the winter of 2023-24 is a good example, Hill said -- a metric like the new one developed at OSU helps to more objectively quantify the reservoir storage aspect of the globe's snowpacks.

From local to regional scales, he notes, municipal and agricultural users of water need to balance demand with supply, and snow storage dramatically influences the timing of the supply side.

"As we move forward, and as we have moved from the past to the present, the relatively good news is that annual precipitation amounts tend to not change that dramatically," he said. "However, changing temperatures greatly influence snow storage and therefore the timing of water availability."

Funding for the work came from the OSU Graduate School Oregon Lottery Award for Academic Excellence and from the Oregon State Water Resources Graduate Program Alumni Award.
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'Noisy' roundworm brains give rise to individuality | ScienceDaily
Joint research led by Yu Toyoshima and Yuichi Iino of the University of Tokyo has demonstrated individual differences in and successfully extracted commonalities from the whole-brain activity of roundworms. The researchers also found that computer simulations based on the whole-brain activity of roundworms more accurately reflect real-brain activity when they include so-called "noise," or probabilistic elements. The findings were published in the journal PLOS Computational Biology.


						
The roundworm Caenorhabditis elegans is a favorite among neuroscientists because its 302 neurons are completely mapped. This gives a fantastic opportunity to reveal their neural mechanism at a systems level. Thus far, scientists have been making progress in revealing the different states and patterns of each neuron and the assemblies they form. However, how these states and patterns are generated has been a less explored frontier.

First, the team of scientists measured the neural activity of each cell that makes up a primitive brain in the roundworms' head area. To achieve this, the worms were placed in a microfluidic chip, a tiny device designed for worms to be able to "wiggle" backward and forward while keeping them within the field of view of the objective lens. Then, using a confocal microscope, the scientists filmed how the neurons reacted to changes in salt concentrations.

"Although we were able to extract neural "motifs" common among individuals," Iino says, "we were surprised to find large individual differences in neural activity. Information from sensory neurons is transmitted to "command" neurons through multiple paths to control behavior. Since the neural circuits of C. elegans are thought to be relatively well conserved among individuals, we had assumed that there would be little variation in these paths among individuals. But remarkably, we found the opposite."

The data derived from these "films" of roundworm brains were then used to create computer simulations of roundworm brains. However, the first simulations that contained only deterministic elements generated decaying "neural" activity. By adding "noise" to the models, the team achieved an accurate representation of the roundworms' whole-brain activity. The scientists were not only able to estimate the strength of connectivity between neurons but also demonstrated that "noise" is essential to brain activity. This mathematical model could even potentially be applied to analyze neuronal activity in cases where complete connectome data is not yet available.

With such possibilities, the number of exciting, new questions seems infinite. But choose a scientist must.

"We originally designed this study to investigate the neural mechanisms involved when roundworms are attracted to salt," Iino explains. "However, to measure whole-brain activity, we needed to keep the roundworms in a narrow channel so that they would not move away. We would like to improve the microscope so that we can track freely moving roundworms and analyze whole-brain activity while they are being attracted to salt."
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Gut bacteria make neurotransmitters to shape the newborn immune system | ScienceDaily
Weill Cornell Medicine investigators discovered that unique bacteria colonize the gut shortly after birth and make the neurotransmitter serotonin to educate gut immune cells. This prevents allergic reactions to food and the bacteria themselves during early development.


						
The preclinical study, published in Science Immunology on Mar. 15, showed that bacteria abundant in the guts of newborns produce serotonin, which promotes the development of immune cells called T-regulatory cells or Tregs. These cells suppress inappropriate immune responses to help prevent autoimmune diseases and dangerous allergic reactions to harmless food items or beneficial gut microbes.

"The gut is now known as the second human brain as it makes over 90 percent of the neurotransmitters in the human body. While neurotransmitters such as serotonin are best known for their roles in brain health, receptors for neurotransmitters are located throughout the human body," explained the study's senior author, Dr. Melody Zeng, an assistant professor of immunology in the Gale and Ira Drukier Institute for Children's Research and the Department of Pediatrics at Weill Cornell Medicine.

Gut Bacteria in Babies Provide a Helping Hand

The researchers observed that the neonatal mouse gut had much higher levels of neurotransmitters, including serotonin, than the adult gut. "So far, almost all studies of gut neurotransmitters were conducted in adult animals or human subjects, where a specific gut cell type called enterochromaffin cells produce neurotransmitters," said Dr. Zeng. "However, we discovered that this isn't the case in the newborn gut where most of the serotonin is made by bacteria that are more abundant in the neonatal gut."

This was also confirmed in babies through a human infant stool biobank that the Zeng lab has established in collaboration with the Neonatal Intensive Care Unit in the NewYork-Presbyterian Alexandra Cohen Hospital for Women and Newborns. These samples were obtained with parental consent and deidentified.

The study results suggest that before the neonatal gut is mature enough to make its own neurotransmitters, unique gut bacteria may supply neurotransmitters that are needed for critical biological functions during early development.




"We found that gut bacteria in young mice not only directly produce serotonin but also decrease an enzyme called monoamine oxidase that normally breaks down serotonin, thus keeping gut serotonin levels high," said the study's lead author Dr. Katherine Sanidad, postdoctoral associate in pediatrics at Weill Cornell Medicine.

The high serotonin levels shift the balance of immune cells by increasing the number of Tregs, which helps prevent the immune system from overreacting and attacking gut bacteria or food antigens. "The neonatal gut needs these serotonin-producing bacteria to keep the immune system in check," Dr. Sanidad added.

Healthy Immune System Helps Later in Life

Dr. Zeng noted that this work underscores the importance of having the right types of beneficial bacteria soon after birth. Babies in developed countries have better access to antibiotics, less exposure to diverse microbes in their clean environments and potentially unhealthy diets that may significantly impact the abundance of serotonin-producing bacteria in their intestines.

As a result, these babies may have fewer Tregs and develop immune reactions to their own gut bacteria, or allergies to food. This may be one reason food allergies have become increasingly common in children, particularly in developed countries. "If educated properly, the immune system in babies would recognize that things like peanuts and eggs are okay, and it doesn't have to attack them," she said. This may also have an impact on developing autoimmune diseases -- when the immune system attacks the body's own healthy cells -- later in life.

The team next plans to look at bacteria in human infant stool samples to measure their production of serotonin, other neurotransmitters and molecules that may help train the immune system to prevent future immune-related diseases, such as allergies, infections and cancer.

"It's essential to understand how the immune system is trained during early life, but this is understudied in newborns and children. Further studies of these developmental periods may hopefully lead us to mitigation approaches to reduce the risk of inflammatory diseases like food allergies and inflammatory bowel disease later in life," Dr. Sanidad said.

Dr. Melody Zeng's lab is supported in part by the National Institutes of Health grants R01HD110118, R01HL169989, R21CA270998, and K01DK114376; The Starr Cancer Consortium; the Hartwell Foundation; and the Jill Roberts Center for Inflammatory Bowel Disease, the Children's Health Council, and the Drukier Institute for Children's Health at Weill Cornell Medicine. 
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Less social with age | ScienceDaily
As people get older, they increasingly focus on their more important relationships, often turning to family and close friends. This active reorientation towards a few, particularly close relationships could explain why ageing humans live in ever smaller social networks. Since human behavior not only reflects the current conditions of our modern society, but is also the result of our evolutionary past, studies on social aging in our closest relatives can shed light on the biological roots of social behavior.


						
Scientists from the Research Group Social Evolution in Primates at the German Primate Center (DPZ) -- Leibniz Institute for Primate Research and the Department for Behavioral Ecology at the University of Gottingen tested several hypotheses on the drivers of social aging in free-living Assamese macaques (Macaca assamensis) in Thailand. The researchers collected data on the social behavior of females for eight years and found that the size of their social networks decreases with increasing age. The females continued to interact with their close social partners, but gradually withdrew from social interactions altogether. The results contribute to the understanding of the evolutionary origins of social ageing (Proceedings of the Royal Society B).

Social bonds promote health and well-being. However, as people age, they often reduce their social contacts and focus on the people who are most important to them -- family and close friends. So far, it is unclear whether this change in social engagement is motivated by the knowledge of a limited lifespan, by physical limitations of an aging body or perhaps by the social exclusion of older people in modern societies. Baptiste Sadoughi, first author of the study and former PhD student in the Social Evolution in Primates Group at the German Primate Center turned to long-term social data on female Assamese macaques collected at the DPZ field site at Phu Khieo Wildlife Sanctuary to test the drivers of social aging in non-human primate species that lack a human-like sense of mortality. The team has been studying the behavior of Assamese macaques at Phu Khieo for years amassing thousands of hours of detailed observations of their social behavior.

"For the question of social aging, we focused on females, because they remain with their mothers, sisters and daughters in their natal group all their lives, which allowed us to track changes in behavior over their life span," Sadoughi explains.

Active social withdrawal with a constant preference for important partners

Sadoughi found that with increasing age, the females approached other females less frequently and invested less time in actively grooming them. However, less social contact does not necessarily mean that the females are alone more often. In fact, older females were not more often spatially isolated than younger ones, they just interacted less. "We assume that older females try to keep up with the group at all costs, as proximity to others is one of the best protective mechanisms against predators. However, once they have achieved this, they lack the motivation or energy to engage socially with others," says Sadoughi.

Given the parallels between social ageing in humans and macaques, the question now arose as to whether the increasing social selectivity assumed for humans could also explain the results in macaques. "Assamese macaque females are selective. Who a female has interacted with more in the past predicts who she will interact with now. But this tendency to be selective and prefer certain partners over others doesn't get stronger with age, as we know it from humans, it stays the same. Something that is constant over age cannot explain something that decreases with age. Selectivity in partner choice is therefore not sufficient to explain the age-dependent reduction of the social network," explains Sadoughi.

Longitudinal data are needed for aging studies

Studying age-related changes is further complicated by another phenomenon that has little to do with what we usually think of as aging. "With age comes a greater risk of death. With poor social integration and fewer partners close by comes a greater risk of death, especially under natural predation pressure. This simple fact means that changes in social integration with age are partially confounded by the greater likelihood that individuals who reach old age will be exceptionally well-connected socially, because the less well-connected have already died, a phenomenon called selective disappearance," explains Prof. Julia Ostner, head of the Social Evolution in Primates Group and senior author of the study. Access to longitudinal data has allowed the researchers to solve this problem and distinguish between changes that are truly related to aging, and those that are due to demographic trends.

Only in the last twenty years have scientists recognized that wild animals also undergo physiological, morphological or social changes associated with the ageing process. For a long time, it was assumed that individuals in the wild do not survive long enough to show signs of ageing. "Only now are we beginning to realize the possibilities offered by long-term data on animal populations in their natural environment to study how individuals deal with the challenges of aging," says Baptiste Sadoughi.
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Even inactive smokers are densely colonized by microbial communities | ScienceDaily
With its high pressure, darkness and nutrient deficiency, the deep sea is generally not a hospitable place. But in the presence of heat and a rich influx of energy-rich fluids, as is the case at active hydrothermal vents, numerous fish, shellfish, and microorganisms are able to settle there. But what happens to these biotic communities when the source of hot fluids is exhausted?


						
The chimneys form over long time periods when seawater seeps through cracks into the Earth's crust, is warmed there, then dissolves and takes up minerals on its way back up to the ocean floor. This hot, mineral-rich, and often smokey water seeks the most pervious path through the Earth's crust and encounters cold, oxygen-rich water at the sea floor. This results in the precipitation of minerals, which are deposited as chimneys. These hydrothermal vents are energy-rich habitats based on chemosynthesis where microorganisms from the base of the food webs. Depending on the region, chimneys at hydrothermal seeps contain minerals like copper, zinc, gold or silver. As a result, there is a growing interest in exploiting inactive smokers in deep-sea mining activities.

When the flow of mineral-rich fluids dries up, the black smokers become inactive. Larger organisms migrate away to the next vent, but the microbial communities have ways adapt to the new conditions. "Even forty years after the discovery of the first hydrothermal fields, we constantly learn new things about how these ecosystems work," says Dr. Florence Schubotz of MARUM -- Center for Marine Environmental Sciences at the University of Bremen, "particularly relating to the amount of CO2 bound up in inactive smokers, but also with regard to the volume of microbial life, its activity, and rates of production."

Determining how densely the inactive smokers are colonized is the central focus of a research project in which Schubotz is working. The work involves sampling at the exact area where the first hydrothermal vents were discovered in the eastern Pacific around four decades ago. "The initial results indicate that even inactive smokers are important locations for microbial activity and the production of organic carbon on the sea floor. We are just beginning to understand how the carbon cycle functions in the deep sea. It is certain that carbon is fixed at such hotspots. "But," according to Schubotz, "we do not yet understand these ecosystems well enough to estimate the magnitudes involved." Broad areas of the ocean floor have not yet been investigated and still unknown hydrothermal systems await discovery.

Every plate-boundary spreading center is a potential colonization area. The samples from the eastern Pacific will provide a good starting point, because there is already a good understanding of the extent of microbial communities at this location. The international team has therefore investigated samples from active and inactive smokers and compared them with each other.

The team obtained the samples during three expeditions in 2019 and 2021, in part with the help of the manned submersible research vehicle Alvin, from the East Pacific Rise (9 degrees north), an oceanic ridge at a Pacific plate boundary. Their objective is to better understand the deep-sea ecosystem and the interactions between various organisms, and to calculate how metabolic rates change from active to inactive systems for the first time. "Without this kind of data," according to the publication, "our understanding of the element cycles in the inactive-chimney ecosystem and their possible influence on the biochemistry of the deep sea remains incomplete." The team emphasizes that such investigations are essential before any decisions can be made about deep-sea mining.

The biogeochemistry at the sea floor and the interactions of marine ecosystems with the environment are also one of the core research themes within the Cluster of Excellence 'The Ocean Floor -- Earth's Uncharted Interface'.
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Meteorology: Weak polar vortex makes weather more predictable | ScienceDaily
Events in the stratosphere are making long-range weather in Northern Europe easier to forecast, researchers at LMU have discovered.


						
Weather is a chaotic system and predicting weather conditions several weeks in advance poses considerable challenges. The accuracy of such long-range forecasts remains generally quite low. Accordingly, even moderate improvements can prove valuable for various sectors. For instance, farmers rely on these forecasts to determine optimal sowing and harvesting times, energy providers use them to anticipate fluctuations in renewable energy production, and public health officials use them to prepare for outbreaks of diseases such as malaria or dengue fever, which are correlated with specific weather conditions.

Researchers at LMU are now investigating a phenomenon that has its origin in the stratosphere, the layer of our atmosphere situated 15 to 50 kilometers above our heads. "Previous work has shown that during Northern winter the state of the circulation in the polar stratosphere may provide useful information for improved long-range forecasts, especially for weather over the North Atlantic and Eurasia," explains Thomas Birner, Professor of Theoretical Meteorology at LMU. In particular, when the polar vortex (a band of strong eastward circumpolar flow at stratospheric levels) strongly weakens or breaks down, the North Atlantic jetstream tends to shift southward and the likelihood of cold spells over Eurasia increases. Such vortex breakdowns are relatively rare events that only happen approximately every other winter. But its time has come round again: "One such event is currently unfolding with corresponding expected impacts on Eurasian weather in the coming weeks."

And now for the weather: cold, but less chaotic

In a study published recently in the journal Communications Earth & Environment, LMU meteorologists highlight an additional aspect of stratospheric influence on long-range weather forecasts: Weak polar vortex states, such as the one currently prevailing, are typically followed by reduced uncertainty of 3-5 week forecasts over Northern Europe. The authors found that ensembles of forecasts show a reduced range of possible weather conditions by about 25%. Such ensembles are made up of a large number of individual forecasts, which typically diverge at longer forecasting periods. After weak polar vortex events there is less spread among these forecasts over Northern Europe, making the weather more predictable.

"We attribute this reduced forecast uncertainty to the southward shift of the North Atlantic jetstream," says Jonas Spaeth, doctoral student at LMU's Meteorological Institute and lead author of the new study. The associated southward shift of the tracks of winter storms, which are the main source of forecast uncertainty during this season, causes less storm activity and thereby reduced forecast uncertainty over Northern Europe. Conversely, forecast uncertainty increases over Southern Europe.

"Our study sheds light on meteorological phenomena where uncertainty of weather forecasts several weeks in advance systematically reduces or increases," says Jonas Spaeth. "Furthermore, it underscores how the practical use of long-range forecasts can benefit from a deeper understanding of the remote coupling across different atmospheric regions."
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Arctic nightlife: Seabird colony bursts with sound at night | ScienceDaily
Acoustic recordings of a colony of little auks reveal their nocturnal activities and offer valuable monitoring means for avian biology in the Arctic.


						
A collaborative study conducted by researchers from the Arctic Research Center at Hokkaido University and the Department of Ecoscience at Aarhus University, Denmark, delves into the captivating activities of the most abundant seabird in the North Atlantic (little auk, Alle alle). The study sheds light on birds' daily rhythmic behavior under the endless daylight of the Arctic summer. Led by Associate Professor Evgeny A. Podolskiy, Hokkaido University, the findings were published in the journal Communications Biology.

In the remote wilderness of Northwest Greenland, the research team employed passive acoustic and imaging technologies to uncover the hidden rhythms of little auk colonies. Every summer, approximately 60 million birds come to this region to breed and forage, and while their vocalization is a familiar summer soundscape for the local inhabitants, little is known to science about their daily routines and calling habits. The study revealed a "nocturnal" surge in vocalization activity, contrary to expectations of mid-latitude inhabitants familiar with a dawn chorus. Due to a lower number of birds in the afternoon, the calling and wing-flapping rates decreased. The study improves our understanding of avian behavior in continuous daylight environments.

"These findings provide a fascinating glimpse into the intricate rhythms of Arctic life, and remind us that bird counts depend on the time of day," says Podolskiy. "Under the perpetual daylight, little auks exhibit an acoustic pattern that mirrors their behavioral cycles -- such as attendance, feeding, and fledging -- offering valuable insights into their ecological dynamics."

"The little auk, also known as the dovekie, emerges as a sentinel species in monitoring Arctic environmental shifts," says Dr. Anders Mosbech, co-author from Aarhus University. "Understanding their behavioral dynamics is paramount for effective conservation and ecosystem management in the face of rapid environmental transformations."

"The significance of this study extends beyond mere curiosity, emphasizing the crucial role of passive acoustic monitoring in studying wildlife behavior in remote and difficult-to-access regions," adds Podolskiy.

The study advocates for the continued use of acoustic monitoring as a non-invasive and efficient method for studying bird colonies in the Arctic. Traditional methods of field observation could be less practical due to their laborious nature and the remoteness of seabird breeding colonies. "By combining audio data with other monitoring techniques, such as time-lapse cameras or radar systems, and engaging local communities, we can enhance conservation efforts for important seabird populations while also promoting sustainability," explains Monica Ogawa, co-author of the study and a Ph.D. candidate at the Graduate School of Environmental Science, Hokkaido University.

The research team plans to continue their investigations into the acoustic ecology of Arctic seabirds, leveraging interdisciplinary collaborations to delve deeper into the avian biology and environmental changes affecting it. Through their efforts, the researchers hope to expand our understanding of the complex web of interactions that sustain life in one of the most extreme environments on Earth.
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DNA origami-based vaccines toward safe and highly-effective precision cancer immunotherapy | ScienceDaily
Therapeutic cancer vaccines are a form of immunotherapy in the making that could not only destroy cancer cells in patients, but keep a cancer from coming back and spreading. Multiple therapeutic cancer vaccines are being studied in clinical trials, but despite their promise, they are not routinely used yet by clinical oncologists to treat their patients.


						
The central ingredient of therapeutic cancer vaccines is antigens, which are preferentially produced or newly produced (neoantigens) by tumor cells and enable a patient's immune system to search and destroy the cancerous cells. In most cases, those antigens cannot act alone and need the help of adjuvant molecules that trigger a general alarm signal in immune cells known as antigen-presenting cells (APCs). APCs internalize both antigen and adjuvant molecules and present the antigens to different types of T cells. Those T cells then launch an immediate attack against the tumor, or preserve a longer-lasting memory of the tumor for future defense.

A cancer vaccine's effectiveness depends on the level and duration of the "alarm" its adjuvants can ring in APCs. Previously, researchers found that delivering adjuvant and antigen molecules to APCs simultaneously using nanostructures like DNA origami can increase APC activation. However, none of these approaches systematically investigated how the number and nanoscale arrangement of adjuvant molecules affect downstream tumor-directed immunity.

Now, a research team at the Wyss Institute at Harvard University, Dana-Farber Cancer Institute (DFCI), Harvard Medical School (HMS), and Korea Institute of Science and Technology (KIST) has created a DNA origami platform called DoriVac, whose core component is a self-assembling square block-shaped nanostructure. To one face of the square block, defined numbers of adjuvant molecules can be attached in highly tunable, nanoprecise patterns, while the opposite face can bind tumor antigens. The study found that molecules of an adjuvant known as CpG spaced exactly 3.5 nanometers apart from each other resulted in the most beneficial stimulation of APCs that induced a highly-desirable profile of T cells, including those that kill cancer cells (cytotoxic T cells), those that cause beneficial inflammation (Th-1 polarized T cells), and those that provide a long-term immune memory of the tumor (memory T cells). DoriVac vaccines enabled tumor-bearing mice to better control the growth of tumors and to survive significantly longer than control mice. Importantly, the effects of DoriVac also synergized with those of immune checkpoint inhibitors, which are a highly successful immunotherapy that is already widely used in the clinic. The findings are published in Nature Nanotechnology.

"DoriVac's DNA origami vaccine technology merges different nanotechnological capabilities that we have developed over the years with an ever-deepening knowledge about cancer-suppressing immune processes," said Wyss Core Faculty member William Shih, Ph.D., who led the Wyss Institute team together with first-author Yang (Claire) Zeng, M.D., Ph.D.. "We envision that in the future, antigens identified in patients with different types of tumors could be quickly loaded onto prefabricated, adjuvant-containing DNA origami to enable highly effective personalized cancer vaccines that can be paired with FDA-approved checkpoint inhibitors in combination therapies." Shih is also a Professor at HMS and DFCI's Department of Cancer Biology and, as some of the other authors, a member of the NIH-funded cross-institutional "Immuno-engineering to Improve Immunotherapy" (i3) Center based at the Wyss.

DNA origami rationale

The CpG adjuvant is a synthetic strand of DNA made up of repeated CpG nucleotide motifs that mimic the genetic material from immune cell-invading bacterial and viral pathogens. Like its natural counterparts, CpG adjuvants bind to a "danger receptor" called TLR9 in immune cells, which in turn induces an inflammatory (innate) immune response that works in concert with the antigen-induced (adaptive) immune response.




"We knew from previous work that to trigger strong inflammatory responses, TLR9 receptors need to dimerize and aggregate into multimeric complexes binding to multiple CpG molecules. The nanoscale distances between the CpG-binding domains in effective TLR9 assemblies revealed by structural analysis fell right into the range of what we hypothesized we could mirror with DNA origami structures presenting precisely spaced CpG molecules," explained Zeng, who was an Instructor in Medicine at the time of the study and now is a senior scientist at DFCI and Harvard Medical School (HMS). In addition to Shih, Zeng was also mentored on the project by senior authors Ju Hee Ryu, Ph.D., a Principal Researcher at KIST, and Wyss Founding Core Faculty member David Mooney, Ph.D., who also is Professor at Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS), and one of the i3 Center's Principal Investigators.

Zeng and the team fabricated DoriVac vaccines in which different numbers of CpG strands were spaced at 2.5, 3.5, 5, or 7 nanometers apart from each other on one face of the square block, and a model antigen was attached to the opposite face. They protected their structures from being degraded in the body using a chemical modification method that Shih's group had developed earlier. When internalized by different types of APCs, including dendritic cells (DCs), which orchestrate tumor-directed T cell responses, the DoriVac vaccines improved the uptake of antigens compared to controls consisting of free antigen molecules. A CpG spacing of 3.5 nanometers produced the strongest and most beneficial responses in APCs, and significantly outperformed a control vaccine containing only free CpG molecules. "We were excited to find that the DoriVac vaccine preferentially induced an immune activation state that supports anti-tumor immunity, which is what researchers generally want to see in a good vaccine," said Zeng.

Besides spacing, the numbers of CpG molecules in DoriVac vaccines also mattered. The team tested vaccines containing between 12 to 63 optimally spaced CpG molecules and found that 18 CpG molecules provided the best APC activation. This meant that their approach can also help limit the dosage of CpG molecules and thus minimize commonly observed toxic side effects observed with adjuvants.

Gained in (tumor) translation

Importantly, these in vitro trends translated to in vivo mouse tumor models. When prophylactically injected under the skin of mice, DoriVac vaccines accumulated in the closest lymph nodes where they stimulated DCs. A vaccine loaded with a melanoma antigen prevented the growth of subsequently injected aggressive melanoma cells. While all control animals had succumbed to the cancer by day 42 of the experiment, DoriVac-protected animals all were alive. DoriVac vaccines also inhibited tumor growth in mice in which the formation of melanoma tumors was already underway, with a 3.5 nanometer spacing of 18 CpG molecules again providing maximum effects on DC and T cells, and the strongest reduction in tumor growth.

Next, the team asked whether DoriVac vaccines could also boost immune responses produced by small "neoantigens" emerging in melanoma tumors. Neoantigens are ideal targets because they are exclusively made by tumor cells. However, they often are not very immunogenic themselves, which make highly effective adjuvants an important component in neoantigen vaccines. A DoriVac vaccine customized with four neoantigens enabled the researchers to significantly suppress growth of the tumor in mice that produced the neoantigens.




Finally, the researchers asked whether DoriVac could synergize with immune checkpoint therapy, which reactivates T cells that have been silenced in tumors. In mice, the two therapies combined resulted in the total regression of melanoma tumors, and prevented them from growing back when the animals were exposed to the same tumor cells again four months later. The animals had built up an immune memory of the tumor. The team obtained a similar vaccination efficiency in a mouse lymphoma model.

"We think that DoriVac's value for determining a sweet spot in adjuvant delivery and enhancing the delivery and effects of coupled antigens can pave the way to more effective clinical cancer vaccines for use in patients with a variety of cancers," said Zeng. The team is currently translating the DoriVac platform toward its clinical application, which is supported by the study's assessment of vaccine distribution and vaccine-directed antibodies in mice, as well as cytokines produced by immune cells in response to the vaccines in vivo.

"The DoriVac platform is our first example of how our pursuit of what we call Molecular Robotics -- synthetic bioinspired molecules that have programmable shape and function -- can lead to entirely new and powerful therapeutics. This technology opens an entirely new path for development of designer vaccines with properties tailored to meet specific clinical challenges. We hope to see its rapid translation into the clinic," said Wyss Institute Founding Director Donald Ingber, M.D., Ph.D., who is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital, and the Hansjorg Wyss Professor of Bioinspired Engineering at SEAS.

Other authors on the study are Olivia Young, Christopher Wintersinger, Frances Anastassacos, James MacDonald, Giorgia Isinelli, Maxence Dellacherie, Miguel Sobral, Haiqing Bai, Amanda Graveline, Andyna Vernet, Melinda Sanchez, Kathleen Mulligan, Youngjin Choi, Thomas Ferrante, Derin Keskin, Geoffrey Fell, Donna Neuberg, Cathrine Wu, and Ick Chan Kwon. The study was funded by the Wyss Institute's Validation Project and Institute Project programs, Claudia Adams Barr Program at DFCI, Korean Fund for Regenerative Medicine (award #21A0504L1), Intramural Research Program of KIST (award #2E30840), and National Institutes of Health (under the i3 Center supporting U54 grant (award #CA244726-01).
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Protein fragments ID two new 'extremophile' microbes--and may help find alien life | ScienceDaily
Perfectly adapted microorganisms live in extreme environments from deep-sea trenches to mountaintops. Learning more about how these extremophiles survive in hostile conditions could inform scientists about life on Earth and potential life on other planets. In ACS' Journal of Proteome Research, researchers detail a method for more accurate extremophile identification based on protein fragments instead of genetic material. The study identified two new hardy bacteria from high-altitude lakes in Chile -- an environment like early Mars.


						
Even though humans tend to avoid settling in extremely hot, cold or high-altitude areas, some microorganisms have adapted to live in such harsh locations. These extremophile microbes are of interest to astrobiologists who are searching for life on other planets. Researchers currently use individual gene sequencing to identify Earth-bound microbes, based on their DNA. However, current methods can't distinguish closely related species of extremophiles. So, Ralf Moeller and colleagues investigated whether they could identify an extremophile by using its protein signature rather than a gene sequence.

The researchers started their demonstration with water samples from five high-altitude Andean lakes more than 2.3 miles above sea level in the Chilean Altiplano. (For reference, Denver is about one mile above sea level.) From the samples, the researchers cultivated 66 microbes and then determined which of two methods better identified the microorganisms:
    	Traditional gene sequencing compared the nucleotides of the 16s rRNA gene (a typical gene for sequence-based microbe analysis) from each sample to a database for identification.
    	The newer "proteotyping" technique analyzed protein fragments known as peptides to produce peptide signatures, which the team used to identify microorganisms from proteome databases.

With these methods, the researchers identified 63 of the 66 microorganisms that were cultivated from the high-altitude lake samples. For the three microorganisms that gene sequencing failed to identify because their genetic information wasn't in the available database, proteotyping identified two potentially new types of extremophile bacteria. These results suggest proteotyping could be a more complete solution for identifying extremophile microorganisms from small biological samples. The team says protein profiling could someday help us search for and identify extraterrestrial life and better explore the biodiversity on our own planet.

The authors acknowledge funding from the Federal Ministry of Education and Research-Association of German Engineers and the Association of Electrical, Electronic and Information Technologies Innovation + Technology grant; German Aerospace Center; German Research Foundation; an Occitania Region grant; and the Volkswagen Foundation. 
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Shark-bitten orcas in the Northeastern Pacific could be a new population of killer whale | ScienceDaily
UBC researchers believe a group of killer whales observed hunting marine mammals including sperm whales, as well as a sea turtle, in the open ocean off California and Oregon could be a new population.


						
Based on available evidence, the researchers posit in a new study published in Aquatic Mammals that the 49 orcas could belong to a subpopulation of transient killer whales or a unique oceanic population found in waters off the coast of California and Oregon.

"The open ocean is the largest habitat on our planet and observations of killer whales in the high seas are rare," said first author Josh McInnes, a masters student in the UBC Institute for the Oceans and Fisheries (IOF)."In this case, we're beginning to get a sense of killer whale movements in the open ocean and how their ecology and behaviour differs from populations inhabiting coastal areas."

Three ecotypes of killer whale live along the coasts of California and Oregon: 'residents', 'transients', and 'offshores'.

The unknown orcas have been spotted before but the new paper contains a weight of evidence gathered from nine encounters with 49 animals from 1997 to 2021, enough to form a solid hypothesis, the researchers said.

"It's pretty unique to find a new population. It takes a long time to gather photos and observations to recognize that there's something different about these killer whales," said co-author Dr. Andrew Trites, IOF professor.

The 49 killer whales could not be matched with any known animals through photos or descriptions. "In one of the first encounters researchers had with a pod of these oceanic killer whales, they were observed taking on a herd of nine adult female sperm whales, eventually making off with one. It is the first time killer whales have been reported to attack sperm whales on the west coast," said McInnes. "Other encounters include an attack on a pygmy sperm whale, predation on a northern elephant seal and Risso's dolphin, and what appeared to be a post-meal lull after scavenging a leatherback turtle."

Shark scars provide vital clue




A key clue to the new population's presumed habitat range lies in cookiecutter shark bite scars observed on almost all of the orcas. This parasitic shark lives in the open ocean, meaning the new population primarily inhabit deep waters far from land.

The orcas also feature physical differences from the three main ecotypes, including in their dorsal fins and saddle patches -- the grey or white patches by the fin. "While the sizes and shapes of the dorsal fins and saddle patches are similar to transient and offshore ecotypes, the shape of their fins varied, from pointed like transients to rounded like offshore killer whales," said McInnes. "Their saddle patch patterns also differed, with some having large uniformly gray saddle patches and others having smooth narrow saddle patches similar to those seen in killer whales in tropical regions."

Along with marine mammal stock assessment surveys, fishermen and passengers on an open-ocean birding expedition and whale-watching tour also provided observations of the unidentified killer whales, said Dr. Trites. Spotting the new population has become something of a hobby among fishermen, some of whom have bought cameras for their trips specifically to snap an encounter, the researchers said.

The researchers hope to document more sightings and gather more information, including acoustic data about the orcas' calls and genetic information from DNA samples to further investigate how these killer whales may differ, or not, from already documented populations.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240315160901.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Breakthrough could make automated dosing systems universal | ScienceDaily
Rice University synthetic biologists have found a way to piggyback on the glucose monitoring technology used in automated insulin dosing systems and make it universally applicable for the monitoring and dosing of virtually any drug.


						
In a recently published study in Nature Communications, researchers in the lab of Caroline Ajo-Franklin demonstrated the technique by modifying a blood-glucose sensor to detect the anticancer drug afimoxifene , an estrogen inhibitor that patient's bodies also make after they take the chemotherapy tamoxifen.

By building on mature biosensing technology that's commercially available at most drug stores for under $20, Ajo-Franklin's team hopes to speed the development of automated dosing systems for chemotherapies and other drugs as well as other technologies for real-time monitoring of biomarkers in the blood.

"The dream is to have technology similar to what's available today for monitoring and treating variations in blood glucose, and have that be true for basically any drug," said Ajo-Franklin, a bioscientist, cancer researcher and director of the Rice Synthetic Biology Institute . "Millions of people use blood-glucose monitors every day. If we can use that same basic technology to monitor other drugs and biomarkers, we could move away from the one-size-fits-all dosing regimes that we're stuck with today."

The heart of blood-glucose monitoring technology is a biochemical reaction in which specific proteins bind to glucose molecules and release electrons. Millions of these reactions take place within seconds, creating a small electrical current that is proportional to the amount of glucose in the blood sample.

Rong Cai , a postdoctoral research associate and the lead author of the study, tested more than 400 slightly modified versions of the electron-releasing protein and found a version that reacted with afimoxifene, reducing the current output from the glucose reaction in the blood. This allowed the team to detect the presence of afimoxifene by comparing the current produced by the regular glucose test to the reduced current from the modified test.

To demonstrate the technology in an electronic device, Ajo-Franklin's team worked with the research group of Rice engineer and materials scientist Rafael Verduzco to create an afimoxifene sensor that emitted a current when the drug was detected.




Ajo-Franklin said her lab is already working on both ways to improve the sensitivity of glucose-based drug tests and methods to rapidly identify glucose-oxidizing proteins that can detect drugs other than afimoxifene.

"The glucometer is the part that's so well-developed," Cai said. "While our target is different, it's just a matter of engineering and changing the protein on the inside. On the outside, everything will still be the same. You can still do the test with a strip or on your arm."

She said another key feature of the technology is that it produces an electrical output.

"If your signal is electrical, you can read it in your phone, store its data in your phone, send it to the cloud, whatever," Cai said. "That's the part, that marriage between electricity and biology, that is very attractive."

Ajo-Franklin is a professor of biosciences in the Weiss School of Natural Sciences and a CPRIT Scholar in Cancer Research with the Cancer Prevention and Research Institute of Texas (CPRIT). Verduzco is a professor of chemical and biomolecular engineering and of materials science and nanoengineering in the George R. Brown School of Engineering .

The research was supported by CPRIT (RR190063), the National Science Foundation (1828869, 2223678) and the Army Research Office (W911NF-22-1-0239).
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        Alaska Native tribes take lead on shellfish toxin testing where state falls short
        A group of coastal Alaska Native tribes in 2016 began monitoring shellfish, a traditional harvest, for deadly biotoxins because the state only tests commercial harvests. The program fills an essential gap in public health protection and has found success, with 17 tribes now in the testing network. Securing stable, long-term funding and improving public outreach could improve outcomes even further, a new study reports.

      

      
        High school students contribute to exoplanet discovery
        A group of high school students from Oakland, California, made contributions to the field of exoplanet research. Researchers worked with the students to use backpack-sized digital smart telescopes. These young citizen scientists played a role in observing and confirming the nature of a warm and dense sub-Saturn planet, known as TIC 139270665 b, orbiting a metal-rich G2 star.

      

      
        Perceived gender discrimination linked to decline in wellbeing for older women
        A study of more than 3,000 middle-aged and older women living in England showed that those who believed they had encountered gender discrimination were more likely to report declines in wellbeing over time.

      

      
        Fear may lead women and men to make different decisions when choosing short-VS-long-term rewards
        Fear may affect women's decisions in choosing immediate rewards versus larger delayed ones, while men's decisions appear unaffected by emotion, according to a new study.

      

      
        Earlier retirement for people with chronic musculoskeletal pain
        Frequent musculoskeletal pain is linked with an increased risk of exiting work and retiring earlier, according to a new study.

      

      
        Social bonding gets people on the same wavelength
        When small hierarchical groups bond, neural activity between leaders and followers aligns, promoting quicker and more frequent communication, according to a new study.

      

      
        Low social status increases risk of health problems from alcohol problems
        Men and women with lower income or education levels are more likely to develop medical conditions related to alcohol abuse compared to similar individuals with a higher socioeconomic status, according to a new study.

      

      
        Sea surface temperature research provides clear evidence of human-caused climate change
        Claims that climate change is natural are inconsistent with new oceanic temperature trends.

      

      
        Powerful new AI can predict people's attitudes to vaccines
        A powerful new tool in artificial intelligence is able to predict whether someone is willing to be vaccinated against COVID-19.

      

      
        While social media changes over decades, conversation dynamics stay the same, new study suggests
        A new study has identified recurring, 'toxic' human conversation patterns on social media, which are common to users irrespective of the platform used, the topic of discussion, and the decade in which the conversation took place.

      

      
        Feeling apathetic? There may be hope
        A new method that aims to help people develop grit looks promising.

      

      
        New technique helps AI tell when humans are lying
        Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.

      

      
        Study shows middle-aged Americans are lonelier than European peers, suggests loneliness in midlife is endemic
        New research has shown that not only are middle-aged Americans lonelier than their same-age peers in Europe, but levels of loneliness are also increasing across generations in the U.S. and Europe.

      

      
        Laws that punish drug use during pregnancy likely lead to worse health outcomes for families, study finds
        Contrary to some claims, laws that criminalize or otherwise punish drug use during pregnancy are more likely to worsen rather than improve health outcomes. The study is the first to systematically review the literature on punitive prenatal drug laws -- an increasingly common state policy strategy for addressing rising rates of prenatal drug use.

      

      
        Study estimates nearly 70 percent of children under six in Chicago may be exposed to lead-contaminated tap water
        A new analysis estimates that 68 percent of Chicago children under age six live in households with tap water containing detectable levels of lead.

      

      
        Virtual reality better than video for evoking fear, spurring climate action
        Depicting worst-case climate scenarios like expanding deserts and dying coral reefs may better motivate people to support environmental policies when delivered via virtual reality, according to a research team that studied how VR and message framing affect the impact of environmental advocacy communications. The study findings may help advocacy groups decide how best to frame and deliver their messages.

      

      
        Global wildlife study during COVID-19 shows rural animals are more sensitive to human activity
        One of the largest studies on wildlife activity reveals that wild animals react differently to humans depending on where the animals live and what they eat. Bigger herbivores -- plant-eating animals like deer or moose -- tend to become more active when humans are around, while meat-eaters like wolves or wolverines tend to be less active, preferring to avoid risky encounters.

      

      
        Landmark study shows that 'transcendent' thinking may grow teens' brains over time
        Scientists find that adolescents who grapple with the bigger meaning of social situations experience greater brain growth, which predicts stronger identity development and life satisfaction years later.

      

      
        Less social with age
        Scientists tested several hypotheses on the drivers of social aging in free-living Assamese macaques in Thailand. The researchers collected data on the social behavior of females for eight years and found that the size of their social networks decreases with increasing age. The females continued to interact with their close social partners, but gradually withdrew from social interactions altogether. The results contribute to the understanding of the evolutionary origins of social aging.
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Alaska Native tribes take lead on shellfish toxin testing where state falls short | ScienceDaily
A group of coastal Alaska Native tribes in 2016 began monitoring shellfish, a traditional harvest, for deadly biotoxins because the state only tests commercial harvests. The program fills an essential gap in public health protection and has found success, with 17 tribes now in the testing network. Securing stable, long-term funding and improving public outreach could improve outcomes even further, a new study reports.


						
Toxins from some types of algae blooms can accumulate in shellfish and, when consumed, cause paralytic shellfish poisoning (PSP). Even small quantities of the toxin can lead to death. Alaska tests commercially sold shellfish, and the state's Division of Environmental Health advises against eating shellfish harvested from beaches that have not been recently tested.

But because local community shellfish harvests are not for commercial sale, the shellfish can't be tested with the state. Coastal indigenous communities are at high risk of poisoning because many depend on traditional wild-harvested shellfish. Between 1993 and 2021, Alaska Natives suffered 53% of recorded PSP cases despite only making up 16% of Alaska's population.

In 2014, Alaska Native tribes founded the Southeast Alaska Tribal Ocean Research network (SEATOR), with early testing beginning in 2016. SEATOR's tribal partners regularly collect shellfish samples, encourage community members to collect and send in their own shellfish for testing, and share toxin data with communities to inform harvesting decisions. Seventeen tribal communities are now involved, increasing participation and risk awareness.

Even with this success, funding and community perceptions around risks limit how widespread and effective the toxin testing program can be, the study reports.

"Shellfish harvesting is central to coastal Alaska Native culture," said Hugh Roland, an environmental sociologist at the University of Alabama at Birmingham who led the study. "Filling this gap between commercial shellfish testing and community needs is critical, especially for rural communities that rely more heavily on shellfish. And to do that, we really need to understand how the testing network has been effective, as well as what has constrained testing efforts and capacities. Then we can address those barriers, and communities can continue their traditions safely."

The study was published in GeoHealth, which publishes research investigating the intersection of human and planetary health for a sustainable future.




In testing we trust?

To understand the barriers to the program's reach and effectiveness across Alaska and how it is perceived by communities, Roland and his collaborators interviewed 27 SEATOR staff who help manage testing, and they also interviewed other individuals with shellfish toxin expertise. They discussed several broad themes: community perceptions of toxin testing and the risks of shellfish harvesting; the status of toxin testing in those communities; and barriers to or facilitators of the actual toxin testing process.

Overall, the researchers found that communities with active toxin testing were very aware of shellfish poisoning, but reactions varied widely. Some people were less concerned, relying on personal experience with the safety of the traditional shellfish harvest. Others took the risk of PSP so seriously that they stopped harvesting shellfish altogether.

"It's about bringing both sides to the middle," said Jacob Kohlhoff, the environmental education coordinator for the Sitka Tribe. "We want to show that harvesting is good. We don't want to stop it. But we have to do it safely."

But successful risk communication relies on consistent, timely testing, which can be a problem. The program struggled with delays particularly during the height of the COVID-19 pandemic, with the testing facility closed between October 2021 and February 2023 and delays in testing until July 2023.

That halt in testing just a few years into the program damaged trust with communities, interviewees said. People don't want to keep shellfish in the freezer indefinitely while they're waiting for test results, especially if they're relying on it for food during lean winter months.




"Full-scale testing had just begun in late 2018 and was relatively new, so trust eroded pretty quickly," Kohlhoff said. It has been difficult to get people to buy back into the program when it seems like testing could stop again at any time, he said.

Climate change is further complicating risk communication, Roland said. As coastal waters warm and their nutrient fluxes change, harmful algae blooms -- the source of shellfish toxins -- are becoming more frequent and widespread, and they are occurring over a longer season. Historically, winter was a safe time to harvest, but "things are changing," one participant said. "We find paralytic shellfish toxins in our shellfish pretty much year-round at this point."

Room for improvement

The researchers found major barriers related to the communities' remoteness, which makes it more difficult to work and attract workers, and low and unreliable funding from grants.

The first issue is geographic: Many Southeast Alaska Native communities are deeply isolated and difficult to get to. There, the cost of living is high, and housing is limited and expensive. Those factors make carrying out sampling difficult, and it can be a tough sell for would-be staff members.

The second hurdle is financial. The toxin testing is funded by a series of grants, each supporting novel work and each lasting only a few years. However, more rural communities with fewer resources are less able to apply for these grants. The need to apply for new funding every few years also contributes to high staff turnover. SEATOR enables communities to better pool resources and apply for grants together, but applying still takes staff time and resources.

Despite these barriers, the toxin testing program has enabled small or remote tribes to take the safety of traditional harvests into their own hands when the state falls short. The network's success could serve as a model for other community-led environmental health efforts elsewhere, Roland said.
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High school students contribute to exoplanet discovery | ScienceDaily
In a project aimed at democratizing science and fostering educational enrichment, a group of high school students from the Galaxy Explorer program at the Chabot Space & Science Center in Oakland, California, made contributions to the field of exoplanet research. Researchers from the SETI Institute worked with the students to use backpack-sized digital smart telescopes provided by Unistellar; these young citizen scientists played a role in observing and confirming the nature of a warm and dense sub-Saturn planet, known as TIC 139270665 b, orbiting a metal-rich G2 star.


						
"By using new technology available with digital smart telescopes, we can take large steps towards the democratization of modern astronomy and education since the outcomes of initiatives like this can contribute to both astronomical research and education with easy-to-use and increasingly accessible technology," said Dr. Dan Peluso, SETI Institute Affiliate. "In such endeavors, participants are 'learning by doing' and the doing is not some meaningless task. Instead, the 'doing' is the astronomical data collection, which in the past has been mostly left to professional astronomers and their observatories, or with highly skilled citizen astronomers with technical telescope setups. With TIC 139270665 b, our high school students had a challenging but meaningful task -- capture the second transit of an exoplanet with a poorly understood orbital period. These students were engaged, inspired, and were easily able to setup and control the Unistellar telescopes with very little training. Citizen science opportunities like this and new technology with digital smart telescopes represent a fundamental shift and revolution for how we can approach and perform astronomical research moving forward."

The discovery of TIC 139270665 b, the densest known warm sub-Saturn within the TESS (Transiting Exoplanet Survey Satellite) family, marks a milestone in exploring exoplanets. The initial clues of TIC 139270665 b's existence was initially discovered by a citizen science group inspecting TESS photometric data, highlighting the role of public engagement in advancing scientific knowledge. Through further study by analyzing radial velocity data from the Lick Observatory, Peluso and Dr. Paul Dalba and their team were able to confirm that TIC 139270665 b is indeed a planet and even has a sibling planet, TIC 139270665 c. The photometric data from the global Unistellar Citizen Science Network, including the Galaxy Explorers, was not able to definitively confirm a second transit with 100% confidence, however, their data was useful for the exoplanet study since it helped to rule out times when a transit was not happening and because it helped the scientists to learn valuable lessons about how to approach citizen scientist campaigns such as this in the future.

The SETI Institute is the scientific partner of the Unistellar network, known for its global distribution of citizen astronomers. Citizen astronomers with Unistellar telescopes collected data that furthered the understanding of this exoplanet's orbital period and characteristics as part of the Unistellar Network Investigating TESS Exoplanets (UNITE) program, a NASA citizen science project that is part of the Unistellar Transiting Exoplanets campaign. This effort, funded by the Gordon and Betty Moore Foundation and NASA, contributes to the scientific community's knowledge of planetary formation and evolution and is an educational initiative integrating young students into astrophysics data collection.

The high school students' involvement in this research underscores the potential of hands-on science education to motivate and engage young minds. Through their participation, students gained real-life skills and insights into the scientific process, from planning and conducting observations to analyzing data and contributing to a scientific publication, on which they are all co-authors. This experience demonstrates the power of blending educational empowerment with research, allowing students to contribute to our understanding of the universe.

"This experience further propelled my fascination with the subject of astronomy, specifically in regard to exoplanetary science," said Serina Jain, student at San Francisco University High School. "Working on this observation fueled my joy of engaging in astrophysics research and my plans to pursue this as a major in college, as well as my love of sharing astronomy with others. Since helping Dr. Peluso with this observation, I have been able to bring even more passion and knowledge to my role as co-founder and leader of the San Francisco University High School Astronomy Club. This past summer, I went on to partake in a 7-week lab internship with the California Institute of Technology (Caltech) Mawet Astrophysics Lab, researching in exoplanet detection by way of direct imaging, using coronagraphy and spectroscopy. My inspiration to seek this involvement largely stemmed from my overwhelmingly positive experience working on this observation with Dr. Peluso."

This initiative is a testament to the collaborative spirit of the scientific and educational communities. It showcases how integrating citizen science and education can lead to discoveries and inspire the next generation of scientists and explorers. The high school students' enthusiasm for this project is a beacon of hope for the future of scientific inquiry and education, proving that young minds can contribute to our understanding of the cosmos when given the opportunity.

As we continue to explore the vast expanse of space, the contributions of these young citizen scientists remind us of the pivotal role of education and public engagement in the pursuit of knowledge and discovery. The future of astronomy and space exploration is bright, with students like those in the Galaxy Explorer program leading the way toward new horizons and uncovering the mysteries of the universe.

This research was funded by the Gordon and Betty Moore Foundation (#10561) and NASA Citizen Science Seed Funding Program grant (Goddard-80NSSC22K113), with additional funding from the NSF Astronomy and Astrophysics Postdoctoral Fellowship (AST-1903811) and the 51 Pegasi b Postdoctoral Fellowship, courtesy of the Heising-Simons Foundation.
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Perceived gender discrimination linked to decline in wellbeing for older women | ScienceDaily
A study of more than 3,000 middle-aged and older women living in England showed that those who believed they had encountered gender discrimination were more likely to report declines in wellbeing over time. Ruth Hackett of King's College London, UK, and colleagues present these findings in the open-access journal PLOS ONE on March 20, 2024.


						
Prior research suggests that people who perceive that they have experienced gender discrimination are more likely to report poorer mental wellbeing. However, most studies have not examined wellbeing over time, or have focused on younger women.

To better understand this relationship among older women, Hackett and colleagues analyzed data from 3,081 women enrolled in the English Longitudinal Study of Ageing (ELSA), which follows a large group of people over 50 years of age.

In 2010 or 2011, each woman answered questions about how often they encountered different discriminatory situations -- such as being harassed or being treated with less respect or courtesy -- and whether they attributed that discrimination to their gender or another characteristic, such as race or age. At two points in time, each woman also answered standard questionnaires for evaluating mental wellbeing; once in 2010 or 2011 and again in 2016 or 2017.

9.2 percent of the women reported perceived gender discrimination, most commonly situations where they were treated with less respect or courtesy. Overall, those who perceived gender discrimination also reported more depressive symptoms, more loneliness, and lower quality of life and life satisfaction. Between the two time points, they were more likely to report declines in quality of life and life satisfaction, as well as increased loneliness. These results held true after statistically accounting for other wellbeing-related factors, such as age, wealth, and physical activity.

The findings suggest that perceived gender discrimination may be linked to declines in mental wellbeing for middle-aged and older women, prompting the researchers to call for more efforts to address gender discrimination. They also note the need for further research to clarify the mechanisms driving this link and to address the limitations of their study, such as its lack of non-white participants.

The authors add: "We found that middle-aged and older women who perceived sexism were more likely to be depressed and lonely than women who did not perceive sexism. These women also reported low levels of life satisfaction and poor quality of life. The study findings are particularly concerning as they indicate an enduring impact of gender-based discrimination on mental health and wellbeing six years later."
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Fear may lead women and men to make different decisions when choosing short-VS-long-term rewards | ScienceDaily
Fear may affect women's decisions in choosing immediate rewards versus larger delayed ones, while men's decisions appear unaffected by emotion, according to a study published March 20, 2024 in the open-access journal PLOS ONE by Eleonora Fiorenzato, Patrizia Bisiacchi, and Giorgia Cona from the University of Padua, Italy.


						
Decision making is complex and still not fully understood, especially when weighing short- versus long-term benefits or costs. The known phenomenon "delay discounting" describes the common tendency to prefer an immediate reward rather than a later one, even if the later reward is significantly greater. In this study, Fiorenzato and colleagues examined how emotions like fear and joy, along with gender, affect decision making, especially when weighing immediate versus later rewards.

The authors recruited 308 participants (63 percent women, 37 percent men) via a social media survey. Survey participants were shown a brief standardized and validated movie clip intended to induce an emotional state -- for the fear group, this was a scary movie, like The Sixth Sense or Silence of the Lambs; for the joy group, this was a positive documentary clip with subjects like forests or waterfalls; the neutral affect group watched a documentary clip on urban environments. Then, the subjects were asked hypothetical reward questions such as: "Would you rather have EU20,000 today or EU40,000 after 3 years?"

Women in the fear group were significantly more likely to use "delay discounting" when choosing financial rewards (selecting the immediate, smaller amount) compared to men in the fear group or women in the joy or neutral movie groups. There were no significant gender differences for decisions made across the joy or neutral movie groups, and men's decision-making on monetary rewards appeared to be unaffected by their emotional state. The findings suggest that fear specifically might provoke different types of time-bound decision making for women versus men -- the authors speculate these may be due to either differences in evolutionary strategies around safety versus risk, or different emotion-regulation approaches in stressful situations.

The authors note that the sample size and range of emotions studied here is relatively small compared to the real world. However, the suggestion that emotions (particularly negative ones such as fear) and gender do interact with regard to intertemporal choices warrants further investigation.

The authors add: "Women are more prone to choose immediate rewards when in a fearful emotional state than when in joyful one. Our research underscores the importance of gender as an influential factor in the interaction between emotions and decision-making processes."
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Earlier retirement for people with chronic musculoskeletal pain | ScienceDaily
Frequent musculoskeletal pain is linked with an increased risk of exiting work and retiring earlier, according to a new study from the University of Portsmouth.


						
The paper published this week in open-access journal PLOS ONE found the association between musculoskeletal pain and retiring earlier persisted even after accounting for working conditions, job satisfaction and sex.

Dr Nils Niederstrasser and colleagues used data on 1,156 individuals aged 50+ living in England who took part in the English Longitudinal Study of Ageing. Over the course of the 14-year data collection period, 1,073 of the individuals retired.

The researchers found that people with musculoskeletal pain complaints tended to retire earlier compared to pain-free participants. Participants suffering from musculoskeletal pain were also 1.25 times more likely to cease work sooner, whether or not they described themselves as retired.

Previous studies have shown higher rates of absenteeism, reduced working capacity and reduced income for people with chronic musculoskeletal pain, but few studies have specifically focused on the effects of chronic pain on the employment status of older populations.

Dr Niederstrasser, from the University's Department of Psychology, said: "The older you get, the more prevalent pain becomes. This paper really highlights the scope of the problem, which found that pain -- above and beyond all other variables -- is predicting whether or not someone retires earlier."

Other factors associated with earlier retirement age included higher work dissatisfaction and higher self-perceived social status. Frequent musculoskeletal pain remained a significant predictor of earlier retirement and risk of finishing work at earlier ages even when taking into account the influence of job satisfaction, depressive symptoms, self-perceived social status, sex, and working conditions.

The authors conclude that pain experiences can lead to poor work outcomes and point out that further research should establish the mechanisms and decision making involved in leaving the workforce for people with frequent musculoskeletal pain.

Dr Niederstrasser added: "It is remarkable that pain predicts earlier retirement and work cessation to a similar extent or even more strongly than other variables, such as job satisfaction or specific job demands. It shows just how much impact pain can have on all aspects of people's lives.

"For people to remain in the workforce in good health, pain needs to be addressed much earlier on. If people retire earlier because they can't work anymore, but they don't necessarily have the pension built up or the income to support themselves, we're heading towards a crisis. We already have problems with older people living in poverty, and this is only going to get worse."
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Social bonding gets people on the same wavelength | ScienceDaily
When small hierarchical groups bond, neural activity between leaders and followers aligns, promoting quicker and more frequent communication, according to a study published on March 19 in the open-access journal PLOS Biology by Jun Ni from Beijing Normal University, China, and colleagues.


						
Social groups are often organized hierarchically, where status differences and bonds between members shape the group's dynamic. To better understand how bonding influences communication within hierarchical groups and which brain regions are involved in these processes, the researchers recorded 176 three-person groups of human participants (who had never met before) while they communicated with each other, sitting face-to-face in a triangle. Participants wore caps with fNIRS (functional near-infrared spectroscopy) electrodes to non-invasively measure brain activity while they communicated with their group members. Each group democratically selected a leader, so each group of three ultimately included one leader and two followers. After strategizing together, groups played two economic games designed to test their willingness to make sacrifices to benefit their group (or harm other groups).

Experimenters assigned some triads to go through a bonding session, where they were grouped according to color preferences, given uniforms, and led through an introductory chat session to build familiarity. Bonded groups spoke more freely and bounced between speakers more frequently and rapidly, relative to groups that didn't experience this bonding session. This bonding effect was stronger between leaders and followers than between two followers. Neural activity in two brain regions linked to social interaction, the right dorsolateral prefrontal cortex (rDLPFC) and the right temporoparietal junction (rTPJ), aligned between leaders and followers if they had bonded. The authors state that this neural synchronization suggests that leaders may be anticipating followers' mental states during group decision-making, though they acknowledge that their findings are restricted to East Asian Chinese individuals communicating via text (without non-verbal cues), whose culture emphasizes group cohesion and commitment towards group leaders.

The authors add, "Social bonding increases information exchange and prefrontal neural synchronization selectively among individuals with different social statuses, providing a potential neurocognitive explanation for how social bonding facilitates the hierarchical structure of human groups."
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Low social status increases risk of health problems from alcohol problems | ScienceDaily
Men and women with lower income or education levels are more likely to develop medical conditions related to alcohol abuse compared to similar individuals with a higher socioeconomic status. Alexis Edwards of Virginia Commonwealth University, US, and colleagues report these findings in a new study published March 19 in the open access journal PLOS Medicine.


						
The World Health Organization estimates that harmful alcohol use accounts for 5.1% of the global burden of disease and injury worldwide, and results in three million deaths each year. Excessive alcohol consumption can also take an economic toll. Previous studies have identified links between a person's socioeconomic status and alcohol use, but currently it is unclear how an individual's social class impacts their future risk of acquiring alcohol-related medical conditions, like alcoholic liver disease.

In the new study, researchers used a model that follows people over time to estimate their risk of developing medical conditions from alcohol abuse using two indicators for socioeconomic status: income and education level. The researchers analyzed data from more than 2.3 million individuals in a Swedish database to show that both men and women with a lower income or education level were more likely to develop these conditions. The associations held true, even when researchers controlled for other relevant factors, such as marital status, history of psychiatric illness and having a genetic predisposition to abuse alcohol.

The new findings are important for understanding which populations are most likely to suffer from medical conditions resulting from alcohol abuse, and contribute to a growing body of literature on health disparities that stem from socioeconomic factors. The researchers recommend that individuals with lower income or education levels might warrant additional screening by clinicians to evaluate their alcohol consumption and identify related conditions.

The authors add, "Among individuals with an alcohol use disorder, those with lower levels of education or lower incomes are at higher risk for developing an alcohol-related medical condition, such as cirrhosis or alcoholic cardiomyopathy. Additional screening and prevention efforts may be warranted to reduce health disparities."
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Sea surface temperature research provides clear evidence of human-caused climate change | ScienceDaily
New oceanic research provides clear evidence of a human "fingerprint" on climate change and shows that specific signals from human activities have altered the seasonal cycle amplitude of sea surface temperatures (SST).


						
"This is breakthrough evidence that there is a human-caused climate change signal in ocean temperatures associated with CO2 increases," according to co-author Benjamin Santer, an adjunct scientist and distinguished scholar in the Physical Oceanography Department at Woods Hole Oceanographic Institute (WHOI).

"We show that a human-caused signal in the seasonal cycle of sea surface temperature (SST) has emerged from the noise of natural variability. Geographical patterns of changes in SST seasonal cycle amplitude (SSTAC) reveal two distinctive features: an increase at Northern Hemisphere mid-latitudes related to mixed-layer depth changes, and a robust dipole pattern between 40 S and 55 S which is mainly driven by surface wind changes," according to the journal article, "The emerging human influence on the seasonal cycle of sea surface temperature," published in Nature Climate Change.

"The evidence we found is very clear. Our research is based on four different observational data sets of sea surface ocean temperature. We analyzed data from various monitoring systems, including satellite records and ocean measurements that WHOI has been collecting from ships and floats since 1950. All of this data provided the same story and the same conclusion: that the human-caused signal in SSTAC is very strong and has a very distinctive pattern," reported co-lead author Dr. Jia-Rui Shi, Postdoc with WHOI.

The model-predicted pattern of SSTAC change is identifiable with high statistical confidence in four different observed SST products and in 51 individual model realizations of historical climate evolution. Simulations with historical changes in individual forcing reveal that greenhouse gas increases are the primary driver of changes in SSTAC, with smaller but distinct contributions from anthropogenic aerosol and ozone forcing.

The research was motivated by earlier work by Santer, who has worked on climate fingerprinting for more than 30 years. Previous studies used satellite records to identify human fingerprints in the changing seasonal cycle of mid-to-upper tropospheric temperature. However, this is the first fingerprinting study that reveals detailed patterns of climate change in seasonal sea surface temperatures.

"The seasonal cycle amplitude of sea surface temperature is changing and becoming stronger. One of our biggest findings is that warming is greater in the summer than in the winter. In both the northern and southern hemispheres, the mixed-layer depths of the ocean are becoming thinner which can significantly amplify summer temperatures," stated Shi. "The warming in the northern hemisphere is more extreme, associated with smaller ocean basin sizes. In the southern hemisphere, we discovered that sea surface temperature changes are largely driven by wind shift patterns caused by atmospheric warming."

"This research rebuts claims that recent temperature changes are natural, whether due to the Sun or due to internal cycles in the climate system. A natural explanation is virtually impossible in terms of what we are looking at here: changes in the seasonal temperatures of the ocean," stated Santer. "This research further rules out the claim that we don't need to treat climate change seriously because it is natural."




"This robust human fingerprint in the seasonal cycle of ocean surface temperature is expected to have wide-ranging impacts on marine ecosystems. This can dramatically influence fisheries and the distribution of nutrients," said Shi. "Gaining insight into the anthropogenic influence on seasonality is of scientific, economic, and societal importance."

In 2023, the upper ocean heat content was the highest on record, leading to strong concern in the scientific community. The ocean absorbs roughly 90 percent of the Earth's excess heat from global warming and plays a vital role in regulating planetary climate systems.

"Ocean temperatures are literally off the charts. A lot of people want to know what is happening," said Santer. "A big part of the answer is that human activities have gradually warmed the world's oceans. The scientific community has been focused on changes in the ocean's annual average temperature. This paper shows that it's also critically important to perform fingerprinting with seasonal changes," said Santer.

The ocean is a vital carbon sink, absorbing 25 percent of the carbon dioxide that we produce by burning fossil fuels. However, the ability of the ocean to absorb CO2 is temperature dependent. As the ocean warms, it is critical that we understand how the ability of the oceans to absorb CO2 is affected.

"As oceans absorb carbon dioxide, it creates widely reported acidification which can negatively impact marine organisms. If we start altering the pH of the ocean, we risk affecting the structural integrity of organisms at the base of the food chain," said Shi.

"We now face important decisions, in the United States and globally, on what to do about climate change. Those decisions should be based on our best scientific understanding of the reality and seriousness of human effects on average climate and on the seasons," stated Santer.
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Powerful new AI can predict people's attitudes to vaccines | ScienceDaily
A powerful new tool in artificial intelligence is able to predict whether someone is willing to be vaccinated against COVID-19.


						
The predictive system uses a small set of data from demographics and personal judgments such as aversion to risk or loss.

The findings frame a new technology that could have broad applications for predicting mental health and result in more effective public health campaigns.

A team led by researchers at the University of Cincinnati and Northwestern University created a predictive model using an integrated system of mathematical equations describing the lawful patterns in reward and aversion judgment with machine learning.

"We used a small number of variables and minimal computational resources to make predictions," said lead author Nicole Vike, a senior research associate in UC's College of Engineering and Applied Science.

"COVID-19 is unlikely to be the last pandemic we see in the next decades. Having a new form of AI for prediction in public health provides a valuable tool that could help prepare hospitals for predicting vaccination rates and consequential infection rates."

The study was published in the Journal of Medical Internet Research Public Health and Surveillance.




Researchers surveyed 3,476 adults across the United States in 2021 during the COVID-19 pandemic. At the time of the survey, the first vaccines had been available for more than a year.

Respondents provided information such as where they live, income, highest education level completed, ethnicity and access to the internet. The respondents' demographics mirrored those of the United States based on U.S. Census Bureau figures.

Participants were asked if they had received either of the available COVID-19 vaccines. About 73% of respondents said they were vaccinated, slightly more than the 70% of the nation's population that had been vaccinated in 2021.

Further, they were asked if they routinely followed four recommendations designed to prevent the spread of the virus: wearing a mask, social distancing, washing their hands and not gathering in large groups.

Participants were asked to rate how much they liked or disliked a randomly sequenced set of 48 pictures on a seven-point scale of 3 to -3. The pictures were from the International Affective Picture Set, a large set of emotionally evocative color photographs, in six categories: sports, disasters, cute animals, aggressive animals, nature and food.

Vike said the goal of this exercise is to quantify mathematical features of people's judgments as they observe mildly emotional stimuli. Measures from this task include concepts familiar to behavioral economists -- or even people who gamble -- such aversion to risk (the point at which someone is willing to accept potential loss for a potential reward) and aversion to loss. This is the willingness to avoid risk by, for example, obtaining insurance.




"The framework by which we judge what is rewarding or aversive is fundamental to how we make medical decisions," said co-senior author Hans Breiter, a professor of computer science at UC. "A seminal paper in 2017 hypothesized the existence of a standard model of the mind. Using a small set of variables from mathematical psychology to predict medical behavior would support such a model. The work of this collaborative team has provided such support and argues that the mind is a set of equations akin to what is used in particle physics."

The judgment variables and demographics were compared between respondents who were vaccinated and those who were not. Three machine learning approaches were used to test how well the respondents' judgment, demographics and attitudes toward COVID-19 precautions predicted whether they would get the vaccine.

The study demonstrates that artificial intelligence can make accurate predictions about human attitudes with surprisingly little data or reliance on expensive and time-consuming clinical assessments.

"We found that a small set of demographic variables and 15 judgment variables predict vaccine uptake with moderate to high accuracy and high precision," the study said. "In an age of big-data machine learning approaches, the current work provides an argument for using fewer but more interpretable variables."

"The study is anti-big-data," said co-senior author Aggelos Katsaggelos, an endowed professor of electrical engineering and computer science at Northwestern University. "It can work very simply. It doesn't need super-computation, it's inexpensive and can be applied with anyone who has a smartphone. We refer to it as computational cognition AI. It is likely you will be seeing other applications regarding alterations in judgment in the very near future."
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While social media changes over decades, conversation dynamics stay the same, new study suggests | ScienceDaily

In particular, the study suggests that prolonged conversations on social media are more prone to toxicity, and polarisation, when divergent viewpoints from debate lead to an escalation of online disagreement.

Contrary to the prevailing assumption, the study suggests that toxic interactions do not deter users from engagement, they actively participate in conversations. It also suggests that toxicity does not necessarily escalate as discussions evolve.

The study was led by the Center for Data Science and Complexity for Society at the Department of Computer Science, Sapienza University of Rome, in collaboration with City, University of London and the Institute of Complex Systems, CNR, Rome.

Growing concern surrounds the impact of social media platforms on public discourse and their influence on social dynamics, especially in the context of toxicity.

The study employed a comparative approach across eight social media platforms to explore critical factors related to the persistence of toxic interactions in digital communities. The platforms included the more contemporary Facebook, Reddit, Gab, and YouTube, and the older USENET, a worldwide distributed discussion system established in 1980 -- over a decade before the world wide web went online to the general public. The dataset comprised more than 500 million user comments spanning a period of 34 years.

The study analysis adopted the definition of 'toxicity' provided by state-of-the-art classifier software, which considers toxicity as "a rude, disrespectful or unreasonable comment likely to make someone leave a discussion."

The core finding of the study indicates a complex interaction between harmful content and participation in online debates. It suggests user resilience to negativity in digital environments, and should inform policymakers' understanding of those environments and consequent decision making.




Despite the evolution of social media platforms and changing social norms over three decades, the study findings represent a significant consistency in user interaction dynamics based on a constant human component.

Professor Walter Quattrociocchi, Lead at the Center for Data Science and Complexity for Society at the Department of Computer Science, Sapienza University of Rome, said:

"This research represents a significant advancement in understanding online social dynamics and how they are influenced by algorithms, moving beyond the focus on single platforms. The results underscore the broad implications of algorithmic influence on social interactions.

"The study highlights the crucial importance of data science in analysing and interpreting online human behaviour, confirming that toxic behaviour is a deeply ingrained aspect of digital interactions."

Co-author of the study, Andrea Baronchelli, Professor of Complexity Science at City, University of London, Token Economy theme lead at The Alan Turing Institute, said:

"Analysing multiple platforms is key to isolating genuinely human behavioural patterns from simple reactions to the idiosyncratic online environments. The attention is too often focused on the specific platform, forgetting human nature. Our study is an important step to change this attitude and move the spotlight back on who we are and how we act."
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Feeling apathetic? There may be hope | ScienceDaily
Do you sometimes feel like you just can't be bothered? Would you like to have exercised more, learned a new language or taken more education, but you feel that everything is too much effort?


						
If so, you probably need more grit and belief in your ability to achieve things. A recent pilot study has sparked hope, and more research will show whether this new method can help more people.

The key is to tap into our hidden innate potential.

"We have developed a method that can help people develop greater persistence and belief in their ability to achieve their goals," says Professor Hermundur Sigmundsson at the Norwegian University of Science and Technology (NTNU's) Department of Psychology.

The key is to tap into our hidden innate potential.

Success depends on many factors

Professor Sigmundsson has been working for several years to find out what exactly enables people to perform at a high level and how they increase their performance. Many different factors come into play.




It is quite astounding that we can change our attitude in 35-40 minutes.

It is important to be really passionate about something, and your attitude really does make a difference. You have to believe that you will achieve your goals, i.e. believe in growth. Your chances of success also increase if most other aspects of your life are generally on track.

However, persistence or "grit" may affect whether you actually get started on something or see it through.

"I can do this"

An initial sample of 38 Norwegian students participated in a pilot trial, an exploratory study conducted by Sigmundsson in collaboration with Research Assistant Havard Hauge.
    	The researchers first gave the students a questionnaire to see how well they scored on several different factors that play a role in success, and mapped how good the students felt about themselves in general.
    	The students then completed an online course lasting 35 to 40 minutes, which is aptly called 'I CAN'.
    	Later, the students filled out the same questionnaire again to see if anything had changed.

"After the students had completed the online course, we saw a significant change in grit. It is quite astounding that we can change our attitude in 35-40 minutes," says Professor Sigmundsson.




Creating an 'I can' attitude

For other factors, there was less change, if any. But willingness to make an effort improved.

"We try to create an 'I can' attitude, a belief that they really will succeed. We also want to equip students with strategies that can help them evoke this feeling when they later find themselves in situations where they need it," says Professor Sigmundsson.

Evoking this feeling over and over again can in itself strengthen the networks in the brain needed to develop greater grit over time.

Stronger belief increases the chance of finding a passion

"When you believe that you really can achieve something and are willing to make the necessary effort, this can increase the likelihood of taking on new challenges. It can increase your courage and provide more opportunities to find what you are passionate about, and then help you develop this passion," says Professor Sigmundsson.

Participants learn that success depends on personal effort and practice. Other research has found that purposeful practice is a key factor in managing to achieve something, i.e. that you practise doing exactly what you want to be good at.

Helping to smooth out differences

Other studies show that when young people are helped to believe that they can succeed, that they can actually do something, they often do better at school. This is especially true for pupils who come from environments with so-called 'lower socioeconomic status', i.e. families with low income or low-prestige jobs.

For example, a study from an upper secondary school in Uganda shows that girls in particular benefit from having female role models. These role models show them that it is actually possible to achieve something difficult. This can both help reduce academic gender differences and help the pupils who struggle the most with academic work.

Like flipping a switch

"When people develop stronger belief in themselves or 'self-efficacy', it is almost as if a switch is flipped," says Professor Sigmundsson.

The course and results support previous studies that have shown the effects of short-term interventions, including a study by David S. Yeager et al. published in Nature in 2019.

The findings of this pilot project are very promising, but researchers still need to find out more.

They are therefore in the process of carrying out 'I CAN' on a much larger scale, this time with almost 1000 Year 10 pupils. The results from this latest study are not yet available.
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New technique helps AI tell when humans are lying | ScienceDaily
Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.


						
"AI programs are used in a wide variety of business contexts, such as helping to determine how large of a mortgage an individual can afford, or what an individual's insurance premiums should be," says Mehmet Caner, co-author of a paper on the work. "These AI programs generally use mathematical algorithms driven solely by statistics to do their forecasting. But the problem is that this approach creates incentives for people to lie, so that they can get a mortgage, lower their insurance premiums, and so on.

"We wanted to see if there was some way to adjust AI algorithms in order to account for these economic incentives to lie," says Caner, who is the Thurman-Raytheon Distinguished Professor of Economics in North Carolina State University's Poole College of Management.

To address this challenge, the researchers developed a new set of training parameters that can be used to inform how the AI teaches itself to make predictions. Specifically, the new training parameters focus on recognizing and accounting for a human user's economic incentives. In other words, the AI trains itself to recognize circumstances in which a human user might lie to improve their outcomes.

In proof-of-concept simulations, the modified AI was better able to detect inaccurate information from users.

"This effectively reduces a user's incentive to lie when submitting information," Caner says. "However, small lies can still go undetected. We need to do some additional work to better understand where the threshold is between a 'small lie' and a 'big lie.'"

The researchers are making the new AI training parameters publicly available, so that AI developers can experiment with them.

"This work shows we can improve AI programs to reduce economic incentives for humans to lie," Caner says. "At some point, if we make the AI clever enough, we may be able to eliminate those incentives altogether."
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Study shows middle-aged Americans are lonelier than European peers, suggests loneliness in midlife is endemic | ScienceDaily
Contrary to some claims, middle-aged Americans might not be experiencing an epidemic of loneliness. New research suggests that for adults aged 45-65, loneliness might instead be endemic, or constantly present.


						
Loneliness is not just an emotion. It can seriously impair physical health, and its negative effects have been likened to smoking up to 15 cigarettes a day. But new research shows that not only are middle-aged Americans lonelier than their same-age peers in Europe and Israel, levels of loneliness are also increasing across generations in both the U.S. and Europe.

The study, which was led by researchers in Arizona State University's Department of Psychology, has been published in American Psychologist.

"Middle-aged Americans are experiencing very high levels of loneliness, especially baby boomers, but middle-aged adults in England, Italy, Spain, and Greece are 'catching up' to their American peers," said Frank Infurna, associate professor of psychology at ASU.

More than a feeling

Feeling lonely arises from a mismatch between actual and desired levels of connection with other people. Loneliness is getting a lot of attention as a public health issue -- the U.S. surgeon general recently issued a health advisory focused on the impacts of loneliness -- but the root causes are not well understood.

The study was based on long-term datasets made up of nationally representative samples of adults ages 45-65 living in 14 countries. The data sets included the Health and Retirement Study for the U.S.; the English Longitudinal Study of Ageing for England; and the Survey of Health, Ageing and Retirement in Europe for Austria, Belgium, France, Switzerland, Germany, Italy, Spain, Greece, Denmark, the Netherlands, Sweden and Israel.




The researchers mapped out loneliness trends based on geography and through time by examining differences across generations in the different countries.

Across all 14 countries, baby boomers reported the highest overall levels of loneliness, but American baby boomers far outpaced their peers.

"Americans in this cohort reported much, much higher levels of loneliness than same-aged adults in other countries; the magnitude of this difference is alarming and is cause for concern," Infurna said.

The geographic pattern was different for Generation X, with Americans reporting higher levels of loneliness relative to all other countries except for England.

How loneliness progresses with age 

The researchers examined how loneliness changed within each generation by tracking reported levels from participants as they aged from 45 to 65.




U.S. baby boomers born in 1946-54 experienced increasing loneliness as they approached age 65. For U.S. baby boomers born after 1955, the reported loneliness remained constant -- and very high. This increasing trend was also present in Generation X.

Reported loneliness was stable for baby boomers in England, Austria, France, Belgium, Germany, Switzerland and Israel.

In Italy, Spain and Greece, though, loneliness steeply increased across ages 40-65 for baby boomers and for Generation X.

Overall, middle-aged adults from all generations living in Denmark, the Netherlands and Sweden experienced the lowest levels of loneliness among all 14 countries included in the study. But, baby boomers again reported the highest levels of loneliness in these three countries.

According to Infurna, this study is a first step at addressing loneliness -- whether it is just epidemic or endemic.

"Though there are effective ways that individuals can work to reduce isolation and loneliness, such as volunteering in the community, there is an urgent need for systematic support, for programs that aid adult caregivers and that provide financial assistance. These types of supports can help middle-aged adults juggling work and caregiving have the time and means to connect with others.

"The findings of this study are suggestive of this as well -- middle-aged adults reporting the lowest levels of loneliness live in countries with robust government-supported safety nets," Infurna said.

Nutifafa Dey, a psychology graduate student at ASU; Kevin Grimm, professor of psychology at ASU; Margie Lachman, professor of psychology at Brandeis University; Tita Gonzalez Aviles, postdoctoral scholar at Humboldt University Berlin; and Denis Gerstorf, professor of psychology at Humboldt University Berlin, also contributed to the study.

This work was funded by the National Institute on Aging (R01 AG079523).
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Laws that punish drug use during pregnancy likely lead to worse health outcomes for families, study finds | ScienceDaily
Contrary to some claims, laws that criminalize or otherwise punish drug use during pregnancy are more likely to worsen rather than improve health outcomes, according to a paper by researchers at Columbia University Mailman School of Public Health. The study is the first to systematically review the literature on punitive prenatal drug laws -- an increasingly common state policy strategy for addressing rising rates of prenatal drug use. The findings are published in the International Journal on Drug Policy.


						
The authors collected data on the number of states with laws that explicitly allow criminal prosecution, involuntary commitment or that revoke custody rights following allegations of drug use during pregnancy. They then evaluated existing studies testing whether the enactment of such laws was associated health improvements, either for pregnant people themselves or their babies.

Of the 16 studies reviewed, the authors found that contrary to the intent of legislation, most evidence suggested that punitive laws either had no beneficial effects or made things worse. For example, four of the reviewed studies tested whether the adoption of punitive laws was associated with reductions in neonatal drug withdrawal syndrome (NDWS) -- a condition that can occur after exposure to opioids and other drugs in utero. Two of the studies found little change while the two others found increased NWDS after a punitive law was adopted.

"There has been considerable concern from within legal, medical and public health communities that punitive prenatal drug policies might increase potential harms. Our findings support this premise and suggest that such approaches constitute ineffective policy," said lead author Emilie Bruzelius, PhD, a postdoctoral research fellow in the Department of Epidemiology.

"Identifying effective policy strategies to support pregnant people with drug use disorder outside of the criminal-legal system is an important priority," noted Silvia S. Martins, MD, PhD, professor of Epidemiology at Columbia Mailman School, and senior author.

Co-authors include Melanie S. Askari, Sandhya Kajeepta, Lisa Bates, Seth J. Prins (Columbia University Mailman School of Public Health), Kristen Underhill (Cornell University Law School), and Marian Jarlenski (Pittsburgh School of Public Health).

The study was supported by the National Institutes on Drug Abuse (R01DA045872 and R01DA053745 and T32DA031099).
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Study estimates nearly 70 percent of children under six in Chicago may be exposed to lead-contaminated tap water | ScienceDaily
A new analysis led by researchers at the Johns Hopkins Bloomberg School of Public Health estimates that 68 percent of Chicago children under age six live in households with tap water containing detectable levels of lead.


						
For their analysis, the researchers used machine learning, an artificial intelligence technique, to gauge likely levels of lead in tap water in households across Chicago, based on an existing dataset that includes results from 38,385 tap water tests taken from 2016 to 2023. The tests were from households that had registered for a free self-administered testing service for lead exposure.

The threshold the researchers used was the lowest detectable level of lead in the water tests, one part per billion -- roughly the equivalent of a half teaspoon of water in an Olympic-size swimming pool. More than two-thirds -- 69 percent -- of the tests exceeded this level. From this, the machine learning model predicted lead-contaminated water in 75 percent of residential city blocks, covering 68 percent of Chicago children under 6. The Environmental Protection Agency's current "action" level for lead in drinking water -- the point at which a municipality must take additional steps -- is 15 ppb. The analysis found that 9 percent of tests had lead levels over 15 ppb. The analysis also found racial inequities in exposure levels and testing rates.

The findings were published online March 18 in JAMA Pediatrics.

Lead is considered a serious environmental toxin, especially for children, with no "safe" exposure level. Lead pipes were used and often required before they were banned in the U.S. in 1986. Many cities still use lead water pipes that were installed prior to their ban. Chicago has more than any other U.S. city, an estimated 400,000 lead pipes that supply water to as many as 2.7 million people. Across the U.S., more than 9.2 million households get water through lead pipes and service lines, according to the Environmental Protection Agency.

The EPA has proposed that U.S. cities replace all lead water service lines within 10 years. Under the proposal, Chicago would get 40 years to comply, given the disproportionate burden its water infrastructure poses.

"The extent of lead contamination of tap water in Chicago is disheartening -- it's not something we should be seeing in 2024," says study lead author Benjamin Huynh, PhD, an assistant professor in the Bloomberg School's Department of Environmental Health and Engineering.




For their study, Huynh and colleagues set out to quantify the exposure faced by Chicago children under six.

The researchers began with a publicly available dataset from the Chicago Department of Water Management that contained 38,385 tap water test results for lead that participating Chicago households had taken from January 2016 to September 2023. The results covered about 36 percent of residential blocks in the city.

The researchers then combined these data with U.S. Census and other official data on block-by-block demographics and used machine learning techniques to extrapolate -- from the partial coverage of the tap water test results -- the likely block-by-block risk of having lead-contaminated water.

The analysis also used the city's self-reported household survey data to estimate that 19 percent of exposed children -- about 129,000 across the city -- used unfiltered tap water for drinking. Using modeling, the researchers estimate that exposed children have approximately twice the amount of lead in their blood as unexposed children do.

The analysis suggested there are racial disparities in lead exposure in Chicago. For example, a 10 percentage-point increase in the Hispanic population was associated with an 11.2 percent increase in the chance of lead contamination. The analysis also suggests that Hispanic residents of the city were the least likely to drink unfiltered tap water, with 12 percent responding that they did. By contrast, 32 percent of white residents reported using unfiltered tap water as their primary drinking water source.

As for testing rates, Black and Hispanic populations were less likely to be tested for lead exposure, suggesting gaps in outreach. Ten percentage-point increases in Black and Hispanic populations were associated with 3- and 6-percent decreases respectively in chances of being tested for lead.

The authors note that the study has several limitations. The data on lead testing were anonymized at the block level, so the researchers were not able use household-specific data. The researchers did not have access to city-wide pediatric health records, and so had to model the health impacts of lead exposure instead of directly estimating them from data.
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Virtual reality better than video for evoking fear, spurring climate action | ScienceDaily
Depicting worst-case climate scenarios like expanding deserts and dying coral reefs may better motivate people to support environmental policies when delivered via virtual reality, according to a research team led by Penn State that studied how VR and message framing affect the impact of environmental advocacy communications. The study findings, published in the journal Science Communication, may help advocacy groups decide how best to frame and deliver their messages.


						
The researchers examined individuals' responses to climate change messaging when delivered through traditional video and desktop virtual reality -- VR programs like Google Earth that can run on a mobile phone or computer. They found that loss-framed messages, or those that transitioned from a positive to negative climate scenario to emphasize what humanity has to lose, were more effective at convincing people to support environmental policies when delivered via VR. Gain-framed messages, which depict a more hope-inspiring change from a negative to a positive environmental outcome, had a greater impact when delivered through traditional video format.

"The findings of this study suggest that in terms of seeking support for climate change policy, it's the combination of the medium and the message that can determine the most effective solution for promoting a particular advocacy message," said S. Shyam Sundar, senior author and the James P. Jimirro Professor of Media Effects at Penn State. "For consumers, the media literacy message here is that you're much more emotionally vulnerable or more likely to be swayed by a VR presentation of an advocacy message, especially if the presentation focuses on loss."

The research team created two desktop virtual reality experiences, one gain-framed and one loss-framed, using the Unity3D game engine. In addition to the loss and gain framed messages, the VR programs also depicted healthy and unhealthy coral reef ecosystems, accompanied by lighter or darker ambient lighting and hopeful or sad audio, and allowed users to explore the aquatic environments. The researchers used the programs to record loss- and gain-framed videos based on the VR experiences.

They chose to depict coral reef ecosystems because corals are one of the species most endangered by the effects of climate change and far removed from many peoples' lived experiences.

"It's difficult to communicate environmental issues to non-scientists because the consequences are usually long-term and not easily foreseeable," said Mengqi Liao, first author and doctoral candidate in mass communication at Penn State. "Not to mention that it's usually very hard to bring people to an environment that has been damaged by climate change, such as coral reefs, which, based on decades of data collected in part from NASA's airborne and satellite missions, have declined rapidly over the past 30 years. This is where VR comes in handy. You can bring the environment to people and show them what would happen if we fail to act."

The researchers recruited 130 participants from Amazon Mechanical Turk and asked them to complete a pre-questionnaire to measure variables like attitudes toward climate change and political ideology. Then they randomly assigned participants to a video or desktop VR experience. Within each of these groups, half saw the gain-framed messaging while the other half saw the loss-framed messaging.




Participants in the loss-framed experiences saw healthy then unhealthy coral ecosystems, with a message explaining the negative consequences of failing to adopt climate change mitigation behaviors. Those in the gain-framed versions saw unhealthy then healthy coral ecosystems, with messages explaining the positive impacts of adopting climate policies. After completing the experiences, participants answered a questionnaire to measure how likely they would be to support environmental policies.

The researchers found that loss-framed messages were most effective at motivating people to support climate change mitigation policies when delivered through desktop VR. Gain-framed messages were most effective when delivered in video format.

Virtual reality is inherently interesting and attention-grabbing, and it has a low cognitive barrier to entry -- even small children with limited reading ability can use it, according to Sundar.

"The nickname for VR is empathy machine. It can generate better empathy because you're one with the environment," he said. "Loss-framed messaging tends to be more effective, more about emotions like fear rather than hope. Sometimes fear can be better represented in visually resplendent media like VR."

Gain-framed messaging, on the other hand, tends to involve more thinking about the consequences of action or inaction for the environment and what humans have to gain, Sundar explained. The movement and interactivity that come with VR may distract too much from the kind of thinking needed to process the potential gains highlighted in that type of messaging, which is better suited for traditional video or text.

"With politicized topics like climate change, people are guided by their motivated reasoning, whereby an individual readily accepts information consistent with their worldview and ignores or rejects information that is inconsistent with that view," Liao said. "Our study suggests that showing stark portrayals of environmental loss can be persuasive in spurring people into action, to support climate change issues regardless of their pre-existing worldviews."

Pejman Sajjadi, who completed the work as a postdoctoral scholar at Penn State and is now with Meta, also contributed to the research.
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Global wildlife study during COVID-19 shows rural animals are more sensitive to human activity | ScienceDaily
One of the largest studies on wildlife activity -- involving more than 220 researchers, 163 mammal species and 5,000 camera traps worldwide -- reveals that wild animals react differently to humans depending on where the animals live and what they eat.


						
Bigger herbivores -- plant-eating animals like deer or moose -- tend to become more active when humans are around, while meat-eaters like wolves or wolverines tend to be less active, preferring to avoid risky encounters.

Urban animals like deer or raccoons may become more active around people, as they get used to human presence and find food like garbage or plants, which they can access at night. But animals living farther from cities and other developed areas are more wary of encountering people.

Wildlife during the pandemic 'anthropause'

The new study, a collaboration across researchers from 161 institutions, used data from before and during the COVID-19 lockdowns to examine wildlife behaviour amid changing human activity levels.

"COVID-19 mobility restrictions gave researchers a truly unique opportunity to study how animals responded when the number of people sharing their landscape changed drastically over a relatively short period," said lead author Dr. Cole Burton, an associate professor of forest resources management at UBC and Canada Research Chair in Terrestrial Mammal Conservation.

"And contrary to the popular narratives that emerged around that time, we did not see an overall pattern of 'wildlife running free' while humans sheltered in place. Rather, we saw great variation in activity patterns of people and wildlife, with the most striking trends being that animal responses depended on landscape conditions and their position in the food chain."

In Canada, researchers monitoring areas such as Banff and Pacific Rim national parks, Cathedral, Golden Ears and South Chilcotin Mountains provincial parks, and the Sea-to-Sky corridor in B.C. found that carnivores like wolverines, wolves and cougars were generally less active when human activity was higher.




In several of these parks, and in cities such as Edmonton, large herbivores often increased their activity but became more nocturnal with the presence of more humans. Large carnivores were notably absent from the most human-dominated landscapes.

Preventing conflict through smart conservation measures

These findings highlight the importance of measures to minimize any detrimental effects of human disturbance on wildlife, including reducing overlaps that might lead to conflict.

"In remote areas with limited human infrastructure, the effects of our actual presence on wildlife may be particularly strong. To give wild animals the space they need, we may consider setting aside protected areas or movement corridors free of human activity, or consider seasonal restrictions, like temporary closures of campsites or hiking trails during migratory or breeding seasons," said study co-author and UBC biologist Dr. Kaitlyn Gaynor.

She added that strategies must also fit specific species and locations. In more remote areas, keeping human activity low will be necessary to protect sensitive species. In areas where people and animals overlap more, such as cities, nighttime is an important refuge for wildlife, and keeping it that way can help species survive. Efforts may focus on reducing human-wildlife conflict after dark, such as more secure storage of trash bins to reduce the number of animals getting into human food sources, or use of road mitigation measures to reduce vehicle collisions.

The findings are particularly useful amid the surge in global travel and outdoor recreation post-pandemic, Dr. Burton added.

"Understanding how wildlife respond to human activity in various contexts helps us develop effective conservation plans that have local and global impact. For that reason, we are working to improve wildlife monitoring systems using tools like the camera traps that made it possible to observe animal behaviours during the pandemic."

The study was published today in Nature Ecology and Evolution.
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Landmark study shows that 'transcendent' thinking may grow teens' brains over time | ScienceDaily
Scientists at the USC Rossier School of Education's Center for Affective Neuroscience, Development, Learning and Education (CANDLE), have shown for the first time that a type of thinking, that has been described for over a century as a developmental milestone of adolescence, may grow teenagers' brains over time. This kind of thinking, which the study's authors call "transcendent," moves beyond reacting to the concrete specifics of social situations to also consider the broader ethical, systems-level and personal implications at play. Engaging in this type of thinking involves analyzing situations for their deeper meaning, historical contexts, civic significance, and/or underlying ideas.


						
The research team, led by USC Rossier Professor Mary Helen Immordino-Yang, includes Rebecca J.M. Gotlieb, research scientist at UCLA, and Xiao-Fei Yang, assistant research professor at USC Rossier. The published study "Diverse adolescents' transcendent thinking predicts young adult psychosocial outcomes via brain network development" is published in Scientific Reports.

In previous studies, the authors had shown that when teens and adults think about issues and situations in a transcendent way, many brain systems coordinate their activity, among them two major networks important for psychological functioning: the executive control network and the default mode network. The executive control network is involved in managing focused and goal-directed thinking, while the default mode network is active during all kinds of thinking that transcends the "here and now," such as when recalling personal experiences, imagining the future, feeling enduring emotions such as compassion, gratitude and admiration for virtue, daydreaming or thinking creatively.

The researchers privately interviewed 65, 14-18-year-old high school students about true stories of other teens from around the world and asked the students to explain how each story made them feel. The students then underwent fMRI brain scans that day and again two years later. The researchers followed up with the participants twice more over the next three years, as they moved into their early twenties.

What the researchers found is that all teens in the experiment talked at least some about the bigger picture -- what lessons they took from a particularly poignant story, or how a story may have changed their perspective on something in their own life or the lives and futures of others. However, they found that while all of the participating teens could think transcendently, some did it far more than others. And that was what made the difference. The more a teen grappled with the bigger picture and tried to learn from the stories, the more that teen increased the coordination between brain networks over the next two years, regardless of their IQ or their socioeconomic status. This brain growth -- not how a teen's brain compared to other teens' brains but how a teen's brain compared to their own brain two years earlier -- in turn predicted important developmental milestones, like identity development in the late teen years and life satisfaction in young adulthood, about five years later.

The findings reveal a novel predictor of brain development -- transcendent thinking. The researchers believe transcendent thinking may grow the brain because it requires coordinating brain networks involved in effortful, focused thinking, like the executive control network, with those involved in internal reflection and free-form thinking, like the default mode network. These findings "have important implications for the design of middle and high schools, and potentially also for adolescent mental health," lead researcher Immordino-Yang says. The findings suggest "the importance of attending to adolescents' needs to engage with complex perspectives and emotions on the social and personal relevance of issues, such as through civically minded educational approaches,'' Immordino-Yang explains. Overall, Immordino-Yang underscores "the important role teens play in their own brain development through the meaning they make of the social world."
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Less social with age | ScienceDaily
As people get older, they increasingly focus on their more important relationships, often turning to family and close friends. This active reorientation towards a few, particularly close relationships could explain why ageing humans live in ever smaller social networks. Since human behavior not only reflects the current conditions of our modern society, but is also the result of our evolutionary past, studies on social aging in our closest relatives can shed light on the biological roots of social behavior.


						
Scientists from the Research Group Social Evolution in Primates at the German Primate Center (DPZ) -- Leibniz Institute for Primate Research and the Department for Behavioral Ecology at the University of Gottingen tested several hypotheses on the drivers of social aging in free-living Assamese macaques (Macaca assamensis) in Thailand. The researchers collected data on the social behavior of females for eight years and found that the size of their social networks decreases with increasing age. The females continued to interact with their close social partners, but gradually withdrew from social interactions altogether. The results contribute to the understanding of the evolutionary origins of social ageing (Proceedings of the Royal Society B).

Social bonds promote health and well-being. However, as people age, they often reduce their social contacts and focus on the people who are most important to them -- family and close friends. So far, it is unclear whether this change in social engagement is motivated by the knowledge of a limited lifespan, by physical limitations of an aging body or perhaps by the social exclusion of older people in modern societies. Baptiste Sadoughi, first author of the study and former PhD student in the Social Evolution in Primates Group at the German Primate Center turned to long-term social data on female Assamese macaques collected at the DPZ field site at Phu Khieo Wildlife Sanctuary to test the drivers of social aging in non-human primate species that lack a human-like sense of mortality. The team has been studying the behavior of Assamese macaques at Phu Khieo for years amassing thousands of hours of detailed observations of their social behavior.

"For the question of social aging, we focused on females, because they remain with their mothers, sisters and daughters in their natal group all their lives, which allowed us to track changes in behavior over their life span," Sadoughi explains.

Active social withdrawal with a constant preference for important partners

Sadoughi found that with increasing age, the females approached other females less frequently and invested less time in actively grooming them. However, less social contact does not necessarily mean that the females are alone more often. In fact, older females were not more often spatially isolated than younger ones, they just interacted less. "We assume that older females try to keep up with the group at all costs, as proximity to others is one of the best protective mechanisms against predators. However, once they have achieved this, they lack the motivation or energy to engage socially with others," says Sadoughi.

Given the parallels between social ageing in humans and macaques, the question now arose as to whether the increasing social selectivity assumed for humans could also explain the results in macaques. "Assamese macaque females are selective. Who a female has interacted with more in the past predicts who she will interact with now. But this tendency to be selective and prefer certain partners over others doesn't get stronger with age, as we know it from humans, it stays the same. Something that is constant over age cannot explain something that decreases with age. Selectivity in partner choice is therefore not sufficient to explain the age-dependent reduction of the social network," explains Sadoughi.

Longitudinal data are needed for aging studies

Studying age-related changes is further complicated by another phenomenon that has little to do with what we usually think of as aging. "With age comes a greater risk of death. With poor social integration and fewer partners close by comes a greater risk of death, especially under natural predation pressure. This simple fact means that changes in social integration with age are partially confounded by the greater likelihood that individuals who reach old age will be exceptionally well-connected socially, because the less well-connected have already died, a phenomenon called selective disappearance," explains Prof. Julia Ostner, head of the Social Evolution in Primates Group and senior author of the study. Access to longitudinal data has allowed the researchers to solve this problem and distinguish between changes that are truly related to aging, and those that are due to demographic trends.

Only in the last twenty years have scientists recognized that wild animals also undergo physiological, morphological or social changes associated with the ageing process. For a long time, it was assumed that individuals in the wild do not survive long enough to show signs of ageing. "Only now are we beginning to realize the possibilities offered by long-term data on animal populations in their natural environment to study how individuals deal with the challenges of aging," says Baptiste Sadoughi.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Heat to blame for space pebble demise
        The dust of comets fills the space between the planets, collectively called the zodiacal cloud. Still, severe breakdown has reduced that dust in size so much that it now scatters sunlight efficiently, causing the faint glow in the night sky known as the 'zodiacal light.' It was long thought that high-speed collisions pulverized the comet ejecta, but now a team of researchers reports that heat is to blame.

      

      
        Icy impacts: Planetary scientists use physics and images of impact craters to gauge the thickness of ice on Europa
        New study reveals that Europa's ice shell is at least 20 kilometers thick.

      

      
        Scientists find one of the most ancient stars that formed in another galaxy
        The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.

      

      
        Robotic metamaterial: An endless domino effect
        If it walks like a particle, and talks like a particle... it may still not be a particle. A topological soliton is a special type of wave or dislocation which behaves like a particle: it can move around but cannot spread out and disappear like you would expect from, say, a ripple on the surface of a pond. Researchers now demonstrate the atypical behavior of topological solitons in a robotic metamaterial, something which in the future may be used to control how robots move, sense their surrounding...

      

      
        Quantum tornado provides gateway to understanding black holes
        Scientists have created a giant quantum vortex to mimic a black hole in superfluid helium that has allowed them to see in greater detail how analogue black holes behave and interact with their surroundings.

      

      
        Fairy circles: Plant water stress causes Namibia's gaps in grass
        Namibia's legendary fairy circles are mysterious, circular, bald patches in the dry grasslands on the edge of the Namib Desert. Their formation has been researched for decades and has recently been the subject of much debate. With extensive fieldwork, researchers investigated how freshly germinated grass dies inside the fairy circle. Their results show that the grass withers due to a lack of water inside the fairy circle. The topsoil, comprised of the top 10 to 12 centimeters of the soil, acts as...

      

      
        Tanks of the Triassic: New crocodile ancestor identified
        Dinosaurs get all the glory. But aetosaurs, a heavily armored cousin of modern crocodiles, ruled the world before dinosaurs did. These tanks of the Triassic came in a variety of shapes and sizes before going extinct around 200 million years ago. Today, their fossils are found on every continent except Antarctica and Australia.

      

      
        Backyard insect inspires invisibility devices, next gen tech
        Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.

      

      
        Two artificial intelligences talk to each other
        Performing a new task based solely on verbal or written instructions, and then describing it to others so that they can reproduce it, is a cornerstone of human communication that still resists artificial intelligence (AI). A team has succeeded in modelling an artificial neural network capable of this cognitive prowess. After learning and performing a series of basic tasks, this AI was able to provide a linguistic description of them to a 'sister' AI, which in turn performed them.

      

      
        Genetic basis for the evolution of hair discovered in the clawed frog
        The development of hair was of central importance for the evolution of mammals and thus also of humans. However, the evolutionary origin of the genetic program of hair was previously unknown. Researchers have now been able to show that important hair components and their genetic control have already evolved in amphibians. Human hair therefore shows unexpected similarities to the claws of clawed frogs.

      

      
        Holographic message encoded in simple plastic
        Important data can be stored and concealed quite easily in ordinary plastic using 3D printers and terahertz radiation, scientists show. Holography can be done quite easily: A 3D printer can be used to produce a panel from normal plastic in which a QR code can be stored, for example. The message is read using terahertz rays -- electromagnetic radiation that is invisible to the human eye.

      

      
        Eyes open and toes out of water: How a giant water bug reached the island of Cyprus
        A new visitor was reported on the coast of Cyprus, thanks to the growing power of citizen science. Researchers collected information and specimens through personal communication with amateur naturalists, but also through the internet, in order to compose the mosaic of repeated appearances of a giant water bug on the eastern shoreline of the island.

      

      
        New technique helps AI tell when humans are lying
        Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.

      

      
        Bridge in a box: Unlocking origami's power to produce load-bearing structures
        Load-bearing structures like bridges and shelters can be made with origami modules -- versatile components that can fold compactly and adapt into different shapes -- engineers have demonstrated.

      

      
        DNA origami-based vaccines toward safe and highly-effective precision cancer immunotherapy
        Researchers have created a DNA origami platform called DoriVac, whose core component is a self-assembling square block-shaped nanostructure. DoriVac vaccines enabled tumor-bearing mice to better control the growth of tumors and to survive significantly longer than control mice.

      

      
        New research suggests that our universe has no dark matter
        A new study challenges the current model of the universe by showing that, in fact, it has no room for dark matter.

      

      
        Protein fragments ID two new 'extremophile' microbes--and may help find alien life
        Perfectly adapted microorganisms live in extreme environments from deep-sea trenches to mountaintops. Learning more about how these extremophiles survive in hostile conditions could inform scientists about life on Earth and potential life on other planets.
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Heat to blame for space pebble demise | ScienceDaily
The dust of comets fills the space between the planets, collectively called the zodiacal cloud. Still, severe breakdown has reduced that dust in size so much that it now scatters sunlight efficiently, causing the faint glow in the night sky known as the "zodiacal light."


						
It was long thought that high-speed collisions pulverized the comet ejecta, but now a 45-member team of researchers reports, in a paper published online in the journal Icarus this week, that heat is to blame.

"Comets eject most debris as large sand-grain to pebble-sized particles, called meteoroids, that move in meteoroid streams and cause the visible meteors in our meteor showers," says Dr. Peter Jenniskens, meteor astronomer at the SETI Institute. "In contrast, the zodiacal cloud is mostly composed of particles the size of tobacco smoke that even radars have difficulty detecting as meteors."

Why do pebbles pulverize after they leave the comet?

"Meteor showers show us this loss of pebbles over time, because older showers tend to contain fewer bright meteors than young showers," said Jenniskens. "We set out to investigate what is responsible."

Jenniskens leads a NASA-sponsored global network called "CAMS" that monitors the night sky for meteors with low-light video security cameras. Most co-authors on the paper are the researchers and citizen scientists who built and operate the 15 CAMS camera networks in ten countries.

"We developed software that detects meteors in videos recorded from different locations and then triangulates their trajectory in the atmosphere," said detection specialist Peter S. Gural. "Meteors arriving from the same direction each day belong to a meteor shower."

Nightly maps showing from what direction those meteors arrive at Earth are at the website: https://meteorshowers.seti.org




After 13 years of observations, the combined maps were recently published as a book, "Atlas of Earth's Meteor Showers," an encyclopedia of information on each known meteor shower.

"As part of this work, we determined the age of meteor showers from how much they had dispersed," says Stuart Pilorz of the SETI Institute, "and then examined how rapidly they were losing their large meteoroids compared to the smaller ones."

To investigate what is responsible, the team examined of how close those streams came to the Sun. If collisions were to blame, then the pebbles were expected to be destroyed faster directly proportionally to their proximity to the Sun.

"Because there is more comet dust closer to the Sun, we had expected collisions there would pulverize the pebbles that much faster," says Jenniskens. "Instead, we found that the pebbles survived better than expected."

The research team concluded that, instead, the pebbles are destroyed proportional to the peak temperature they reach along their orbit. Thermal stresses are likely to blame for breaking up the large meteoroids near Earth, and all the way to the orbit of Mercury, while deep inside the orbit of Mercury the particles are heated so much that they fall apart from losing material.

"Here at Earth, we sometimes see that process in action when in a short time of say 10 seconds we detect ten or twenty meteors in part of the sky, a meteor cluster, the result of a meteoroid having fallen apart by thermal stresses just before entering Earth's atmosphere," says Jenniskens.
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Icy impacts: Planetary scientists use physics and images of impact craters to gauge the thickness of ice on Europa | ScienceDaily
Sometimes planetary physics is like being in a snowball fight. Most people, if handed an already-formed snowball, can use their experience and the feel of the ball to guess what kind of snow it is comprised of: packable and fluffy, or wet and icy.


						
Using nearly the same principles, planetary scientists have been able to study the structure of Europa, Jupiter's icy moon.

Europa is a rocky moon, home to saltwater oceans twice the volume of Earth's, encased in a shell of ice. Scientists have long thought that Europa may be one of the best places in our solar system to look for nonterrestrial life. The likelihood and nature of that life, though, heavily depend on the thickness of its icy shell, something astronomers have not yet been able to ascertain.

A team of planetary science experts including Brandon Johnson, an associate professor, and Shigeru Wakita, a research scientist, in the Department of Earth, Atmospheric, and Planetary Sciences in Purdue University's College of Science, announced in a new paper published in Science Advances [ES1] that Europa's ice shell is at least 20 kilometers thick.

To reach their conclusion, the scientists studied large craters on Europa, running a variety of models to determine what combination of physical characteristics could have created such a surface structure.

"This is the first work that has been done on this large crater on Europa," Wakita said. "Previous estimates showed a very thin ice layer over a thick ocean. But our research showed that there needs to be a thick layer -- so thick that convection in the ice, which has previously been debated, is likely."

Using data and images from the spacecraft Galileo, which studied Europa in 1998, Johnson analyzed the impact craters to decode truths about Europa's structure. An expert in planetary physics and colossal collisions, Johnson has studied almost every major planetary body in the solar system. Scientists have long debated the thickness of Europa's ice shell; no one has visited to measure it directly, so scientists are creatively using the evidence at hand: the craters on Europa's icy surface.




"Impact cratering is the most ubiquitous surface process shaping planetary bodies," Johnson said. "Craters are found on almost every solid body we've ever seen. They are a major driver of change in planetary bodies. When an impact crater forms, it is essentially probing the subsurface structure of a planetary body. By understanding the sizes and shapes of craters on Europa and reproducing their formation with numerical simulations, we're able to infer information about how thick its ice shell is."

Europa is a frozen world, but the ice shelters a rocky core. The icy surface, though, is not stagnant. Plate tectonics and convection currents in the oceans and the ice itself refresh the surface fairly frequently. This means the surface itself is only 50 million to 100 million years old -- which sounds old to short-lived organisms like humans, but is young as far as geological periods go.

That smooth, young surface means that craters are clearly defined, easier to analyze and not very deep. Their impacts tell scientists more about the icy shell of the moon and the water ocean below, rather than conveying much information about its rocky heart.

"Understanding the thickness of the ice is vital to theorizing about possible life on Europa," Johnson said. "How thick the ice shell is controls what kind of processes are happening within it, and that is really important for understanding the exchange of material between the surface and the ocean. That is what will help us understand how all kinds of processes happen on Europa -- and help us understand the possibility of life."
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Scientists find one of the most ancient stars that formed in another galaxy | ScienceDaily
The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.


						
No one has been able to find one of those first generation of stars, but scientists have announced a unique finding: a star from the second generation that originally formed in a different galaxy from ours.

"This star provides a unique window into the very early element-forming process in galaxies other than our own," said Anirudh Chiti, a University of Chicago postdoctoral fellow and first author on a paper announcing the findings. "We have built up an idea of the how these stars that were chemically enriched by the first stars look like in the Milky Way, but we don't yet know if some of these signatures are unique, or if things happened similarly across other galaxies."

The paper was published March 20 in Nature Astronomy. 

'Fishing needles out of haystacks'

Chiti specializes in what is called stellar archaeology: Reconstructing how the earliest generations of stars changed the universe. "We want to understand what the properties of those first stars were and what were the elements they produced," said Chiti.

But no one has yet managed to directly see these first-generation stars, if any remain in the universe. Instead, Chiti and his colleagues look for stars that formed from the ashes of that first generation.




It's hard work, because even the second generation of stars is now incredibly ancient and rare. Most stars in the universe, including our own sun, are the result of tens to thousands of generations, building up more and more heavy elements each time. "Maybe fewer than 1 in 100,000 stars in the Milky Way is one of these second-gen stars," he said. "You really are fishing needles out of haystacks."

But it's worth it to get snapshots of what the universe looked like back in time. "In their outer layers, these stars preserve the elements near where they formed," he explained. "If you can find a very old star and get its chemical composition, you can understand what the chemical composition of the universe was like where that star formed, billions of years ago."

An intriguing oddity

For this study, Chiti and his colleagues aimed their telescopes at an unusual target: the stars that make up the Large Magellanic Cloud.

The Large Magellanic Cloud is a bright swath of stars visible to the naked eye in the Southern Hemisphere. We now think it was once a separate galaxy that was captured by the Milky Way's gravity just a few billion years ago. This makes it particularly interesting because its oldest stars were formed outside the Milky Way -- giving astronomers a chance to learn about whether conditions in the early universe all looked the same, or were different in other places.

The scientists searched for evidence of these particularly ancient stars in the Large Magellanic Cloud and catalogued ten of them, first with the European Space Agency's Gaia satellite and then with the Magellan Telescope in Chile.




One of these stars immediately jumped out as an oddity. It had much, much less of the heavier elements in it than any other star yet seen in the Large Magellanic Cloud. This means it was probably formed in the wake of the first generation of stars -- so it had not yet built up heavier elements over the course of repeated star births and deaths.

Mapping out its elements, the scientists were surprised to see that it had a lot less carbon than iron compared to what we see in Milky Way stars.

"That was very intriguing, and it suggests that perhaps carbon enhancement of the earliest generation, as we see in the Milky Way, was not universal," Chiti said. "We'll have to do further studies, but it suggests there are differences from place to place.

"I think we're filling out the picture of what the early element enrichment process looked like in different environments," he said.

Their findings also corroborated other studies that have suggested that the Large Magellanic Cloud made much fewer stars early on compared to the Milky Way.

Chiti is currently leading an imaging program to map out a large portion of the southern sky to find the earliest stars possible. "This discovery suggests there should be many of these stars in the Large Magellanic Cloud if we look closely," he said. "It's really exciting to be opening up stellar archeology of the Large Magellanic Cloud, and to be able to map out in such detail how the first stars chemically enriched the universe in different regions."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240320160355.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Robotic metamaterial: An endless domino effect | ScienceDaily
If it walks like a particle, and talks like a particle... it may still not be a particle. A topological soliton is a special type of wave or dislocation which behaves like a particle: it can move around but cannot spread out and disappear like you would expect from, say, a ripple on the surface of a pond. In a new study published in Nature, researchers from the University of Amsterdam demonstrate the atypical behaviour of topological solitons in a robotic metamaterial, something which in the future may be used to control how robots move, sense their surroundings and communicate.


						
Topological solitons can be found in many places and at many different length scales. For example, they take the form of kinks incoiled telephone cords and large molecules such as proteins. At a very different scale, a black hole can be understood as a topological soliton in the fabric of spacetime. Solitons play an important role in biological systems, being relevant forprotein folding andmorphogenesis -- the development of cells or organs.

The unique features of topological solitons -- that they can move around but always retain their shape and cannot suddenly disappear -- are particularly interesting when combined with so-called non-reciprocal interactions. "In such an interaction, an agent A reacts to an agent B differently to the way agent B reacts to agent A," explains Jonas Veenstra, a PhD student at the University of Amsterdam and first author of the new publication.

Veenstra continues: "Non-reciprocal interactions are commonplace in society and complex living systems but have long been overlooked by most physicists because they can only exist in a system out of equilibrium. By introducing non-reciprocal interactions in materials, we hope to blur the boundary between materials and machines and to create animate or lifelike materials."

TheMachine Materials Laboratory where Veenstra does his research specialises in designing metamaterials: artificial materials and robotic systems that interact with their environment in a programmable fashion. The research team decided to study the interplay between non-reciprocal interactions and topological solitons almost two years ago, when then-students Anahita Sarvi and Chris Ventura Meinersen decided to follow up on their research project for the MSc course 'Academic Skills for Research'.

Solitons moving like dominoes

The soliton-hosting metamaterial developed by the researchers consists of a chain of rotating rods that are linked to each other by elastic bands. Each rod is mounted on a little motor which applies a small force to the rod, depending on how it is oriented with respect to its neighbours. Importantly, the force applied depends on which side the neighbour is on, making the interactions between neighbouring rods non-reciprocal. Finally, magnets on the rods are attracted by magnets placed next to the chain in such a way that each rod has two preferred positions, rotated either to the left or the right.




Solitons in this metamaterial are the locations where left- and right-rotated sections of the chain meet. The complementary boundaries between right- and left-rotated chain sections are then so-called 'anti-solitons'. This is analogous to kinks in an old-fashioned coiled telephone cord, where clockwise and anticlockwise-rotating sections of the cord meet.

When the motors in the chain are turned off, the solitons and anti-solitons can be manually pushed around in either direction. However, once the motors -- and thereby the reciprocal interactions -- are turned on, the solitons and anti-solitons automatically slide along the chain. They both move in the same direction, with a speed set by the anti-reciprocity imposed by the motors.

Veenstra: "A lot of research has focussed on moving topological solitons by applying external forces. In systems studied so far, solitons and anti-solitons were found to naturally travel in opposite directions. However, if you want to control the behaviour of (anti-)solitons, you might want to drive them in the same direction. We discovered that non-reciprocal interactions achieve exactly this. The non-reciprocal forces are proportional to the rotation caused by the soliton, such that each soliton generates its own driving force."

The movement of the solitons is similar to a chain of dominoes falling, each one toppling its neighbour. However, unlike dominoes, the non-reciprocal interactions ensure that the 'toppling' can only happen in one direction. And while dominoes can only fall down once, a soliton moving along the metamaterial simply sets up the chain for an anti-soliton to move through it in the same direction. In other words, any number of alternating solitons and anti-solitons can move through the chain without the need to 'reset'.

Motion control

Understanding the role of non-reciprocal driving will not only help us to better understand the behaviour of topological solitons in living systems, but can also lead to technological advances. The mechanism that generates the self-driving, one-directional solitons uncovered in this study, can be used to control the motion of different types of waves (known as waveguiding), or to endow a metamaterial with a basic information processing capability such as filtering.

Future robots can also use topological solitons for basic robotic functionalities such as movement, sending out signals and sensing their surroundings. These functionalities would then not be controlled from a central point, but rather emerge from the sum of the robot's active parts.

All in all, the domino effect of solitons in metamaterials, now an interesting observation in the lab, may soon start to play a role in different branches of engineering and design.
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Quantum tornado provides gateway to understanding black holes | ScienceDaily
Scientists have for the first time created a giant quantum vortex to mimic a black hole in superfluid helium that has allowed them to see in greater detail how analogue black holes behave and interact with their surroundings.


						
Research led by the University of Nottingham, in collaboration with King's College London and Newcastle University, have created a novel experimental platform: a quantum tornado. They have created a giant swirling vortex within superfluid helium that is chilled to the lowest possible temperatures. Through the observation of minute wave dynamics on the superfluid's surface, the research team has shown that these quantum tornados mimic gravitational conditions near rotating black holes. The research has been published today in Nature.

Lead author of the paper, Dr Patrik Svancara from the School of Mathematical Sciences at the University of Nottingham explains: "Using superfluid helium has allowed us to study tiny surface waves in greater detail and accuracy than with our previous experiments in water. As the viscosity of superfluid helium is extremely small, we were able to meticulously investigate their interaction with the superfluid tornado and compare the findings with our own theoretical projections."

The team constructed a bespoke cryogenic system capable of containing several litres of superfluid helium at temperatures lower than -271 degC. At this temperature liquid helium acquires unusual quantum properties. These properties typically hinder the formation of giant vortices in other quantum fluids like ultracold atomic gases or quantum fluids of light, this system demonstrates how the interface of superfluid helium acts as a stabilizing force for these objects.

Dr Svancara continues: "Superfluid helium contains tiny objects called quantum vortices, which tend to spread apart from each other. In our set-up, we've managed to confine tens of thousands of these quanta in a compact object resembling a small tornado, achieving a vortex flow with record-breaking strength in the realm of quantum fluids."

Researchers uncovered intriguing parallels between the vortex flow and the gravitational influence of black holes on the surrounding spacetime. This achievement opens new avenues for simulations of finite-temperature quantum field theories within the complex realm of curved spacetimes.

Professor Silke Weinfurtner, leading the work in the Black Hole Laboratory where this experiment was developed, highlights the significance of this work: "When we first observed clear signatures of black hole physics in our initial analogue experiment back in 2017, it was a breakthrough moment for understanding some of the bizarre phenomena that are often challenging, if not impossible, to study otherwise. Now, with our more sophisticated experiment, we have taken this research to the next level, which could eventually lead us to predict how quantum fields behave in curved spacetimes around astrophysical black holes."

This groundbreaking research is funded by a PS5 million grant from the Science Technology Facilities Council, distributed among teams at seven leading UK institutions, including the University of Nottingham, Newcastle University and King's College London. The project has also been supported by both the UKRI Network grant on Quantum Simulators for Fundamental Physics and the Leverhulme Research Leaders Fellowship held by Professor Silke Weinfurtner.

The culmination of this research will be celebrated and creatively explored in an ambi exhibitiontitled Cosmic Titans at the Djanogly Gallery, Lakeside Arts, The University of Nottingham, from 25 January to 27 April 2025 (and touring to venues in the UK and overseas). The exhibition will comprise newly commissioned sculptures, installations, and immersive art works by leading artists including Conrad Shawcross RA that result from a series of innovative collaborations between artists and scientists facilitated by the ARTlab Nottingham. The exhibition will marry creative and theoretical inquiries into black holes and the birth of our Universe.
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Fairy circles: Plant water stress causes Namibia's gaps in grass | ScienceDaily
Namibia's legendary fairy circles are mysterious, circular, bald patches in the dry grasslands on the edge of the Namib Desert. Their formation has been researched for decades and has recently been the subject of much debate. With extensive fieldwork, researchers from the University of Gottingen in Germany and Ben Gurion University in Israel investigated how freshly germinated grass dies inside the fairy circle. Their results show that the grass withers due to a lack of water inside the fairy circle. The topsoil, comprised of the top 10 to 12 centimetres of the soil, acts as a kind of "death zone" in which fresh grass cannot survive for long. The new grass dies between 10 and 20 days after the rain. According to the researchers, the fact that it shows no signs of termite damage disproves a competing theory. The results were published in the journal Perspectives in Plant Ecology, Evolution and Systematics.


						
For the study, the scientists analysed 500 individual grass plants in four regions of the Namib by taking measurements of root and leaf lengths, carrying out statistical analyses, as well as collecting and comparing photographic evidence. They also took several hundred measurements of soil moisture during or after the 2023 and 2024 rainy seasons.

This showed that the topsoil is very susceptible to drying out. During and after the rainy season, the soil moisture here is three to four times lower than the soil at a depth of around 20 centimetres. In addition, the topsoil is significantly drier within the fairy circle than outside during the period of grass growth after ample rainfall. Under these conditions, freshly germinated grasses cannot survive in the fairy circle: they dry out because they cannot reach the deeper, more moist layers of soil with their roots, which are on average 10 centimetres long.

In contrast, the large, perennial clumps of grass that grow at the edge of the fairy circle benefit from being able to access the soil water to a depth of 20 to 30 centimetres and below. These clumps of grass quickly turn green after the rain. "With their well-developed root system, these clumps of grass soak up the water particularly well. After the rain, they have a huge competitive advantage over the freshly germinated grasses in the fairy circle. The new grass only loses a small amount of water via transpiration from its small leaves, resulting in insufficient 'suction power' to pull new water from deeper soil layers," explains first author Dr Stephan Getzin, Gottingen University's Ecosystem Modelling Department.

The measurement data also show that the physical conductivity of the water is high in the first 20 days after the rain, particularly in the upper soil, and decreases with depth. As a result, the clumps of grass primarily draw water from the top 10 to 20 centimetres of the soil. Getzin says: "This is the cause of the death of the new grass in the fairy circle. Continuous soil moisture measurements over several years support this conclusion. This is because the soil water in the fairy circle only decreases noticeably quickly with the strengthening and regrowth of the surrounding grass after rain." According to the researchers, this testifies to the basic function of the fairy circles as water sources for the drought-stressed grass of the Namib. The round shape of the fairy circles is formed by the grass itself, as this creates the maximum supply of soil water for itself. "This self-organisation can be described as 'swarm intelligence'. It is a systematic adaptation to a lack of resources in arid regions," say Getzin and his colleague Dr Hezi Yizhaq.

In their study, Getzin and Yizhag also comment on the theory that termites shorten the roots of fresh grass in the fairy circle by feeding on them, causing the new grass to die. "In an extensive discussion of the publications on the sand termite theory, we show that so far not a single field study with systematic measurement data on the root length of dying grasses has shown that termite feeding on the roots of newly germinated grasses create the Namib fairy circles," the researchers say.

They also highlight a concern in that the supporters of the sand termite theory cite other research as "evidence" for the killing of fresh grass due to termite herbivory on the roots, but in fact the cited articles do not even deal with this specific subject matter.
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Tanks of the Triassic: New crocodile ancestor identified | ScienceDaily
Dinosaurs get all the glory. But aetosaurs, a heavily armored cousin of modern crocodiles, ruled the world before dinosaurs did. These tanks of the Triassic came in a variety of shapes and sizes before going extinct around 200 million years ago. Today, their fossils are found on every continent except Antarctica and Australia.


						
Scientists use the bony plates that make up aetosaur armor to identify different species and usually don't have many fossil skeletons to work with. But a new study led by researchers at The University of Texas at Austin centers on an aetosaur suit of armor that has most of its major parts intact.

The suit -- called a carapace -- is about 70% complete and covers each major region of the body.

"We have elements from the back of the neck and shoulder region all the way to the tip of the tail," said William Reyes, a doctoral student at the UT Jackson School of Geosciences who led the research. "Usually, you find very limited material."

The research was published in The Anatomical Record.

Reyes and his collaborators used the armor to identify the specimen as a new aetosaur species -- which they named Garzapelta muelleri. The name "Garza" recognizes Garza County in northwest Texas, where the aetosaur was found, and "Pelta" is Latin for shield, a nod to aetosaurs' heavily fortified body. The species name "muelleri" honors the paleontologist who originally discovered it, Bill Mueller.

Garzapelta lived about 215 million years ago and resembled a modern American crocodile -- but with much more armor.




"Take a crocodile from modern day, and turn it into an armadillo," said Reyes.

The bony plates that covered Garzapelta and other aetosaurs are called osteoderms. They were embedded directly in the skin and formed a suit of armor by fitting together like a mosaic. In addition to having a body covered in bony plates, Garzapelta's sides were flanked by curved spikes that would have offered another layer of protection from predators. Although crocodiles today are carnivores, scientists think that aetosaurs were primarily omnivorous.

The spikes on Garzapelta are very similar to those found in another aetosaur species, but surprisingly, researchers found that the two species are only distantly related. The similarities, they discovered, are an example of convergent evolution, the independent evolution of similar traits in different species. The development of flight in insects, birds, mammals and now-extinct pterosaurs is a classic example of this phenomenon.

According to Reyes, an array of unique features on Garzapelta's plates clearly marked it as a new species. They range from how the plates fit together to unique bumps and ridges on the bones. However, figuring out where Garzapelta fit into the larger aetosaur family tree was more of challenge. Depending on which portion of the armor the researchers emphasized in their analysis, Garzapelta would end up in very different places. Armor that ran down its back resembled armor from one species, while its midsection spikes resembled armor from another.

Once the researchers determined that the spikes evolved independently, they were able to work out where Garzapelta fit best among other aetosaur species. Nevertheless, Reyes said the research shows how convergent evolution can complicate things.

"Convergence of the osteoderms across distantly related aetosaurs has been noted before, but the carapace of Garzapelta muelleri is the best example of it and shows to what extent it can happen and the problems it causes in our phylogenetic analyses," Reyes said.




Garzapelta is part of the Texas Tech University fossil collections. It spent most of the past 30 years on a shelf before Reyes encountered it during a visit. Bill Parker, an aetosaur expert and park paleontologist at Petrified Forest National Park who was not part of the research, said that university and museum collections are a critical part of making this type of research possible.

"These specimens weren't just dug in the field yesterday," he said. "They've been sitting in the museum for decades and it just takes someone like Will to come along and finally decide to study them and make them come to life."

In addition to different species having different armor, it's possible that an animal's age or sex could also affect armor appearance. Reyes is currently exploring these questions by studying aetosaur fossils in the Jackson School's collection, most of which were found during the 1940s as part of excavations done by the Works Progress Administration.

The research was funded by the National Science Foundation and the Jackson School.

The study co-authors are Jeffrey Martz, an associate professor at the University of Houston-Downtown, and Bryan Small, a research associate at the Museum of Texas Tech University.
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Backyard insect inspires invisibility devices, next gen tech | ScienceDaily
Leafhoppers, a common backyard insect, secrete and coat themselves in tiny mysterious particles that could provide both the inspiration and the instructions for next-generation technology, according to a new study led by Penn State researchers. In a first, the team precisely replicated the complex geometry of these particles, called brochosomes, and elucidated a better understanding of how they absorb both visible and ultraviolet light.


						
This could allow the development of bioinspired optical materials with possible applications ranging from invisible cloaking devices to coatings to more efficiently harvest solar energy, said Tak-Sing Wong, professor of mechanical engineering and biomedical engineering. Wong led the study, which was published today (March 18) in the Proceedings of the National Academy of Sciences of the United States of America (PNAS).

The unique, tiny particles have an unusual soccer ball-like geometry with cavities, and their exact purpose for the insects has been something of a mystery to scientists since the 1950s. In 2017, Wong led the Penn State research team that was the first to create a basic, synthetic version of brochosomes in an effort to better understand their function.

"This discovery could be very useful for technological innovation," said Lin Wang, postdoctoral scholar in mechanical engineering and the lead author of the study. "With a new strategy to regulate light reflection on a surface, we might be able to hide the thermal signatures of humans or machines. Perhaps someday people could develop a thermal invisibility cloak based on the tricks used by leafhoppers. Our work shows how understanding nature can help us develop modern technologies."

Wang went on to explain that even though scientists have known about brochosome particles for three-quarters of a century, making them in a lab has been a challenge due to the complexity of the particle's geometry.

"It has been unclear why the leafhoppers produce particles with such complex structures," Wang said, "We managed to make these brochosomes using a high-tech 3D-printing method in the lab. We found that these lab-made particles can reduce light reflection by up to 94%. This is a big discovery because it's the first time we've seen nature do something like this, where it controls light in such a specific way using hollow particles."

Theories on why leafhoppers coat themselves with a brochosome armor have ranged from keeping them free of contaminants and water to a superhero-like invisibility cloak. However, a new understanding of their geometry raises a strong possibility that its main purpose could be the cloak to avoid predators, according to Tak-Sing Wong, professor of mechanical engineering and biomedical engineering and corresponding author of the study.




The researchers have found that the size of the holes in the brochosome that give it a hollow, soccer ball-like appearance is extremely important. The size is consistent across leafhopper species, no matter the size of the insect's body. The brochosomes are roughly 600 nanometers in diameter -- about half the size of a single bacterium -- and the brochosome pores are around 200 nanometers.

"That makes us ask a question," Wong said. "Why this consistency? What is the secret of having brochosomes of about 600 nanometers with about 200-nanometer pores? Does that serve some purpose?"

The researchers found the unique design of brochosomes serves a dual purpose -- absorbing ultraviolet (UV) light, which reduces visibility to predators with UV vision, such as birds and reptiles, and scattering visible light, creating an anti-reflective shield against potential threats. The size of the holes is perfect for absorbing light at the ultraviolet frequency.

This potentially could lead to a variety of applications for humans using synthetic brochosomes, such as more efficient solar energy harvesting systems, coatings that protect pharmaceuticals from light-induced damage, advanced sunscreens for better skin protection against sun damage and even cloaking devices, researchers said. To test this, the team first had to make synthetic brochosomes, a major challenge in and of itself.

In their 2017 study, the researchers mimicked some features of brochosomes, particularly the dimples and their distribution, using synthetic materials. This allowed them to begin understanding the optical properties. However, they were only able to make something that looked like brochosomes, not an exact replica.

"This is the first time we are able to make the exact geometry of the natural brochosome," Wong said, explaining that the researchers were able to create scaled synthetic replicas of the brochosome structures by using advanced 3D-printing technology.




They printed a scaled-up version that was 20,000 nanometers in size, or roughly one-fifth the diameter of a human hair. The researchers precisely replicated the shape and morphology, as well as the number and placement of pores using 3D printing, to produce still-small faux brochosomes that were large enough to characterize optically.

They used a Micro-Fourier transform infrared (FTIR) spectrometer to examine how the brochosomes interacted with infrared light of different wavelengths, helping the researchers understand how the structures manipulate the light.

Next, the researchers said they plan to improve the synthetic brochosome fabrication to enable production at a scale closer to the size of natural brochosomes. They will also explore additional applications for synthetic brochosomes, such as information encryption, where brochosome-like structures could be used as part of an encryption system where data is only visible under certain light wavelengths.

Wang noted that their brochosome work demonstrates the value of a biomimetic research approach, where scientists looks to nature for inspiration.

"Nature has been a good teacher for scientists to develop novel advanced materials," Wang said. "In this study, we have just focused on one insect species, but there are many more amazing insects out there that are waiting for material scientists to study, and they may be able to help us solve various engineering problems. They are not just bugs; they are inspirations."

Along with Wong and Wang from Penn State, other researchers on the study include Sheng Shen, professor of mechanical engineering, and Zhuo Li, doctoral candidate in mechanical engineering, both at Carnegie Mellon University, who contributed to the simulations in this study. Wang and Li contributed equally to this work, for which the researchers have filed a U.S. provisional patent. The Office of Naval Research supported this research.
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Two artificial intelligences talk to each other | ScienceDaily
Performing a new task based solely on verbal or written instructions, and then describing it to others so that they can reproduce it, is a cornerstone of human communication that still resists artificial intelligence (AI). A team from the University of Geneva (UNIGE) has succeeded in modelling an artificial neural network capable of this cognitive prowess. After learning and performing a series of basic tasks, this AI was able to provide a linguistic description of them to a ''sister'' AI, which in turn performed them. These promising results, especially for robotics, are published in Nature Neuroscience.


						
Performing a new task without prior training, on the sole basis of verbal or written instructions, is a unique human ability. What's more, once we have learned the task, we are able to describe it so that another person can reproduce it. This dual capacity distinguishes us from other species which, to learn a new task, need numerous trials accompanied by positive or negative reinforcement signals, without being able to communicate it to their congeners.

A sub-field of artificial intelligence (AI) -- Natural language processing -- seeks to recreate this human faculty, with machines that understand and respond to vocal or textual data. This technique is based on artificial neural networks, inspired by our biological neurons and by the way they transmit electrical signals to each other in the brain. However, the neural calculations that would make it possible to achieve the cognitive feat described above are still poorly understood.

''Currently, conversational agents using AI are capable of integrating linguistic information to produce text or an image. But, as far as we know, they are not yet capable of translating a verbal or written instruction into a sensorimotor action, and even less explaining it to another artificial intelligence so that it can reproduce it,'' explains Alexandre Pouget, full professor in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine.

A model brain

The researcher and his team have succeeded in developing an artificial neuronal model with this dual capacity, albeit with prior training. ''We started with an existing model of artificial neurons, S-Bert, which has 300 million neurons and is pre-trained to understand language. We 'connected' it to another, simpler network of a few thousand neurons,'' explains Reidar Riveland, a PhD student in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine, and first author of the study.

In the first stage of the experiment, the neuroscientists trained this network to simulate Wernicke's area, the part of our brain that enables us to perceive and interpret language. In the second stage, the network was trained to reproduce Broca's area, which, under the influence of Wernicke's area, is responsible for producing and articulating words. The entire process was carried out on conventional laptop computers. Written instructions in English were then transmitted to the AI.

For example: pointing to the location -- left or right -- where a stimulus is perceived; responding in the opposite direction of a stimulus; or, more complex, between two visual stimuli with a slight difference in contrast, showing the brighter one. The scientists then evaluated the results of the model, which simulated the intention of moving, or in this case pointing. ''Once these tasks had been learned, the network was able to describe them to a second network -- a copy of the first -- so that it could reproduce them. To our knowledge, this is the first time that two AIs have been able to talk to each other in a purely linguistic way,'' says Alexandre Pouget, who led the research.

For future humanoids 

This model opens new horizons for understanding the interaction between language and behaviour. It is particularly promising for the robotics sector, where the development of technologies that enable machines to talk to each other is a key issue. ''The network we have developed is very small. Nothing now stands in the way of developing, on this basis, much more complex networks that would be integrated into humanoid robots capable of understanding us but also of understanding each other,'' conclude the two researchers.
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Genetic basis for the evolution of hair discovered in the clawed frog | ScienceDaily
The development of hair was of central importance for the evolution of mammals and thus also of humans. However, the evolutionary origin of the genetic programme of hair was previously unknown.


						
An international research team led by Leopold Eckhart from MedUni Vienna has now been able to show that important hair components and their genetic control have already evolved in amphibians. Human hair therefore shows unexpected similarities to the claws of clawed frogs. The results were recently published in the scientific journal Nature Communications.

In order to investigate the evolution of skin appendages, which include human hair and nails, the MedUni Vienna research team, in collaboration with the University of Ghent (Belgium), used the tropical clawed frog (Xenopus tropicalis) as an experimental model. The study revealed that the cornified claws of Xenopus frogs consist of special proteins (keratins) that are very similar to the main components of mammalian hair and nails. The formation of these keratins was found to be controlled by a specific gene, Hoxc13, in both humans and frogs.

"It is known that patients with mutations in the Hoxc13 gene have defects in the growth of hair and nails. In our study, we were able to block the formation of claws in the clawed frog by switching off this gene," reports Leopold Eckhart from MedUni Vienna's Department of Dermatology. These results indicate that the genetic programme for the development of keratinized claws originated in a common ancestor of humans and frogs. "During the evolution of mammals, the programme of claw formation was modified for the development of hair," says Eckhart.

Important research question clarified

The evolution of terrestrial vertebrates is characterized by the appearance of an effective skin barrier against water loss in a dry environment and by the development of hard, keratinized skin appendages such as claws, scales, feathers and hair, which are crucial for catching prey, protection, supporting special types of locomotion and thermal insulation. The evolution of skin appendages is therefore an important research question. The findings from the project, which is funded by the Austrian Science Fund (FWF), contribute to clarifying the evolutionary origin of keratinized skin appendages and also help to better understand the regulation of hair in humans.

"Our publication will stimulate further exciting studies in basic and preclinical research," concludes Leopold Eckhart.
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Holographic message encoded in simple plastic | ScienceDaily
There are many ways to store data -- digitally, on a hard disk, or using analogue storage technology, for example as a hologram. In most cases, it is technically quite complicated to create a hologram: High-precision laser technology is normally used for this.


						
However, if the aim is simply to store data in a physical object, then holography can be done quite easily, as has now been demonstrated at TU Wien: A 3D printer can be used to produce a panel from normal plastic in which a QR code can be stored, for example. The message is read using terahertz rays -- electromagnetic radiation that is invisible to the human eye.

The hologram as a data storage device

A hologram is completely different from an ordinary image. In an ordinary image, each pixel has a clearly defined position. If you tear off a piece of the picture, a part of the content is lost.

In a hologram, however, the image is formed by contributions from all areas of the hologram simultaneously. If you take away a piece of the hologram, the rest can still create the complete image (albeit perhaps a blurrier version). With the hologram, the information is not stored pixel by pixel, but rather, all of the information is spread out over the whole hologram.

"We have applied this principle to terahertz beams," says Evan Constable from the Institute of Solid State Physics at TU Wien. "These are electromagnetic rays in the range of around one hundred to several thousand gigahertz, comparable to the radiation of a cell phone or a microwave oven -- but with a significantly higher frequency."

This terahertz radiation is sent to a thin plastic plate. This plate is almost transparent to the terahertz rays, but it has a higher refractive index than the surrounding air, so at each point of the plate, it changes the incident wave a little. "A wave then emanates from each point of the plate, and all these waves interfere with each other," says Evan Constable. "If you have adjusted the thickness of the plate in just the right way, point by point, then the superposition of all these waves produces exactly the desired image."

It is similar to throwing lots of little stones into a pond in a precisely calculated way so that the water waves from all these stones add up to a very specific overall wave pattern.




A piece of cheap plastic as a high-tech storage unit for valuable items

In this way, it was possible to encode a Bitcoin wallet address (consisting of 256 bits) in a piece of plastic. By shining terahertz rays of the correct wavelength through this plastic plate, a terahertz ray image is created that produces exactly the desired code. "In this way, you can securely store a value of tens of thousands of euros in an object that only costs a few cents," says Evan Constable.

In order for the plate to generate the correct code, one first has to calculate how thick the plate has to be at each point, so that it changes the terahertz wave in exactly the right way. Evan Constable and his collaborators made the code for obtaining this thickness profile available for free on Github. "Once you have this thickness profile, all you need is an ordinary 3D printer to print the plate and you have the desired information stored holographically," explains Constable. The aim of the research work was not only to make holography with terahertz waves possible, but also to demonstrate how well the technology for working with these waves has progressed and how precisely this still rather unusual range of electromagnetic radiation can already be used today.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240318142358.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Eyes open and toes out of water: How a giant water bug reached the island of Cyprus | ScienceDaily
The island of Cyprus, although considered a hotspot for biodiversity in the Mediterranean, is more famous for its beautiful sunny coasts than for its insect fauna. Nevertheless, some visitors of its highly populated beaches, with their observations and curiosity, have provided important information for a species never recorded before on the island: a the giant water bug, also known as a toe biter.


						
Scientists Michael Hadjiconstantis from the Association for the Protection of Natural Heritage and Biodiversity of Cyprus, Iakovos Tziortzis from the Ministry of Agriculture, Rural Development and Environment of Cyprus, and Kadir Bogac Kunt from the Cyprus Wildlife Research Institute collected information and specimens from an increasing number of records of the giant water bug on the east coastline of the island in late spring and summer of 2020 and 2021. The species, known for inhabiting ponds and slowly moving freshwaters, had never been recorded on the island before, although established populations are known in adjacent Mediterranean countries such as Greece, Turkey, and Israel.

Also referred to as Electric light bug, this giant water bug is described as a vicious hunter, praying on invertebrates, fish, turtles, and even birds. What is even scarier, as the largest European true bug and the largest European water insect and measuring up to 12 cm, it has a reputation of inflicting very painful bites when handled carelessly.

Its appearance, mainly on the eastern coastal front of the island, was initially recorded by swimmers, who were surprised by the fearsome looks and size of the bug. They either directly contacted the experts or published photos and videos online, mainly on Facebook groups related to biodiversity. The authors collected some of the specimens for further study. They also proceeded with an extensive online search on relevant online observation platforms (i.e. iNaturalist) in order to track any other reports of the species on the island. In addition, they sampled nearby wetlands, but did not spot the bug. End to end, a total of seven sightings were eventually recorded: five from social media and two after direct communication with the author team. Two specimens were obtained and examined morphologically to verify the species. The observations were recorded in a research article in the open-access journal Travaux du Museum National d'Histoire Naturelle "Grigore Antipa".

Having in mind that the toe biter is an iconic species accompanied by creepy stories concerning its encounters with humans, the authors assume that it is unlikely that it had gone unnoticed for too long. They consider it possible that several migration events might have been triggered in a short period of time by nearby countries hosting the species, such as Israel, Lebanon, and Syria. The specimens could have been transferred by wind or sea currents, as assumed by other researchers, or could have been driven by a decrease in food resources in their initial area of distribution.

Despite the number of recordings in a short timeframe, no conclusions can be drawn for the moment on the establishment of a population of the species on the island. This is further to be investigated, and as the initial recording of the species, citizen science can have an important role in this. The authors urge the public to be alert: "Naturalists looking for alien-like critters can provide valuable information on the presence and a possible establishment of the species through citizen science." Until then, they warn: "Cypriots should keep their eyes open and their toes out of the water."
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New technique helps AI tell when humans are lying | ScienceDaily
Researchers have developed a new training tool to help artificial intelligence (AI) programs better account for the fact that humans don't always tell the truth when providing personal information. The new tool was developed for use in contexts when humans have an economic incentive to lie, such as applying for a mortgage or trying to lower their insurance premiums.


						
"AI programs are used in a wide variety of business contexts, such as helping to determine how large of a mortgage an individual can afford, or what an individual's insurance premiums should be," says Mehmet Caner, co-author of a paper on the work. "These AI programs generally use mathematical algorithms driven solely by statistics to do their forecasting. But the problem is that this approach creates incentives for people to lie, so that they can get a mortgage, lower their insurance premiums, and so on.

"We wanted to see if there was some way to adjust AI algorithms in order to account for these economic incentives to lie," says Caner, who is the Thurman-Raytheon Distinguished Professor of Economics in North Carolina State University's Poole College of Management.

To address this challenge, the researchers developed a new set of training parameters that can be used to inform how the AI teaches itself to make predictions. Specifically, the new training parameters focus on recognizing and accounting for a human user's economic incentives. In other words, the AI trains itself to recognize circumstances in which a human user might lie to improve their outcomes.

In proof-of-concept simulations, the modified AI was better able to detect inaccurate information from users.

"This effectively reduces a user's incentive to lie when submitting information," Caner says. "However, small lies can still go undetected. We need to do some additional work to better understand where the threshold is between a 'small lie' and a 'big lie.'"

The researchers are making the new AI training parameters publicly available, so that AI developers can experiment with them.

"This work shows we can improve AI programs to reduce economic incentives for humans to lie," Caner says. "At some point, if we make the AI clever enough, we may be able to eliminate those incentives altogether."
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Bridge in a box: Unlocking origami's power to produce load-bearing structures | ScienceDaily
For the first time, load-bearing structures like bridges and shelters can be made with origami modules -- versatile components that can fold compactly and adapt into different shapes -- University of Michigan engineers have demonstrated.


						
It's an advance that could enable communities to quickly rebuild facilities and systems damaged or destroyed during natural disasters, or allow for construction in places that were previously considered impractical, including outer space. The technology could also be used for structures that need to be built and then disassembled quickly, such as concert venues and event stages.

"With both the adaptability and load-carrying capability, our system can build structures that can be used in modern construction," said Evgueni Filipov, an associate professor of civil and environmental engineering and of mechanical engineering, and a corresponding author of the study in Nature Communications.

Principles of the origami art form allow for larger materials to be folded and collapsed into small spaces. And with modular building systems gaining wider acceptance, the applications for components that can be stored and transported with ease have grown.

Researchers have struggled for years to create origami systems with the necessary weight capacities while keeping the ability to quickly deploy and reconfigure. U-M engineers have created an origami system that solves that problem. Examples of what the system can create include:
    	A 3.3-foot-tall column that can support 2.1 tons of weight while itself weighing just over 16 pounds, and with a base footprint of less than 1 square foot.
    	A package that can unfold from a 1.6-foot-wide cube to deploy into different structures, including: a 13-foot-long walking bridge, a 6.5-foot-tall bus stop and a 13-foot-tall column.

A key to the breakthrough came in the form of a different design approach provided by Yi Zhu, research fellow in mechanical engineering and first author of the study.

"When people work with origami concepts, they usually start with the idea of thin, paper-folded models -- assuming your materials will be paper-thin," Zhu said. "However, in order to build common structures like bridges and bus stops using origami, we need mathematical tools that can directly consider thickness during the initial origami design."

To bolster weight-bearing capacity, many researchers have attempted to thicken their paper-thin designs in varying spots. U-M's team, however, found that uniformity is key.




"What happens is you add one level of thickness here, and a different level of thickness there, and it becomes mismatched," Filipov said. "So when the load is carried through these components, it starts to cause bending.

"That uniformity of the component's thickness is what's key and what's missing from many current origami systems. When you have that, together with appropriate locking devices, the weight placed upon a structure can be evenly transferred throughout."

In addition to carrying a large load, this system -- known as the Modular and Uniformly Thick Origami-Inspired Structure system -- can adapt its shapes to become bridges, walls, floors, columns and many other structures.

U-M's research has been helped along by use of its Sequentially Working Origami Multi-Physics Simulator (SWOMPS). It's a simulator that accurately predicts the behaviors or large-scale origami systems. Developed at U-M, the system has been available to the public since 2020.

The study was supported by funding from the National Science Foundation and the Automotive Research Center.
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DNA origami-based vaccines toward safe and highly-effective precision cancer immunotherapy | ScienceDaily
Therapeutic cancer vaccines are a form of immunotherapy in the making that could not only destroy cancer cells in patients, but keep a cancer from coming back and spreading. Multiple therapeutic cancer vaccines are being studied in clinical trials, but despite their promise, they are not routinely used yet by clinical oncologists to treat their patients.


						
The central ingredient of therapeutic cancer vaccines is antigens, which are preferentially produced or newly produced (neoantigens) by tumor cells and enable a patient's immune system to search and destroy the cancerous cells. In most cases, those antigens cannot act alone and need the help of adjuvant molecules that trigger a general alarm signal in immune cells known as antigen-presenting cells (APCs). APCs internalize both antigen and adjuvant molecules and present the antigens to different types of T cells. Those T cells then launch an immediate attack against the tumor, or preserve a longer-lasting memory of the tumor for future defense.

A cancer vaccine's effectiveness depends on the level and duration of the "alarm" its adjuvants can ring in APCs. Previously, researchers found that delivering adjuvant and antigen molecules to APCs simultaneously using nanostructures like DNA origami can increase APC activation. However, none of these approaches systematically investigated how the number and nanoscale arrangement of adjuvant molecules affect downstream tumor-directed immunity.

Now, a research team at the Wyss Institute at Harvard University, Dana-Farber Cancer Institute (DFCI), Harvard Medical School (HMS), and Korea Institute of Science and Technology (KIST) has created a DNA origami platform called DoriVac, whose core component is a self-assembling square block-shaped nanostructure. To one face of the square block, defined numbers of adjuvant molecules can be attached in highly tunable, nanoprecise patterns, while the opposite face can bind tumor antigens. The study found that molecules of an adjuvant known as CpG spaced exactly 3.5 nanometers apart from each other resulted in the most beneficial stimulation of APCs that induced a highly-desirable profile of T cells, including those that kill cancer cells (cytotoxic T cells), those that cause beneficial inflammation (Th-1 polarized T cells), and those that provide a long-term immune memory of the tumor (memory T cells). DoriVac vaccines enabled tumor-bearing mice to better control the growth of tumors and to survive significantly longer than control mice. Importantly, the effects of DoriVac also synergized with those of immune checkpoint inhibitors, which are a highly successful immunotherapy that is already widely used in the clinic. The findings are published in Nature Nanotechnology.

"DoriVac's DNA origami vaccine technology merges different nanotechnological capabilities that we have developed over the years with an ever-deepening knowledge about cancer-suppressing immune processes," said Wyss Core Faculty member William Shih, Ph.D., who led the Wyss Institute team together with first-author Yang (Claire) Zeng, M.D., Ph.D.. "We envision that in the future, antigens identified in patients with different types of tumors could be quickly loaded onto prefabricated, adjuvant-containing DNA origami to enable highly effective personalized cancer vaccines that can be paired with FDA-approved checkpoint inhibitors in combination therapies." Shih is also a Professor at HMS and DFCI's Department of Cancer Biology and, as some of the other authors, a member of the NIH-funded cross-institutional "Immuno-engineering to Improve Immunotherapy" (i3) Center based at the Wyss.

DNA origami rationale

The CpG adjuvant is a synthetic strand of DNA made up of repeated CpG nucleotide motifs that mimic the genetic material from immune cell-invading bacterial and viral pathogens. Like its natural counterparts, CpG adjuvants bind to a "danger receptor" called TLR9 in immune cells, which in turn induces an inflammatory (innate) immune response that works in concert with the antigen-induced (adaptive) immune response.




"We knew from previous work that to trigger strong inflammatory responses, TLR9 receptors need to dimerize and aggregate into multimeric complexes binding to multiple CpG molecules. The nanoscale distances between the CpG-binding domains in effective TLR9 assemblies revealed by structural analysis fell right into the range of what we hypothesized we could mirror with DNA origami structures presenting precisely spaced CpG molecules," explained Zeng, who was an Instructor in Medicine at the time of the study and now is a senior scientist at DFCI and Harvard Medical School (HMS). In addition to Shih, Zeng was also mentored on the project by senior authors Ju Hee Ryu, Ph.D., a Principal Researcher at KIST, and Wyss Founding Core Faculty member David Mooney, Ph.D., who also is Professor at Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS), and one of the i3 Center's Principal Investigators.

Zeng and the team fabricated DoriVac vaccines in which different numbers of CpG strands were spaced at 2.5, 3.5, 5, or 7 nanometers apart from each other on one face of the square block, and a model antigen was attached to the opposite face. They protected their structures from being degraded in the body using a chemical modification method that Shih's group had developed earlier. When internalized by different types of APCs, including dendritic cells (DCs), which orchestrate tumor-directed T cell responses, the DoriVac vaccines improved the uptake of antigens compared to controls consisting of free antigen molecules. A CpG spacing of 3.5 nanometers produced the strongest and most beneficial responses in APCs, and significantly outperformed a control vaccine containing only free CpG molecules. "We were excited to find that the DoriVac vaccine preferentially induced an immune activation state that supports anti-tumor immunity, which is what researchers generally want to see in a good vaccine," said Zeng.

Besides spacing, the numbers of CpG molecules in DoriVac vaccines also mattered. The team tested vaccines containing between 12 to 63 optimally spaced CpG molecules and found that 18 CpG molecules provided the best APC activation. This meant that their approach can also help limit the dosage of CpG molecules and thus minimize commonly observed toxic side effects observed with adjuvants.

Gained in (tumor) translation

Importantly, these in vitro trends translated to in vivo mouse tumor models. When prophylactically injected under the skin of mice, DoriVac vaccines accumulated in the closest lymph nodes where they stimulated DCs. A vaccine loaded with a melanoma antigen prevented the growth of subsequently injected aggressive melanoma cells. While all control animals had succumbed to the cancer by day 42 of the experiment, DoriVac-protected animals all were alive. DoriVac vaccines also inhibited tumor growth in mice in which the formation of melanoma tumors was already underway, with a 3.5 nanometer spacing of 18 CpG molecules again providing maximum effects on DC and T cells, and the strongest reduction in tumor growth.

Next, the team asked whether DoriVac vaccines could also boost immune responses produced by small "neoantigens" emerging in melanoma tumors. Neoantigens are ideal targets because they are exclusively made by tumor cells. However, they often are not very immunogenic themselves, which make highly effective adjuvants an important component in neoantigen vaccines. A DoriVac vaccine customized with four neoantigens enabled the researchers to significantly suppress growth of the tumor in mice that produced the neoantigens.




Finally, the researchers asked whether DoriVac could synergize with immune checkpoint therapy, which reactivates T cells that have been silenced in tumors. In mice, the two therapies combined resulted in the total regression of melanoma tumors, and prevented them from growing back when the animals were exposed to the same tumor cells again four months later. The animals had built up an immune memory of the tumor. The team obtained a similar vaccination efficiency in a mouse lymphoma model.

"We think that DoriVac's value for determining a sweet spot in adjuvant delivery and enhancing the delivery and effects of coupled antigens can pave the way to more effective clinical cancer vaccines for use in patients with a variety of cancers," said Zeng. The team is currently translating the DoriVac platform toward its clinical application, which is supported by the study's assessment of vaccine distribution and vaccine-directed antibodies in mice, as well as cytokines produced by immune cells in response to the vaccines in vivo.

"The DoriVac platform is our first example of how our pursuit of what we call Molecular Robotics -- synthetic bioinspired molecules that have programmable shape and function -- can lead to entirely new and powerful therapeutics. This technology opens an entirely new path for development of designer vaccines with properties tailored to meet specific clinical challenges. We hope to see its rapid translation into the clinic," said Wyss Institute Founding Director Donald Ingber, M.D., Ph.D., who is also the Judah Folkman Professor of Vascular Biology at HMS and Boston Children's Hospital, and the Hansjorg Wyss Professor of Bioinspired Engineering at SEAS.

Other authors on the study are Olivia Young, Christopher Wintersinger, Frances Anastassacos, James MacDonald, Giorgia Isinelli, Maxence Dellacherie, Miguel Sobral, Haiqing Bai, Amanda Graveline, Andyna Vernet, Melinda Sanchez, Kathleen Mulligan, Youngjin Choi, Thomas Ferrante, Derin Keskin, Geoffrey Fell, Donna Neuberg, Cathrine Wu, and Ick Chan Kwon. The study was funded by the Wyss Institute's Validation Project and Institute Project programs, Claudia Adams Barr Program at DFCI, Korean Fund for Regenerative Medicine (award #21A0504L1), Intramural Research Program of KIST (award #2E30840), and National Institutes of Health (under the i3 Center supporting U54 grant (award #CA244726-01).
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New research suggests that our universe has no dark matter | ScienceDaily
The current theoretical model for the composition of the universe is that it's made of 'normal matter,' 'dark energy' and 'dark matter.' A new uOttawa study challenges this.


						
A University of Ottawa study published today challenges the current model of the universe by showing that, in fact, it has no room for dark matter.

In cosmology, the term "dark matter" describes all that appears not to interact with light or the electromagnetic field, or that can only be explained through gravitational force. We can't see it, nor do we know what it's made of, but it helps us understand how galaxies, planets and stars behave.

Rajendra Gupta, a physics professor at the Faculty of Science, used a combination of the covarying coupling constants (CCC) and "tired light" (TL) theories (the CCC+TL model) to reach this conclusion. This model combines two ideas -- about how the forces of nature decrease over cosmic time and about light losing energy when it travels a long distance. It's been tested and has been shown to match up with several observations, such as about how galaxies are spread out and how light from the early universe has evolved.

This discovery challenges the prevailing understanding of the universe, which suggests that roughly 27% of it is composed of dark matter and less than 5% of ordinary matter, remaining being the dark energy.

Challenging the need for dark matter in the universe

"The study's findings confirm that our previous work ("JWST early Universe observations and LCDM cosmology") about the age of the universe being 26.7billionyears has allowed us to discover that the universe does not require dark matter to exist," explains Gupta. "In standard cosmology, the accelerated expansion of the universe is said to be caused by dark energy but is in fact due to the weakening forces of nature as it expands, not due to dark energy."

"Redshifts" refer to when light is shifted toward the red part of the spectrum. The researcher analyzed data from recent papers on the distribution of galaxies at low redshifts and the angular size of the sound horizon in the literature at high redshift.

"There are several papers that question the existence of dark matter, but mine is the first one, to my knowledge, that eliminates its cosmological existence while being consistent with key cosmological observations that we have had time to confirm," says Gupta.

By challenging the need for dark matter in the universe and providing evidence for a new cosmological model, this study opens up new avenues for exploring the fundamental properties of the universe.
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Protein fragments ID two new 'extremophile' microbes--and may help find alien life | ScienceDaily
Perfectly adapted microorganisms live in extreme environments from deep-sea trenches to mountaintops. Learning more about how these extremophiles survive in hostile conditions could inform scientists about life on Earth and potential life on other planets. In ACS' Journal of Proteome Research, researchers detail a method for more accurate extremophile identification based on protein fragments instead of genetic material. The study identified two new hardy bacteria from high-altitude lakes in Chile -- an environment like early Mars.


						
Even though humans tend to avoid settling in extremely hot, cold or high-altitude areas, some microorganisms have adapted to live in such harsh locations. These extremophile microbes are of interest to astrobiologists who are searching for life on other planets. Researchers currently use individual gene sequencing to identify Earth-bound microbes, based on their DNA. However, current methods can't distinguish closely related species of extremophiles. So, Ralf Moeller and colleagues investigated whether they could identify an extremophile by using its protein signature rather than a gene sequence.

The researchers started their demonstration with water samples from five high-altitude Andean lakes more than 2.3 miles above sea level in the Chilean Altiplano. (For reference, Denver is about one mile above sea level.) From the samples, the researchers cultivated 66 microbes and then determined which of two methods better identified the microorganisms:
    	Traditional gene sequencing compared the nucleotides of the 16s rRNA gene (a typical gene for sequence-based microbe analysis) from each sample to a database for identification.
    	The newer "proteotyping" technique analyzed protein fragments known as peptides to produce peptide signatures, which the team used to identify microorganisms from proteome databases.

With these methods, the researchers identified 63 of the 66 microorganisms that were cultivated from the high-altitude lake samples. For the three microorganisms that gene sequencing failed to identify because their genetic information wasn't in the available database, proteotyping identified two potentially new types of extremophile bacteria. These results suggest proteotyping could be a more complete solution for identifying extremophile microorganisms from small biological samples. The team says protein profiling could someday help us search for and identify extraterrestrial life and better explore the biodiversity on our own planet.

The authors acknowledge funding from the Federal Ministry of Education and Research-Association of German Engineers and the Association of Electrical, Electronic and Information Technologies Innovation + Technology grant; German Aerospace Center; German Research Foundation; an Occitania Region grant; and the Volkswagen Foundation. 
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