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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.


      
        Although tiny, peatland microorganisms have a big impact on climate
        Polyphenols are generally toxic to microorganisms. In peatlands, scientists thought microorganisms avoided this toxicity by degrading polyphenols using an oxygen-dependent enzyme, and thus that low-oxygen conditions inhibit microbes' carbon cycling. However, a new study found that Arctic peatland microorganisms used alternative enzymes, with and without oxygen, to break down polyphenols. This suggests carbon stored in these ecosystems is more at risk than previously thought.

      

      
        Microbes found to destroy certain 'forever chemicals'
        An environmental engineering team has discovered that specific bacterial species can cleave the strong fluorine-to-carbon bond certain kinds of 'forever chemical' water pollutants, offering promise for low-cost treatments of contaminated drinking water.

      

      
        Sea ice's cooling power is waning faster than its area of extent
        As sea ice disappears and grows less reflective, the Arctic has lost around a quarter of its cooling power since 1980, and the world has lost up to 15%, according to new research.

      

      
        New technique could help treat aggressive brain tumors
        Burst sine wave electroporation was found to cause less damage to cells and tissue but more disruption to the blood-brain barrier.

      

      
        Evidence for butchery of giant armadillo-like mammals in Argentina 21,000 years ago
        Cut marks on fossils could be evidence of humans exploiting large mammals in Argentina more than 20,000 years ago, according to a new study.

      

      
        Gender inequality across US states revealed by new tool
        Researchers have developed and validated a new tool for comparing gender inequality among different regions of a country, highlighting links between gender inequality, wellbeing, and participation in the #MeToo movement within the United States.

      

      
        Mental health training for line managers linked to better business performance in England
        In a study of several thousand companies in England, mental health training for line managers was associated with organizational-level benefits, including lower levels of long-term mental health-related sickness absence and better business performance, customer service, and staff recruitment and retention.

      

      
        Ant insights lead to robot navigation breakthrough
        Have you ever wondered how insects are able to go so far beyond their home and still find their way? The answer to this question is not only relevant to biology but also to making the AI for tiny, autonomous robots. Drone-researchers felt inspired by biological findings on how ants visually recognize their environment and combine it with counting their steps in order to get safely back home. They have used these insights to create an insect-inspired autonomous navigation strategy for tiny, lightw...

      

      
        Soft, stretchy 'jelly batteries' inspired by electric eels
        Researchers have developed soft, stretchable 'jelly batteries' that could be used for wearable devices or soft robotics, or even implanted in the brain to deliver drugs or treat conditions such as epilepsy.

      

      
        The most endangered fish are the least studied
        The most threatened reef fishes are also the most overlooked by scientists and the general public. Scientists measured the level of human interest in 2,408 species of marine reef fish and found that the attention of the scientific community is attracted by the commercial value more than the ecological value of the fishes. The public, on the other hand, is primarily influenced by the aesthetic characteristics of certain species, such as the red lionfish (Pterois volitans) and the mandarinfish (Syn...

      

      
        Mindfulness training may lead to altered states of consciousness
        Mindfulness training may lead participants to experience disembodiment and unity -- so-called altered states of consciousness -- according to a new study.

      

      
        New technique pinpoints nanoscale 'hot spots' in electronics to improve their longevity
        Researchers engineered a new technique to identify at the nanoscale level what components are overheating in electronics and causing their performance to fail.

      

      
        Ancient viruses fuel modern-day cancers
        The human genome is filled with flecks of DNA left behind by viruses that infected primate ancestors tens of millions of years ago. Scientists used to think they were harmless, but new research shows that, when reawakened, they help cancer survive and thrive.

      

      
        Reef pest feasts on 'sea sawdust'
        Researchers have uncovered an under the sea phenomenon where coral-destroying crown-of-thorns starfish larvae have been feasting on blue-green algae bacteria known as 'sea sawdust'.

      

      
        Diatom surprise could rewrite the global carbon cycle
        When it comes to diatoms that live in the ocean, new research suggests that photosynthesis is not the only strategy for accumulating carbon. Instead, these single-celled plankton are also building biomass by feeding directly on organic carbon in wide swaths of the ocean. These new findings could lead to reduced estimates regarding how much carbon dioxide diatoms pull out of the air via photosynthesis, which in turn, could alter our understanding of the global carbon cycle, which is especially rel...

      

      
        Discovery of a hybrid lineage offers clues to how trees adapt to climate change
        The discovery of a hybrid population of poplar trees in western Wyoming has provided insight into how natural hybridization informs the evolution of many plant species, according to researchers. They also said their discovery suggests that genetic exchange between species may be critical for adaptation to environmental change.

      

      
        Research tracks 66 million years of mammalian diversity
        New research has examined the fossil record going back 66 million years and tracked changes to mammalian ecosystems and species diversity on the North American continent.

      

      
        Want to spot a deepfake? Look for the stars in their eyes
        In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important. So what if you could tell just by looking into someone's eyes? That's the compelling finding of new research which suggests that AI-generated fakes can be spotted by analyzing human eyes in the same way that astronomers study pictures of galaxies.

      

      
        Ultra-processed food makes up almost two-thirds of calorie intake of UK adolescents, study finds
        Adolescents consume around two-thirds of their daily calories from ultra-processed foods (UPFs) new research has found. The study found that UPF consumption was highest among adolescents from deprived backgrounds, those of white ethnicity, and younger adolescents.

      

      
        Aussie innovation spearheads cheaper seafloor test for offshore wind farms
        Australian engineers have unveiled a clever new device -- based on a modified speargun -- as a cheap and efficient way to test seabed soil when designing offshore wind farms.

      

      
        The eyes have it: Visual inspection experience essential for airport security screening
        Researchers have used eye-tracking to study airport security screeners' performance during different visual inspection phases of a screening task.

      

      
        A hydrogel implant to treat endometriosis
        Researchers have developed a hydrogel implant that can help prevent endometriosis, a condition that affects a great many women. This innovation also acts as a contraceptive.

      

      
        Paleolithic diets are not without risks
        High-protein diets, known as 'Paleolithic diets', are popular. Using mouse models, scientists have studied their impact. While effective in regulating weight and stabilizing diabetes, these diets are not without risks. Excess protein greatly increases ammonium production, overwhelming the liver. Excess ammonium can cause neurological disorders and, in severe cases, lead to coma. These results suggest caution when following these diets.

      

      
        New analgesic could replace opioids over the long term
        Opioids have long been known as natural substances with substantial pharmacological effect. They have been used as effective painkillers. Researchers have now identified a natural active substance that may prove to be an effective alternative to opioids in the long run and could also help mitigate the opioid crisis.

      

      
        Children living in greener neighborhoods show better lung function
        A large study of 35,000 children from eight countries has found a 'robust' link between exposure to green spaces in early childhood and better lung function. The study used data from 10 European birth cohorts from 8 countries to conduct a meta-analysis. This assessment of the data was done at the individual level for each participant.

      

      
        Powerful new particle accelerator a step closer with muon-marshalling technology
        New experimental results show particles called muons can be corralled into beams suitable for high-energy collisions, paving the way for new physics.

      

      
        Physicists develop new theory describing the energy landscape formed when quantum particles gather together
        An international team of physicists has proven new theorems in quantum mechanics that describe the 'energy landscapes' of collections of quantum particles. Their work addresses decades-old questions, opening up new routes to make computer simulation of materials much more accurate. This, in turn, may help scientists design a suite of materials that could revolutionize green technologies.

      

      
        Boost in infant genetics research could change lives, say researchers
        Investment in research into genetics could dramatically improve educational policies and understanding of parenting in ways that could help all children, according to a new paper.

      

      
        Improving identification of human remains using craniofacial superimposition
        Researchers propose an improvement in the identification of human remains using craniofacial superimposition. The forensic identification technique is based on the analysis of a skull (post-mortem) and photographs of the person's face (ante-mortem). It represents a major step in making objective decisions that are based on the ability to quantify the probability that a skull matches the photographs being examined.

      

      
        Designing safer opioids
        Opioid medications offer people relief from debilitating pain, but these drugs come with dangers: the risk for addiction, miserable withdrawal symptoms and the potential for fatal overdose. Researchers have now identified a strategy to design safer opioids. They showed that an experimental opioid, which binds to an unconventional spot in the receptor, suppresses pain in animal models with fewer side effects -- most notably those linked to fatal overdoses.

      

      
        Completely stretchy lithium-ion battery for flexible electronics
        When you think of a battery, you probably don't think stretchy. But batteries will need this shape-shifting quality to be incorporated into flexible electronics, which are gaining traction for wearable health monitors. Now, researchers report a lithium-ion battery with entirely stretchable components, including an electrolyte layer that can expand by 5000%, and it retains its charge storage capacity after nearly 70 charge/discharge cycles.

      

      
        Stress-related cell damage linked to negative mental and physical health effects among caregivers
        Researchers have found that intense stress can be felt at the cellular level and is linked to negative physical and mental health effects.

      

      
        What fat cats on a diet may tell us about obesity in humans
        Pet cats may be excellent animal models for the study of obesity origins and treatment in humans, a new study of feline gut microbes suggests -- and both species would likely get healthier in the research process, scientists say.

      

      
        Patients with Alzheimer's disease have higher frequency of mental health symptoms which can precede memory problems, study finds
        Decline in memory and other thinking abilities is the most well-known result of Alzheimer's disease (AD). However, many individuals with this condition also experience mental health symptoms such as agitation, depression, apathy, and trouble with sleep. A new study has found that the pathology behind AD may be a direct reason for emotional and behavioral symptoms. Additionally, they discovered when individuals with AD experience decline in memory and thinking abilities, their mental health tends ...

      

      
        Researchers predict fewer, pricier strawberries as temperatures warm
        Strawberries could be fewer and more expensive because of higher temperatures caused by climate change, according to new research.

      

      
        Smart soil can water and feed itself
        A newly engineered type of soil can capture water out of thin air to keep plants hydrated and manage controlled release of fertilizer for a constant supply of nutrients.

      

      
        Study uncovers genetic cancer risks in 550 patients
        Current screening protocols fail to catch a notable number of people carrying genetic mutations associated with hereditary breast and ovarian cancer syndrome and Lynch syndrome, which increase the risk of developing certain cancers, according to new findings.

      

      
        Scientists define new type of memory loss in older adults
        Researchers have established new criteria for a memory-loss syndrome in older adults that specifically impacts the brain's limbic system. It can often be mistaken for Alzheimer's disease.

      

      
        Diabetes drug reduces drug resistance in lung cancer, improving chemotherapy effectiveness
        A medication used to treat diabetic neuropathy may make chemotherapy treatments more effective for patients with lung cancer, according to new findings.

      

      
        Cell donor's socioeconomic status shapes cancer treatment outcomes, new study finds
        New research demonstrates that the socioeconomic status (SES) of cell donors affects the health outcomes of blood cancer patients who underwent hematopoietic cell transplantation (HCT).

      

      
        Multiple moves during childhood can increase the risks of depression in later life
        A new study has shown that experiences of moving during childhood -- whether between or within deprived or non-deprived neighborhoods -- is associated with significantly higher rates of depression in adulthood. The research analyzed the residential locations of almost 1.1 million people born in Denmark between 1981 and 2001 and who stayed in the country during the first 15 years of their lives. It then tracked those same individuals into adulthood, and found at least 35,000 of those still living ...

      

      
        Cuttlefish can form false memories, too
        During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers have evidence that the common cuttlefish may create false memories, too.

      

      
        Astronomers spot a 'highly eccentric' planet on its way to becoming a hot Jupiter
        The newly discovered planet TIC 241249530 b has the most highly elliptical, or eccentric, orbit of any known planet. It appears to be a juvenile planet that is in the midst of becoming a hot Jupiter, and its orbit is providing some answers to how such large, scorching planets evolve.

      

      
        Psilocybin generates psychedelic experience by disrupting brain network
        Researchers report that psilocybin, the active ingredient in magic mushrooms, destabilizes a critical network of brain areas involved in introspective thinking. The findings provide a neurobiological explanation for the drug's mind-bending effects.

      

      
        Electronic prompt for surgeons may reduce breast cancer overtreatment
        Researchers have developed a novel prompt, or 'nudge,' embedded in the electronic health record that flags, for treating surgeons, older patients with early-stage breast cancer who may be at risk for unnecessary lymph node surgery.

      

      
        New study addresses a long-standing diversity bias in human genetics
        Scientists have generated a new catalog of human gene expression data from around the world to address how most research in human genetics has historically focused on people of European ancestries -- a bias that may limit the accuracy of scientific predictions for people from other populations.

      

      
        Forests endure as carbon sink despite regional pressures
        Despite facing regional threats like deforestation and wildfires, the world's forests continue to be a powerful weapon in the fight against climate change. A new study reveals these vital ecosystems have consistently absorbed carbon dioxide for the past three decades, even as disruptions chip away at their capacity. The study, based on long-term ground measurements combined with remote sensing data, found that forests take up an average of 3.5 0.4 billion metric tons of carbon per year, which is ...

      

      
        Paving the way to extremely fast, compact computer memory
        Researchers have demonstrated that the layered multiferroic material nickel iodide (NiI2) may be the best candidate yet for devices such as magnetic computer memory that are extremely fast and compact. Specifically, they found that NiI2 has greater magnetoelectric coupling than any known material of its kind.

      

      
        Logged forests can still have ecological value -- if not pushed too far
        Researchers have analysed data from 127 studies to reveal 'thresholds' for when logged rainforests lose the ability to sustain themselves. The results could widen the scope of which forests are considered 'worth' conserving, but also show how much logging degrades forests beyond the point of no return.

      

      
        New gene therapy for muscular dystrophy offers hope
        A new gene therapy treatment for Duchenne muscular dystrophy (DMD) shows promise of not only arresting the decline of the muscles of those affected by this inherited genetic disease, but perhaps, in the future, repairing those muscles. The research focuses on delivering a series of protein packets inside shuttle vectors to replace the defective DMD gene within the muscles.The gene for dystrophin is one of the largest in the human genome, and is difficult to fit inside a delivery shuttle. Instead ...
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Although tiny, peatland microorganisms have a big impact on climate | ScienceDaily
Polyphenols are a diverse group of organic compounds produced by plants. These compounds are often toxic to microorganisms. In peatlands, scientists thought that microorganisms avoided this toxicity by degrading polyphenols using an enzyme that requires oxygen. However, when there is little or no oxygen, like after flooding due to climate induced thawing, the enzyme is inactive, and polyphenols accumulate. This inhibits microbes' carbon cycling. In this study, scientists mined data for thousands of microbial genomes recovered from Stordalen Mire, an Arctic peatland in Sweden. They discovered that these microorganisms used alternative polyphenol-active enzymes, with and without oxygen. The study underscores the significance of polyphenols in peatland carbon dynamics. It also suggests that the carbon stored in these ecosystems is at greater risk to be released into the atmosphere by climate change than previously thought.


						
Arctic peatlands store vast amounts of carbon. As global temperatures increase and environments change in response, the stability of the carbon stored in these habitats has emerged as a pressing concern. Researchers delved deep into the soil microbiome, scrutinizing the functions of thousands of microorganisms in an Arctic peatland ecosystem. Contrary to previous assumptions, the study revealed that many microorganisms metabolize polyphenols. Scientists had believed that this complex class of carbon compounds was inert and an important part of carbon storage. Armed with this new insight, scientists are better equipped to forecast the impacts of climate change on Arctic ecosystems and devise targeted strategies for mitigating these effects.

Peatlands have long intrigued scientists as reservoirs of terrestrial carbon, yet the role of microorganisms in carbon cycling has remained enigmatic. Contrary to past assumptions, this new research challenges the notion that peatland microorganisms exclusively degrade polyphenols under oxygenated conditions using phenol oxidase. Drawing from insights derived from other oxygen-limited environments like the human gut and rumen, where alternative enzymes and pathways metabolize polyphenols, the research team developed a novel computational tool to rapidly profile polyphenol metabolisms in microbial genomes. This software, applied to thousands of microbial genomes sampled from an Arctic peatland, unveiled a surprising diversity of polyphenol-transforming biochemical pathways. Remarkably, certain microorganisms encoded a profusion of these genes, signifying a polyphenol degradation prowess. Furthermore, the findings highlight the adaptability of microbial gene expression to shifts in soil redox conditions across the landscape.

By uncovering this hidden biochemistry, this research pioneers a new understanding of carbon cycling in these climate critical ecosystems. These insights not only expand knowledge of microbial metabolism but also underscore the intricate interplay between microorganisms and carbon dynamics in the face of climate change.

This material was based on work supported by the Department of Energy (DOE) Office of Science, Biological and Environmental Research Program, as well as the National Sciences Foundation Biological Integration Institute. A portion of this research was performed under the DOE Facilities Integrating Collaborations for User Science program and used resources at the Joint Genome Institute and the Environmental Molecular Sciences Laboratory, both DOE Office of Science user facilities.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717204102.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Microbes found to destroy certain 'forever chemicals' | ScienceDaily
UC Riverside environmental engineering team has discovered specific bacterial species that can destroy certain kinds of "forever chemicals," a step further toward low-cost treatments of contaminated drinking water sources.


						
The microorganisms belong to the genus Acetobacterium and they are commonly found in wastewater environments throughout the world.

Forever chemicals, also known as per- and polyfluoroalkyl substances or PFAS, are so named because they have stubbornly strong carbon-fluorine chemical bonds, which make them persistent in the environment.

The microorganisms discovered by UCR scientists and their collaborators can cleave those stubborn fluorine-to-carbon bonds, they reported Wednesday, July 17, in the journal Science Advances.

"This is the first discovery of a bacterium that can do reductive defluorination of PFAS structures," said Yujie Men, corresponding author of the study and an associate professor at UCR's Bourns College of Engineering in the Department of Chemical and Environmental Engineering.

Men cautioned that the bacteria were effective only on unsaturated PFAS compounds, which have double carbon-to-carbon bonds in their chemical structures.

But importantly, the scientists also identified the specific enzymes in these bacteria essential for cleaving the carbon-fluorine bonds. This discovery opens the door for bioengineers to improve these enzymes so they can be effective on other PFAS compounds. (Enzymes are proteins that act as catalysts for biochemical reactions.)

"If we can understand the mechanism, maybe we can find similar enzymes based on the identified molecular traits and screen out more effective ones," Men said. "Also, if we can design some new enzyme or alter this known enzyme based on the mechanistic understanding, we could be able to make it more efficient and work with a broader range of PFAS molecules ."




Last year, Men published a paper that identified other microorganisms that cleave the carbon-chlorine bond in chlorinated PFAS compounds, which triggers substantial spontaneous defluorination and destroys this group of pollutants. The most recent discovery greatly expands the number of PFAS compounds that can be destroyed biologically. Using bacteria to treat groundwater is cost effective because the microorganisms destroy pollutants before the water reaches wells. The process involves injecting the groundwater with the preferred bacteria species along with nutrients to increase their numbers.

Because PFAS compounds are linked to cancer and other human health maladies, the U.S. Environmental Protection Agency, or EPA, imposed water-quality limits earlier this year that restrict certain forever chemicals to only four parts per trillion in the nation's tap water, spurring water providers to find PFAS cleanup solutions.

PFAS compounds came into widespread use in thousands of consumer products starting in the 1940s because of their ability to resist heat, water, and lipids. Examples of PFAS-containing products include fire suppressant foams, grease-resistant paper wrappers and containers such as microwave popcorn bags, pizza boxes, and candy wrappers; also, stain and water repellents used on carpets, upholstery, clothing, and other fabrics; according to the EPA.

The paper's title is "Electron-bifurcation and fluoride efflux systems in Acetobacterium spp. Drive defluorination of perfluorinated unsaturated carboxylic acids." Yaochun Yu is the lead author. He was a visiting student scientist and a UCR post-doctoral scientist at UCR before joining the Swiss Federal Institute of Aquatic Science and Technology, or Eawag, in 2022.

In addition to Yu and Men, the co-authors authors are Fengjun Xu, Weiyang Zhao, Calvin Thoma, Shun Che, Jack E. Richman, Bosen Jin, Yiwen Zhu, Yue Xing, and Lawrence Wackett.
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Sea ice's cooling power is waning faster than its area of extent | ScienceDaily
As sea ice disappears and grows less reflective, the Arctic has lost around a quarter of its cooling power since 1980, and the world has lost up to 15%, according to new research led by University of Michigan scientists.


						
Using satellite measurements of cloud cover and the solar radiation reflected by sea ice between 1980 and 2023, the researchers found that the percent decrease in sea ice's cooling power is about twice as high as the percent decrease in annual average sea ice area in both the Arctic and Antarctic. The added warming impact from this change to sea ice cooling power is toward the higher end of climate model estimates.

"When we use climate simulations to quantify how melting sea ice affects climate, we typically simulate a full century before we have an answer," said Mark Flanner, professor of climate and space sciences and engineering and the corresponding author of the study published in Geophysical Research Letters.

"We're now reaching the point where we have a long enough record of satellite data to estimate the sea ice climate feedback with measurements."

The Arctic has seen the largest and most steady declines in sea ice cooling power since 1980, but until recently, the south pole had appeared more resilient to the changing climate. Its sea ice cover had remained relatively stable from 2007 into the 2010s, and the cooling power of the Antarctic's sea ice was actually trending up at that time.

That view abruptly changed in 2016, when an area larger than Texas melted on one of the continent's largest ice shelves.The Antarctic lost sea ice then too, and its cooling power hasn't recovered, according to the new study. As a result, 2016 and the following seven years have had the weakest global sea ice cooling effect since the early 1980s.

Beyond disappearing ice cover, the remaining ice is also growing less reflective as warming temperatures and increased rainfall create thinner, wetter ice and more melt ponds that reflect less solar radiation. This effect has been most pronounced in the Arctic, where sea ice has become less reflective in the sunniest parts of the year, and the new study raises the possibility that it could be an important factor in the Antarctic, too -- in addition to lost sea ice cover.




"The changes to Antarctic sea ice since 2016 boost the warming feedback from sea ice loss by 40%. By not accounting for this change in the radiative effect of sea ice in Antarctica, we could be missing a considerable part of the total global energy absorption," said Alisher Duspayev, doctoral student in physics and the study's first author.

The research team hopes to provide their updated estimates of sea ice's cooling power and climate feedback from less reflective ice to the climate science community via a website that is updated whenever new satellite data is available.

"Climate change adaptation plans should bring aboard these new numbers as part of the overall calculus on how rapidly and how widely the impacts of cryospheric radiative cooling loss will manifest on the global climate system," said Aku Riihela, research professor at the Finnish Meteorological Institute and co-author of the study.

The research was funded by the University of Michigan Rackham Graduate School and the Research Council of Finland.

Mark Flanner is also a professor of earth and environmental sciences at the College of Literature, Science, and the Arts.
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New technique could help treat aggressive brain tumors | ScienceDaily
Tackling brain cancer is complicated, but groundbreaking new research could help add another tool to the cancer-fighting arsenal.


						
A team from Georgia Tech and Virginia Tech published a paper in APL Bioengineering in May that explores a new option that could one day be used to target glioblastoma, a deadly and fast-growing brain tumor.

Supported by National Institutes of Health grants, this work stems from past research on high frequency irreversible electroporation, better known as H-FIRE. H-FIRE is a minimally invasive process that uses non-thermal electrical pulses to break down cancer cells.

Treating any type of cancer isn't easy, but when it comes to brain cancers, the blood-brain barrier adds an extra challenge. The barrier defends the brain against toxic material -- but that's not always a positive thing.

"Mother Nature designed it to prevent us from poisoning ourselves, but unfortunately, the way that works, it also excludes about 99 percent of all small-molecule drugs from entering the brain and achieving adequate concentrations to elucidate their therapeutic effect. That's particularly true for chemotherapeutics, biologics, or immunotherapies," said John Rossmeisl, the Dr. and Mrs. Dorsey Taylor Mahin Professor of Neurology and Neurosurgery at the Virginia-Maryland College of Veterinary Medicine. Rossmeisl is one of the paper's coauthors.

The square-shaped wave typically used with H-FIRE performs double dut: It disrupts the blood-brain barrier around the tumor site while destroying cancer cells. However, this was the first study to use a sinusoidal wave to disrupt the barrier. This new modality is called burst sine wave electroporation (B-SWE).

The researchers used a rodent model to study the effects of the sinusoidal wave versus the more conventional, square-shaped wave. They found that B-SWE resulted in less damage to cells and tissue but more disruption of the blood-brain barrier.




In some clinical cases, both ablation and blood-brain barrier disruption would be ideal, but in others, blood-brain barrier disruption may be more important than destroying cells. For example, if a neurosurgeon removed the visible tumor mass, the sinusoidal waveform could potentially be used to disrupt the blood-brain barrier around the site, allowing drugs to enter the brain and eliminate the last of the cancer cells. B-SWE could result in minimal damage to the healthy brain tissue.

Research indicates that the conventional square waveforms show good blood-brain barrier disruption, but this study finds even better blood-brain barrier disruption with B-SWE. This could allow more cancer-fighting drugs to access the brain.

"We thought we had that problem solved, but this shows you that with some forward thinking, there's always potentially better solutions," said Rossmeisl, who also serves as associate head of the Department of Small Animal Clinical Sciences.

During the study, the researchers hit a snag: In addition to more blood-brain barrier disruption, they found that the sinusoidal wave also caused more neuromuscular contractions. These muscle contractions run the risk of damaging the organ. However, by tweaking the dose of B-SWE, they were able to reduce the contractions while providing a level of blood-brain barrier disruption similar to that of a higher dose.

The next step in this research is to study the effects of B-SWE using an animal model of brain cancer to see how the sinusoidal waveform stands up against the conventional H-FIRE technique.

The project was spearheaded by first author Sabrina Campelo while she completed her Ph.D. at the Virginia Tech-Wake Forest University School of Biomedical Engineering and Sciences. Campelo is now a postdoctoral fellow at the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and Emory University.
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Evidence for butchery of giant armadillo-like mammals in Argentina 21,000 years ago | ScienceDaily
Cut marks on fossils could be evidence of humans exploiting large mammals in Argentina more than 20,000 years ago, according to a study published July 17, 2024 in the open-access journal PLOS ONE by Mariano Del Papa of National University of La Plata, Argentina and colleagues.


						
The timing of early human occupation of South America is a topic of intense debate, highly relevant to a study of early human dispersal across the Americas and of humans' potential role in the extinction of large mammals at the end of the Pleistocene Epoch. This discussion is hampered by a general scarcity of direct archaeological evidence of early human presence and human-animal interactions.

In this study, researchers present evidence of butchery on Pleistocene mammal fossils from the banks of the Reconquista River, northeast of the Pampean region in Argentina. The fossils are those of a glyptodont, a giant relative of armadillos, named Neosclerocalyptus. Statistical analysis finds that cut marks on parts of the pelvis, tail, and body armor are consistent with known marks made by stone tools, and the placement of these marks is consistent with a butchering sequence targeting areas of dense flesh. Radiocarbon dating indicates these fossils are around 21,000 years old, nearly six thousand years older than other known archaeological evidence in southern South America.

These results fit with other recent findings that indicate early human presence in the Americas over 20,000 years ago. These fossils are also among the oldest evidence of human interaction with large mammals shortly before many of those mammals became extinct. The authors suggest that these findings might be further supported by additional excavation at this site, further analysis of the cut marks, and more extensive radiocarbon dating of the fossils.

Miguel Delgado, the corresponding author, adds: "The study's evidence puts into question the time frame for the first human peopling of the Americas 16,000 years ago"
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Gender inequality across US states revealed by new tool | ScienceDaily
Researchers have developed and validated a new tool for comparing gender inequality among different regions of a country, highlighting links between gender inequality, wellbeing, and participation in the #MeToo movement within the US. Bruno Gabriel Salvador Casara of New York University Abu Dhabi in the United Arab Emirates and colleagues present the tool and findings in the open-access journal PLOS ONE on July 17, 2024.


						
Gender inequality is a persistent worldwide problem with negative impacts for women and for society in general. To assess gender disparities, the United Nations and other groups typically favor a scoring system known as the Gender Inequality Index, which incorporates measurements of women's reproductive health, social and political empowerment, and participation in the labor market. However, this tool is designed to measure gender inequality only at the resolution of an entire country.

To enable within-country comparisons, Salvador Casara and colleagues adapted the Gender Inequality Index for state-level resolution. They demonstrated the new tool's effectiveness by analyzing gender-inequality dynamics among states within the US.

They found that US states were "substantially gender-unequal overall." Arkansas, Louisiana and Oklahoma scored highest for gender inequality, while Massachusetts, California and Maine scored lowest.

States with a higher index score -- indicating greater gender inequality at the expense of women -- tended to score lower on measures of women's wellness, including life satisfaction, financial wellbeing, and feeling safe. Men in these states also tended to have somewhat lower financial wellbeing, in line with prior research linking gender inequality with overall poorer economic growth.

The researchers also used Twitter data to test the link between gender inequality and involvement in the #MeToo movement, which pushed for greater awareness of sexual abuse and violence against women. They found that states with higher inequality scores tended to generate fewer tweets with the #MeToo hashtag, suggesting that greater gender inequality may diminish awareness and activism around #MeToo issues.

In addition, states with more conservative political leanings tended to have higher gender inequality scores.

The researchers call for further research to deepen understanding of the implications of their findings. Meanwhile, they note, their analysis demonstrates that the state-level Gender Inequality Index could be a valuable tool for policymakers and advocates to study and address gender disparities within specific regions of a country.
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Mental health training for line managers linked to better business performance in England | ScienceDaily
In a study of several thousand companies in England, mental health training for line managers was associated with organizational-level benefits, including lower levels of long-term mental health-related sickness absence and better business performance, customer service, and staff recruitment and retention. The project was led by Professor Holly Blake of the University of Nottingham and Dr. Juliet Hassard of Queen's University Belfast, UK, who present these findings in the open-access journal PLOS ONE on July 17.


						
Mental health training for line managers aims to equip them with skills to support the mental health of the people they manage. Ongoing research is exploring whether such training increases the knowledge, skills and confidence of managers to support their staff and benefits employees. However, few studies have addressed its potential business value for companies.

To explore organizational-level benefits, Hassard, Blake and colleagues analyzed anonymized survey data from several thousand companies in England collected between 2020 and 2023 by the Enterprise Research Centre at Warwick Business School. The survey included questions about the companies' mental health and well-being practices, including whether they offered mental health training to line managers. To avoid errors in their analysis, the researchers statistically controlled for the age, sector, and size of the companies.

The analysis showed that mental health training for line managers was associated with significantly better outcomes in terms of business performance, customer service, and staff recruitment and retention. Having line managers trained in mental health was also linked to lower levels of long-term sick leave due to mental health challenges.

These results suggest that mental health training for line managers may hold strategic business value for companies. On the basis of their findings, the researchers recommend that organizations provide mental health training to line managers and institute workplace policies that clarify line managers' role in supporting employee mental health.

Meanwhile, the researchers outline the need for further research in this area, including analyses based on objective data rather than subjective survey responses, and comparison of the potential benefits of varying approaches to mental health training for line managers.

Blake adds: "In firms of different types, sizes and sectors, we found that training line managers in mental health was related to better staff recruitment and retention, customer service, business performance and lower long-term sickness absence due to mental health. This is the first study to show that training line managers in mental health is linked to better business outcomes."
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Ant insights lead to robot navigation breakthrough | ScienceDaily
Have you ever wondered how insects are able to go so far beyond their home and still find their way? The answer to this question is not only relevant to biology but also to making the AI for tiny, autonomous robots. TU Delft drone-researchers felt inspired by biological findings on how ants visually recognize their environment and combine it with counting their steps in order to get safely back home. They have used these insights to create an insect-inspired autonomous navigation strategy for tiny, lightweight robots. The strategy allows such robots to come back home after long trajectories, while requiring extremely little computation and memory (0.65 kiloByte per 100 m). In the future, tiny autonomous robots could find a wide range of uses, from monitoring stock in warehouses to finding gas leaks in industrial sites. The researchers have published their findings in Science Robotics, on July 17, 2024.


						
Sticking up for the little guy

Tiny robots, from tens to a few hundred grams, have the potential for interesting real-world applications. With their light weight, they are extremely safe even if they accidentally bump into someone. Since they are small, they can navigate in narrow areas. And if they can be made cheaply, they can be deployed in larger numbers, so that they can quickly cover a large area, for instance in greenhouses for early pest or disease detection.

However, making such tiny robots operate by themselves is difficult, since compared to larger robots they have extremely limited resources. A major obstacle is that they have to be able to navigate by themselves. For this robots can get help from external infrastructure. They can use location estimates from GPS satellites outdoors or from wireless communication beacons indoors. However, it is often not desirable to rely on such infrastructure. GPS is unavailable indoors and can get highly inaccurate in cluttered environments such as in urban canyons. And installing and maintaining beacons in indoor spaces is quite expensive or simply not possible, for example in search-and-rescue scenarios.

The AI necessary for autonomous navigation with only onboard resources has been made with large robots in mind such as self-driving cars. Some approaches rely on heavy, power-hungry sensors like LiDAR laser rangers, which can simply not be carried or powered by small robots. Other approaches use the sense of vision, which is a very power-efficient sensor that provides rich information on the environment. However, these approaches typically attempt to create highly detailed 3D maps of the environment. This requires large amounts of processing and memory, which can only be provided by computers that are too large and power-hungry for tiny robots.

Counting steps and visual breadcrumbs

This is why some researchers have turned to nature for inspiration. Insects are especially interesting as they operate over distances that could be relevant to many real-world applications, while using very scarce sensing and computing resources. Biologists have an increasing understanding of the underlying strategies used by insects. Specifically, insects combine keeping track of their own motion (termed "odometry") with visually guided behaviors based on their low-resolution, but almost omnidirectional visual system (termed "view memory"). Whereas odometry is increasingly well understood even up to the neuronal level, the precise mechanisms underlying view memory are still less well understood. One of the earliest theories on how this works proposes a "snapshot" model. In it, an insect such as an ant is proposed to occasionally make snapshots of its environment. Later, when arriving close to the snapshot, the insect can compare its current visual percept to the snapshot, and move to minimize the differences. This allows the insect to navigate, or 'home', to the snapshot location, removing any drift that inevitably builds up when only performing odometry.




"Snapshot-based navigation can be compared to how Hansel tried not to get lost in the fairy tale of Hansel and Gretel. When Hans threw stones on the ground, he could get back home. However, when he threw bread crumbs that were eaten by the birds, Hans and Gretel got lost. In our case, the stones are the snapshots." says Tom van Dijk, first author of the study, "As with a stone, for a snapshot to work, the robot has to be close enough to the snapshot location. If the visual surroundings get too different from that at the snapshot location, the robot may move in the wrong direction and never get back anymore. Hence, one has to use enough snapshots -- or in the case of Hansel drop a sufficient number of stones. On the other hand, dropping stones to close to each other would deplete Hans' stones too quickly. In the case of a robot, using too many snapshots leads to large memory consumption. Previous works in this field typically had the snapshots very close together, so that the robot could first visually home to one snapshot and then to the next."

"The main insight underlying our strategy is that you can space snapshots much further apart, if the robot travels between snapshots based on odometry.," says Guido de Croon, Full Professor in bio-inspired drones and co-author of the article, "Homing will work as long as the robot ends up close enough to the snapshot location, i.e., as long as the robot's odometry drift falls within the snapshot's catchment area. This also allows the robot to travel much further, as the robot flies much slower when homing to a snapshot than when flying from one snapshot to the next based on odometry."

The proposed insect-inspired navigation strategy allowed a 56-gram "CrazyFlie" drone, equipped with an omnidirectional camera, to cover distances of up to 100 meters with only 0.65 kiloByte. All visual processing happened on a tiny computer called a "micro-controller," which can be found in many cheap electronic devices.

Putting robot technology to work

"The proposed insect-inspired navigation strategy is an important step on the way to applying tiny autonomous robots in the real world.," says Guido de Croon, "The functionality of the proposed strategy is more limited than that provided by state-of-the-art navigation methods. It does not generate a map and only allows the robot to come back to the starting point. Still, for many applications this may be more than enough. For instance, for stock tracking in warehouses or crop monitoring in greenhouses, drones could fly out, gather data and then return to the base station. They could store mission-relevant images on a small SD card for post-processing by a server. But they would not need them for navigation itself."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717162408.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Soft, stretchy 'jelly batteries' inspired by electric eels | ScienceDaily
Researchers have developed soft, stretchable 'jelly batteries' that could be used for wearable devices or soft robotics, or even implanted in the brain to deliver drugs or treat conditions such as epilepsy.


						
The researchers, from the University of Cambridge, took their inspiration from electric eels, which stun their prey with modified muscle cells called electrocytes.

Like electrocytes, the jelly-like materials developed by the Cambridge researchers have a layered structure, like sticky Lego, that makes them capable of delivering an electric current.

The self-healing jelly batteries can stretch to over ten times their original length without affecting their conductivity -- the first time that such stretchability and conductivity has been combined in a single material. The results are reported in the journal Science Advances.

The jelly batteries are made from hydrogels: 3D networks of polymers that contain over 60% water. The polymers are held together by reversible on/off interactions that control the jelly's mechanical properties.

The ability to precisely control mechanical properties and mimic the characteristics of human tissue makes hydrogels ideal candidates for soft robotics and bioelectronics; however, they need to be both conductive and stretchy for such applications.

"It's difficult to design a material that is both highly stretchable and highly conductive, since those two properties are normally at odds with one another," said first author Stephen O'Neill, from Cambridge's Yusuf Hamied Department of Chemistry. "Typically, conductivity decreases when a material is stretched."

"Normally, hydrogels are made of polymers that have a neutral charge, but if we charge them, they can become conductive," said co-author Dr Jade McCune, also from the Department of Chemistry. "And by changing the salt component of each gel, we can make them sticky and squish them together in multiple layers, so we can build up a larger energy potential."




Conventional electronics use rigid metallic materials with electrons as charge carriers, while the jelly batteries use ions to carry charge, like electric eels.

The hydrogels stick strongly to each other because of reversible bonds that can form between the different layers, using barrel-shaped molecules called cucurbiturils that are like molecular handcuffs. The strong adhesion between layers provided by the molecular handcuffs allows for the jelly batteries to be stretched, without the layers coming apart and crucially, without any loss of conductivity.

The properties of the jelly batteries make them promising for future use in biomedical implants, since they are soft and mould to human tissue. "We can customise the mechanical properties of the hydrogels so they match human tissue," said Professor Oren Scherman, Director of the Melville Laboratory for Polymer Synthesis, who led the research in collaboration with Professor George Malliaras from the Department of Engineering. "Since they contain no rigid components such as metal, a hydrogel implant would be much less likely to be rejected by the body or cause the build-up of scar tissue."

In addition to their softness, the hydrogels are also surprisingly tough. They can withstand being squashed without permanently losing their original shape, and can self-heal when damaged.

The researchers are planning future experiments to test the hydrogels in living organisms to assess their suitability for a range of medical applications.

The research was funded by the European Research Council and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Oren Scherman is a Fellow of Jesus College, Cambridge.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717162405.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The most endangered fish are the least studied | ScienceDaily
The most threatened reef fishes are also the most overlooked by scientists and the general public. That is the startling finding of a team of scientists led by a CNRS researcher.1 In a study to be published in Science Advances on July 17, they measured the level of human interest in 2,408 species of marine reef fish and found that the attention of the scientific community is attracted by the commercial value more than the ecological value of the fishes. The public, on the other hand, is primarily influenced by the aesthetic characteristics of certain species, such as the red lionfish (Pterois volitans) and the mandarinfish (Synchiropus splendidus).


						
Consider blennies (Blenniidae) and gobies (Gobiidae). These two fish families largely swim under the radar of both researchers and members of the public yet, as cleaners, they play a key role in the functioning of reefs. Small in size, they are essential to transfer of energy and matter from tiny prey to bigger consumers in reefs (trophodynamics).2

To reach their conclusions, the research team relied on big data compiled from scientific databases, social media, and Wikipedia page view statistics for the different fish species. They found that, though the 2,408 species studied accumulated more than 17 million views on Wikipedia, but that over 50% of those views were for only 7% of the species, and that 20% of the views were for only 1%. In addition, nearly 50% of the scientific publications for the fishes studied only concerned a subset of 1% of the species.

The research team's work brings to light a bias that directly threatens the conservation of marine reef fish, a bias of such magnitude that it compels them to sound the alarm. They emphasize the importance of aligning human interest in biodiversity with conservation needs and priorities for healthy ecosystems. They suggest launching campaigns to raise public awareness of threatened and neglected species. Finally, they advocate the establishment of research programs that take into account all ecosystem components, for a global conservation strategy that is no longer driven by commercial imperatives.

Notes
    	This research was a collaboration between scientists from the Marine Biodiversity, Exploitation and Conservation (CNRS / IFREMER / IRD / University of Montpellier) and Ecologie Marine Tropicale des Oceans Pacifique et Indien (IFREMER / IRD / University of Reunion / University of New Caledonia) research units and the Foundation for Biodiversity Research.
    	The trophodynamic chain is a set of interconnected food chains within an ecosystem.
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Mindfulness training may lead to altered states of consciousness | ScienceDaily
Mindfulness training may lead participants to experience disembodiment and unity -- so-called altered states of consciousness -- according to a new study from researchers at the University of Cambridge.


						
The team say that while these experiences can be very positive, that is not always the case. Mindfulness teachers and students need to be aware that they can be a side-effect of training, and students should feel empowered to share their experiences with their teacher or doctor if they have any concerns.

Mindfulness-based programmes have become very popular in recent years. According to recent surveys, 15% of adults in the UK have learnt some form of mindfulness. They are often practised as a way of reducing stress or coping with depression and anxiety. There is anecdotal evidence that practising mindfulness can lead to alterations of the senses, self, and body boundaries, some even similar to those induced by psychotropic drugs.

From September 2015 to January 2016, the University of Cambridge conducted a randomised controlled trial to assess the effectiveness of mindfulness training as a way of coping with the stress of examinations and found that it can help support students at risk of mental health problems.

Dr Julieta Galante from the Department of Psychiatry at the University of Cambridge, who led the trial, said: "There's been anecdotal evidence that people who practice mindfulness experience changes in how they perceive themselves and the world around them, but it's difficult to know whether these experiences are a result of mindfulness practice or whether people who are more prone to such experiences are also more likely to practise mindfulness.

"Because we'd been running a randomised trial of mindfulness practice with several hundred students at Cambridge, we realised this offered us an opportunity to explore this question further."

The team behind the trial followed up with participants a year later to investigate whether they had experienced any of the altered states of consciousness being reported anecdotally. The results are published today in PLOS ONE.




Participants were asked to complete a questionnaire that explored 11 'dimensions' such as: spiritual experience; blissful state; disembodiment; and unity. In experiences of unity there is a sense that borders dissolve and everything, sometimes including the sense of time, is perceived in an integrated way. Disembodiment experiences often consist of a floating sensation or a dissolution of body boundaries, which may facilitate strong unity experiences.

In total, 670 participants took part in the randomised trial. Around a third each from the mindfulness trial and the control arm went on to complete the questionnaire about experiences of altered states of consciousness.

The researchers found that people who had received the mindfulness training were twice as likely as those in the control group to experience unity and disembodiment.

When the researchers explored the relationship between the total hours of formal mindfulness practice and the presence and intensity of experiences of altered states of consciousness, they found that the more people practised, the more likely they were to have an experience of unity, disembodiment, or of a blissful state.

Participants who reported having meditated in the six months prior were asked if altered states of consciousness happened during meditation. Based on this sub-sample of 73 participants, 43% reported unity experiences during meditation, 47% blissful states, 29% disembodiment experiences, and 25% insightfulness experiences.

Dr Galante said: "Although we can't say definitively, our results at least suggest the possibility that mindfulness training causes these experiences of unity and disembodiment. It aligns with other studies showing that people who practice mindfulness training are more likely to describe experiencing a sense of relaxed self-boundaries and broadening their spatial awareness beyond the physical body."

Dr Galante, who practices mindfulness, has herself experienced these altered states of consciousness.




"I've benefited a lot personally from meditation and mindfulness and I've also had many of these experiences," she said. "They were intense, and at first I found it difficult to share them with my meditation teacher. I didn't know if they were normal or desirable or if they were a sign of problems with my mental health."

While many experiences of altered states of consciousness are likely to be interpreted as pleasant, this may not always be the case, and Dr Galante says that it is important for teachers and their students to be aware that they may arise and be open to talking about them.

She added: "The most common and intense experiences tend to be those that do not have intrinsically unpleasant characteristics. Some, such as bliss, can feel extremely pleasant. But some experiences, such as disembodiment or altered sense of self could be perceived as unpleasant, or startling, even alarming, especially if you're not expecting them.

"It's important that people who are offered mindfulness are told about the possibility that they may come across these experiences. That way, if they do experience them, they shouldn't be disconcerted. There may be nothing wrong with their experience, but it may be useful for them to check in with their mindfulness teacher, and if the experience was negative, to also consider discussing it with their doctor."

The research was supported by the University of Cambridge Vice-Chancellor's Endowment Fund, the University Counselling Service and the National Institute for Health Research (NIHR) Applied Research Collaboration East of England programme.
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New technique pinpoints nanoscale 'hot spots' in electronics to improve their longevity | ScienceDaily
When electronic devices like laptops or smartphones overheat, they are fundamentally suffering from a nanoscale heat transfer problem. Pinpointing the source of that problem can be like trying to find a needle in a haystack.


						
"The building blocks of our modern electronics are transistors with nanoscale features, so to understand which parts of overheating, the first step is to get a detailed temperature map," says Andrea Pickel, an assistant professor from the University of Rochester's Department of Mechanical Engineering. "But you need something with nanoscale resolution to do that."

Existing optical thermometry techniques are impractical because they have fundamental limits on the spatial resolution they can achieve. So Pickel and her materials science PhD students Ziyang Ye and Benjamin Harrington engineered a new approach to overcome these limitations by leveraging Nobel Prize in Chemistry-winning optical super-resolution fluorescence microscopy techniques used in biological imaging. In a new Science Advances study, the researchers outline their process for mapping heat transfer using luminescent nanoparticles.

By applying highly doped upconverting nanoparticles to the surface of a device, the researchers were able to achieve super-high resolution thermometry at the nanoscale level from up to 10 millimeters away. According to Pickel, that distance is extremely far in the world of super-resolution microscopy and that the biological imaging techniques they used for inspiration typically operate less than one millimeter away.

Pickel says that while the biological imaging techniques provide great inspiration, applying them to electronics had significant hurdles because they involve such different materials.

"Our requirements are very different from biologists because they're looking at things like cells and water-based materials," she says. "Often, they might have a liquid like water or an oil between their objective lens and their sample. That's great for biological imaging, but if you're working with an electronic device, that's the last thing you want."

The paper demonstrates the technique using an electrical heater structure that the team designed to produce sharp temperature gradients, but Pickel says their method can be used by manufacturers to improve a wide array of electrical components. To further improve the process, the team hopes to lower the laser power used and refine the methods for applying layers of nanoparticles to the devices.

The research was supported by the National Science Foundation and a University of Rochester Furth Fund Award.
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Ancient viruses fuel modern-day cancers | ScienceDaily
Peek inside the human genome and, among the 20,000 or so genes that serve as building blocks of life, you'll also find flecks of DNA left behind by viruses that infected primate ancestors tens of millions of years ago.


						
These ancient hitchhikers, known as endogenous retroviruses, were long considered inert or 'junk' DNA, defanged of any ability to do damage. New CU Boulder research published July 17 in the journal Science Advances shows that, when reawakened, they can play a critical role in helping cancer survive and thrive. The study also suggests that silencing certain endogenous retroviruses can make cancer treatments work better.

"Our study shows that diseases today can be significantly influenced by these ancient viral infections that until recently very few researchers were paying attention to," said senior author Edward Chuong, an assistant professor of molecular, cellular and developmental biology at CU's BioFrontiers Institute.

Part human, part virus

Studies show about 8% of the human genome is made up of endogenous retroviruses that slipped into the cells of our evolutionary ancestors, coaxing their hosts to copy and carry their genetic material. Over time, they infiltrated sperm, eggs and embryos, baking their DNA like a fossil record into generations to come -- and shaping evolution along the way.

Even though they can no longer produce functional viruses, Chuong's own research has shown that endogenous retroviruses can act as "switches" that turn on nearby genes. Some have contributed to the development of the placenta, a critical milestone in human evolution, as well as our immune response to modern-day viruses like COVID.

"There's been a lot of work showing these endogenous retroviruses can be domesticated for our benefit, but not a lot showing how they might hurt us," he said.




To explore their role in cancer, Chuong and first author Atma Ivancevic, a research associate in his lab, analyzed genomic data from 21 human cancer types from publicly available datasets.

They found that a specific lineage of endogenous retrovirus known as LTR10, which infected some primates about 30 million years ago, showed surprisingly high levels of activity in several types of cancer, including lung and colon cancer. Further analysis of tumors from dozens of colorectal cancer patients revealed that LTR10 was active in about a third of them.

When the team used the CRISPR gene editing tool to snip out or silence sequences where it was present, they discovered that critical genes known to promote cancer development and growth also went dark.

"We saw that when you silence this retrovirus in cancer cells, it turns off nearby gene expression," said Ivancevic.

Experiments in mice yielded similar results: When an LTR10 "switch" was removed from tumor cells, key cancer-promoting genes, including one called XRCC4, switched off too, and treatments to shrink tumors worked better.

"We know that cancer cells express a lot of genes that are not supposed to be on, but no one really knows what is turning them on," said Chuong. "It turns out many of the switches turning them on are derived from these ancient viruses."

Insight into how existing therapies work




Notably, the endogenous retrovirus they studied appears to switch on genes in what is known as the MAP-kinase pathway, a famed cellular pathway that is adversely rewired in many cancers. Existing drugs, known as MAP-kinase inhibitors, likely work, in part, by disabling the endogenous retrovirus switch, the study suggests.

The authors note that just this one family of retrovirus regulates as many as 70 cancer-associated genes in this pathway. Different lineages likely influence different pathways that promote different cancers.

Chuong suspects that as people age, their genomic defenses break down, enabling ancient viruses to reawaken and contribute to other health problems too.

"The origins of how diseases manifest themselves in the cell have always been a mystery," said Chuong. "Endogenous retroviruses are not the whole story, but they could be a big part of it."
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Reef pest feasts on 'sea sawdust' | ScienceDaily
Researchers have uncovered an under-the-sea phenomenon where coral-destroying crown-of-thorns starfish larvae have been feasting on blue-green algae bacteria known as 'sea sawdust'.


						
The team of marine scientists from The University of Queensland and Southern Cross University found crown-of-thorns starfish (COTS) larvae grow and thrive when raised on an exclusive diet of Trichodesmium -- a bacteria that often floats on the ocean's surface in large slicks.

UQ's Dr Benjamin Mos from the School of Environment said scientists had thought almost nothing touched this threadlike bacteria because of its toxicity and poor nutritional content.

"Until now, not much has been known about sea sawdust as a food source, so we were certainly surprised to say the least," Dr Mos said.

"Blue-green algae blooms can extend hundreds to thousands of kilometres across the ocean and often float on the surface in large rafts like sawdust -- hence the name.

"It plays a crucial role in marine ecosystems by making nitrogen from the atmosphere available to other sea life, but now we know it is also a food source.

"By knowing how sea sawdust helps COTS thrive, we can potentially change the way we combat this very damaging coral predator."

By tracing atoms from bacteria to COTS larvae, researchers found the larvae digested nitrogen from sea sawdust, with the nitrogen moving into their tissues for sustenance.




"With sea sawdust blooms on the rise in recent years, our findings suggest this could help explain the increase in COTS populations, which have devastated our coral reefs for decades," Dr Mos said.

These findings build on earlier research that suggests human activities, such as fertiliser use, sewage treatment, and stormwater runoff, may be responsible for the increase in blue-green algae blooms.

"It's important we understand the flow-on effect of how human impacts in one ecosystem might flow on to other seemingly unrelated ecosystems," Dr Mos said.

Professor Symon Dworjanyn from Southern Cross University's National Marine Science Centre said further work was needed to investigate the potential connection between sea sawdust blooms and the number of coral-eating COTS.

"If we can figure out how to reduce the impact of COTS, we might give coral reefs a little more time," Professor Dworjanyn said.

"We don't yet know if sea sawdust blooms result in more adult COTS on coral reefs, so this research needs more work.

"However, our findings could be an important part of cracking that puzzle."

This research is published in Science Advances.
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Diatom surprise could rewrite the global carbon cycle | ScienceDaily
When it comes to diatoms that live in the ocean, new research suggests that photosynthesis is not the only strategy for accumulating carbon. Instead, these single-celled plankton are also building biomass by feeding directly on organic carbon in wide swaths of the ocean. These new findings could lead researchers to reduce their estimate of how much carbon dioxide diatoms pull out of the air via photosynthesis, which in turn, could alter our understanding of the global carbon cycle, which is especially relevant given the changing climate.


						
This research is led by bioengineers, bioinformatics experts and other genomics researchers at the University of California San Diego. The new findings are published in Science Advances on July 17, 2024.

The team showed that the diatom Cylindrotheca closterium, which is found in oceans around the world, regularly performs a simultaneous mix of both photosynthesis and direct eating of carbon from organic sources such as plankton. In more than 70% of the water samples the researchers analyzed from oceans around the world, the team found signs of simultaneous photosynthesis and direct organic carbon consumption from Cylindrotheca closterium.

The team also showed that this diatom species can grow much faster when consuming organic carbon in addition to photosynthesis.

Furthermore, the new research hints at the tantalizing possibility that specific species of bacteria are feeding organic carbon directly to a large percentage of these diatoms living all across the global ocean.

This work is based on a genome-scale metabolic modeling approach that the team used to unravel the metabolism of the diatom Cylindrotheca closterium. The researchers constrained their genome-scale metabolic model with global gene expression data obtained from the TARA ocean expedition. The researchers believe this is the first time genome-scale models have been used at a global scale.

The team's new metabolic modeling data support recent lab experiments suggesting that some diatoms may rely on strategies other than photosynthesis to intake the carbon they need to survive, thrive and build biomass.




The UC San Diego led team is in the process of expanding the scope of the project to determine how widespread this non-photosynthetic activity is among other diatom species.

Are ocean bacteria feeding diatoms?

When the team looked at the physical and chemical parameters measured in their ocean water samples -- including temperature, pH, salinity, light, nitrogen and carbon availability -- they did not find any correlation between those parameters and a tendency by the diatoms to steer away from photosynthesis-only strategies.

However, the team found a clear signal when exploring specific bacterial populations co-existing with the diatom Cylindrotheca closterium in the ocean water samples. This finding hints at bacteria-diatom interactions that drive the simultaneous mix of photosynthesis and direct consumption of organic carbon -- a phenomenon known as "mixotrophy."

The team believes that specific bacteria may be feeding the diatoms directly, helping these diatoms to be one of the most successful and important microbes on the planet, in terms of oxygen production, carbon sequestration, and as a foundation of food webs that support nearly all life in the ocean.

"Diatoms are major contributors to marine food chains and key drivers of the global carbon cycle. Previously, we have estimated all carbon cycling models on the assumption that the only role that diatoms play is in carbon dioxide fixation. Our findings demonstrate that this is not the case, but that diatoms simultaneously also eat organic carbon. In other words, we have shown that diatoms do not rely exclusively on carbon dioxide fixation for their growth and biomass production. We believe these results will have major implications for our understanding of global carbon cycling," said UC San Diego Professor Karsten Zengler, professor in the Departments of Pediatrics and Bioengineering and researcher in the Center for Microbiome Innovation at the Jacobs School of Engineering.

"While there have been curious observations in the laboratory regarding diatoms deviating from photosynthesis, it has been impossible to test what kind of metabolism these diatoms perform in the ocean -- until now. This is because there are many, many genes involved in this process, and it's very difficult to delineate what process is active from gene expression data alone. Our approach gets around this challenge."

The research team hopes this work will stimulate interest in taking a much closer look at our understanding of the global carbon cycle, taking into consideration this new broader understanding of how ocean diatoms get their carbon.

What the bacteria feeding the diatoms may be getting out of the relationship is another question for further research.
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Discovery of a hybrid lineage offers clues to how trees adapt to climate change | ScienceDaily
The discovery of a hybrid population of poplar trees in western Wyoming has provided insight into how natural hybridization informs the evolution of many plant species, according to a team led by Penn State researchers. They also said their discovery suggests that genetic exchange between species may be critical for adaptation to environmental change.


						
The research -- which described a novel lineage of hybrid black cottonwood, or Populus trichocarpa, and balsam poplar, Populus balsamifera, -- was recently published in Molecular Ecology. It is just the latest study to suggest that natural hybridization has played an important role in the evolution of many plant species, according to team leader Jill Hamilton, associate professor in Penn State's College of Agricultural Sciences.

"Hybridization between different species is occurring in nature far more frequently than we might have thought -- particularly in forest trees. This is not necessarily a bad thing, because it may be a natural mechanism to facilitate adaptation in a changing climate," said Hamilton, who is director of the Schatz Center for Tree Molecular Genetics at Penn State. "Studies like this one are critical to begin teasing apart how demographic history, gene flow and interaction across varying genomic ancestries have shaped natural hybrid zones to make better predictions for movement of germplasm and climate-assisted forest management in the future."

Most black cottonwood tree populations exist in wet coastal regions. However, the trees began appearing in arid environments inland and eastward about 800,000 years ago, noted Constance Bolte, postdoctoral researcher for the Schatz Center who spearheaded latter stages of the research. She hypothesized that this movement was likely facilitated by acquiring genetic variation from hybridizing with the balsam poplar trees that allowed them to survive hot, dry conditions.

The hybrid lineage described in the study have "some very interesting genetic combinations," Bolte pointed out, enabling the trees to thrive in arid habitats.

"Those coastal populations have specific adaptations to wet conditions," she said. "But climate has been changing, and so their distribution is very limited right now, potentially because that region is drier. And so, those hybrids have been doing better because they have the genetic tools to survive in that drier climate."

Hybridization between sister species occurs frequently in forest trees, said Bolte, adding that this study shows the value in leveraging that history of natural hybridization for forest tree breeding and management.




"Our data indicates that stable lineage formation can result from hybridization," she said. "Historically, hybrids have not been considered in conservation efforts, and yet, if these hybrids happen to be fit for survival in arid or other extreme climates, it may be crucial to conserve and manage the natural genetic resources in these populations, especially under rapidly changing climate conditions."

The team found the black cottonwood-balsam poplar stable hybrid lineage after analyzing the genetic makeup of 546 poplar tree cuttings collected along seven transects -- or narrow swaths of territory arranged from north to south -- ranging from Alaska to Wyoming, with collections in British Columbia and Alberta, Canada, in between. Such analysis, according to Hamilton, is only possible using big-data-handing techniques and enormous computing power available at facilities such as the ROAR Collaborative Cluster, available through Penn State's Institute for Computational and Data Sciences.

Contributing to the research at Penn State were Michelle Zavala-Paez, doctoral student in ecology, and Brianna Sutara, undergraduate student majoring in biology and psychology; and Muhammed Can, faculty of Forestry, Duzce University, Turkey; Matthew Fitzpatrick, professor, University of Maryland Center for Environmental Science; Jason Holliday, professor at Virginia Tech; Stephen Keller, associate professor Department of Plant Biology, University of Vermont; and Tommy Phannareth, graduate student at Virginia Tech.

The U.S. National Science Foundation and the U.S. Department of Agriculture's National Institute of Food and Agriculture funded this research.
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Research tracks 66 million years of mammalian diversity | ScienceDaily
When trying to understand the present, it's helpful to look to history. New research from the University of Nebraska-Lincoln examined the fossil record going back 66 million years and tracked changes to mammalian ecosystems and species diversity on the North American continent.


						
The study, led by Alex Shupinski, who earned her doctorate in May, and co-authored by Kate Lyons, associate professor in the School of Biological Sciences, provides a large-scale view of how species diversity changed over the first 65 million years of the Cenozoic era -- up until the arrival of humans -- and how climate and other environmental factors, including changing landscapes, affected animal life on the continent.

The findings published in Proceedings of the Royal Society B also provide a glimpse into how mammals rebounded following the last mass extinction event -- the eradication of non-avian dinosaurs.

"Beginning 66 million years ago, we go from a completely sub-tropical environment across North America to grasslands to a frozen savanna, and finally, reaching the Ice Age," Shupinski said. "It's showing how species changed through time, through many ecological, environmental and climatic changes and it allows us to compare across those events and at different spatial scales."

The researchers sliced the fossil record of the Cenozoic era into million-year increments and used three indices of functional diversity -- which quantifies changes in community structures using mammalian traits -- to examine mammalian communities on both a local and continental scale.

For most of the Cenozoic era, local and continental measures of functional diversity differed, but surprisingly, during the first 10 million years of the era, immediately following the extinction of non-avian dinosaurs, all measures of functional diversity, both locally and across the continent, increased.

"That was fascinating to see, that for most of the Cenozoic, functional diversity was uncoupled across time and spatial scales, except this one time," Shupinski said. "For 10 million years, all the measures are changing in the same way. Then, around 56 million years ago, we get this massive immigration of mammals into North America from other continents, and at that point, we see a divergence of functional diversity.




"Communities are changing at different times, at different rates and in different directions," she said. "We might see locally, the diversity of roles increasing, but continentally, they're decreasing."

Lyons said that some of the changes among mammalian species can be explained by environmental changes, including cooling and warming periods or when heavily forested areas were usurped by grasslands, but that the large-scale environmental changes did not rise to the level of disruption caused by the mass extinction of dinosaurs.

"That is why this could potentially be a way to pinpoint areas of the globe or communities that are under particular stress," Lyons said. "We may be entering a sixth mass extinction event, and if so, we might expect to see communities that are on the vanguard of that extinction respond in a similar way, based on the patterns we see after the extinction of the non-avian dinosaurs."

In the field of conservation paleobiology, tracking past changes in ecosystems over long periods of time helps scientists and the public better understand biodiversity crises happening today, and this current study offers a thorough analysis of the age of mammals and hints at what may come next.

"If we are looking at the modern (crises) and we see a similar response in the functional diversity of modern community structures, it may be a conservation tool as we can highlight some of these communities that are experiencing the most disturbance and that are at highest risk of change and disturbance in their ecological services and function," Shupinski said.

Additional authors on the study are Peter Wagner, professor of Earth and atmospheric sciences at Nebraska, and Felisa Smith of the University of New Mexico, Albuquerque.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717121128.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Want to spot a deepfake? Look for the stars in their eyes | ScienceDaily
In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important.


						
So what if you could tell just by looking into someone's eyes?

That's the compelling finding of new research shared at the Royal Astronomical Society's National Astronomy Meeting in Hull, which suggests that AI-generated fakes can be spotted by analysing human eyes in the same way that astronomers study pictures of galaxies.

The crux of the work, by University of Hull MSc student Adejumoke Owolabi, is all about the reflection in a person's eyeballs.

If the reflections match, the image is likely to be that of a real human. If they don't, they're probably deepfakes.

"The reflections in the eyeballs are consistent for the real person, but incorrect (from a physics point of view) for the fake person," said Kevin Pimbblet, professor of astrophysics and director of the Centre of Excellence for Data Science, Artificial Intelligence and Modelling at the University of Hull.

Researchers analysed reflections of light on the eyeballs of people in real and AI-generated images. They then employed methods typically used in astronomy to quantify the reflections and checked for consistency between left and right eyeball reflections.




Fake images often lack consistency in the reflections between each eye, whereas real images generally show the same reflections in both eyes.

"To measure the shapes of galaxies, we analyse whether they're centrally compact, whether they're symmetric, and how smooth they are. We analyse the light distribution," said Professor Pimbblet.

"We detect the reflections in an automated way and run their morphological features through the CAS [concentration, asymmetry, smoothness] and Gini indices to compare similarity between left and right eyeballs.

"The findings show that deepfakes have some differences between the pair."

The Gini coefficient is normally used to measure how the light in an image of a galaxy is distributed among its pixels. This measurement is made by ordering the pixels that make up the image of a galaxy in ascending order by flux and then comparing the result to what would be expected from a perfectly even flux distribution.

A Gini value of 0 is a galaxy in which the light is evenly distributed across all of the image's pixels, while a Gini value of 1 is a galaxy with all light concentrated in a single pixel.




The team also tested CAS parameters, a tool originally developed by astronomers to measure the light distribution of galaxies to determine their morphology, but found it was not a successful predictor of fake eyes.

"It's important to note that this is not a silver bullet for detecting fake images," Professor Pimbblet added.

"There are false positives and false negatives; it's not going to get everything. But this method provides us with a basis, a plan of attack, in the arms race to detect deepfakes."
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Ultra-processed food makes up almost two-thirds of calorie intake of UK adolescents, study finds | ScienceDaily
Adolescents consume around two-thirds of their daily calories from ultra-processed foods (UPFs) new research from the Universities of Cambridge and Bristol has found.


						
The study found that UPF consumption was highest among adolescents from deprived backgrounds, those of white ethnicity, and younger adolescents.

UPFs are food items that are manufactured from industrial substances and contain additives such as preservatives, sweeteners, colourings, flavourings, and emulsifiers. UPFs vary greatly, but tend to indicate poor dietary quality, with higher levels of added sugars, saturated fat, and sodium, as well as decreased fibre, protein, and micronutrient content. They have been suggested as one of the key drivers of the global rise in diseases such as obesity, type 2 diabetes, and cancer.

Globally, the availability and sales of UPFs have increased over time and previous evidence suggests that this has led to increased consumption among adolescents. To look at trends within the UK, researchers from Cambridge and Bristol analysed data from four-day food diaries of almost 3,000 adolescents in the UK National Diet and Nutrition Survey between 2008/09 and 2018/19.

In research published today in the European Journal of Nutrition, the researchers found that a mean of 66% of adolescents' energy intake came from UPF consumption during this period, though there was a slight fall from 68% to 63% between 2008/09 and 2018/2019.

Parents' occupation, ethnic group and UK region all influenced the proportion of calorie intake from UPFs:
    	Adolescents from disadvantaged backgrounds consumed a higher proportion of their calorie intake from UPFs compared to adolescents from less disadvantaged backgrounds (68.4% compared with 63.8%).
    	Adolescents from a non-white ethnicity consumed a lower proportion of their calorie intake from UPFs (59.0% compared with 67.3%).
    	Adolescents living in the North of England consumed a higher proportion of their calorie intake from UPFs compared with those living in the South of England and London (67.4% compared with 64.1%).
    	18-year-olds consumed a lower proportion of their calorie intake from UPFs compared with 11-year-olds (63.4% compared with 65.6%).

Dr Yanaina Chavez-Ugalde from the Medical Research Council (MRC) Epidemiology Unit at the University of Cambridge, the study's first author, said: "Adolescents' food patterns and practices are influenced by many factors, including their home environment, the marketing they are exposed to and the influence of their friends and peers. But adolescence is also an important time in our lives where behaviours begin to become ingrained.




"It's clear from our findings that ultra-processed foods make up the majority of adolescents' diets, and their consumption is at a much higher level than is ideal, given their potential negative health impacts."

The researchers argue that the observed reduction in UPF intake pre-pandemic could be partly explained by an increased public awareness and health concerns associated with sugar consumption, government-led campaigns, sugar-taxes in other countries and the reformulation of sugary drinks to reduce their sugar content.

Dr Esther van Sluijs from the MRC Epidemiology Unit at Cambridge, joint senior author, said: "Ultra-processed foods offer convenient and often cheaper solutions to time- and income-poor families, but unfortunately many of these foods also offer poor nutritional value. This could be contributing to the inequalities in health we see emerging across childhood and adolescence."

Dr Zoi Toumpakari from the Centre for Exercise, Nutrition and Health Sciences at the University of Bristol, joint senior author, added: "Our findings suggest that disparities in consumption of ultra-processed foods are not just down to individual choices. We hope this evidence can help guide policymakers in designing more effective policies to combat the negative effects of ultra-processed food consumption among youth and the ripple effects this has on public health."

This study was largely funded by the National Institute for Health and Care Research School for Public Health Research.
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Aussie innovation spearheads cheaper seafloor test for offshore wind farms | ScienceDaily
Australian engineers have unveiled a clever new device -- based on a modified speargun -- as a cheap and efficient way to test seabed soil when designing offshore wind farms.


						
The RMIT University invention launches a probe into the seabed to provide valuable data on what lies beneath.

This testing is normally done by winching or dropping probes -- known as penetrometers -- from the deck of a support vessel.

But for wind farm projects is shallower water these lightweight probes are less effective in penetrating the sandy seabed, while heavy-duty probes that do work can cost up to AU$200,000 a day.

The RMIT researchers tested their launching device with various probe tips in different sand mixes within a water tank, using an array of sensors and high-speed cameras to capture results.

Results now published in the Canadian Geotechnical Journal indicate the device could be twice as effective in penetrating the seafloor compared to existing lightweight free-fall soil testers, and much more cost-effective than heavy-duty probes.

RMIT PhD candidate and study lead author Junlin Rong said these results showed the device's significant potential.




"In laboratory environments, the device showed considerably greater penetration potential compared to free-falling probes on soil. Notably, in high-density sandy material, the penetration depth was twice that of previously reported values achieved by freely falling probes," Rong said.

"This breakthrough technique has the potential to revolutionise site investigations for wind farm projects, offering significant time and cost savings while outperforming the embedment achieved by other dynamic penetrometers."

The device is designed with environmental friendliness in mind, as probes can be retrieved and reused after data collection, allowing 'probe and go' testing that minimizes disturbance to the seabed.

It can also be adapted to existing probes, allowing engineers to retrofit their current devices with minimal investment.

Rong added that while existing cone penetration testing methods would remain dominant, their launching system could reduce the number of these expensive tests needed, resulting in substantial savings.

RMIT Professor of Geotechnical Engineering Majid Nazem said the device was now ready for field trials.

"Now that our experiments have demonstrated the device's ability to achieve considerable embedment depth in dense sand, we are keen to conduct field trials and collaborate with our potential industrial partners to further test its performance for offshore geotechnical engineering applications," Nazem said.

This research was conducted with colleagues at the University of Melbourne in RMIT's Heavy Structures Laboratory and supported by the Australian Research Council through the Discovery Project scheme (DP200100549).
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The eyes have it: Visual inspection experience essential for airport security screening | ScienceDaily
QUT researchers have used eye-tracking to study airport security screeners' performance during different visual inspection phases of a screening task.


						
Dr Levi Swann, a Senior Lecturer in Industrial Design within the QUT School of Design, Emeritus/Adjunct Professor Vesna Popovic from the QUT School of Electrical Engineering & Robotics and former QUT researcher Dr Dedy Wiredja teamed up to investigate how airport security screeners employ problem solving techniques during x-ray screening, and how strategies change with experience.

The study involved four groups of screeners with varying levels of experience: beginner, inexperienced, experienced, and expert.

Dr Swann said the research was unique among most airport security screening research because it was conducted under normal task conditions.

"The typical practice is to conduct research in controlled environments," Dr Swann said.

"Thirty-nine professional security screeners were observed on the job performing x-ray screening at an Australian international airport.

"Video and eye-tracking data was collected and analysed to explore activity phases and problem-solving strategies."

"The whole complexity of the task can be captured by conducting research in the field like this, and it has enabled us to identify problem-solving as essential to a security screener's job.




"They use interface functions that, for example, change the visual appearance of images, and they also interact with other staff to help them make decisions, such as whether an object is a threat or not.

Dr Swann said that because research conducted in controlled environments did not include the environmental context, it focused on the visual scanning of images and the actual decision.

"We found that the extent of problem solving performed during security screening differs for screeners based on their experience," Dr Swann said.

"Less experienced screeners apply more problem solving to make decisions.

"More experienced screeners can make decisions without problem solving more often."

"We also found that the problem strategies employed by screeners change with experience.




"Less-experienced screeners rely on strategies that defer decision-making to another staff member or depend on a search-based strategy, which is a slow and weak approach to problem-solving that causes extraneous cognitive load."

Professor Popovic said their results suggested that it took beginner screeners approximately six months of on-the-job experience to perform problem-solving at a similar level to experienced screeners.

"This is a considerable time for a critical safety task," Professor Popovic said.

"Our results also suggest that problem-solving skills take longer to develop than other aspects of task performance, such as search, which involves the visual scanning of images."

Dr Swann said effective training in that task was essential due to its critical nature for safety.

"Efficient training that enables fast skill development is also essential because the occupation has been associated with early staff attrition," Dr Swann said.

Professor Popovic said the research findings were transferrable to other visual inspection tasks.

"Visual inspection is standard in medicine, manufacturing, security, maintenance, and transportation," Professor Popovic said.

"Problem solving should be explored in these areas to understand how improvements can be made to visual inspection."

"Given the significant variance observed in the screener's performance according to the experience level and type, there is a strong case for defining specific screening criteria instead of depending on the generalist experience criteria."

Dr Swann said the study provided a basis for future research exploring how other factors, such as emotions and stress, can further affect screener performance.

"This research highlights the importance of tailoring personnel management techniques according to experience levels, followed by specific selection and training programs," Dr Swann said.

Professor Popovic said that with the implementation of experience tailoring, the study concluded that airport security screenings could be more consistent and efficient and provide higher safety and passenger satisfaction.

"The research is transferable to other visual inspection training domains requiring expertise, such as port control, traffic control, surgical training, or X-ray examination," Professor Popovic said.
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A hydrogel implant to treat endometriosis | ScienceDaily
Researchers from ETH Zurich and Empa have developed a hydrogel implant that can help prevent endometriosis, a condition that affects a great many women. This innovation also acts as a contraceptive.


						
Hydrogels have a variety of use cases, including contact lenses, delivering doses of medication within the body, moisturisers, water storage in soil, cleaning polluted water and as gelling and thickening agents. A hydrogel is a gel made of a type of plastic that can bind water. Researchers at ETH Zurich and Empa have now developed the first hydrogel implant designed for use in fallopian tubes. This innovation performs two functions: one is to act as a contraceptive, the other is to prevent the recipient from developing endometriosis in the first place or to halt the spread if they do.

Around four years ago, Inge Herrmann made a new addition to her research group at the Department of Mechanical and Process Engineering at ETH and Empa. The new member was a senior physician specialising in gynaecology who was keen to pursue clinically-inspired research. This kind of interdisciplinary collaboration was an experiment for the whole team. Their initial goal had been to turn a hydrogel into a new kind of contraceptive for women. However, after the research team began talking to the gynaecologist, they realised that implanting a hydrogel to occlude the fallopian tubes could also help prevent endometriosis.

Preventing endometriosis by occluding the fallopian tubes

Around 10 percent of women suffer from endometriosis. However, it is still unclear exactly what causes this condition. The assumption is that during menstruation, blood flows back along the fallopian tubes and into the abdominal cavity. This blood contains cells from the uterine lining (endometrium), which settle in the abdominal cavity and as a result can cause inflammation, pain and the formation of scar tissue.

The researchers found a way to create a hydrogel implant capable of successfully occluding the fallopian tubes and thus preventing retrograde menstruation. They describe their findings in a study that was recently published in the journal Advanced Materials. "We discovered that the implant had to be made of an extremely soft gel -- similar in consistency to a jelly baby -- that does not impact native tissue and is not treated and rejected as a foreign body," explains Alexandre Anthis, lead author of the study.

An advantage of hydrogels is that they swell when brought into contact with liquid. As a result, this new implant starts off at approximately two millimetres in length. But once implanted in the fallopian tubes as part of a non-surgical procedure using a hysteroscope -- an instrument for inspecting the uterine cavity -- the implant swells to more than double its original size. The hydrogel then acts as a barrier to both sperm and blood. "Our hydrogel implant can be easily and quickly destroyed, either with UV light or a special solution, so that recipients don't have to have an invasive and risky operation should they decide to reverse the procedure," Herrmann says.




Innovation through interdisciplinary collaboration

Anthis says that one of the biggest challenges was achieving the right balance between stability and degradability. "We wanted to ensure that the implant was compatible as well as stable." To this end, the researchers first conducted ex-vivo experiments on human (and animal) fallopian tubes that had for instance been removed in the course of treating ovarian cancer. Next, they tested their innovation in a live pig; after three weeks, the hydrogel implant was still in position and there was no sign of any foreign-body reactions.

Together with ETH and the Swiss Federal Laboratories for Materials Science and Technology (Empa), the researchers submitted a patent. But there's still a way to go before the implant will be ready to market. Since endometriosis is a human disease, it is challenging to tell how the hydrogel implant will behave long-term once in position in fallopian tubes, especially when recipients engage in strenuous physical activities like sport. Moreover, it is as yet unclear whether blocking the fallopian tubes alone is enough to prevent endometriosis. "We've trawled through databases to find data relating to endometriosis patients who have had their fallopian tubes removed," Herrmann says. Such cases could reveal whether that measure actually stops endometriosis from developing in the abdominal cavity, she adds.

"So far, very little research has been done at the point where materials science, process engineering and gynaecology meet. But this is a vitally important area of research. We hope that our work will count as a meaningful step in the right direction," says Herrmann, who recently opened the Ingenuity Lab at the University Hospital Balgrist, aiming to translate innovative materials technologies to clinics.
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Paleolithic diets are not without risks | ScienceDaily
High-protein diets, known as ''Paleolithic diets'', are popular. Using mouse models, scientists at the University of Geneva (UNIGE) have studied their impact. While effective in regulating weight and stabilizing diabetes, these diets are not without risks. Excess protein greatly increases ammonium production, overwhelming the liver. Excess ammonium can cause neurological disorders and, in severe cases, lead to coma. These results, published in the Journal of Biological Chemistry, suggest caution when following these diets.


						
Type 2 diabetes is a metabolic disease that is constantly increasing. Due to a sedentary lifestyle and an excessively rich diet, the damaged pancreas struggles to regulate blood sugar levels. While current treatments help control the progression of the disease, they do not cure diabetes. Losing weight is often an essential part of the treatment.

''Diets rich in animal and/or plant proteins, known as Paleolithic diets, can be used to stabilize type 2 diabetes and regulate weight,'' explains Pierre Maechler, full professor at the Department of Cell Physiology and Metabolism at the UNIGE Faculty of Medicine, who led this research. These diets are inspired by the meat-based diets of pre-agricultural time. ''But what impact do they have on the body? Are they harmless? That's what we set out to find out.''

Liver under Pressure

Ammonium is a normal waste product of protein breakdown, essentially eliminated in the liver by the enzyme glutamate dehydrogenase (GDH). In the event of protein overload, the GDH enzyme comes under pressure. To study the impact of high-protein diets, Pierre Maechler's team fed healthy mice and mice lacking the GDH enzyme in their liver a diet with a protein content mimicking the so-called Paleolithic diet.

Scientists observed that in healthy mice, although excess protein increased ammonium production, the liver managed this excess due to the action of the GDH enzyme, which detoxifies ammonium before it can cause damage. ''In contrast, in mice lacking the GDH enzyme, the liver is unable to eliminate the excess of toxic ammonium derived from proteins. No need to wait for weeks or months; a change of diet lasting a few days is enough to observe major consequences,'' explains Karolina Luczkowska, a former PhD student at the Department of Cell Physiology and Metabolism at the UNIGE Faculty of Medicine, and the study's first author.

Caution is Advised

These results suggest that in case of dysfunctional GDH enzyme, high-protein diets may cause a harmful excess of ammonium. Ammonium not eliminated by the liver can cause severe disorders, particularly neurological ones. A blood test could assess GDH activity to avoid overloading the metabolism with proteins in people whose GDH enzyme is deficient. ''It is therefore important to be well informed before following a high-protein diet,'' concludes Pierre Maechler.
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New analgesic could replace opioids over the long term | ScienceDaily
Opioids have long been known as natural substances with substantial pharmacological effect. They have been used as effective painkillers. A very prominent example is morphine, which was first isolated and synthesized in the early 19th century. It is a relief for severely ill patients in the last phases of their lives. However, when opioids are used inappropriately they can cause addiction and even the development of extremely serious undesirable effects, such as respiratory depression. In the USA, opioids were once widely promoted through the media and, as a consequence, were often prescribed to treat what were in fact mild disorders. 


						
According to the Centers for Disease Control and Prevention (CDC), there were nearly 645,000 cases of mortality due to opioid overdose in the United States between 1999 to 2021. And the opioid crisis has arrived in Germany, too. The main problem is street drugs and the fact that the synthetic opioid heroin, in particular, is cut with other, cheaper opioids, such as fentanyl. While a dose of 200 milligrams heroin is fatal, just two milligrams of fentanyl can kill. In 2022, more than 1,000 people in Germany died as a result of the consumption of opioids.

Starting with a database of 40,000 natural substances

Governments have introduced measures to contain this epidemic. However, opioid addiction rates are high. Others suffer from extreme pain that needs to be alleviated. There is thus an urgent need for safe analgesics. Researchers at Johannes Gutenberg University Mainz (JGU) -- with financial support of the Research Training Group "Life Sciences -- Life Writing," funded by the German Research Foundation (DFG) -- have now made progress towards this goal. "A natural product called aniquinazolin B that is isolated from the marine fungus Aspergillus nidulans stimulates the opioid receptors and could possibly thus be used instead of opioids in future," explained Roxana Damiescu, a member of the research team headed by Professor Thomas Efferth.

In the search for new compounds, the team started with a chemical database of more than 40,000 natural substances. It was their aim to determine how effectively each substance would bind to the corresponding receptor. And, in addition, they had to ascertain whether these had the properties required of a pharmaceutical drug. Such a compound must be water-soluble to some extent, for example. This research required calculations in the form of approximations, with the results becoming increasingly more precise the more frequently these calculations were performed. Each substance was the subject of some 750,000 individual calculations. Such a colossal number of calculations would vastly exceed the capacity of a standard PC. Therefore, the team utilized the MOGON supercomputer at JGU. The top 100 candidate products of these calculations were subsequently assessed using other analytical methods.

Further detailed investigation in the lab

The resultant top ten found their way into the lab, where they underwent biochemical analysis. The initial priority was to establish safety. Using preparations of human kidney cells, the researchers looked at whether higher concentrations of each substance would prove toxic to the cells and even kill them. Finally, two other aspects had to be subjected to testing. "We needed to confirm that the high binding energy of the substances to the pain receptors that had been predicted by the theoretical calculations was actually also produced in the real physical world," said Professor Thomas Efferth, head of the JGU Department of Pharmaceutical Biology. However, binding of a substance to the receptors is not alone sufficient. The binding must also influence the functioning of the receptors. Thus, the research team used a second test system to assess whether there was the kind of inhibition of biological activity that occurs on opioid use. One of the two compounds passed all tests with flying colors: aniquinazolin B, the substance present in the marine fungus Aspergillus nidulans. "The results of our investigations indicate that this substance may have effects similar to those of opioids. At the same time, it causes far fewer undesirable reactions," concluded Roxana Damiescu.
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Children living in greener neighborhoods show better lung function | ScienceDaily
A large study of 35,000 children from eight countries has found a "robust" link between exposure to green spaces in early childhood and better lung function. The study, led by the Barcelona Institute for Global Health (ISGlobal), has been published in Environment International.


						
The research used data from 10 European birth cohorts from 8 countries (Denmark, France, Italy, Lithuania, Norway, the Netherlands, Spain and the UK) to conduct a meta-analysis. This assessment of the data was done at the individual level for each participant.

Data on exposure to green spaces were available from two different points in time: pregnancy and childhood (from 3 to 12 years of age). As a proxy for residential green space, the research team used the Normalised Difference Vegetation Index (NDVI) in a 300m buffer around the participant's address. NDVI is an index that uses satellite images to estimate the amount of vegetation at a given point.

Lung function was measured using spirometry tests. To assess lung volume, the researchers measured forced vital capacity (FVC), which is the maximum amount of air a person can breathe out without a time limit after taking a deep breath. And as an indicator of how open the airways are, forced expiratory volume in one second (FEV1) was taken. FEV1 is the volume of air exhaled in the first second of forced breathing after a deep inhalation.

Statistical analysis showed that children living in greener neighbourhoods had better lung function, specifically higher FVC and FEV1. On the contrary, those who lived further away from green spaces had a lower lung volume (FVC).

While the positive association of living in greener neighbourhoods with lung function was observed regardless of socioeconomic status, the effect was stronger in children from higher socioeconomic backgrounds. "One possible explanation could be that families with higher education or income may have access to higher-quality, safer, and better-maintained green areas" says Amanda Fernandes, first author and ISGlobal researcher at the time of the study.

Possible mechanisms

The researchers also looked at the mothers' home address during pregnancy, but in this case residential greenness was not associated with any of the indicators of respiratory health, suggesting that the link between green spaces and improved lung function has to do with something that happens in childhood.




"Our understanding of how green spaces affect lung function is still incomplete. We know that green spaces reduce air pollution, which in turn affects respiratory health. We also believe that green spaces may expose children to beneficial microbiota, which may contribute to the development of the immune system and indirectly influence lung function. Finally, green spaces close to home are likely to reflect the presence of play areas that encourage physical activity at an age when the lungs are still developing," says Amanda Fernandes.

"Our findings highlight the importance of integrating green spaces into urban environments for better respiratory health, also in children. If the way cities are configured is a factor that contributes to inequality, urban planning that consciously contributes to alleviating inequity is important," says Martine Vrijheid, lead author of the study and co-director of the Environment and Health over the Lifecourse programme at ISGlobal.

Health outcomes unrelated to green spaces

The study also looked at whether green spaces near the home during pregnancy and childhood were associated with other respiratory, cardiometabolic and neurodevelopmental outcomes, but found no other associations.

The research was conducted within the EU Child Cohort Network as part of the European Union-funded LifeCycle, EUCAN-Connect and ATHLETE projects, which built a fully harmonised data analysis platform. The cohorts involved in the study are Amsterdam Born Children and their Development, Netherlands (ABCD), Avon Longitudinal Study of Parents and Children, United Kingdom (ALSPAC), Born in Bradford, United Kingdom (BiB), Copenhagen subset of the Danish National Birth Cohort, Denmark (DNBC), Etude des Determinants du developpement et de la sante de l'Enfant, France (EDEN), Generation R Study, Netherlands (GenR) , Infancia y Medio Ambiente, Spain, (INMA), Kaunas Birth Cohort, Lithuania (KANC), Norwegian Mother, Father and Child Cohort Study, Norway (MoBa), and Nascita e INFanzia: gli Effetti dell'Ambiente, Italy (NINFEA).
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Powerful new particle accelerator a step closer with muon-marshalling technology | ScienceDaily
New experimental results show particles called muons can be corralled into beams suitable for high-energy collisions, paving the way for new physics.


						
Particle accelerators are best known for colliding matter to probe its make-up, but they are also used for measuring the chemical structure of drugs, treating cancers, and manufacturing silicon microchips.

Current accelerators use protons, electrons and ions, but more powerful accelerators using muons -- heavier cousins of electrons -- have the potential to revolutionise the field. Muon accelerators would be both cheaper and smaller, so could be built on the same sites as existing colliders while accessing even higher energies.

Now, a new analysis of a muon-beam experiment has demonstrated the success of one of the key technologies required for muon accelerators. This paves the way for a muon collider to be scaled up sooner than other types of accelerators using different particles.

The analysis was led by Imperial College London researchers, as part of the Muon Ionization Cooling Experiment (MICE) collaboration, and findings are published today in Nature Physics.

First author of the study Dr Paul Bogdan Jurj, from the Department of Physics at Imperial, said: "Our proof-of-principle is great news for the international particle physics community, who are making plans for the next-generation of higher-energy accelerators. It is an important development towards the realisation of a muon collider, which could fit into existing sites, such as FermiLab in the United States, where there is a growing enthusiasm for the technology."

Powerful particle accelerators

The most powerful particle accelerators in the world, exemplified by the Large Hadron Collider (LHC), smash together particles called protons at high energies. These collisions produce new sub-atomic particles that physicists want to study, such as the Higgs and other bosons and quarks.




To reach higher-energy collisions, and access new physics discoveries and applications, a much larger proton collider would need to be built. The LHC is shaped like a ring with a 27km circumference, and plans have been drawn up to potentially build a nearly 100km collider.

However, the considerable costs and long time needed to build such a collider means some physicists are looking elsewhere for solutions. Among the promising avenues are colliders that instead smash together muons.

Muon colliders would be more compact and therefore cheaper, reaching effective energies as high as those proposed by the 100km proton collider in a much smaller space. However, technology development is needed to ensure the muons can be collided frequently enough.

Marshalling muons

The major challenge has been getting the muons to congregate in a small enough space, so that when they are accelerated they form a concentrated beam. This is essential to ensuring they collide with the beam of muons being accelerated around the ring in the opposite direction.

The MICE collaboration previously produced such a beam by using magnetic lenses and energy-absorbing materials to 'cool' the muons. Initial analysis showed that this successfully shifted muons towards the centre of the beam.




The new analysis of this experiment looked at the 'shape' of the beam in more detail, and how much space it occupied. With this, the team were able to show the beam was made more 'perfect' by the cooling: it had reduced size, with the muons travelling in a more organised fashion.

The experiment was carried out using the MICE muon beamline at the Science and Technology Facilities Council (STFC) ISIS Neutron and Muon Beam facility at the STFC Rutherford Appleton Laboratory in the UK. The team are now working with the International Muon Collider Collaboration to build the next stage of demonstrations.

MICE Collaboration spokesperson Professor Ken Long, from the Department of Physics at Imperial, said: "The clear positive result shown by our new analysis gives us the confidence to go ahead with larger prototype accelerators that put the technique into practice."

Dr Chris Rogers, based at STFC's ISIS facility in Oxfordshire, led the MICE analysis team and is now leading the development of the muon cooling system for the Muon Collider at CERN. He said: "This is an important result that shows the MICE cooling performance in the clearest possible way. It is now imperative that we scale up to the next step, the Muon Cooling Demonstrator, in order to deliver the muon collider as soon as possible."
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Physicists develop new theory describing the energy landscape formed when quantum particles gather together | ScienceDaily
An international team of physicists, centered at Trinity College Dublin, has proven new theorems in quantum mechanics that describe the "energy landscapes" of collections of quantum particles. Their work addresses decades-old questions, opening up new routes to make computer simulation of materials much more accurate. This, in turn, may help scientists design a suite of materials that could revolutionise green technologies.


						
The new theorems have just been published in the prominent journal Physical Review Letters. The results describe how the energy of systems of particles (such as atoms, molecules and more exotic matter) changes when their magnetism and particle count change. Solving an open problem important to the simulation of matter using computers, this extends a series of landmark works commencing from the early 1980s.

The combined pen-and-paper and computational work was done by Andrew Burgess, PhD Candidate in Trinity's School of Physics, together with Dr Edward Linscott, from the Paul Scherrer Institute in Switzerland, and Dr David O'Regan, Associate Professor in Physics at Trinity.

The exploration and understanding of molecules and materials using computer simulation is a mature and thriving research area. It has a long track record of success over several decades, and several materials in current use were developed with the help of such simulations. When studying systems at the atomic level, the equations that describe the particles and their interactions are those of quantum mechanics.

These equations are very demanding, and must be approximated for practical simulations. The art of making such approximations more reliable, while keeping the computational costs manageable, is approaching its 100th year. This work is increasingly guided by the handful of known "exact conditions," i.e. definite rules from quantum theory, such as those found here.

Explaining how to visualise what the team discovered, Dr David O'Regan says: "Imagine a steep-sided valley, where the ground is not curved but instead made up of angular tiles, like you might see in an old arcade game where the images were made using polygons.

"We have found that the height profile in fractured valleys like this represents the exact energy of isolated collections of particles, like molecules. Heading straight up the valley corresponds to changing the number of electrons that hold together the molecule, while moving to each side increases its magnetism. This work completes the mapping of this valley up to high magnetic states, finding that the valley walls are steep and tilted."

Andrew Burgess, lead author, describes in more detail how the discovery came about, saying "While working on a different problem, I needed to know the shape of this energy valley for simple systems. Hunting through published research, I could find lots of nice graphs but to my surprise they stoped short of mapping the entire valley. I realised that existing quantum mechanical theorems could be used for systems with one electron such as the hydrogen atom. However, for systems with two electrons such as the helium atom, these theorems could tell me little about the sides of the valley. Specifically, a quantum mechanical theorem known as the spin constancy condition was incomplete."




Dr Edward Linscott, from the Laboratory for Materials Simulations at PSI, explains the significance of the team's findings, adding: "Understanding the geography of this energy landscape may seem quite abstract and esoteric -- but actually, this knowledge can help solve all sorts of real-world problems. When colleagues of ours use computer simulations to try to find next-generation materials for more efficient solar panels, or catalysts for more energy efficient industrial chemistry, our knowledge of the energy landscape can be baked into the calculations that they perform, making their predictions more accurate and reliable."

Dr O'Regan added: "The energy differences and slopes of this valley landscape underpin the stability of matter, interactions between materials and light, chemical reactions, and magnetic effects. Knowing what the entire valley surface looks, including at high magnetisation, is already helping us to build better tools for simulating complex materials, even when they are not magnetic.

"Motivating this work is the need to provide improved simulation theory and methods for developing materials for renewable energy and chemistry applications. When a battery is discharging, for example, there are metal atoms that change their particle count and magnetism. Here we see that we're moving in that same valley landscape and it's the drop in height, so to speak, that gives the energy that the battery provides. This is an example of applied simulation and abstract quantum theory being practiced side by side, each motivating and improving the other."

Reflecting on the nature of this kind of research, Mr Burgess added: "This interplay between theory and practical simulation is what I love most about this area of research. We have already developed a new method for modelling materials based on these theorems and are testing it out on battery cathode materials, so there is plenty of exciting work in the pipeline!"
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Boost in infant genetics research could change lives, say researchers | ScienceDaily
Investment in research into genetics could dramatically improve educational policies and understanding of parenting in ways that could help all children, according to a new paper led by the University of Surrey.


						
In a paper published in Nature Genetics, researchers describe a range of evidence demonstrating that genetics play a role in influencing infant development. While a lot of focus is already directed towards rare genetic disorders, the researchers argue that differences in the DNA that are commonly found in children and constitute the individual's genetic make-up also have the potential to help support the development of early interventions and to aid better understanding of the infancy life stage in all children.

The researchers demonstrate that, compared to later life stages, infancy is largely under-researched despite the considerable benefits that genetic research can offer. While it has long been recognised that environment plays a pivotal role in infant development, the research team analysed published twin and molecular genetic studies. They found evidence supporting the idea that genes are important for shaping children's development in the first three years after birth. However, more research is still needed to understand how DNA is linked to individual differences in development.

Professor Angelica Ronald, co-author of the paper from the School of Psychology at the University of Surrey, said:

"Infant development is a crucial time, with rapid progress in motor, social and language skills, amongst others. Our research shows that genetics is critical in shaping these early characteristics.

"By understanding and identifying genetic influences early on, we can make a significant difference for many children and their families. This knowledge can help parents, healthcare providers, and educators offer better support for a child's development and create strategies to address potential challenges in the long term."

The researchers hope to encourage funders, policy-makers and their scientific peers to invest in research that focuses on the infancy life stage. The impact on the population, they argue, is huge because an infant has their whole life ahead of them.




Dr Anna Gui, co-author of the paper and a Lecturer at the University of Essex, said:

"Our findings provide strong evidence from twin studies, adoption research, polygenic scores, and the examination of infant attributes that genetics significantly influence early development.

"Polygenic scores, which sum up the effects of many genetic variants, show how genetic influences impact key milestones like walking and talking. This type of knowledge can significantly benefit children's lives.

"With this understanding, we hope to develop better early education programmes and early interventions, helping parents and professionals support children's development more effectively."
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Improving identification of human remains using craniofacial superimposition | ScienceDaily
University of Granada researchers from the Andalusian Inter-university Institute in Data Science and Computational Intelligence (DaSCI) and researchers from the University of A Coruna's Centre for Information and Communications Technology Research (CITIC-UDC), in collaboration with the company Panacea Cooperative Research, have published a study that demonstrates an improvement in the identification of human remains using craniofacial superimposition, making decision-making by forensic experts much more objective.


						
Craniofacial superimposition is a forensic technique used to facilitate decision-making in the identification of skeletal remains. Specifically, it involves analysing the superimposition of an unidentified recovered skull (post-mortem) onto facial photographs (ante-mortem) of missing persons.

Despite its importance and broad applicability, this process remains complex and difficult to manage. A wide range of computerised methods have been proposed, but decision-making continues to involve subjectivity and qualitative reporting. This study proposes a system for evaluating evidence based on likelihood ratios (LRs), a method which has previously been used in other forensic fields such as DNA, voice and fingerprint comparison, and which is recommended by the European Network of Forensic Science Institutes (ENFSI).

The study proposes a pioneering application of this framework to craniofacial superimposition. It comprises three experiments in which the system is trained and tested under different conditions using facial images: the first uses frontal facial photographs, the second uses lateral facial photographs, and the third combines both frontal and lateral facial photographs.

In all three experiments, the proposed LR system excels in terms of calibration and discriminating power, providing specialists with a quantitative tool for the evaluation and integration of evidence.

For now, the technique remains a proof of concept that employs synthetic data and will have to be tested using vast amounts of real data. Nevertheless, the resulting likelihood ratio system provides objective support for decision-making in craniofacial superimposition.
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Designing safer opioids | ScienceDaily
Opioid medications offer people relief from debilitating pain, but these drugs come with dangers: the risk for addiction, miserable withdrawal symptoms and the potential for fatal overdose. In a study in ACS Central Science, researchers have identified a strategy to design safer opioids. They showed that an experimental opioid, which binds to an unconventional spot in the receptor, suppresses pain in animal models with fewer side effects -- most notably those linked to fatal overdoses.


						
Opioid medications tap into the body's natural system for mitigating pain by activating pain-suppressing opioid receptors on nerve cells in the brain. Although the drugs are intended to help people, sometimes these medications lead to harm. People who take opioids can become physically dependent on them, where sudden stopping can produce withdrawal symptoms, such as muscle pain, nausea and vomiting. In addition, opioids make breathing slow and shallow, a side effect that can become fatal.

Attempts to design safer opioids have largely focused on identifying molecules that bind to the same spot on the receptor, known as the active site, where the body's own pain-relieving signals attach. In an earlier study, researchers found a molecule called C6 guano, which can activate the opioid receptor when it binds outside the active site. C6 guano interacts with a location inside the opioid receptor that typically responds to sodium ions. Despite its promising effects, C6 guano has a significant drawback: It cannot pass through the blood-brain barrier that protects the organ. So, a team led by Susruta Majumdar, Jay McLaughlin, Haoqing Wang and Ruth Huttenhain set out to improve upon this discovery by identifying a similar molecule with the potential to travel from the blood stream to opioid receptors in the brain.

To find an alternative that also binds to the opioid receptor, the researchers synthesized and evaluated 10 compounds with chemistry that might enable passage through the blood-brain barrier. During their initial testing in cells, they identified the most promising candidate derived from fentanyl, called RO76. By capturing molecules in proximity of the activated receptor, the team showed that RO76 produces a signal within cells that differs from those initiated by classic opioids, such as morphine.

They then evaluated the compound's efficacy in mice. In these experiments, RO76 appeared to suppress pain as effectively as morphine. But when comparing the opioids' effects on the animals breathing rates, they found that RO76 slowed breathing far less, suggesting it may not be as deadly as morphine. Likewise, when they gave the mice an opioid-blocking medication, the mice chronically taking RO76 experienced fewer withdrawal symptoms than those taking morphine. What's more, the team found that, when given by mouth, the new fentanyl derivative had similar, if slightly lower, pain-suppressing effects than when injected under the skin of the animals. The researchers say these results suggest RO76 has the potential for development as an oral medication for humans.

The authors acknowledge funding from the National Institutes of Health and the Pharmaceutical Research and Manufacturers of America Postdoctoral Fellowships. Two of the authors also acknowledge financial interests with biopharmaceutical companies.
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Completely stretchy lithium-ion battery for flexible electronics | ScienceDaily
When you think of a battery, you probably don't think stretchy. But batteries will need this shape-shifting quality to be incorporated into flexible electronics, which are gaining traction for wearable health monitors. Now, researchers in ACS Energy Letters report a lithium-ion battery with entirely stretchable components, including an electrolyte layer that can expand by 5000%, and it retains its charge storage capacity after nearly 70 charge/discharge cycles.


						
Electronics that bend and stretch need batteries with similar properties. Most researchers who have attempted to build such batteries created them with woven conductive fabric or rigid components folded into expandable shapes, similar to origami. But for a truly malleable battery, every part -- the electrodes that collect charge and the charge-balancing middle electrolyte layer -- must be elastic. So far, truly stretchy battery prototypes have moderate elasticity, complex assembly processes or limited energy storage capacity, especially over time with repeated charging and discharging. The latter can be due to a weak connection between the electrolyte layer and electrodes or instability of the fluid electrolyte, which can move around when the battery changes shape. So, rather than using a liquid, Wen-Yong Lai and coworkers wanted to incorporate the electrolyte into a polymer layer fused between two flexible electrode films, to create a completely solid, stretchy battery.

To make the electrodes for the fully elastic battery, the team spread a thin film of conductive paste containing silver nanowires, carbon black and lithium-based cathode or anode materials onto a plate. A layer of polydimethylsiloxane, a flexible material commonly used in contact lenses, was then applied to the top of the paste. Directly on top of this film, the researchers added a lithium salt, a highly conductive liquid and the ingredients to make a stretchy polymer. When activated by light, these components combined to form a solid, rubbery layer capable of stretching to 5000% of its original length and able to transport lithium ions. Finally, the stack was topped with another electrode film, and the whole device was sealed in a protective coating.

When comparing the solid stretchy battery design to a similar device with a traditional liquid electrolyte, the new version had about six times higher average charge capacity at a fast-charging rate. Likewise, the solid battery maintained a more stable capacity while operating during 67 charging and discharging cycles. In other prototypes made with solid electrodes, the polymer electrolyte maintained steady operation over 1000 cycles, with capacity dropping by 1% in the first 30 cycles, compared to a 16% drop for the liquid electrolyte. There are still improvements to be made, but this new way of creating fully stretchable, solid batteries could be a promising step forward for wearable or implantable devices that flex and move with the body.

The authors acknowledge funding from the National Key Research and Development Program of China; the National Natural Science Foundation of China; the Natural Science Foundation of Jiangsu Province; the Foundation of Key Laboratory Flexible Electronics of Zhejiang Province; Program for Jiangsu Specially-Appointed Professor; NUPT "1311 Project" and Scientific Foundation; China Postdoctoral Science Foundation; the Project of State Key Laboratory of Organic Electronics and Information Displays, NJUPT; and the Natural Science Foundation of NJUPT.
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Stress-related cell damage linked to negative mental and physical health effects among caregivers | ScienceDaily
It's no secret that the caregivers of spouses with memory impairment face enormous amounts of stress. Researchers at Rice University have found that this intense pressure can be felt at the cellular level and is linked to negative physical and mental health effects, including dementia and Alzheimer's disease.


						
The study titled "Mitochondrial health, physical functioning, and daily affect: Bioenergetic mechanisms of dementia caregiver well-being," is published online in the journal Psychosomatic Medicine. It is one of the first studies to examine how cellular health may impact the well-being of spousal dementia caregivers who are experiencing significant daily stress.

"This work builds on our previous research on chronic stress and immunity by highlighting the crucial role of cellular health in the mind-body connection," said Chris Fagundes, professor of psychological sciences at Rice and one of the study's authors. "We've discovered that chronic stress impacts not only immune function but also the health of individual cells, suggesting a deeper, more intricate relationship between our mental state and physical well-being."

Specifically, the researchers investigate the link between mitochondria -- essentially the engines that power individual cells -- and mental and physical health. Energy produced by mitochondria is necessary for people to engage in daily activities such as walking, shopping and driving. One way to gauge a person's cellular health is to determine how much energy is left over after these activities.

Fagundes compared cellular health to a car's fuel efficiency.

"The more energy or fuel you have left over after a drive is an indicator of how good your mileage is -- or how good things are working," he said. "It's more or less the same idea when it comes to the health of your cells."

Like cars that lose fuel efficiency over time, it is normal for cells to have less leftover energy as a person ages. Chronically stressful situations like caregiving also affect cellular health negatively. However, some individuals' cells are naturally more resilient to aging and stress than others.




The researchers found that caregivers with less leftover cellular energy were less able to engage in physical activities such as walking and carrying groceries than caregivers with more leftover energy. They also found that these caregivers experienced fewer positive emotions -- such as feelings of excitement, inspiration and alertness -- compared to caregivers with more cellular energy.

While more leftover cellular energy is associated with better mental and physical health outcomes, less leftover cellular energy is linked to higher inflammation, which can result in a host of negative mental and physical health problems, including eventual diagnosis of conditions like dementia or Alzheimer's.

The researchers say they hope the findings in this study could lead to the development of pharmaceutical or therapeutic interventions targeting cellular health, which may allow caregivers to avoid the negative outcomes that can result from the stress they face.

The study was coauthored by Cobi Heijnen, Jensine Paoletti-Hatcher, Itee Mahant and Vincent Lai from Rice; Jennifer Stinson from Baylor College of Medicine, Dr. Paul Schulz from the University of Texas Health Science Center in Houston, and Luis Medina from the University of Houston.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717121028.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



What fat cats on a diet may tell us about obesity in humans | ScienceDaily
Pet cats may be excellent animal models for the study of obesity origins and treatment in humans, a new study of feline gut microbes suggests -- and both species would likely get healthier in the research process, scientists say.


						
Veterinary researchers analyzed fecal samples from fat cats as the animals lost and maintained weight over the course of four dietary changes, including strict calorie reduction. The team found that food-related changes to the cats' gut microbiome -- the assortment of bacteria and molecules those bacteria produce and consume -- have striking similarities to dietary effects on the gut previously seen in humans.

Though there is still a lot to learn, the findings place pet cats at the top of the list of animals whose gut bacteria may tell us a lot about our own -- and whether gut microbe-based therapy could be one way to battle obesity.

"Animals share our beds. They share our ice cream. There are all these things that people do with their pets that highlight they are a naturally occurring disease model with similar environmental exposures as humans," said lead study author Jenessa Winston, assistant professor of veterinary clinical sciences at The Ohio State University.

"Being able to see changes in cats that come up in the context of obesity and type 2 diabetes in people makes them a really good model to start looking at more microbiome-directed therapeutics for obesity in humans if we're seeing a similar shift," she said. "Microbes we saw in this study also come up again and again in human studies -- and clearly, people aren't eating cat chow, right?"

The study was published recently in the journal Scientific Reports.

An estimated 60% of cats are obese or overweight in developed countries, and more than 2 in 5 adults in the United States have obesity, according to the Centers for Disease Control and Prevention.




At Ohio State, Winston oversees two large clinical trials exploring the potential for fecal transplants from lean dogs and cats to help their overweight pet peers lose weight.

"My lab is focused on how we can harness the therapeutic power of microbes," she said. "In order to do that, we have to understand how disease states may be different from health so that we can better try and figure out and target, mechanistically, changes that occur in the microbiome."

In this study, researchers fed seven obese cats a four-phase diet over 16 weeks: free-feeding of commercial cat food for two weeks, free-feeding of a specially formulated weight-loss diet for one week, calorie-restricted feeding of the weight-loss diet to achieve 1-2% body weight reduction per week for 11 weeks, and a return to the original maintenance diet.

The analysis of fecal samples taken during the different diet phases focused on changes in the presence of short-chain fatty acids metabolites, molecules produced by bacteria during digestion. Fatty acids are of interest because they prompt specific types of communication between gut microbes and tissue in the rest of the body -- including hormonal signals that can relate to inflammation and insulin resistance.

The team found that the abundance of a short-chain fatty acid called propionic acid -- shown in other mammals to regulate appetite, reduce fat accumulation and protect against obesity and diabetes -- was increased in feces when the cats were losing weight on the calorie-restricted diet. Greater propionic acid composition was associated with an increase in the bacterium Prevotella 9 copri. Though direct production of propionic acid by Prevotella couldn't be determined in this study, the finding that these increases occurred at the same time, when cats were dropping weight, was intriguing. Previous research has linked Prevotella 9 copri in the human gut to weight loss and better blood sugar control.

"When the cats are on the special diet formulated for weight loss, propionic acid goes up and stays high, and then goes back down when they're put back on the maintenance diet. So it really is a dietary change," Winston said. "This paper highlights that when we calorie-restrict cats that are obese, we can alter their microbial ecosystem -- and those community shifts that we see likely correlate with some metabolic outcomes.




"I think that those parallels that we're seeing in how the ecosystems change in a similar way is helpful," she said.

The gut microbiome's precise role in mammal obesity remains a mystery, but Winston said decades of evidence suggests these organisms and molecules they produce are part of the problem behind what is now known to be a very complex disease. This study's findings in felines suggest the pet cat gut profile could provide meaningful answers for both species, she said.

The weight-loss diet in the study was provided by Nestle Purina, which also provided funding for the project. Winston and some co-authors are paid speakers for Nestle Purina.

Co-authors include John Rowe, Valerie Parker and Adam Rudinsky of Ohio State; Katie McCool of North Carolina State University; Jan Suchodolski, Rosana Lopes and Jorg Steiner of Texas A&M University; and Chen Gilor of the University of Florida.
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Patients with Alzheimer's disease have higher frequency of mental health symptoms which can precede memory problems, study finds | ScienceDaily
Decline in memory and other thinking abilities is the most well-known result of Alzheimer's disease (AD). However, many individuals with this condition also experience mental health symptoms such as agitation, depression, apathy, and trouble with sleep.


						
A new study from researchers at Boston University Chobanian & Avedisian School of Medicine has found that the pathology behind AD may be a direct reason for emotional and behavioral symptoms. Additionally, they discovered when individuals with AD experience decline in memory and thinking abilities, their mental health tends to be worse.

"Mental health symptoms in persons with AD are a serious concern, as they can have a significant impact on the patient and their families quality of life. Importantly, these symptoms might emerge before thinking and memory problems begin and we need to better understand what causes these earlier symptoms so that we can better manage them," said corresponding author Michael Alosco, PhD, associate professor of neurology.

The researchers investigated participants from the National Alzheimer's Coordinating Center, a large national database that is publicly available to facilitate research on AD and similar types of dementias. These persons had samples of cerebrospinal fluid (CSF) analyzed for markers of AD, as well as memory testing, evaluation of dementia severity, and a rating of their mental health symptoms by their caregiver or family member. Statistical analysis was then performed on this data.

The researchers found that greater levels of proteins associated with AD, as indicated by CSF markers, predicted various mental health symptoms, which was only partially explained by cognitive symptoms. That is, the mental health symptoms were not fully explained by response to memory difficulties but may be a direct result of underlying brain changes related to AD. Furthermore, greater mental health symptoms and memory difficulties resulted in greater difficulties with daily function. However, some of these connections were only true when individuals with dementia were included. "This suggests that when individuals are in earlier stages of AD, mental health symptoms may come from a variety of life factors, but when the disease progresses, AD itself is more likely to be the cause," explained first author Brandon Frank, PhD, assistant professor of neurology at the school.

According to the researchers, persons diagnosed with AD may still suffer from mental health problems due to other causes. "As a result, a holistic approach to treatment is important. Treatments such as cognitive rehabilitation may help loved ones work around their memory difficulties but may also help them feel better," added Frank.

These findings appear online in the Journal of Alzheimer's Disease.
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Researchers predict fewer, pricier strawberries as temperatures warm | ScienceDaily
Strawberries could be fewer and more expensive because of higher temperatures caused by climate change, according to research from the University of Waterloo.


						
Using a new method of analysis, the researchers found that a rise in temperature of 3 degrees Fahrenheit could reduce strawberry yields by up to 40 per cent. Strawberries are one of the most lucrative commodities for the economies of California and the United States. The 2022 market for strawberries alone was worth more than US$3 billion.

"This research shows how climate change can directly impact the foods we love, emphasizing the importance of sustainable farming practices to maintain a stable food supply for everyone," said Dr. Poornima Unnikrishnan, a postdoctoral fellow in the Department of Systems Design Engineering at Waterloo.

Sustainable farming practices could include optimizing irrigation to ensure adequate water supply during heatwaves, using drip irrigation and scheduling operations to avoid peak periods of hot weather as well as using shading plants and installing shade structures to mitigate heat stress.

The research team included Unnikrishnan, Dr. Kumaraswamy Ponnambalam, who is also from Systems Design Engineering at Waterloo, and Dr. Fakhri Karray, from the Mohamed bin Zayed University of Artificial Intelligence in Abu Dhabi. They started their analysis with strawberries because of their popularity and notoriously short shelf life. They say these results suggest potential implications for the availability of all produce imported from California.

The researchers used a model that predicts probability of yield loss by linking air temperature anomalies and strawberry yield. This process allowed for the measurement of greater variability over time and the most accurate findings to date.

"We hope the better understanding of the influence of rising temperatures on crop yield will help in the development of sustainable agriculture responses from the government and farmers," Ponnambalam said. "There is an urgent need for farmers to adopt new strategies to cope with global warming."

Canada is a major importer of strawberries from California. In 2022, Canadian imports of strawberries from California were worth US$322.8 million.

The paper, Influence of Regional Temperature Anomalies on Strawberry Yield: A Study Using Multivariate Copula Analysis, appears in the journal Sustainability.
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Smart soil can water and feed itself | ScienceDaily
A newly engineered type of soil can capture water out of thin air to keep plants hydrated and manage controlled release of fertilizer for a constant supply of nutrients.


						
Underpinning this exciting smart soil system is a hydrogel material developed by researchers at The University of Texas at Austin. In experiments, the hydrogel-infused soil led to the growth of larger, healthier plants, compared to regular soil, all while using less water and fertilizer.

"This new gel technology can reduce the burden on farmers by decreasing the need for frequent irrigation and fertilization," said Jungjoon Park, a graduate student in the Walker Department of Mechanical Engineering and who led the research. "The technology is also versatile enough to be adopted across a wide range of climates, from arid regions to temperate areas."

The research was published recently in ACS Materials Letters.

Agriculture today accounts for 70% of global freshwater withdrawals and up to 95% in some developing countries as our global population continues to rise. The U.N. Food and Agriculture Organization emphasizes the importance of improving irrigation efficiency, adopting water-saving technologies and promoting crops with lower water footprints to ensure sustainable food production and water resource management.

Meanwhile, traditional farming methods, especially irrigation and fertilizing, face significant challenges, including inefficient water usage and environmental land degradation. As climate change intensifies and water resources become increasingly scarce, the need for more efficient and sustainable irrigation practices has never been more urgent. Additionally, conventional fertilization techniques often result in excessive nutrient exposure, reducing nutrient uptake efficiency and causing environmental pollution, and farmable land degradation.

"The global water scarcity coupled with a growing population has an immediate impact on food security," said Yu, professor of materials science in the Cockrell School of Engineering's Walker Department of Mechanical Engineering and Texas Materials Institute. "This new class of hydrogels offers a promising solution to meet the pressing needs of water scarcity and efficient nutrient uptake in modern sustainable agriculture."

In experiments, plants rooted in the hydrogel soil saw a 138% increase in stem length compared to a control group in regular soil. And the modified soil can achieve approximately 40% water savings, significantly reducing the need for frequent irrigation and ensuring robust crop development.




This research builds on previous discoveries involving hydrogels that can pull water from the atmosphere and make farming more efficient. It is part of Yu's overall mission that dates back to his childhood: to expand access to clean water to people around the globe.

This work mainly focused on calcium-based fertilizers. The project will continue, and the researchers' next moves involve integrating different types of fertilizers and longer field tests.

Joining Yu and Park on the project are Weixin Guan and Chuxin Lei, who are also graduate students in the materials science and engineering program and Texas Materials Institute.
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Study uncovers genetic cancer risks in 550 patients | ScienceDaily
Current screening protocols fail to catch a notable number of people carrying genetic mutations associated with hereditary breast and ovarian cancer syndrome and Lynch syndrome, which increase the risk of developing certain cancers. This issue is particularly pronounced among underrepresented minorities.


						
These research findings, published in JCO Precision Oncology, are based on genetic screenings of more than 44,000 study participants from diverse backgrounds.

For this Mayo Clinic Center for Individualized Medicine Tapestry project, researchers sequenced the exomes -- the protein-coding regions of genes -- because this is where most disease-causing mutations are found. They identified 550 people, or 1.24%, as carriers of the hereditary mutations.

Importantly, half of these people were previously unaware of their hereditary genetic risk and 40% did not meet existing clinical guidelines for genetic testing.

"This study is a wake-up call, showing us that current national guidelines for genetic screenings are missing too many people at high risk of cancer," says lead author Niloy Jewel Samadder, M.D., a Mayo Clinic gastroenterologist and cancer geneticist at the Center for Individualized Medicine and the Mayo Clinic Comprehensive Cancer Center. "Early detection of genetic markers for these conditions can lead to proactive screenings and targeted therapies, potentially saving lives of people and their family members."

Hereditary breast and ovarian cancer syndrome is linked to mutations in the BRCA1 and BRCA2 genes. Mutations in BRCA1 can lead to a 60% lifetime risk of developing breast cancer and a 40% risk of having ovarian cancer, among other cancers. BRCA2 mutations increase the risk of developing breast cancer to 50% and ovarian cancer to 20%, with additional risks for prostate and pancreatic cancers in males.

Lynch syndrome is associated with an 80% lifetime risk of developing colorectal cancer and 50% risk of uterine/endometrial cancer.




The study also showed disparities in how underrepresented minority participants met genetic screening guidelines compared to other groups.

"These results suggest the existing guidelines for genetic testing inadvertently introduce biases that affect who qualifies for testing and who receives coverage through health insurance. This leads to disparities in cancer prevention," Dr. Samadder says. "Our results emphasize the importance of expanding genetic screening to identify people at risk for these cancer predisposition syndromes."

Advancing precision medicine with Tapestry

Altogether, the Tapestry project has now sequenced the exomes of more than 100,000 patients and is integrating these results into the patients' electronic health records. This not only personalizes patient care but also provides a rich dataset for further genetic research.

The overarching mission of Tapestry is to advance personalized medicine and tailor prevention and treatment strategies for individuals, thereby paving the way for targeted healthcare interventions for all.

Review the study for a complete list of authors, disclosures and funding.
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Scientists define new type of memory loss in older adults | ScienceDaily
Researchers at Mayo Clinic have established new criteria for a memory-loss syndrome in older adults that specifically impacts the brain's limbic system. It can often be mistaken for Alzheimer's disease. The good news: Limbic-predominant Amnestic Neurodegenerative Syndrome, or LANS, progresses more slowly and has a better prognosis, and is now more clearly defined for doctors working to find answers for memory loss patients.


						
Prior to the researchers developing clinical criteria published in the journal Brain Communications, the hallmarks of the syndrome could be confirmed only by examining brain tissue after a person's death. The proposed criteria provide a framework for neurologists and other experts to classify the condition in patients living with symptoms, offering a more precise diagnosis and potential treatments. They consider factors such as age, severity of memory impairment, brain scans, and biomarkers indicating the deposits of specific proteins in the brain.

The criteria were developed and validated using data from more than 200 participants in databases for the Mayo Clinic Alzheimer's Disease Research Center, the Mayo Clinic Study of Aging and the Alzheimer's Disease Neuroimaging Initiative.

Understanding the condition will lead to better management of symptoms and more tailored therapies for patients suffering from this type of cognitive decline, distinct from Alzheimer's disease, says David T. Jones, M.D., a Mayo Clinic neurologist and senior author of the study.

"In our clinical work, we see patients whose memory symptoms appear to mimic Alzheimer's disease, but when you look at their brain imaging or biomarkers, it's clear they don't have Alzheimer's. Until now, there has not been a specific medical diagnosis to point to, but now we can offer them some answers," Jones says. "This research creates a precise framework that other medical professionals can use to care for their patients. It has major implications for treatment decisions, including amyloid-lowering drugs and new clinical trials, and counseling on their prognosis, genetics and other factors."

Decades of work to understand and classify different types of dementia is ongoing, says Nick Corriveau-Lecavalier, Ph.D., the paper's first author. These findings build upon scientists' continued efforts to untangle neurological conditions that often have similar symptoms or can occur simultaneously, but can have drastically different treatments and prognoses.

"Historically, you might see someone in their 80s with memory problems and think they may have Alzheimer's disease, and that is often how it's being thought of today," Corriveau-Lecavalier says. "With this paper, we are describing a different syndrome that happens much later in life. Often, the symptoms are restricted to memory and will not progress to impact other cognitive domains, so the prognosis is better than with Alzheimer's disease."

Without signs of Alzheimer's disease, the researchers looked at the involvement of one possible culprit -- a buildup of a protein called TDP-43 in the limbic system that scientists have found in the autopsied brain tissue of older adults. Researchers have classified the build-up of these protein deposits as limbic-predominant age-related TDP-43 encephalopathy, or LATE. These protein deposits could be associated with the newly defined memory loss syndrome, but there are also other likely causes and more research is needed, the authors say.




With clinical criteria established by Jones, Corriveau-Lecavalier and co-authors, practitioners could soon diagnose LANS in patients so those living with memory loss might better understand options for treatment and potential progression of the disease, opening doors for research to further illuminate the characteristics of the disease.

The research was funded in part by National Institutes of Health grants P30 AG062677, P50 AG016574, U01 AG006786, R37 AG011378 and R01 AG041851 and by the Robert Wood Johnson Foundation, the Elsie and Marvin Dekelboum Family Foundation, the Liston Family Foundation, the Edson Family, the Gerald A. and Henrietta Rauenhorst Foundation and the Foundation Dr. Corinne Schuler.

Drs. Jones and Corriveau-Lecavalier reported no conflicts of interest. A complete list of co-authors and financial disclosures is available in the manuscript.
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Diabetes drug reduces drug resistance in lung cancer, improving chemotherapy effectiveness | ScienceDaily
A medication used to treat diabetic neuropathy may make chemotherapy treatments more effective for patients with lung cancer, according to new findings from the University of Missouri School of Medicine published in Clinical Cancer Research, a journal of the American Association for Cancer Research.


						
Despite surgical and chemotherapy treatment, more than 50% of non-metastatic, non-small lung cancer patients see recurrences, in large part because of drug-resistant cancer cells. Researchers identified a way to make these cells more susceptible to chemotherapy, said study author Dr. Jussuf Kaifi.

"Traditional treatments for lung cancer, including chemotherapy, often have little to no effect on the cancer because of drug resistance," Kaifi said. "It is a major cause of mortality in patients, so finding ways to circumvent drug and chemotherapy resistance is vital to improving patient outcomes."

The study examined 10 non-small cell lung cancer tumors, half of which were identified as drug resistant. The drug-resistant tumors showed overexpression of a certain enzyme, AKR1B10. When treated with the diabetic neuropathy medication, epalrestat, the tumors became less drug resistant, causing their sensitivity to chemotherapy to significantly increase.

Epalrestat is available in several countries and well-tolerated by patients, but it is not yet approved for use by the Food and Drug Administration in the United States. The medication is currently in high-level clinical trials as part of the FDA's approval process. If given FDA approval, epalrestat could be fast-tracked as an anti-cancer drug for lung cancer patients.

"In general, developing new drugs for cancer treatment is an extremely lengthy, expensive and inefficient process," Kaifi said. "In contrast, 'repurposing' these drugs to other diseases is much faster and cheaper. In view of overcoming drug resistance, epalrestat can rapidly be advanced to the clinic to improve cure rates in lung cancer patients."

Dr. Jussuf Kaifi, MD, PhD is a thoracic surgeon at MU Health Care and an assistant professor of surgery at the MU School of Medicine. He is also the Chief of Thoracic Surgery. His areas of expertise include general and minimally invasive thoracic surgery, including malignant and benign conditions of the lung. He received his medical degree and doctorate from the University of Hamburg in Germany.

"Targeting AKR1B10 by drug repurposing with epalrestat overcomes chemoresistance in non-small cell lung cancer patient-derived tumor organoids" was recently published in Clinical Cancer Research. In addition to Kaifi, team members from MU included research scientists Kanve Suvilesh, PhD and Yariswamy Manjunath, PhD; PhD students Yulia I. Nussbaum and Mohamed Gadelkarim; Raju Murugesan, PhD, a bioinformatician from the MU Institute for Data Science and Informatics; Chi-Ren Shyu, PhD, Director of the MU Institute for Data Science and Informatics; Akhil Srivastava, PhD, assistant professor of cancer biology; Satyanarayana Rachagani, DVM, PhD, associate professor of Veterinary Medicine and Surgery; and Wesley C. Warren, PhD, professor of genomics. Feng Gao, Matthew A. Ciorba, Jonathan B. Mitchem and Guangfu Li also contributed.
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Cell donor's socioeconomic status shapes cancer treatment outcomes, new study finds | ScienceDaily

The study examined the health outcomes of 2,005 blood cancer patients treated with HCT across 125 hospitals in the United States. The research team found cancer patients who were transplanted with cells from donors of greatest socioeconomic disadvantage experienced a 9.7% reduction in overall survival and 6.6% increase in transplant-related mortality at three years compared to those transplanted from donors of high socioeconomic status -- regardless of the cancer patient's socioeconomic status.

"Our findings are quite remarkable. We have shown that social disadvantage penetrates so deeply that it is actually transplantable into a new host, and its effects persist over time," said Lucie Turcotte, MD, MPH, MS, an associate professor at the University of Minnesota Medical School and pediatric hematologist and oncologist with M Health Fairview. Dr. Turcotte is also the director of the Masonic Cancer Center's Cancer Survivorship Services and Translational Research program.

The results show the striking biological impact of social disadvantage and how it can alter health outcomes, specifically in the setting of cancer and hematopoietic cell transplantation.

The research team plans to conduct further research to investigate the underlying biological and physiologic drivers of these findings in order to develop interventions to mitigate the adverse health outcomes introduced by socioeconomic disadvantage.

"The importance of these findings reach far beyond cancer and bone marrow transplant care -- they demonstrate the profound health effects of social inequality and highlight the critical need for public health interventions," said Dr. Turcotte.

Funding was provided by the National Cancer Institute of the National Institutes of Health [R01 CA23856].
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Multiple moves during childhood can increase the risks of depression in later life | ScienceDaily
People who experience a significant number of moves before the age of 15 are over 40% more likely to be diagnosed with depression in later life, a new study has shown.


						
The research, published in the journal JAMA Psychiatry, analysed all residential locations of almost 1.1 million people born in Denmark between 1981 and 2001 and who stayed in the country during the first 15 years of their lives.

It then tracked those same individuals into adulthood, and found at least 35,000 of those still living within Denmark had subsequently received a medical diagnosis of depression.

As part of a detailed analysis, the study supported existing evidence by showing that individuals who live in income deprived neighbourhoods during childhood are more likely -- by a factor of around 10% -- to develop depression in adulthood.

However, it for the first time showed that experiences of moving during childhood -- whether between or within deprived or non-deprived neighbourhoods -- is also associated with significantly higher rates of depression in adulthood.

Specifically, children who move once between ages 10 to 15 are 41% more likely to be diagnosed with depression than those who don't move. And if a child moves twice or more between the ages of 10 and 15, the risk rises to around 61%. This is a stronger effect than growing up in a deprived neighbourhood.

It has led researchers behind the study to suggest a settled home environment -- in terms of location -- during childhood may be one way of protecting against future mental health issues.




The study was carried out by researchers from Aarhus University (Denmark), the University of Plymouth (UK) and the University of Manchester (UK).

Professor Clive Sabel, Professor of Big Data and Spatial Science at the University of Plymouth and former Director of the Big Data Centre for Environment and Health at Aarhus University, is the study's lead author.

He said: "We know there are a number of factors which lead to a person being diagnosed with a mental illness. However, this is the first evidence to suggest that moving to a new neighbourhood during childhood is among them, and we believe the numbers we are seeing could be the tip of the iceberg. During those formative years, children are building their social networks through school, sports groups or other activities. Each time they have to adapt to something new it can be disruptive, so we potentially need to find new ways to help people overcome those challenges."

Estimates have suggested up to 13% of the world's population are living with some form of mental health condition, with the global economic burden of that predicted to rise to $6 trillion by 2030.

The causes of such conditions are complex and multifaceted including a number of biological, socioeconomic and psychological factors, but with mounting evidence that individuals' natural, built and social environments are related to mental health.

Existing studies across the world have found that children who move more frequently from birth until their mid-teens are more likely to experience adverse outcomes including attempted suicide, violent criminality, mental illness and substance misuse.

And while its focus was on a significant proportion of the Danish population, the studies authors say they would expect to find similar outcomes across many parts of the world.

Professor Sabel added: "This study emphasises the importance of global policies which enable and support settled childhoods, but ones that take into account regional and cultural identities. However, based on our findings, we also believe particular groups of young people may be at heightened risk. Young people in care often face multiple moves and are potentially being placed under additional pressures. Then there are military children, who move regularly depending on where their parents are stationed. This study would suggest they, and other such children, may need additional assistance to prevent the development of mental illness in later life."
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Cuttlefish can form false memories, too | ScienceDaily
During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers reporting in the journal iScience on July 17 have evidence that the common cuttlefish may create false memories, too.


						
"Forming false memories is different from making memory errors," said Christelle Jozet-Alves of the University of Caen in Normandy, France. The results suggest that cuttlefish do not encode events as filmstrips but rather mentally reconstruct the event by associating different features that were present during the original event, says Jozet-Alves.

Cuttlefish have been recognized as the only invertebrates possessing episodic-like memory. In other words, they can remember and recall what happened to them in the past. But the underlying mechanisms involved in their ability to recall previous events wasn't known. Does a cuttlefish's memory for past events depend on a reconstruction process?

To find out, Jozet-Alves and colleagues decided to try and induce false memories in cuttlefish. If the animals rely on a reconstructive process for their episodic-like memories, they reasoned, then they should be susceptible to forming false memories.

To encourage false memories, the researchers exposed cuttlefish to successive events sharing many common features. They wanted to see if they could make cuttlefish remember seeing their favorite food -- shrimp -- in a particular tube even when they hadn't. First, they showed cuttlefish different tubes, one with shrimp, one with a less-preferred crab, and one empty. Each tube had a specific visual pattern.

Next, they showed two of the three tubes previously encountered: the shrimp tube and the empty tube, but this time the content of the tubes was not visible. They attempted to mislead the animals with the visual patterns and odors, creating overlapping features. The question was whether the cuttlefish would falsely remember there being shrimp in a tube that was in fact empty because they saw this tube a second time in the presence of the shrimp tube.

To test it out, they let the cuttlefish choose between the empty tube and the crab tube with the contents not visible. And their choices suggested that the misleading information in those past events had altered their memories. Rather than choosing a tube containing their less preferred crab, the cuttlefish more often than otherwise expected sometimes chose an empty tube, suggesting they thought they remembered it contained shrimp.

While more study is needed, the findings suggest that cuttlefish can form false memories for visual information but not for scents. The researchers suggest this memory strategy might reduce the cost of memory. If cuttlefish can store smaller building blocks of memories and then reconstruct them, it might optimize memory while allowing them to imagine different combinations of features in the future, the researchers suggest. However, they also noted an unexpected amount of variation among individuals.

"What was surprising was that the susceptibility to form false memories seems different between individuals," Jozet-Alves said. "Some appeared unaffected when exposed to a misleading event while other did form false memories. This phenomenon is commonly found in our own species in which this susceptibility varies among individuals and within individuals."

In future studies, they say it will be important to "better understand why all individuals are not as sensitive to the formation of false memory and whether it could change within an individual depending on its age, its level of attention to the task, or even its emotional state."
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Astronomers spot a 'highly eccentric' planet on its way to becoming a hot Jupiter | ScienceDaily
e most extreme planets in the galaxy. These scorching worlds are as massive as Jupiter, and they swing wildly close to their star, whirling around in a few days compared to our own gas giant's leisurely 4,000-day orbit around the sun. 
Scientists suspect, though, that hot Jupiters weren't always so hot and in fact may have formed as "cold Jupiters," in more frigid, distant environs. But how they evolved to be the star-hugging gas giants that astronomers observe today is a big unknown.
Now, astronomers at MIT, Penn State University, and elsewhere have discovered a hot Jupiter "progenitor" -- a sort of juvenile planet that is in the midst of becoming a hot Jupiter. And its orbit is providing some answers to how hot Jupiters evolve.
The new planet, which astronomers labeled TIC 241249530 b, orbits a star that is about 1,100 light years from Earth. The planet circles its star in a highly "eccentric" orbit, meaning that it comes extremely close to the star before slinging far out, then doubling back, in a narrow, elliptical circuit. If the planet was part of our solar system, it would come ten times closer to the sun than Mercury, before hurtling out, just past Earth, then back around. By the scientists' estimates, the planet's stretched-out orbit has the highest eccentricity of any planet detected to date.
The new planet's orbit is also unique in its "retrograde" orientation. Unlike the Earth and other planets in the solar system, which orbit in the same direction as the sun spins, the new planet travels in a direction that is counter to its star's rotation. 
The team ran simulations of orbital dynamics and found that the planet's highly eccentric and retrograde orbit are signs that it is likely evolving into a hot Jupiter, through "high-eccentricity migration" -- a process by which a planet's orbit wobbles and progressively shrinks as it interacts with another star or planet on a much wider orbit. 
In the case of TIC 241249530 b, the researchers determined that the planet orbits around a primary star that itself orbits around a secondary star, as part of a stellar binary system. The interactions between the two orbits -- of the planet and its star -- have caused the planet to gradually migrate closer to its star over time. 
The planet's orbit is currently elliptical in shape, and the planet takes about 167 days to complete a lap around its star. The researchers predict that in 1 billion years, the planet will migrate into a much tighter, circular orbit, when it will then circle its star every few days. At that point, the planet will have fully evolved into a hot Jupiter. 
"This new planet supports the theory that high eccentricity migration should account for some fraction of hot Jupiters," says Sarah Millholland, assistant professor of physics in MIT's Kavli Institute for Astrophysics and Space Research. "We think that when this planet formed, it would have been a frigid world. And because of the dramatic orbital dynamics, it will become a hot Jupiter in about a billion years, with temperatures of several thousand kelvin. So it's a huge shift from where it started."
Millholland and her colleagues will publish their findings in the journal Nature. Her co-authors are MIT undergraduate Haedam Im, lead author Arvind Gupta of Penn State University and NSF NOIRLab, and collaborators at multiple other universities, institutions, and observatories. 
"Radical seasons"
The new planet was first spotted in data taken by NASA's Transiting Exoplanet Survey Satellite (TESS), an MIT-led mission that monitors the brightness of nearby stars for "transits," or brief dips in starlight that could signal the presence of a planet passing in front of, and temporarily blocking, a star's light. 
On Jan. 12, 2020, TESS picked up a possible transit of the star TIC 241249530. Gupta and his colleagues at Penn State determined that the transit was consistent with a Jupiter-sized planet crossing in front of the star. They then acquired measurements from other observatories of the star's radial velocity, which estimates a star's wobble, or the degree to which it moves back and forth, in response to other nearby objects that might gravitationally tug on the star.
Those measurements confirmed that a Jupiter-sized planet was orbiting the star and that its orbit was highly eccentric, bringing the planet extremely close to the star before flinging it far out. 
Prior to this detection, astronomers had known of only one other planet, HD 80606 b, that was thought to be an early hot Jupiter. That planet, discovered in 2001, held the record for having the highest eccentricity, until now. 
"This new planet experiences really dramatic changes in starlight throughout its orbit," Millholland says. "There must be really radical seasons and an absolutely scorched atmosphere every time it passes close to the star."
"Dance of orbits"
How could a planet have fallen into such an extreme orbit? And how might its eccentricity evolve over time? For answers, Im and Millholland ran simulations of planetary orbital dynamics to model how the planet may have evolved throughout its history and how it might carry on over hundreds of millions of years. 
The team modeled the gravitational interactions between the planet, its star, and the second nearby star. Gupta and his colleagues had observed that the two stars orbit each other in a binary system, while the planet is simultaneously orbiting the closer star. The configuration of the two orbits is somewhat like a circus performer twirling a hula hoop around her waist, while spinning a second hula hoop around her wrist.
Millholland and Im ran multiple simulations, each with a different set of starting conditions, to see which condition, when run forward over several billions of years, produced the configuration of planetary and stellar orbits that Gupta's team observed in the present day. They then ran the best match even further into the future to predict how the system will evolve over the next several billion years. 
These simulations revealed that the new planet is likely in the midst of evolving into a hot Jupiter: Several billion years ago, the planet formed as a cold Jupiter, far from its star, in a region cold enough to condense and take shape. Newly formed, the planet likely orbited the star in a circular path. This conventional orbit, however, gradually stretched and grew eccentric, as it experienced gravitational forces from the star's misaligned orbit with its second, binary star. 
"It's a pretty extreme process in that the changes to the planet's orbit are massive," Millholland says. "It's a big dance of orbits that's happening over billions of years, and the planet's just going along for the ride."
In another billion years, the simulations show that the planet's orbit will stabilize in a close-in, circular path around its star. 
"Then, the planet will fully become a hot Jupiter," Millholland says. 
The team's observations, along with their simulations of the planet's evolution, support the theory that hot Jupiters can form through high eccentricity migration, a process by which a planet gradually moves into place via extreme changes to its orbit over time. 
"It's clear not only from this, but other statistical studies too, that high eccentricity migration should account for some fraction of hot Jupiters," Millholland notes. "This system highlights how incredibly diverse exoplanets can be. They are mysterious other worlds that can have wild orbits that tell a story of how they got that way and where they're going. For this planet, it's not quite finished its journey yet."
###

Written by Jennifer Chu, MIT News 
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Psilocybin generates psychedelic experience by disrupting brain network | ScienceDaily
People who consume psilocybin-containing mushrooms -- otherwise known as magic mushrooms -- typically undergo a surreal experience in which their sense of space, time and self is distorted. Advocates have long argued that, under the right conditions, psychedelic experiences can alleviate mental distress, and a smattering of scientific studies suggests they may be right. Understanding precisely how the drug affects the brain will help scientists and doctors harness its therapeutic potential.


						
In a new study, researchers at Washington University School of Medicine in St. Louis report that psilocybin, the active compound in magic mushrooms, temporarily scrambles a critical network of brain areas involved in introspective thinking such as daydreaming and remembering. The findings provide a neurobiological explanation for the drug's mind-bending effects and lay some of the groundwork for the development of psilocybin-based therapies for mental illnesses such as depression and post-traumatic stress disorder.

"There's a massive effect initially, and when it's gone, a pinpoint effect remains," said co-senior author Nico U. F. Dosenbach, MD, PhD, a professor of neurology. "That's exactly what you'd want to see for a potential medicine. You wouldn't want people's brain networks to be obliterated for days, but you also wouldn't want everything to snap back to the way it was immediately. You want an effect that lasts long enough to make a difference."

The study, available July 17 in Nature, creates a road map other scientists can follow to evaluate the effects of psychoactive drugs on brain function, potentially accelerating drug development efforts for any number of psychiatric illnesses.

Psilocybin showed promise as a treatment for depression in the 1950s and '60s, but restrictive federal drug policy in subsequent decades quashed nearly all further research. In recent years, though, regulations have loosened, and interest in the field has been revived.

"These days, we know a lot about the psychological effects and the molecular/cellular effects of psilocybin," said first author Joshua S. Siegel, MD, PhD, an instructor in psychiatry. "But we don't know much about what happens at the level that connects the two -- the level of functional brain networks."

To fill that gap, Siegel pulled together a team including Dosenbach, who is an expert in brain imaging, and co-senior author Ginger E. Nicol, MD, an associate professor of psychiatry who has experience running clinical trials with controlled substances. Together, they devised a way to visualize the impact of psilocybin on individual participants' functional brain networks -- neural communication pathways that connect different brain regions -- and to correlate changes in these networks with subjective experiences.




The team recruited seven healthy adults to take a high dose of psilocybin or methylphenidate, the generic form of Ritalin, under controlled conditions. Because psychedelic trips carry the risk of users having negative or scary experiences, a pair of trained experts stayed with each participant throughout the experience. The experts helped prepare the participants for what they were likely to experience, provided guidance and support during each experiment, and helped the volunteers process what had occurred afterward. Each participant underwent an average of 18 functional MRI brain scans in the days to weeks before, during and up to three weeks after their experiences with psilocybin. Four participants returned six months later to repeat the experiment.

Psilocybin caused profound and widespread -- yet not permanent -- changes to the brain's functional networks. In particular, it desynchronized the default mode network, an interconnected set of brain areas that, ordinarily, are simultaneously active when the brain is not working on anything in particular. After falling out of sync, the network re-established itself when the acute effects of the drug wore off, but small differences from pre-psilocybin scans persisted for weeks. The default mode network remained stable in people who received methylphenidate.

"The idea is that you're taking this system that's fundamental to the brain's ability to think about the self in relation to the world, and you're totally desynchronizing it temporarily," Siegel said. "In the short term, this creates a psychedelic experience. The longer-term consequence is that it makes the brain more flexible and potentially more able to come into a healthier state."

Normally, each individual's functional brain network is as distinctive as a fingerprint. Psilocybin distorted brain networks so thoroughly that individuals could no longer be identified until the acute affects wore off.

"The brains of people on psilocybin look more similar to each other than to their untripping selves," Dosenbach said. "Their individuality is temporarily wiped out. This verifies, at a neuroscientific level, what people say about losing their sense of self during a trip."

During the experience, participants were asked to rate their feelings of transcendence, connectedness and awe using the validated Mystical Experience Questionnaire. The magnitude of the changes to the functional networks tracked with the intensity of each participant's subjective experience.

"We were able to get very precise data on the effects of the drug in each individual," Nicol said. "This is a step toward precision clinical trials. In psychiatry, we often don't know who should get a particular medicine and how much or how often. As a result, we end up prescribing one medicine after another, tinkering with the dosage, until we find something that works. By using this approach in clinical trials, we can identify the factors that determine who benefits and who doesn't, and make better use of the medicines we have."

Nicol, Siegel and Dosenbach emphasize that people should not interpret their study as a reason to self-medicate with psilocybin. The drug is not approved by the Food and Drug Administration (FDA) as a treatment for depression or any other condition, and there are risks to taking it without the supervision of trained mental health experts.
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Electronic prompt for surgeons may reduce breast cancer overtreatment | ScienceDaily
University of Pittsburgh and UPMC Hillman Cancer Center researchers have developed a novel prompt, or 'nudge' embedded in the electronic health record that flags, for treating surgeons, older patients with early-stage breast cancer who may be at risk for unnecessary lymph node surgery.


						
In a paper published today in JAMA Surgery, the team found that the rate of a surgical procedure called sentinel lymph node biopsy (SLNB) was almost halved among eligible patients after implementing the nudge, suggesting that this simple reminder could reduce overtreatment of older patients with breast cancer.

"In breast cancer, there is a growing movement toward precisely treating each individual patient, what we call right-sized care," said senior author Priscilla McAuliffe, M.D., Ph.D., associate professor of surgery at Pitt and breast surgical oncologist at UPMC Hillman and UPMC Magee-Womens Hospital. "SLNB helps us determine if breast cancer has spread to the underarm lymph nodes, but it's not necessary for every patient. The simple, user-friendly nudge provides a timely reminder to surgeons to consider the value of SLNB for each patient."

One of the American Board of Internal Medicine Choosing Wisely recommendations, adopted by the Society of Surgical Oncology, advocates against routine SLNB for patients aged 70 and over with early-stage estrogen-receptor positive breast cancer due to the low risk of metastasis and favorable tumor biology. Yet most women in this population still undergo the procedure even though it does not provide critical treatment-guiding information, is not associated with a survival benefit and may have side-effects.

"Patients who undergo SLNB are at risk of developing a serious complication called lymphedema, a permanent but treatable swelling of the arm or breast that can greatly impact quality of life," said first author Neil Carleton, Ph.D., a student in Pitt's Medical Scientist Training Program. "As patients get older, they also have more challenges recovering from surgery and anesthesia, so if a patient isn't likely to benefit from SLNB, we want to avoid it whenever possible."

McAuliffe, Carleton and their multidisciplinary team, including Adrian Lee, Ph.D. of the Institute of Precision Medicine, and Tom Radomski, M.D. and Gary Fischer, M.D. of the Division of General Internal Medicine at Pitt, developed and evaluated the electronic health record nudge that reminds surgeons to consider the value of SLNB in patients who are flagged as potentially eligible to forgo the surgery based on their age and tumor biology.

To test the effectiveness of their approach, the researchers launched a non-randomized clinical trial with seven surgeons who worked across eight surgical oncology clinics that are part of Magee-Womens Breast Cancer Program and UPMC Hillman.




The surgeons performed SLNB in 46.9% of eligible patients throughout the 12-month period before the nudge was launched and in just 23.8% of eligible patients during the 12-month intervention period. That's a 49.3% reduction. And during an additional 6-month follow-up period, the rate dropped further to 15.6%.

Participating surgeons rated the nudge as highly acceptable, appropriate and feasible in surveys completed after the 12-month intervention period. According to McAuliffe, surgeons appreciated that the prompt didn't require additional clicks or paperwork and integrated easily into their workflow.

The researchers also analyzed patient records for language that may indicate lymphedema symptoms by using artificial intelligence technology developed by Realyze Intelligence, a UPMC Enterprises portfolio company. The rate of patients who experienced symptoms worthy of a referral for a lymphedema evaluation decreased from 6.2% to 3.6% after the nudge was implemented.

"Our findings suggest that fewer lymph node surgeries resulting from the nudge will help reduce rates of lymphedema, but we need longer follow-up to be certain because this condition can take several years to appear," explained Carleton.

Now, the researchers plan to roll out the nudge to UPMC doctors beyond the Magee breast surgical team in the hopes that it will improve care for more patients across the system, including those seen in community settings who are often excluded from clinical trials.

This research is an important step in the team's overall goal of improving individualized care for breast cancer patients and reducing overtreatment. In a recent JCO Clinical Cancer Informatics study, the researchers found evidence that the recommendation against routine use of SLNB for older patients with early-stage breast cancer could be extended to post-menopausal women aged over 55.

In addition to its use in this study, Realyze Intelligence's AI technology is already being successfully used at UPMC Hillman Cancer Center to match patients to clinical trials for which it is recruiting.

Other authors on the study were Danyang Li, M.S., Jian Zou, M.S., John Harris, M.D., M.Sc., Megan Hamm, Ph.D., Ziqi Wang, M.D., Jonathan Arnold, M.D., M.S., M.S.E., Michael Cowher, M.D., Kristin Lupinacci, D.O., Quratulain Sabih, M.D., Jennifer Steiman, M.D., Ronald Johnson, M.D., Atilla Soran, M.D., Emilia Diego, M.D., Steffi Oesterreich, Ph.D., and George Tseng, Sc.D., all of Pitt or UPMC; and Gilan Saadawi M.D. Ph.D., of Realyze Intelligence, Inc.

This research was supported in part by the National Institutes of Health (NIH; grant 5F30CA264963-03), UPMC Hillman Cancer Center Biostatistics Facility (NIH grant P30CA047904) and UPMC eRecord Ambulatory Decision Support and Analytics.
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New study addresses a long-standing diversity bias in human genetics | ScienceDaily
Most research in human genetics has historically focused on people of European ancestries -- a long-standing bias that may limit the accuracy of scientific predictions for people from other populations.


						
Now, a team of Johns Hopkins University scientists has generated a new catalog of human gene expression data from around the world. The increased representation of understudied populations should empower researchers to attain more-accurate insights of genetic factors driving human diversity, including for traits such as height, hormone levels, and disease risk.

The work deepens the scientific field's understanding of gene expression in populations of Latin America, South and East Asia, and other regions for which limited data existed.

Published today in Nature, the findings may improve future studies of human variation and evolution.

"We now have this global view of how gene expression contributes to the world's diversity, the broadest picture to date in populations that have been poorly represented in previous studies," said senior author Rajiv McCoy, a Johns Hopkins geneticist. "We're trying to better understand the connection between variation at the level of our DNA and variation at the level of our traits, which previous genetic studies have looked at but with a really persistent bias that often excludes non-European ancestry populations."

While genetic research most often explores differences in DNA, the researchers set out to examine "gene expression" -- the process by which genes in DNA are "transcribed" into RNA molecules. RNA in turn serves as a blueprint to guide the assembly of amino acids into the proteins that provide structure and carry out various tasks within cells. But genetic mutations can affect how genes are expressed -- changing howmuch RNA genes produce or the structure of the RNA itself. These mutations and associated effects on gene expression can critically impact the development of traits and diseases.

To identify mutations that change gene expression, the scientists measured RNA in cells from 731 people who had already participated in the 1000 Genomes Project, a previously established international collaboration that characterized the DNA sequence of the same individuals.




"We know not only their genome sequences, which were previously published, but we now have measurements of their gene expression. By combining these data, we can understand at a very basic level the genetic sources of gene expression differences between individuals," McCoy said. "Ultimately that's what contributes most to the differences between you and me, even though at the level of DNA we are 99.9% identical."

While the 731 individuals span 26 different groups across five continents, the scientists found that gene expression patterns are often shared between groups, a phenomenon also observed in patterns of DNA variation. Most of the differences in gene expression were seen withinpopulations rather than between them.

"The distribution of our diversity is more complex than these geographically, politically, or socially defined labels," McCoy said.

The cohort's diversity allowed the scientists to spot possible connections between mutations and specific traits and health risks, including for mutations limited to subsets of populations that have previously gone unexamined, he said.

"We are demonstrating that by having this more-diverse cohort, we can really home in on specific mutations that could be driving these gene expression changes, and ultimately how they might be driving variation and how that affects traits or susceptibility to a disease," McCoy added.

The findings could also lead to better personalized therapies, said lead author Dylan Taylor, a Johns Hopkins doctoral candidate in biology.




"We can't really use these studies in a predictive fashion for personalized medicine equitably unless we have more diverse datasets," Taylor said. "If you try to use results from a study using only European individuals to predict gene expression in individuals from an underrepresented population -- South Asians, for example -- your results won't necessarily be very reliable."

Key gaps still exist. The 1000 Genomes dataset does not include many groups from the Middle East, Australia, and the Pacific Islands, and has limited samples from the Americas and Africa.

"The field is starting to move in this exciting direction to include diverse individuals in human genetic studies," Taylor said. "Our research is a proof of concept for other scientists. We are demonstrating we can really do this, and we should, and it's valuable."

Other Johns Hopkins authors are Surya B. Chhetri, a postdoctoral fellow in biomedical engineering; Michael G. Tassia, Arjun Biddanda, and Stephanie M. Yan, postdoctoral fellows in biology; Genevieve Wojcik, an assistant professor in epidemiology; and Alexis Battle, a professor of biomedical engineering.

The research was supported by NIH/NIGMS Award R35GM133747, NIH/NHGRI Award F31HG012900, NIH/NHGRI Award F31HG012495, NIH/NIGMS Award R35GM139580, and NIH Award OT2OD034190. 
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Forests endure as carbon sink despite regional pressures | ScienceDaily
Despite facing regional threats like deforestation and wildfires, the world's forests continue to be a powerful weapon in the fight against climate change. A new study reveals these vital ecosystems have consistently absorbed carbon dioxide for the past three decades, even as disruptions chip away at their capacity. The study, based on long-term ground measurements combined with remote sensing data, found that forests take up an average of 3.5 +- 0.4 billion metric tons of carbon per year, which is nearly half of the carbon dioxide emissions from burning fossil fuels between 1990 and 2019.


						
The study titled "The enduring world forest carbon sink," published in the 18-July-2024 issue of the journal Nature, highlights the critical role of forests in mitigating climate change. The study further shows that deforestation and disturbances like wildfires are threatening this vital carbon sink.

The research is co-led by USDA Forest Service Northern Research Station Senior Research Scientist Yude Pan and Senior Scientist Richard Birdsey from Woodwell Climate Research Center, and includes 15 additional coauthors from 11 countries.

Key Findings:
    	Boreal forests in the Northern Hemisphere, spanning regions like Alaska, Canada, and Russia, have experienced a significant decline in their carbon sink capacity, dropping by 36%. This decrease is attributed to factors including increased disturbances from wildfires, insect outbreaks, and soil warming.
    	Tropical forests have also seen a decline, with deforestation causing a 31% decrease in their ability to absorb carbon. However, regrowth in previously abandoned agricultural lands and logged areas has partially offset these losses, keeping the net carbon flux in the tropics close to neutral.
    	Temperate forests, on the other hand, have shown a 30% increase in their carbon sink capacity. This rise is largely due to extensive reforestation efforts, particularly in China.

"Our research team analyzed data from millions of forest plots around the globe," Dr. Pan explained. "What sets this study apart is its foundation in extensive ground measurements -- essentially, a tree-by-tree assessment of size, species, and biomass. While the study also incorporates remote sensing data, a common tool in national forest inventories and land surveys, our unique strength lies in the detailed on-the-ground data collection."

"The persistence of the global forest carbon sink was a surprise given global increases in wildfire, drought, logging, and other stressors," according to Dr. Birdsey. "But it turns out that increasing emissions in some regions were balanced by increasing accumulation in other regions, mainly re-growing tropical forests and reforestation of temperate forests. These findings support the potential for improving protection and management of forests as effective natural climate solutions."

The study describes how certain land management policies and practices can help preserve this global carbon sink. Findings support a focus on curtailing deforestation across all forest biomes, for example, promoting forest restoration on lands that may be unsuitable for agriculture, and improving timber harvesting practices to minimize emissions from logging and related activities.

The research also highlights the limitations in data collection, particularly in tropical regions. The study calls for increased research and establishment of more ground sampling plots in these areas to reduce uncertainties in carbon estimates and improve understanding of the global carbon budget.

Forests play a critical role in combating climate change. Protecting and restoring these ecosystems is essential to mitigate climate impacts and achieve greenhouse gas reduction targets.
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Paving the way to extremely fast, compact computer memory | ScienceDaily
For decades, scientists have been studying a group of unusual materials called multiferroics that could be useful for a range of applications including computer memory, chemical sensors and quantum computers. In a study published in Nature, researchers from The University of Texas at Austin and the Max Planck Institute for the Structure and Dynamics of Matter (MPSD) demonstrated that the layered multiferroic material nickel iodide (NiI2) may be the best candidate yet for devices that are extremely fast and compact.


						
Multiferroics have a special property called magnetoelectric coupling, which means that you can manipulate magnetic properties of the material with an electric field and vice versa, electric properties with magnetic fields. The researchers found NiI2 has greater magnetoelectric coupling than any known material of its kind, making it a prime candidate for technology advances.

"Unveiling these effects at the scale of atomically thin nickel iodide flakes was a formidable challenge," said Frank Gao, a postdoctoral fellow in physics at UT and co-lead author of the paper, "but our success presents a significant advancement in the field of multiferroics."

"Our discovery paves the way for extremely fast and energy-efficient magnetoelectric devices, including magnetic memories," added graduate student Xinyue Peng, the project's other co-lead author.

Electric and magnetic fields are fundamental for our understanding of the world and for modern technologies. Inside a material, electric charges and atomic magnetic moments may order themselves in such a way that their properties add up, forming an electric polarization or a magnetization. Such materials are known as ferroelectrics or ferromagnets, depending on which of these quantities is in an ordered state.

However, in the exotic materials that are multiferroics, such electric and magnetic orders co-exist. The magnetic and electric orders can be entangled in such a way that a change in one causes a change in the other. This property, known as magnetoelectric coupling, makes these materials attractive candidates for faster, smaller and more efficient devices. For such devices to work effectively, it is important to find materials with particularly strong magnetoelectric coupling, as the research team describes doing with NiI2 in their study.

The researchers accomplished this by exciting the material with ultrashort laser pulses in the femtosecond range (a millionth of a billionth of a second) and then tracking the resulting changes in the material's electric and magnetic orders and magnetoelectric coupling via their impact on specific optical properties.




To understand why the magnetoelectric coupling is so much stronger in NiI2 than in similar materials, the team performed extensive calculations.

"Two factors play important roles here," said co-author Emil Vinas Bostrom of the MPSD. "One of them is the strong coupling between the electrons' spin and orbital motion on the iodine atoms -- that's a relativistic effect known as spin-orbit coupling. The second factor is the particular form of the magnetic order in nickel iodide, known as a spin spiral or spin helix. This ordering is crucial both to initiate the ferroelectric order and for the strength of the magnetoelectric coupling."

Materials like NiI2 with large magnetoelectric coupling have a wide range of potential applications, according to the researchers. These include magnetic computer memory that is compact, energy efficient and can be stored and retrieved much faster than existing memory; interconnects in quantum computing platforms; and chemical sensors that can ensure quality control and drug safety in the chemical and pharmaceutical industries.

The researchers hope that these groundbreaking insights can be used to identify other materials with similar magnetoelectric properties and that other material engineering techniques could possibly lead to a further enhancement of the magnetoelectric coupling in NiI2.

This work was conceived and supervised by Edoardo Baldini, assistant professor of physics at UT, and Angel Rubio, director of the MPSD.

The paper's other UT authors are Dong Seob Kim and Xiaoqin Li. Other authors of MPSD are Xinle Cheng and Peizhe Tang. Additional authors are Ravish K. Jain, Deepak Vishnu, Kalaivanan Raju, Raman Sankar and Shang-Fan Lee of Academia Sinica; Michael A. Sentef of the University of Bremen; and Takashi Kurumaji of the California Institute of Technology.

Funding for this research was provided by the Robert A. Welch Foundation, the U.S. National Science Foundation, the U.S. Air Force Office of Scientific Research, the European Union's Horizon Europe research and innovation program, the Cluster of Excellence "CUI: Advanced Imaging of Matter," Grupos Consolidados, the Max Planck-New York City Center for Non-Equilibrium Quantum Phenomena, the Simons Foundation and the Ministry of Science and Technology in Taiwan.
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Logged forests can still have ecological value -- if not pushed too far | ScienceDaily
Researchers have analysed data from 127 studies to reveal 'thresholds' for when logged rainforests lose the ability to sustain themselves.


						
The results could widen the scope of which forests are considered 'worth' conserving, but also show how much logging degrades forests beyond the point of no return.

The first-of-its-kind study, led by researchers from the Department of Life Sciences at Imperial College London with collaborators from around the world, is published today in Nature. The team looked at data from 127 plant and animal surveys covering more than 10 years in the same site in Sabah, Malaysia.

The site, named the Stability of Altered Forest Ecosystems (SAFE) Project, includes a full gradient of landscapes, including unlogged primary forests, selectively logged forests, protected riverside 'buffer' forests, and forests converted into oil palm plantations that represent 99% of forest removal.

While no level of forest degradation through logging was too low to have an impact on the ecosystem, the results showed that forests that had lost less than 29% of 'biomass' (total weight of organic matter) retained relatively high biodiversity and ecological value, and, if left alone, were likely to recover.

Preventing extinction

Above 68% biomass removal, however, many types of plants and animals formed communities that were effectively 'scrambled' by extinctions and invasive species. In these areas, serious proactive conservation would be needed to maintain biodiversity. Beyond this, the forests rapidly lost the ability to sustain themselves -- to act as complete, functioning ecosystems.




Lead researcher Professor Robert Ewers, from the Department of Life Sciences at Imperial College London, said: "There has been a tendency in conservation to think of pristine forests as the only ones worth investing in -- that logged forests were not worth looking at.

"What we've shown is that the potential 'conservation estate' is much larger than we thought, and while pristine forests are shrinking worldwide, this doesn't mean all hope is lost, and there are other forests we can protect to preserve biodiversity."

Co-author Dr Will Pearse, from the Department of Life Sciences at Imperial College London, said: "Pristine forests will always be the ideal, but there shouldn't be a binary view of what's worth preserving and what's not. Some degree of logging may always be necessary, and while these forests are not the same as pristine ones, at certain thresholds they can still sustain themselves as functioning ecosystems."

While the exact figures for forest destruction thresholds may vary across different environments, the study shows these can be found, with the right data.

Professor Ewers added: "A study like this has never been done, where so much data across landscapes, species and time have been collected together to determine critical thresholds. We now have a framework for assessing where these change points might be in other ecosystems.

"This is hopeful for conservation, giving us the tools to plot a course out of the extinction crisis more quickly."

Nature worth preserving 




Governments and policymakers in different countries use various measures to assess the likelihood of logging causing serious harm to local ecosystems. However, these can be imprecise as there isn't a universal definition for which environments can be classified as forests.

Every environment is different, but the researchers think their results should be broadly applicable across the tropical rainforests of South-East Asia.

The Malaysian SAFE Project surveys counted the occurrences of 590 plants (including grasses, herbs, and woody trees), 88 mammals (including bats), 161 birds, 9 reptiles, 42 amphibians, 26 fish, and 635 invertebrates (including 263 beetles, 199 moths and butterflies, 130 ants, and 33 spiders), noting the impacts on each of the extent of logging damage.

Co-author Dr David Orme, from the Department of Life Sciences at Imperial College London, said: "Of course, we've known about the impacts of logging on biodiversity for a long time, but it's has been hard to pin down when that damage starts to bite. That's partly because earlier studies have tended to look at different taxa, such as trees or birds, but here we have been able to include much wider data from across the tree of life."

Dr Pearse added: "Hundreds of person-hours have gone into getting this result, but it goes to show it was worth it. There's been a self-sustaining myth that certain species and organisms would only be found in pristine forests, so nobody looked for them in logged forests. But now we have looked, we have found a lot of these 'trashed' forests host a surprising amount of biodiversity."

Co-author Dr Cristina Banks-Leite, from the Department of Life Sciences at Imperial College London, said: "Ecological thresholds are great tools that can be easily applied in conservation and management. For instance, thresholds found elsewhere have been used for deciding how much area needs to be reforested or preserved.

"The thresholds we identified in our study can also point to where restoration projects would get the best return to investment -- changes in biodiversity are faster below 30% and above 70% biomass loss, which suggests that any improvement on habitat in these areas would lead to dramatic changes in biodiversity."

Virtual ecosystem

The team are now constructing a 'Virtual Ecosystem' that can track the birth, growth, reproduction and death of organisms within a changing ecosystem, and are planning to use the data from this study to generate a virtual model of a Bornean rainforest.

This will allow researchers to address ecological questions that cannot be answered through field observations, such as how to optimize the ecological recovery of degraded tropical forests.
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New gene therapy for muscular dystrophy offers hope | ScienceDaily
A new gene therapy treatment for Duchenne muscular dystrophy shows promise of not only arresting the decline of the muscles of those affected by this inherited genetic disease, but perhaps, in the future, repairing those muscles.


						
The UW Medicine-led research focuses on delivering a series of protein packets inside shuttle vectors to replace the defective DMD gene within the muscles. The added genetic code will then start producing dystrophin, the protein lacking in patients with muscular dystrophy.

Currently, there is no cure for the disease and available treatments and drugs only slow down the disease. In the case of Duchenne muscular dystrophy -- the topic of this study -- patients, all males because the gene is on the X chromosome, begin exhibiting symptoms around age four and usually die their 20s or 30s.

Findings on the new gene therapy were published today in Nature.

UW Medicine neurologist and geneticist, Dr. Jeffery Chamberlain, the study's senior author, has worked his entire career on finding therapeutics and seeking a cure for muscular dystrophy. He is director of the Wellstone Muscular Dystrophy Research Center and is the McCaw endowed chair in muscular dystrophy at the University of Washington School of Medicine. The research project was led by molecular biologist Dr. Hichem Tasfaout working in the Chamberlain lab.

What has stymied researchers in the past is the gene which needs to be fixed is the largest gene in nature, Chamberlain noted. Up until now, there was no way to deliver adequate protein fixes into the muscles..

"Think of having a king-sized bed delivered that you can't get through your door," he said.




The new method, which has had success on mouse models, uses a series of adeno-associated viral vectors or AAVs, which are tiny shuttles derived from a virus that are being used to deliver gene therapies into human cells. Instead of one AAV, this gene therapy uses a series of AAVs which take parts of the therapeutic protein inside the muscles, along with embedded instructions to begin assembling the necessary genetic fix once within the body.

Back to the king bed analogy again, not only are the parts taken in piece by piece, but the delivery workers begin assembling the bed once inside the house. The next step for the therapy is human trials, which should begin in approximately two years, Chamberlain said.

In the lab, this method has not only halted further progression of the disease, but it has been able to reverse much of the pathology associated with dystrophy. Eventually, Chamberlain and Tasfaout hope that this method might lead to a reversal of the muscle wasting and restore normal health of the muscle tissue.

The latest approach also uses a new type of AAV vector that allows the use of lower doses and therefore may reduce or eliminate some of the side effects of previous approaches, Chamberlain said.

"When we infuse a large dose of these delivery shuttles, the body goes 'Whoa, what's going on here?'" he said.

This then kicks off an immune response which can damage the heart or liver, he explained.

Chamberlain remembers watching the Jerry Lewis Telethon as a kid and wanting to help those children. That feeling may have been a spark for the passion which eventually guided his career. He ended up being an expert who discussed the science of therapies on the telethon about seven times.

"When you meet families and patients it just inspired me to work that much harder," he said.

The research was largely supported by the Muscular Dystrophy Association, with gifts raised via a series of fundraisers hosted by former Seattle Mariner Edgar Martinez.
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        Microbes found to destroy certain 'forever chemicals'
        An environmental engineering team has discovered that specific bacterial species can cleave the strong fluorine-to-carbon bond certain kinds of 'forever chemical' water pollutants, offering promise for low-cost treatments of contaminated drinking water.

      

      
        Evidence for butchery of giant armadillo-like mammals in Argentina 21,000 years ago
        Cut marks on fossils could be evidence of humans exploiting large mammals in Argentina more than 20,000 years ago, according to a new study.

      

      
        Ant insights lead to robot navigation breakthrough
        Have you ever wondered how insects are able to go so far beyond their home and still find their way? The answer to this question is not only relevant to biology but also to making the AI for tiny, autonomous robots. Drone-researchers felt inspired by biological findings on how ants visually recognize their environment and combine it with counting their steps in order to get safely back home. They have used these insights to create an insect-inspired autonomous navigation strategy for tiny, lightw...

      

      
        Soft, stretchy 'jelly batteries' inspired by electric eels
        Researchers have developed soft, stretchable 'jelly batteries' that could be used for wearable devices or soft robotics, or even implanted in the brain to deliver drugs or treat conditions such as epilepsy.

      

      
        Research tracks 66 million years of mammalian diversity
        New research has examined the fossil record going back 66 million years and tracked changes to mammalian ecosystems and species diversity on the North American continent.

      

      
        Want to spot a deepfake? Look for the stars in their eyes
        In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important. So what if you could tell just by looking into someone's eyes? That's the compelling finding of new research which suggests that AI-generated fakes can be spotted by analyzing human eyes in the same way that astronomers study pictures of galaxies.

      

      
        Paleolithic diets are not without risks
        High-protein diets, known as 'Paleolithic diets', are popular. Using mouse models, scientists have studied their impact. While effective in regulating weight and stabilizing diabetes, these diets are not without risks. Excess protein greatly increases ammonium production, overwhelming the liver. Excess ammonium can cause neurological disorders and, in severe cases, lead to coma. These results suggest caution when following these diets.

      

      
        Scientists define new type of memory loss in older adults
        Researchers have established new criteria for a memory-loss syndrome in older adults that specifically impacts the brain's limbic system. It can often be mistaken for Alzheimer's disease.

      

      
        Cuttlefish can form false memories, too
        During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers have evidence that the common cuttlefish may create false memories, too.

      

      
        Astronomers spot a 'highly eccentric' planet on its way to becoming a hot Jupiter
        The newly discovered planet TIC 241249530 b has the most highly elliptical, or eccentric, orbit of any known planet. It appears to be a juvenile planet that is in the midst of becoming a hot Jupiter, and its orbit is providing some answers to how such large, scorching planets evolve.

      

      
        Psilocybin generates psychedelic experience by disrupting brain network
        Researchers report that psilocybin, the active ingredient in magic mushrooms, destabilizes a critical network of brain areas involved in introspective thinking. The findings provide a neurobiological explanation for the drug's mind-bending effects.

      

      
        Forests endure as carbon sink despite regional pressures
        Despite facing regional threats like deforestation and wildfires, the world's forests continue to be a powerful weapon in the fight against climate change. A new study reveals these vital ecosystems have consistently absorbed carbon dioxide for the past three decades, even as disruptions chip away at their capacity. The study, based on long-term ground measurements combined with remote sensing data, found that forests take up an average of 3.5 0.4 billion metric tons of carbon per year, which is ...

      

      
        Paving the way to extremely fast, compact computer memory
        Researchers have demonstrated that the layered multiferroic material nickel iodide (NiI2) may be the best candidate yet for devices such as magnetic computer memory that are extremely fast and compact. Specifically, they found that NiI2 has greater magnetoelectric coupling than any known material of its kind.

      

      
        New gene therapy for muscular dystrophy offers hope
        A new gene therapy treatment for Duchenne muscular dystrophy (DMD) shows promise of not only arresting the decline of the muscles of those affected by this inherited genetic disease, but perhaps, in the future, repairing those muscles. The research focuses on delivering a series of protein packets inside shuttle vectors to replace the defective DMD gene within the muscles.The gene for dystrophin is one of the largest in the human genome, and is difficult to fit inside a delivery shuttle. Instead ...

      

      
        Llama nanobodies: A breakthrough in building HIV immunity
        Biology researchers have developed a new antibody therapy that can neutralize a wide variety of HIV-1 strains. They found success in an unlikely source -- llamas.

      

      
        Scientists find that small regions of the brain can take micro-naps while the rest of the brain is awake and vice versa
        For the first time, scientists have found that sleep can be detected by patterns of neuronal activity just milliseconds long, 1000 times shorter than a second, revealing a new way to study and understand the basic brain wave patterns that govern consciousness.

      

      
        Scientists develop new artificial intelligence method to create material 'fingerprints'
        Researchers have developed a new technique that pairs artificial intelligence and X-ray science.

      

      
        Nature-based solutions to disaster risk from climate change are cost effective
        A new global assessment of scientific literature finds that nature-based solutions (NbS) are an economically effective method to mitigate risks from a range of disasters -- from floods and hurricanes to heatwaves and landslides -- which are only expected to intensify as Earth continues to warm.

      

      
        How astronomers are using pulsars to observe evidence of dark matter
        Tantalizing evidence of potential dark matter objects has been detected with the help of the Universe's 'timekeepers'. These pulsars -- neutron stars which rotate and emit lighthouse-like beams of radio waves that rapidly sweep through space -- were used to identify mysterious hidden masses. Pulsars earned their nickname because they send out electromagnetic radiation at very regular intervals, ranging from milliseconds to seconds, making them extremely accurate timekeepers.

      

      
        Sun-like stars found orbiting hidden companions
        Astronomers have uncovered what appear to be 21 neutron stars in orbit around stars like our Sun. The discovery is surprising because it is not clear how a star that exploded winds up next to a star like our Sun.

      

      
        New analysis of Cassini data yields insights into Titan's seas
        A new study of radar experiment data from the Cassini-Huygens mission to Saturn has yielded fresh insights related to the makeup and activity of the liquid hydrocarbon seas near the north pole of Titan, the largest of Saturn's 146 known moons.

      

      
        Bizarre 'garden sprinkler-like' jet is spotted shooting out of neutron star
        A strange 'garden sprinkler-like' jet coming from a neutron star has been pictured for the first time. The S-shaped structure is created as the jet changes direction due to the wobbling of the disc of hot gas around the star -- a process called precession, which has been observed with black holes but, until now, never with neutron stars.

      

      
        New research demonstrates potential for increasing effectiveness of popular diabetes, weight-loss drugs
        A network of proteins found in the central nervous system could be harnessed to increase the effectiveness and reduce the side effects of popular diabetes and weight-loss drugs, according to new research.

      

      
        NASA's Webb investigates eternal sunrises, sunsets on distant world
        Researchers using NASA's James Webb Space Telescope have finally confirmed what models have previously predicted: An exoplanet has differences between its eternal morning and eternal evening atmosphere. WASP-39 b, a giant planet with a diameter 1.3 times greater than Jupiter, but similar mass to Saturn that orbits a star about 700 light-years away from Earth, is tidally locked to its parent star. This means it has a constant dayside and a constant nightside -- one side of the planet is always exp...

      

      
        Scorching storms on distant worlds revealed
        An international study reveals the extreme atmospheric conditions on the celestial objects, which are swathed in swirling clouds of hot sand amid temperatures of 950C. Using NASA's powerful James Webb Space Telescope (JWST), researchers set out to capture the weather on a pair of brown dwarfs -- cosmic bodies that are bigger than planets but smaller than stars.

      

      
        JWST unveils stunning ejecta and CO structures in Cassiopeia A's young supernova
        Researchers announced the latest findings from the James Webb Space Telescope (JWST) of the supernova remnant, Cassiopeia A (Cas A). These observations of the youngest known core collapse supernova in the Milky Way provide insights into the conditions that lead to the formation and destruction of molecules and dust within supernova ejecta. The study's findings change our understanding of dust formation in the early universe in the galaxies detected by JWST 300 million years after the Big Bang.

      

      
        New geological datings place the first European hominids in the south of the Iberian Peninsula 1.3 million years ago
        One of the most important controversies about human evolution and expansion is when and by what route the first hominids arrived in Europe from the African continent. Now, geological dating techniques at the Orce sites (Baza basin, Granada, Spain) place the human remains found in this area as the oldest in Europe, at approximately 1.3 million years old. These results reinforce the hypothesis that humans arrived in Europe through the south of the Iberian Peninsula, through the Strait of Gibraltar,...

      

      
        Early life antibiotic increases risk of asthma: providing clues to a potential prevention adult asthma
        Early exposure to antibiotics can trigger long term susceptibility to asthma, according to new research. Importantly the research team isolated a molecule produced by gut bacteria that in the future could potentially be trialed as a simple treatment, in the form of a dietary supplement, for children at risk of asthma to prevent them developing the disease.

      

      
        Cosmic wrestling match
        Our universe is around 13.8 billion years old. Over the vastness of this time, the tiniest of initial asymmetries have grown into the large-scale structures we can see through our telescopes in the night sky: galaxies like our own Milky Way, clusters of galaxies, and even larger aggregations of matter or filaments of gas and dust. How quickly this growth takes place depends, at least in today's universe, on a sort of wrestling match between natural forces: Can dark matter, which holds everything ...

      

      
        Widespread practice among athletes harms both performance and health
        Drastically cutting back on caloric intake to lose weight ahead of competition is commonplace among athletes. However, this type of 'dieting' doesn't just diminish performances, it can also compromise their immune systems.

      

      
        With gene editing, mice with a form of inherited deafness can hear again
        Researchers have used gene editing to restore hearing in adult mice with a type of inherited hearing loss. They showed that shutting down a damaged copy of a gene called a microRNA (miRNA) enabled the animals to regain hearing. The approach may eventually lead to potential treatments for inherited hearing loss in people.

      

      
        All stem cell therapies are not created equal
        Researchers have found that two of the most frequently administered stem cell therapies, which are often used interchangeably, actually contain completely different types of cells.

      

      
        Insight into one of life's earliest ancestors revealed in new study
        Researchers have shed light on Earth's earliest ecosystem, showing that within a few hundred million years of planetary formation, life on Earth was already flourishing.

      

      
        How the 'heart and lungs' of a galaxy extend its life
        Galaxies avoid an early death because they have a 'heart and lungs' which effectively regulate their 'breathing' and prevent them growing out of control, a new study suggests. If they didn't, the universe would have aged much faster than it has and all we would see today is huge 'zombie' galaxies teeming with dead and dying stars. That's according to a new study that investigates one of the great mysteries of the Universe -- why galaxies are not as large as astronomers would expect.

      

      
        Forest carbon storage has declined across much of the Western U.S., likely due to drought and fire
        Forests have been embraced as a natural climate solution, due to their ability to soak up carbon dioxide from the atmosphere as they grow, locking it up in their trunks, branches, leaves, and roots. But a new study confirms widespread doubts about the potential for most forests in the Western US to help curb climate change. The paper analyzed trends in carbon storage across the American West from 2005 to 2019.

      

      
        'A history of contact': Geneticists are rewriting the narrative of Neanderthals and other ancient humans
        Using genomes from 2,000 living humans as well as three Neanderthals and one Denisovan, an international team mapped the gene flow between the hominin groups over the past quarter-million years.

      

      
        A stealth fungus has decimated North American bats but scientists may be a step closer to treating white-nose syndrome
        An invasive fungus that colonizes the skin of hibernating bats with deadly consequences is a stealthy invader that uses multiple strategies to slip into the small mammals' skin cells and quietly manipulate them to aid its own survival. The fungus, which causes the disease white-nose syndrome, has devastated several North American species over the last 18 years.

      

      
        Muscle machine: How water controls the speed of muscle contraction
        The flow of water within a muscle fiber may dictate how quickly muscle can contract, according to a new study.
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Microbes found to destroy certain 'forever chemicals' | ScienceDaily
UC Riverside environmental engineering team has discovered specific bacterial species that can destroy certain kinds of "forever chemicals," a step further toward low-cost treatments of contaminated drinking water sources.


						
The microorganisms belong to the genus Acetobacterium and they are commonly found in wastewater environments throughout the world.

Forever chemicals, also known as per- and polyfluoroalkyl substances or PFAS, are so named because they have stubbornly strong carbon-fluorine chemical bonds, which make them persistent in the environment.

The microorganisms discovered by UCR scientists and their collaborators can cleave those stubborn fluorine-to-carbon bonds, they reported Wednesday, July 17, in the journal Science Advances.

"This is the first discovery of a bacterium that can do reductive defluorination of PFAS structures," said Yujie Men, corresponding author of the study and an associate professor at UCR's Bourns College of Engineering in the Department of Chemical and Environmental Engineering.

Men cautioned that the bacteria were effective only on unsaturated PFAS compounds, which have double carbon-to-carbon bonds in their chemical structures.

But importantly, the scientists also identified the specific enzymes in these bacteria essential for cleaving the carbon-fluorine bonds. This discovery opens the door for bioengineers to improve these enzymes so they can be effective on other PFAS compounds. (Enzymes are proteins that act as catalysts for biochemical reactions.)

"If we can understand the mechanism, maybe we can find similar enzymes based on the identified molecular traits and screen out more effective ones," Men said. "Also, if we can design some new enzyme or alter this known enzyme based on the mechanistic understanding, we could be able to make it more efficient and work with a broader range of PFAS molecules ."




Last year, Men published a paper that identified other microorganisms that cleave the carbon-chlorine bond in chlorinated PFAS compounds, which triggers substantial spontaneous defluorination and destroys this group of pollutants. The most recent discovery greatly expands the number of PFAS compounds that can be destroyed biologically. Using bacteria to treat groundwater is cost effective because the microorganisms destroy pollutants before the water reaches wells. The process involves injecting the groundwater with the preferred bacteria species along with nutrients to increase their numbers.

Because PFAS compounds are linked to cancer and other human health maladies, the U.S. Environmental Protection Agency, or EPA, imposed water-quality limits earlier this year that restrict certain forever chemicals to only four parts per trillion in the nation's tap water, spurring water providers to find PFAS cleanup solutions.

PFAS compounds came into widespread use in thousands of consumer products starting in the 1940s because of their ability to resist heat, water, and lipids. Examples of PFAS-containing products include fire suppressant foams, grease-resistant paper wrappers and containers such as microwave popcorn bags, pizza boxes, and candy wrappers; also, stain and water repellents used on carpets, upholstery, clothing, and other fabrics; according to the EPA.

The paper's title is "Electron-bifurcation and fluoride efflux systems in Acetobacterium spp. Drive defluorination of perfluorinated unsaturated carboxylic acids." Yaochun Yu is the lead author. He was a visiting student scientist and a UCR post-doctoral scientist at UCR before joining the Swiss Federal Institute of Aquatic Science and Technology, or Eawag, in 2022.

In addition to Yu and Men, the co-authors authors are Fengjun Xu, Weiyang Zhao, Calvin Thoma, Shun Che, Jack E. Richman, Bosen Jin, Yiwen Zhu, Yue Xing, and Lawrence Wackett.
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Evidence for butchery of giant armadillo-like mammals in Argentina 21,000 years ago | ScienceDaily
Cut marks on fossils could be evidence of humans exploiting large mammals in Argentina more than 20,000 years ago, according to a study published July 17, 2024 in the open-access journal PLOS ONE by Mariano Del Papa of National University of La Plata, Argentina and colleagues.


						
The timing of early human occupation of South America is a topic of intense debate, highly relevant to a study of early human dispersal across the Americas and of humans' potential role in the extinction of large mammals at the end of the Pleistocene Epoch. This discussion is hampered by a general scarcity of direct archaeological evidence of early human presence and human-animal interactions.

In this study, researchers present evidence of butchery on Pleistocene mammal fossils from the banks of the Reconquista River, northeast of the Pampean region in Argentina. The fossils are those of a glyptodont, a giant relative of armadillos, named Neosclerocalyptus. Statistical analysis finds that cut marks on parts of the pelvis, tail, and body armor are consistent with known marks made by stone tools, and the placement of these marks is consistent with a butchering sequence targeting areas of dense flesh. Radiocarbon dating indicates these fossils are around 21,000 years old, nearly six thousand years older than other known archaeological evidence in southern South America.

These results fit with other recent findings that indicate early human presence in the Americas over 20,000 years ago. These fossils are also among the oldest evidence of human interaction with large mammals shortly before many of those mammals became extinct. The authors suggest that these findings might be further supported by additional excavation at this site, further analysis of the cut marks, and more extensive radiocarbon dating of the fossils.

Miguel Delgado, the corresponding author, adds: "The study's evidence puts into question the time frame for the first human peopling of the Americas 16,000 years ago"
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Ant insights lead to robot navigation breakthrough | ScienceDaily
Have you ever wondered how insects are able to go so far beyond their home and still find their way? The answer to this question is not only relevant to biology but also to making the AI for tiny, autonomous robots. TU Delft drone-researchers felt inspired by biological findings on how ants visually recognize their environment and combine it with counting their steps in order to get safely back home. They have used these insights to create an insect-inspired autonomous navigation strategy for tiny, lightweight robots. The strategy allows such robots to come back home after long trajectories, while requiring extremely little computation and memory (0.65 kiloByte per 100 m). In the future, tiny autonomous robots could find a wide range of uses, from monitoring stock in warehouses to finding gas leaks in industrial sites. The researchers have published their findings in Science Robotics, on July 17, 2024.


						
Sticking up for the little guy

Tiny robots, from tens to a few hundred grams, have the potential for interesting real-world applications. With their light weight, they are extremely safe even if they accidentally bump into someone. Since they are small, they can navigate in narrow areas. And if they can be made cheaply, they can be deployed in larger numbers, so that they can quickly cover a large area, for instance in greenhouses for early pest or disease detection.

However, making such tiny robots operate by themselves is difficult, since compared to larger robots they have extremely limited resources. A major obstacle is that they have to be able to navigate by themselves. For this robots can get help from external infrastructure. They can use location estimates from GPS satellites outdoors or from wireless communication beacons indoors. However, it is often not desirable to rely on such infrastructure. GPS is unavailable indoors and can get highly inaccurate in cluttered environments such as in urban canyons. And installing and maintaining beacons in indoor spaces is quite expensive or simply not possible, for example in search-and-rescue scenarios.

The AI necessary for autonomous navigation with only onboard resources has been made with large robots in mind such as self-driving cars. Some approaches rely on heavy, power-hungry sensors like LiDAR laser rangers, which can simply not be carried or powered by small robots. Other approaches use the sense of vision, which is a very power-efficient sensor that provides rich information on the environment. However, these approaches typically attempt to create highly detailed 3D maps of the environment. This requires large amounts of processing and memory, which can only be provided by computers that are too large and power-hungry for tiny robots.

Counting steps and visual breadcrumbs

This is why some researchers have turned to nature for inspiration. Insects are especially interesting as they operate over distances that could be relevant to many real-world applications, while using very scarce sensing and computing resources. Biologists have an increasing understanding of the underlying strategies used by insects. Specifically, insects combine keeping track of their own motion (termed "odometry") with visually guided behaviors based on their low-resolution, but almost omnidirectional visual system (termed "view memory"). Whereas odometry is increasingly well understood even up to the neuronal level, the precise mechanisms underlying view memory are still less well understood. One of the earliest theories on how this works proposes a "snapshot" model. In it, an insect such as an ant is proposed to occasionally make snapshots of its environment. Later, when arriving close to the snapshot, the insect can compare its current visual percept to the snapshot, and move to minimize the differences. This allows the insect to navigate, or 'home', to the snapshot location, removing any drift that inevitably builds up when only performing odometry.




"Snapshot-based navigation can be compared to how Hansel tried not to get lost in the fairy tale of Hansel and Gretel. When Hans threw stones on the ground, he could get back home. However, when he threw bread crumbs that were eaten by the birds, Hans and Gretel got lost. In our case, the stones are the snapshots." says Tom van Dijk, first author of the study, "As with a stone, for a snapshot to work, the robot has to be close enough to the snapshot location. If the visual surroundings get too different from that at the snapshot location, the robot may move in the wrong direction and never get back anymore. Hence, one has to use enough snapshots -- or in the case of Hansel drop a sufficient number of stones. On the other hand, dropping stones to close to each other would deplete Hans' stones too quickly. In the case of a robot, using too many snapshots leads to large memory consumption. Previous works in this field typically had the snapshots very close together, so that the robot could first visually home to one snapshot and then to the next."

"The main insight underlying our strategy is that you can space snapshots much further apart, if the robot travels between snapshots based on odometry.," says Guido de Croon, Full Professor in bio-inspired drones and co-author of the article, "Homing will work as long as the robot ends up close enough to the snapshot location, i.e., as long as the robot's odometry drift falls within the snapshot's catchment area. This also allows the robot to travel much further, as the robot flies much slower when homing to a snapshot than when flying from one snapshot to the next based on odometry."

The proposed insect-inspired navigation strategy allowed a 56-gram "CrazyFlie" drone, equipped with an omnidirectional camera, to cover distances of up to 100 meters with only 0.65 kiloByte. All visual processing happened on a tiny computer called a "micro-controller," which can be found in many cheap electronic devices.

Putting robot technology to work

"The proposed insect-inspired navigation strategy is an important step on the way to applying tiny autonomous robots in the real world.," says Guido de Croon, "The functionality of the proposed strategy is more limited than that provided by state-of-the-art navigation methods. It does not generate a map and only allows the robot to come back to the starting point. Still, for many applications this may be more than enough. For instance, for stock tracking in warehouses or crop monitoring in greenhouses, drones could fly out, gather data and then return to the base station. They could store mission-relevant images on a small SD card for post-processing by a server. But they would not need them for navigation itself."
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Soft, stretchy 'jelly batteries' inspired by electric eels | ScienceDaily
Researchers have developed soft, stretchable 'jelly batteries' that could be used for wearable devices or soft robotics, or even implanted in the brain to deliver drugs or treat conditions such as epilepsy.


						
The researchers, from the University of Cambridge, took their inspiration from electric eels, which stun their prey with modified muscle cells called electrocytes.

Like electrocytes, the jelly-like materials developed by the Cambridge researchers have a layered structure, like sticky Lego, that makes them capable of delivering an electric current.

The self-healing jelly batteries can stretch to over ten times their original length without affecting their conductivity -- the first time that such stretchability and conductivity has been combined in a single material. The results are reported in the journal Science Advances.

The jelly batteries are made from hydrogels: 3D networks of polymers that contain over 60% water. The polymers are held together by reversible on/off interactions that control the jelly's mechanical properties.

The ability to precisely control mechanical properties and mimic the characteristics of human tissue makes hydrogels ideal candidates for soft robotics and bioelectronics; however, they need to be both conductive and stretchy for such applications.

"It's difficult to design a material that is both highly stretchable and highly conductive, since those two properties are normally at odds with one another," said first author Stephen O'Neill, from Cambridge's Yusuf Hamied Department of Chemistry. "Typically, conductivity decreases when a material is stretched."

"Normally, hydrogels are made of polymers that have a neutral charge, but if we charge them, they can become conductive," said co-author Dr Jade McCune, also from the Department of Chemistry. "And by changing the salt component of each gel, we can make them sticky and squish them together in multiple layers, so we can build up a larger energy potential."




Conventional electronics use rigid metallic materials with electrons as charge carriers, while the jelly batteries use ions to carry charge, like electric eels.

The hydrogels stick strongly to each other because of reversible bonds that can form between the different layers, using barrel-shaped molecules called cucurbiturils that are like molecular handcuffs. The strong adhesion between layers provided by the molecular handcuffs allows for the jelly batteries to be stretched, without the layers coming apart and crucially, without any loss of conductivity.

The properties of the jelly batteries make them promising for future use in biomedical implants, since they are soft and mould to human tissue. "We can customise the mechanical properties of the hydrogels so they match human tissue," said Professor Oren Scherman, Director of the Melville Laboratory for Polymer Synthesis, who led the research in collaboration with Professor George Malliaras from the Department of Engineering. "Since they contain no rigid components such as metal, a hydrogel implant would be much less likely to be rejected by the body or cause the build-up of scar tissue."

In addition to their softness, the hydrogels are also surprisingly tough. They can withstand being squashed without permanently losing their original shape, and can self-heal when damaged.

The researchers are planning future experiments to test the hydrogels in living organisms to assess their suitability for a range of medical applications.

The research was funded by the European Research Council and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Oren Scherman is a Fellow of Jesus College, Cambridge.
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Research tracks 66 million years of mammalian diversity | ScienceDaily
When trying to understand the present, it's helpful to look to history. New research from the University of Nebraska-Lincoln examined the fossil record going back 66 million years and tracked changes to mammalian ecosystems and species diversity on the North American continent.


						
The study, led by Alex Shupinski, who earned her doctorate in May, and co-authored by Kate Lyons, associate professor in the School of Biological Sciences, provides a large-scale view of how species diversity changed over the first 65 million years of the Cenozoic era -- up until the arrival of humans -- and how climate and other environmental factors, including changing landscapes, affected animal life on the continent.

The findings published in Proceedings of the Royal Society B also provide a glimpse into how mammals rebounded following the last mass extinction event -- the eradication of non-avian dinosaurs.

"Beginning 66 million years ago, we go from a completely sub-tropical environment across North America to grasslands to a frozen savanna, and finally, reaching the Ice Age," Shupinski said. "It's showing how species changed through time, through many ecological, environmental and climatic changes and it allows us to compare across those events and at different spatial scales."

The researchers sliced the fossil record of the Cenozoic era into million-year increments and used three indices of functional diversity -- which quantifies changes in community structures using mammalian traits -- to examine mammalian communities on both a local and continental scale.

For most of the Cenozoic era, local and continental measures of functional diversity differed, but surprisingly, during the first 10 million years of the era, immediately following the extinction of non-avian dinosaurs, all measures of functional diversity, both locally and across the continent, increased.

"That was fascinating to see, that for most of the Cenozoic, functional diversity was uncoupled across time and spatial scales, except this one time," Shupinski said. "For 10 million years, all the measures are changing in the same way. Then, around 56 million years ago, we get this massive immigration of mammals into North America from other continents, and at that point, we see a divergence of functional diversity.




"Communities are changing at different times, at different rates and in different directions," she said. "We might see locally, the diversity of roles increasing, but continentally, they're decreasing."

Lyons said that some of the changes among mammalian species can be explained by environmental changes, including cooling and warming periods or when heavily forested areas were usurped by grasslands, but that the large-scale environmental changes did not rise to the level of disruption caused by the mass extinction of dinosaurs.

"That is why this could potentially be a way to pinpoint areas of the globe or communities that are under particular stress," Lyons said. "We may be entering a sixth mass extinction event, and if so, we might expect to see communities that are on the vanguard of that extinction respond in a similar way, based on the patterns we see after the extinction of the non-avian dinosaurs."

In the field of conservation paleobiology, tracking past changes in ecosystems over long periods of time helps scientists and the public better understand biodiversity crises happening today, and this current study offers a thorough analysis of the age of mammals and hints at what may come next.

"If we are looking at the modern (crises) and we see a similar response in the functional diversity of modern community structures, it may be a conservation tool as we can highlight some of these communities that are experiencing the most disturbance and that are at highest risk of change and disturbance in their ecological services and function," Shupinski said.

Additional authors on the study are Peter Wagner, professor of Earth and atmospheric sciences at Nebraska, and Felisa Smith of the University of New Mexico, Albuquerque.
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Want to spot a deepfake? Look for the stars in their eyes | ScienceDaily
In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important.


						
So what if you could tell just by looking into someone's eyes?

That's the compelling finding of new research shared at the Royal Astronomical Society's National Astronomy Meeting in Hull, which suggests that AI-generated fakes can be spotted by analysing human eyes in the same way that astronomers study pictures of galaxies.

The crux of the work, by University of Hull MSc student Adejumoke Owolabi, is all about the reflection in a person's eyeballs.

If the reflections match, the image is likely to be that of a real human. If they don't, they're probably deepfakes.

"The reflections in the eyeballs are consistent for the real person, but incorrect (from a physics point of view) for the fake person," said Kevin Pimbblet, professor of astrophysics and director of the Centre of Excellence for Data Science, Artificial Intelligence and Modelling at the University of Hull.

Researchers analysed reflections of light on the eyeballs of people in real and AI-generated images. They then employed methods typically used in astronomy to quantify the reflections and checked for consistency between left and right eyeball reflections.




Fake images often lack consistency in the reflections between each eye, whereas real images generally show the same reflections in both eyes.

"To measure the shapes of galaxies, we analyse whether they're centrally compact, whether they're symmetric, and how smooth they are. We analyse the light distribution," said Professor Pimbblet.

"We detect the reflections in an automated way and run their morphological features through the CAS [concentration, asymmetry, smoothness] and Gini indices to compare similarity between left and right eyeballs.

"The findings show that deepfakes have some differences between the pair."

The Gini coefficient is normally used to measure how the light in an image of a galaxy is distributed among its pixels. This measurement is made by ordering the pixels that make up the image of a galaxy in ascending order by flux and then comparing the result to what would be expected from a perfectly even flux distribution.

A Gini value of 0 is a galaxy in which the light is evenly distributed across all of the image's pixels, while a Gini value of 1 is a galaxy with all light concentrated in a single pixel.




The team also tested CAS parameters, a tool originally developed by astronomers to measure the light distribution of galaxies to determine their morphology, but found it was not a successful predictor of fake eyes.

"It's important to note that this is not a silver bullet for detecting fake images," Professor Pimbblet added.

"There are false positives and false negatives; it's not going to get everything. But this method provides us with a basis, a plan of attack, in the arms race to detect deepfakes."
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Paleolithic diets are not without risks | ScienceDaily
High-protein diets, known as ''Paleolithic diets'', are popular. Using mouse models, scientists at the University of Geneva (UNIGE) have studied their impact. While effective in regulating weight and stabilizing diabetes, these diets are not without risks. Excess protein greatly increases ammonium production, overwhelming the liver. Excess ammonium can cause neurological disorders and, in severe cases, lead to coma. These results, published in the Journal of Biological Chemistry, suggest caution when following these diets.


						
Type 2 diabetes is a metabolic disease that is constantly increasing. Due to a sedentary lifestyle and an excessively rich diet, the damaged pancreas struggles to regulate blood sugar levels. While current treatments help control the progression of the disease, they do not cure diabetes. Losing weight is often an essential part of the treatment.

''Diets rich in animal and/or plant proteins, known as Paleolithic diets, can be used to stabilize type 2 diabetes and regulate weight,'' explains Pierre Maechler, full professor at the Department of Cell Physiology and Metabolism at the UNIGE Faculty of Medicine, who led this research. These diets are inspired by the meat-based diets of pre-agricultural time. ''But what impact do they have on the body? Are they harmless? That's what we set out to find out.''

Liver under Pressure

Ammonium is a normal waste product of protein breakdown, essentially eliminated in the liver by the enzyme glutamate dehydrogenase (GDH). In the event of protein overload, the GDH enzyme comes under pressure. To study the impact of high-protein diets, Pierre Maechler's team fed healthy mice and mice lacking the GDH enzyme in their liver a diet with a protein content mimicking the so-called Paleolithic diet.

Scientists observed that in healthy mice, although excess protein increased ammonium production, the liver managed this excess due to the action of the GDH enzyme, which detoxifies ammonium before it can cause damage. ''In contrast, in mice lacking the GDH enzyme, the liver is unable to eliminate the excess of toxic ammonium derived from proteins. No need to wait for weeks or months; a change of diet lasting a few days is enough to observe major consequences,'' explains Karolina Luczkowska, a former PhD student at the Department of Cell Physiology and Metabolism at the UNIGE Faculty of Medicine, and the study's first author.

Caution is Advised

These results suggest that in case of dysfunctional GDH enzyme, high-protein diets may cause a harmful excess of ammonium. Ammonium not eliminated by the liver can cause severe disorders, particularly neurological ones. A blood test could assess GDH activity to avoid overloading the metabolism with proteins in people whose GDH enzyme is deficient. ''It is therefore important to be well informed before following a high-protein diet,'' concludes Pierre Maechler.
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Scientists define new type of memory loss in older adults | ScienceDaily
Researchers at Mayo Clinic have established new criteria for a memory-loss syndrome in older adults that specifically impacts the brain's limbic system. It can often be mistaken for Alzheimer's disease. The good news: Limbic-predominant Amnestic Neurodegenerative Syndrome, or LANS, progresses more slowly and has a better prognosis, and is now more clearly defined for doctors working to find answers for memory loss patients.


						
Prior to the researchers developing clinical criteria published in the journal Brain Communications, the hallmarks of the syndrome could be confirmed only by examining brain tissue after a person's death. The proposed criteria provide a framework for neurologists and other experts to classify the condition in patients living with symptoms, offering a more precise diagnosis and potential treatments. They consider factors such as age, severity of memory impairment, brain scans, and biomarkers indicating the deposits of specific proteins in the brain.

The criteria were developed and validated using data from more than 200 participants in databases for the Mayo Clinic Alzheimer's Disease Research Center, the Mayo Clinic Study of Aging and the Alzheimer's Disease Neuroimaging Initiative.

Understanding the condition will lead to better management of symptoms and more tailored therapies for patients suffering from this type of cognitive decline, distinct from Alzheimer's disease, says David T. Jones, M.D., a Mayo Clinic neurologist and senior author of the study.

"In our clinical work, we see patients whose memory symptoms appear to mimic Alzheimer's disease, but when you look at their brain imaging or biomarkers, it's clear they don't have Alzheimer's. Until now, there has not been a specific medical diagnosis to point to, but now we can offer them some answers," Jones says. "This research creates a precise framework that other medical professionals can use to care for their patients. It has major implications for treatment decisions, including amyloid-lowering drugs and new clinical trials, and counseling on their prognosis, genetics and other factors."

Decades of work to understand and classify different types of dementia is ongoing, says Nick Corriveau-Lecavalier, Ph.D., the paper's first author. These findings build upon scientists' continued efforts to untangle neurological conditions that often have similar symptoms or can occur simultaneously, but can have drastically different treatments and prognoses.

"Historically, you might see someone in their 80s with memory problems and think they may have Alzheimer's disease, and that is often how it's being thought of today," Corriveau-Lecavalier says. "With this paper, we are describing a different syndrome that happens much later in life. Often, the symptoms are restricted to memory and will not progress to impact other cognitive domains, so the prognosis is better than with Alzheimer's disease."

Without signs of Alzheimer's disease, the researchers looked at the involvement of one possible culprit -- a buildup of a protein called TDP-43 in the limbic system that scientists have found in the autopsied brain tissue of older adults. Researchers have classified the build-up of these protein deposits as limbic-predominant age-related TDP-43 encephalopathy, or LATE. These protein deposits could be associated with the newly defined memory loss syndrome, but there are also other likely causes and more research is needed, the authors say.




With clinical criteria established by Jones, Corriveau-Lecavalier and co-authors, practitioners could soon diagnose LANS in patients so those living with memory loss might better understand options for treatment and potential progression of the disease, opening doors for research to further illuminate the characteristics of the disease.

The research was funded in part by National Institutes of Health grants P30 AG062677, P50 AG016574, U01 AG006786, R37 AG011378 and R01 AG041851 and by the Robert Wood Johnson Foundation, the Elsie and Marvin Dekelboum Family Foundation, the Liston Family Foundation, the Edson Family, the Gerald A. and Henrietta Rauenhorst Foundation and the Foundation Dr. Corinne Schuler.

Drs. Jones and Corriveau-Lecavalier reported no conflicts of interest. A complete list of co-authors and financial disclosures is available in the manuscript.
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Cuttlefish can form false memories, too | ScienceDaily
During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers reporting in the journal iScience on July 17 have evidence that the common cuttlefish may create false memories, too.


						
"Forming false memories is different from making memory errors," said Christelle Jozet-Alves of the University of Caen in Normandy, France. The results suggest that cuttlefish do not encode events as filmstrips but rather mentally reconstruct the event by associating different features that were present during the original event, says Jozet-Alves.

Cuttlefish have been recognized as the only invertebrates possessing episodic-like memory. In other words, they can remember and recall what happened to them in the past. But the underlying mechanisms involved in their ability to recall previous events wasn't known. Does a cuttlefish's memory for past events depend on a reconstruction process?

To find out, Jozet-Alves and colleagues decided to try and induce false memories in cuttlefish. If the animals rely on a reconstructive process for their episodic-like memories, they reasoned, then they should be susceptible to forming false memories.

To encourage false memories, the researchers exposed cuttlefish to successive events sharing many common features. They wanted to see if they could make cuttlefish remember seeing their favorite food -- shrimp -- in a particular tube even when they hadn't. First, they showed cuttlefish different tubes, one with shrimp, one with a less-preferred crab, and one empty. Each tube had a specific visual pattern.

Next, they showed two of the three tubes previously encountered: the shrimp tube and the empty tube, but this time the content of the tubes was not visible. They attempted to mislead the animals with the visual patterns and odors, creating overlapping features. The question was whether the cuttlefish would falsely remember there being shrimp in a tube that was in fact empty because they saw this tube a second time in the presence of the shrimp tube.

To test it out, they let the cuttlefish choose between the empty tube and the crab tube with the contents not visible. And their choices suggested that the misleading information in those past events had altered their memories. Rather than choosing a tube containing their less preferred crab, the cuttlefish more often than otherwise expected sometimes chose an empty tube, suggesting they thought they remembered it contained shrimp.

While more study is needed, the findings suggest that cuttlefish can form false memories for visual information but not for scents. The researchers suggest this memory strategy might reduce the cost of memory. If cuttlefish can store smaller building blocks of memories and then reconstruct them, it might optimize memory while allowing them to imagine different combinations of features in the future, the researchers suggest. However, they also noted an unexpected amount of variation among individuals.

"What was surprising was that the susceptibility to form false memories seems different between individuals," Jozet-Alves said. "Some appeared unaffected when exposed to a misleading event while other did form false memories. This phenomenon is commonly found in our own species in which this susceptibility varies among individuals and within individuals."

In future studies, they say it will be important to "better understand why all individuals are not as sensitive to the formation of false memory and whether it could change within an individual depending on its age, its level of attention to the task, or even its emotional state."
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Astronomers spot a 'highly eccentric' planet on its way to becoming a hot Jupiter | ScienceDaily
e most extreme planets in the galaxy. These scorching worlds are as massive as Jupiter, and they swing wildly close to their star, whirling around in a few days compared to our own gas giant's leisurely 4,000-day orbit around the sun. 
Scientists suspect, though, that hot Jupiters weren't always so hot and in fact may have formed as "cold Jupiters," in more frigid, distant environs. But how they evolved to be the star-hugging gas giants that astronomers observe today is a big unknown.
Now, astronomers at MIT, Penn State University, and elsewhere have discovered a hot Jupiter "progenitor" -- a sort of juvenile planet that is in the midst of becoming a hot Jupiter. And its orbit is providing some answers to how hot Jupiters evolve.
The new planet, which astronomers labeled TIC 241249530 b, orbits a star that is about 1,100 light years from Earth. The planet circles its star in a highly "eccentric" orbit, meaning that it comes extremely close to the star before slinging far out, then doubling back, in a narrow, elliptical circuit. If the planet was part of our solar system, it would come ten times closer to the sun than Mercury, before hurtling out, just past Earth, then back around. By the scientists' estimates, the planet's stretched-out orbit has the highest eccentricity of any planet detected to date.
The new planet's orbit is also unique in its "retrograde" orientation. Unlike the Earth and other planets in the solar system, which orbit in the same direction as the sun spins, the new planet travels in a direction that is counter to its star's rotation. 
The team ran simulations of orbital dynamics and found that the planet's highly eccentric and retrograde orbit are signs that it is likely evolving into a hot Jupiter, through "high-eccentricity migration" -- a process by which a planet's orbit wobbles and progressively shrinks as it interacts with another star or planet on a much wider orbit. 
In the case of TIC 241249530 b, the researchers determined that the planet orbits around a primary star that itself orbits around a secondary star, as part of a stellar binary system. The interactions between the two orbits -- of the planet and its star -- have caused the planet to gradually migrate closer to its star over time. 
The planet's orbit is currently elliptical in shape, and the planet takes about 167 days to complete a lap around its star. The researchers predict that in 1 billion years, the planet will migrate into a much tighter, circular orbit, when it will then circle its star every few days. At that point, the planet will have fully evolved into a hot Jupiter. 
"This new planet supports the theory that high eccentricity migration should account for some fraction of hot Jupiters," says Sarah Millholland, assistant professor of physics in MIT's Kavli Institute for Astrophysics and Space Research. "We think that when this planet formed, it would have been a frigid world. And because of the dramatic orbital dynamics, it will become a hot Jupiter in about a billion years, with temperatures of several thousand kelvin. So it's a huge shift from where it started."
Millholland and her colleagues will publish their findings in the journal Nature. Her co-authors are MIT undergraduate Haedam Im, lead author Arvind Gupta of Penn State University and NSF NOIRLab, and collaborators at multiple other universities, institutions, and observatories. 
"Radical seasons"
The new planet was first spotted in data taken by NASA's Transiting Exoplanet Survey Satellite (TESS), an MIT-led mission that monitors the brightness of nearby stars for "transits," or brief dips in starlight that could signal the presence of a planet passing in front of, and temporarily blocking, a star's light. 
On Jan. 12, 2020, TESS picked up a possible transit of the star TIC 241249530. Gupta and his colleagues at Penn State determined that the transit was consistent with a Jupiter-sized planet crossing in front of the star. They then acquired measurements from other observatories of the star's radial velocity, which estimates a star's wobble, or the degree to which it moves back and forth, in response to other nearby objects that might gravitationally tug on the star.
Those measurements confirmed that a Jupiter-sized planet was orbiting the star and that its orbit was highly eccentric, bringing the planet extremely close to the star before flinging it far out. 
Prior to this detection, astronomers had known of only one other planet, HD 80606 b, that was thought to be an early hot Jupiter. That planet, discovered in 2001, held the record for having the highest eccentricity, until now. 
"This new planet experiences really dramatic changes in starlight throughout its orbit," Millholland says. "There must be really radical seasons and an absolutely scorched atmosphere every time it passes close to the star."
"Dance of orbits"
How could a planet have fallen into such an extreme orbit? And how might its eccentricity evolve over time? For answers, Im and Millholland ran simulations of planetary orbital dynamics to model how the planet may have evolved throughout its history and how it might carry on over hundreds of millions of years. 
The team modeled the gravitational interactions between the planet, its star, and the second nearby star. Gupta and his colleagues had observed that the two stars orbit each other in a binary system, while the planet is simultaneously orbiting the closer star. The configuration of the two orbits is somewhat like a circus performer twirling a hula hoop around her waist, while spinning a second hula hoop around her wrist.
Millholland and Im ran multiple simulations, each with a different set of starting conditions, to see which condition, when run forward over several billions of years, produced the configuration of planetary and stellar orbits that Gupta's team observed in the present day. They then ran the best match even further into the future to predict how the system will evolve over the next several billion years. 
These simulations revealed that the new planet is likely in the midst of evolving into a hot Jupiter: Several billion years ago, the planet formed as a cold Jupiter, far from its star, in a region cold enough to condense and take shape. Newly formed, the planet likely orbited the star in a circular path. This conventional orbit, however, gradually stretched and grew eccentric, as it experienced gravitational forces from the star's misaligned orbit with its second, binary star. 
"It's a pretty extreme process in that the changes to the planet's orbit are massive," Millholland says. "It's a big dance of orbits that's happening over billions of years, and the planet's just going along for the ride."
In another billion years, the simulations show that the planet's orbit will stabilize in a close-in, circular path around its star. 
"Then, the planet will fully become a hot Jupiter," Millholland says. 
The team's observations, along with their simulations of the planet's evolution, support the theory that hot Jupiters can form through high eccentricity migration, a process by which a planet gradually moves into place via extreme changes to its orbit over time. 
"It's clear not only from this, but other statistical studies too, that high eccentricity migration should account for some fraction of hot Jupiters," Millholland notes. "This system highlights how incredibly diverse exoplanets can be. They are mysterious other worlds that can have wild orbits that tell a story of how they got that way and where they're going. For this planet, it's not quite finished its journey yet."
###

Written by Jennifer Chu, MIT News 
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Psilocybin generates psychedelic experience by disrupting brain network | ScienceDaily
People who consume psilocybin-containing mushrooms -- otherwise known as magic mushrooms -- typically undergo a surreal experience in which their sense of space, time and self is distorted. Advocates have long argued that, under the right conditions, psychedelic experiences can alleviate mental distress, and a smattering of scientific studies suggests they may be right. Understanding precisely how the drug affects the brain will help scientists and doctors harness its therapeutic potential.


						
In a new study, researchers at Washington University School of Medicine in St. Louis report that psilocybin, the active compound in magic mushrooms, temporarily scrambles a critical network of brain areas involved in introspective thinking such as daydreaming and remembering. The findings provide a neurobiological explanation for the drug's mind-bending effects and lay some of the groundwork for the development of psilocybin-based therapies for mental illnesses such as depression and post-traumatic stress disorder.

"There's a massive effect initially, and when it's gone, a pinpoint effect remains," said co-senior author Nico U. F. Dosenbach, MD, PhD, a professor of neurology. "That's exactly what you'd want to see for a potential medicine. You wouldn't want people's brain networks to be obliterated for days, but you also wouldn't want everything to snap back to the way it was immediately. You want an effect that lasts long enough to make a difference."

The study, available July 17 in Nature, creates a road map other scientists can follow to evaluate the effects of psychoactive drugs on brain function, potentially accelerating drug development efforts for any number of psychiatric illnesses.

Psilocybin showed promise as a treatment for depression in the 1950s and '60s, but restrictive federal drug policy in subsequent decades quashed nearly all further research. In recent years, though, regulations have loosened, and interest in the field has been revived.

"These days, we know a lot about the psychological effects and the molecular/cellular effects of psilocybin," said first author Joshua S. Siegel, MD, PhD, an instructor in psychiatry. "But we don't know much about what happens at the level that connects the two -- the level of functional brain networks."

To fill that gap, Siegel pulled together a team including Dosenbach, who is an expert in brain imaging, and co-senior author Ginger E. Nicol, MD, an associate professor of psychiatry who has experience running clinical trials with controlled substances. Together, they devised a way to visualize the impact of psilocybin on individual participants' functional brain networks -- neural communication pathways that connect different brain regions -- and to correlate changes in these networks with subjective experiences.




The team recruited seven healthy adults to take a high dose of psilocybin or methylphenidate, the generic form of Ritalin, under controlled conditions. Because psychedelic trips carry the risk of users having negative or scary experiences, a pair of trained experts stayed with each participant throughout the experience. The experts helped prepare the participants for what they were likely to experience, provided guidance and support during each experiment, and helped the volunteers process what had occurred afterward. Each participant underwent an average of 18 functional MRI brain scans in the days to weeks before, during and up to three weeks after their experiences with psilocybin. Four participants returned six months later to repeat the experiment.

Psilocybin caused profound and widespread -- yet not permanent -- changes to the brain's functional networks. In particular, it desynchronized the default mode network, an interconnected set of brain areas that, ordinarily, are simultaneously active when the brain is not working on anything in particular. After falling out of sync, the network re-established itself when the acute effects of the drug wore off, but small differences from pre-psilocybin scans persisted for weeks. The default mode network remained stable in people who received methylphenidate.

"The idea is that you're taking this system that's fundamental to the brain's ability to think about the self in relation to the world, and you're totally desynchronizing it temporarily," Siegel said. "In the short term, this creates a psychedelic experience. The longer-term consequence is that it makes the brain more flexible and potentially more able to come into a healthier state."

Normally, each individual's functional brain network is as distinctive as a fingerprint. Psilocybin distorted brain networks so thoroughly that individuals could no longer be identified until the acute affects wore off.

"The brains of people on psilocybin look more similar to each other than to their untripping selves," Dosenbach said. "Their individuality is temporarily wiped out. This verifies, at a neuroscientific level, what people say about losing their sense of self during a trip."

During the experience, participants were asked to rate their feelings of transcendence, connectedness and awe using the validated Mystical Experience Questionnaire. The magnitude of the changes to the functional networks tracked with the intensity of each participant's subjective experience.

"We were able to get very precise data on the effects of the drug in each individual," Nicol said. "This is a step toward precision clinical trials. In psychiatry, we often don't know who should get a particular medicine and how much or how often. As a result, we end up prescribing one medicine after another, tinkering with the dosage, until we find something that works. By using this approach in clinical trials, we can identify the factors that determine who benefits and who doesn't, and make better use of the medicines we have."

Nicol, Siegel and Dosenbach emphasize that people should not interpret their study as a reason to self-medicate with psilocybin. The drug is not approved by the Food and Drug Administration (FDA) as a treatment for depression or any other condition, and there are risks to taking it without the supervision of trained mental health experts.
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Forests endure as carbon sink despite regional pressures | ScienceDaily
Despite facing regional threats like deforestation and wildfires, the world's forests continue to be a powerful weapon in the fight against climate change. A new study reveals these vital ecosystems have consistently absorbed carbon dioxide for the past three decades, even as disruptions chip away at their capacity. The study, based on long-term ground measurements combined with remote sensing data, found that forests take up an average of 3.5 +- 0.4 billion metric tons of carbon per year, which is nearly half of the carbon dioxide emissions from burning fossil fuels between 1990 and 2019.


						
The study titled "The enduring world forest carbon sink," published in the 18-July-2024 issue of the journal Nature, highlights the critical role of forests in mitigating climate change. The study further shows that deforestation and disturbances like wildfires are threatening this vital carbon sink.

The research is co-led by USDA Forest Service Northern Research Station Senior Research Scientist Yude Pan and Senior Scientist Richard Birdsey from Woodwell Climate Research Center, and includes 15 additional coauthors from 11 countries.

Key Findings:
    	Boreal forests in the Northern Hemisphere, spanning regions like Alaska, Canada, and Russia, have experienced a significant decline in their carbon sink capacity, dropping by 36%. This decrease is attributed to factors including increased disturbances from wildfires, insect outbreaks, and soil warming.
    	Tropical forests have also seen a decline, with deforestation causing a 31% decrease in their ability to absorb carbon. However, regrowth in previously abandoned agricultural lands and logged areas has partially offset these losses, keeping the net carbon flux in the tropics close to neutral.
    	Temperate forests, on the other hand, have shown a 30% increase in their carbon sink capacity. This rise is largely due to extensive reforestation efforts, particularly in China.

"Our research team analyzed data from millions of forest plots around the globe," Dr. Pan explained. "What sets this study apart is its foundation in extensive ground measurements -- essentially, a tree-by-tree assessment of size, species, and biomass. While the study also incorporates remote sensing data, a common tool in national forest inventories and land surveys, our unique strength lies in the detailed on-the-ground data collection."

"The persistence of the global forest carbon sink was a surprise given global increases in wildfire, drought, logging, and other stressors," according to Dr. Birdsey. "But it turns out that increasing emissions in some regions were balanced by increasing accumulation in other regions, mainly re-growing tropical forests and reforestation of temperate forests. These findings support the potential for improving protection and management of forests as effective natural climate solutions."

The study describes how certain land management policies and practices can help preserve this global carbon sink. Findings support a focus on curtailing deforestation across all forest biomes, for example, promoting forest restoration on lands that may be unsuitable for agriculture, and improving timber harvesting practices to minimize emissions from logging and related activities.

The research also highlights the limitations in data collection, particularly in tropical regions. The study calls for increased research and establishment of more ground sampling plots in these areas to reduce uncertainties in carbon estimates and improve understanding of the global carbon budget.

Forests play a critical role in combating climate change. Protecting and restoring these ecosystems is essential to mitigate climate impacts and achieve greenhouse gas reduction targets.
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Paving the way to extremely fast, compact computer memory | ScienceDaily
For decades, scientists have been studying a group of unusual materials called multiferroics that could be useful for a range of applications including computer memory, chemical sensors and quantum computers. In a study published in Nature, researchers from The University of Texas at Austin and the Max Planck Institute for the Structure and Dynamics of Matter (MPSD) demonstrated that the layered multiferroic material nickel iodide (NiI2) may be the best candidate yet for devices that are extremely fast and compact.


						
Multiferroics have a special property called magnetoelectric coupling, which means that you can manipulate magnetic properties of the material with an electric field and vice versa, electric properties with magnetic fields. The researchers found NiI2 has greater magnetoelectric coupling than any known material of its kind, making it a prime candidate for technology advances.

"Unveiling these effects at the scale of atomically thin nickel iodide flakes was a formidable challenge," said Frank Gao, a postdoctoral fellow in physics at UT and co-lead author of the paper, "but our success presents a significant advancement in the field of multiferroics."

"Our discovery paves the way for extremely fast and energy-efficient magnetoelectric devices, including magnetic memories," added graduate student Xinyue Peng, the project's other co-lead author.

Electric and magnetic fields are fundamental for our understanding of the world and for modern technologies. Inside a material, electric charges and atomic magnetic moments may order themselves in such a way that their properties add up, forming an electric polarization or a magnetization. Such materials are known as ferroelectrics or ferromagnets, depending on which of these quantities is in an ordered state.

However, in the exotic materials that are multiferroics, such electric and magnetic orders co-exist. The magnetic and electric orders can be entangled in such a way that a change in one causes a change in the other. This property, known as magnetoelectric coupling, makes these materials attractive candidates for faster, smaller and more efficient devices. For such devices to work effectively, it is important to find materials with particularly strong magnetoelectric coupling, as the research team describes doing with NiI2 in their study.

The researchers accomplished this by exciting the material with ultrashort laser pulses in the femtosecond range (a millionth of a billionth of a second) and then tracking the resulting changes in the material's electric and magnetic orders and magnetoelectric coupling via their impact on specific optical properties.




To understand why the magnetoelectric coupling is so much stronger in NiI2 than in similar materials, the team performed extensive calculations.

"Two factors play important roles here," said co-author Emil Vinas Bostrom of the MPSD. "One of them is the strong coupling between the electrons' spin and orbital motion on the iodine atoms -- that's a relativistic effect known as spin-orbit coupling. The second factor is the particular form of the magnetic order in nickel iodide, known as a spin spiral or spin helix. This ordering is crucial both to initiate the ferroelectric order and for the strength of the magnetoelectric coupling."

Materials like NiI2 with large magnetoelectric coupling have a wide range of potential applications, according to the researchers. These include magnetic computer memory that is compact, energy efficient and can be stored and retrieved much faster than existing memory; interconnects in quantum computing platforms; and chemical sensors that can ensure quality control and drug safety in the chemical and pharmaceutical industries.

The researchers hope that these groundbreaking insights can be used to identify other materials with similar magnetoelectric properties and that other material engineering techniques could possibly lead to a further enhancement of the magnetoelectric coupling in NiI2.

This work was conceived and supervised by Edoardo Baldini, assistant professor of physics at UT, and Angel Rubio, director of the MPSD.

The paper's other UT authors are Dong Seob Kim and Xiaoqin Li. Other authors of MPSD are Xinle Cheng and Peizhe Tang. Additional authors are Ravish K. Jain, Deepak Vishnu, Kalaivanan Raju, Raman Sankar and Shang-Fan Lee of Academia Sinica; Michael A. Sentef of the University of Bremen; and Takashi Kurumaji of the California Institute of Technology.

Funding for this research was provided by the Robert A. Welch Foundation, the U.S. National Science Foundation, the U.S. Air Force Office of Scientific Research, the European Union's Horizon Europe research and innovation program, the Cluster of Excellence "CUI: Advanced Imaging of Matter," Grupos Consolidados, the Max Planck-New York City Center for Non-Equilibrium Quantum Phenomena, the Simons Foundation and the Ministry of Science and Technology in Taiwan.
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New gene therapy for muscular dystrophy offers hope | ScienceDaily
A new gene therapy treatment for Duchenne muscular dystrophy shows promise of not only arresting the decline of the muscles of those affected by this inherited genetic disease, but perhaps, in the future, repairing those muscles.


						
The UW Medicine-led research focuses on delivering a series of protein packets inside shuttle vectors to replace the defective DMD gene within the muscles. The added genetic code will then start producing dystrophin, the protein lacking in patients with muscular dystrophy.

Currently, there is no cure for the disease and available treatments and drugs only slow down the disease. In the case of Duchenne muscular dystrophy -- the topic of this study -- patients, all males because the gene is on the X chromosome, begin exhibiting symptoms around age four and usually die their 20s or 30s.

Findings on the new gene therapy were published today in Nature.

UW Medicine neurologist and geneticist, Dr. Jeffery Chamberlain, the study's senior author, has worked his entire career on finding therapeutics and seeking a cure for muscular dystrophy. He is director of the Wellstone Muscular Dystrophy Research Center and is the McCaw endowed chair in muscular dystrophy at the University of Washington School of Medicine. The research project was led by molecular biologist Dr. Hichem Tasfaout working in the Chamberlain lab.

What has stymied researchers in the past is the gene which needs to be fixed is the largest gene in nature, Chamberlain noted. Up until now, there was no way to deliver adequate protein fixes into the muscles..

"Think of having a king-sized bed delivered that you can't get through your door," he said.




The new method, which has had success on mouse models, uses a series of adeno-associated viral vectors or AAVs, which are tiny shuttles derived from a virus that are being used to deliver gene therapies into human cells. Instead of one AAV, this gene therapy uses a series of AAVs which take parts of the therapeutic protein inside the muscles, along with embedded instructions to begin assembling the necessary genetic fix once within the body.

Back to the king bed analogy again, not only are the parts taken in piece by piece, but the delivery workers begin assembling the bed once inside the house. The next step for the therapy is human trials, which should begin in approximately two years, Chamberlain said.

In the lab, this method has not only halted further progression of the disease, but it has been able to reverse much of the pathology associated with dystrophy. Eventually, Chamberlain and Tasfaout hope that this method might lead to a reversal of the muscle wasting and restore normal health of the muscle tissue.

The latest approach also uses a new type of AAV vector that allows the use of lower doses and therefore may reduce or eliminate some of the side effects of previous approaches, Chamberlain said.

"When we infuse a large dose of these delivery shuttles, the body goes 'Whoa, what's going on here?'" he said.

This then kicks off an immune response which can damage the heart or liver, he explained.

Chamberlain remembers watching the Jerry Lewis Telethon as a kid and wanting to help those children. That feeling may have been a spark for the passion which eventually guided his career. He ended up being an expert who discussed the science of therapies on the telethon about seven times.

"When you meet families and patients it just inspired me to work that much harder," he said.

The research was largely supported by the Muscular Dystrophy Association, with gifts raised via a series of fundraisers hosted by former Seattle Mariner Edgar Martinez.
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Llama nanobodies: A breakthrough in building HIV immunity | ScienceDaily
A research team at Georgia State University has developed tiny, potent molecules that are capable of targeting hidden strains of HIV. The source? Antibody genes from llama DNA.


						
The research, led by Assistant Professor of Biology Jianliang Xu, uses llama-derived nanobodies to broadly neutralize numerous strains of HIV-1, the most common form of the virus. A new study from this team has been published in the journal Advanced Science.

"This virus has evolved a way to escape our immune system. Conventional antibodies are bulky, so it's difficult for them to find and attack the virus' surface," Xu explained. "These new antibodies can do this in an easier way."

Scientists in pursuit of effective HIV treatment and prevention have been working with animals in the camelid family -- like llamas -- for about 15 years. That's because the shape and features of their antibodies make them nimbler and more effective at identifying and neutralizing foreign objects, like the HIV virus.

This new research presents a widely applicable method to enhance the performance of nanobodies. Nanobodies are engineered antibody fragments that are about one-tenth the size of a conventional antibody. They are derived from flexible, Y-shaped heavy chain-only antibodies -- made up of two heavy chains -- which are more effective at fighting certain viruses than conventional antibodies with light chains.

The nanobodies are derived from flexible, Y-shaped antibodies made up of heavy-chain peptides which may be more effective at fighting certain viruses.

For the study, researchers immunized llamas with a specially designed protein which results in the production of neutralizing nanobodies. Xu and his team then identified nanobodies that can target vulnerable sites on the virus. When the team engineered the nanobodies into a triple tandem format -- by repeating short lengths of DNA -- the resulting nanobodies demonstrated remarkable effectiveness, neutralizing 96 percent of a diverse panel of HIV-1 strains.




Further analysis uncovered that these nanobodies mimic the recognition of the CD4 receptor -- a key player in HIV infection. To enhance their potency, the nanobodies were fused with a broadly neutralizing antibody (bNAb), resulting in a new antibody with unprecedented neutralizing abilities.

"Instead of developing a cocktail of antibodies, now we can make a single molecule that can neutralize HIV," Xu said. "We are working with a broadly neutralizing nanobody that can neutralize over 90 percent of the circulating HIV strains, and when we combine that with another bNAb which also neutralizes some 90 percent, together, they can neutralize close to 100 percent."

Xu began this research at the National Institutes of Health Vaccine Research Center in Bethesda, Md., where he collaborated with a team of more than 30 scientists. The team included Peter Kwong, professor of biochemistry and molecular biophysics at Columbia University and co-author of the study. Since coming to Georgia State in 2023, Xu has been mentoring Payton Chan, a Ph.D. candidate at Georgia State. Together, they are working to expand these potential remedies.

Chan said she is excited about the prospects of the innovative research.

"These nanobodies are the best and most potently neutralizing antibodies to date, which I think is very promising for the future of HIV therapeutics and antibody research," Chan said. "I hope one day there will be approval of these nanobodies for the treatment of HIV."

According to Xu, future efforts will explore the possibility of combining llama nanobodies with other existing bNAbs to determine if some of these combinations can achieve 100 percent neutralization to offer new treatment options in the fight against HIV.
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Scientists find that small regions of the brain can take micro-naps while the rest of the brain is awake and vice versa | ScienceDaily
Sleep and wake: they're totally distinct states of being that define the boundaries of our daily lives. For years, scientists have measured the difference between these instinctual brain processes by observing brain waves, with sleep characteristically defined by slow, long-lasting waves measured in tenths of seconds that travel across the whole organ.


						
For the first time, scientists have found that sleep can be detected by patterns of neuronal activity just milliseconds long, 1000 times shorter than a second, revealing a new way to study and understand the basic brain wave patterns that govern consciousness. They also show that small regions of the brain can momentarily "flicker" awake while the rest of the brain remains asleep, and vice versa from wake to sleep.

These findings, described in a new study published in the journal Nature Neuroscience, are from a collaboration between the laboratories of Assistant Professor of Biology Keith Hengen at Washington University in St. Louis and Distinguished Professor of Biomolecular Engineering David Haussler at UC Santa Cruz. The research was carried out by Ph.D. students David Parks (UCSC) and Aidan Schneider (WashU).

Over four years of work, Parks and Schneider trained a neural network to study the patterns within massive amounts of brain wave data, uncovering patterns that occur at extremely high frequencies that have never been described before and challenge foundational, long-held conceptions of the neurological basis of sleep and wake.

"With powerful tools and new computational methods, there's so much to be gained by challenging our most basic assumptions and revisiting the question of 'what is a state?'" Hengen said. "Sleep or wake is the single greatest determinant of your behavior, and then everything else falls out from there. So if we don't understand what sleep and wake actually are, it seems like we've missed the boat."

"It was surprising to us as scientists to find that different parts of our brains actually take little naps when the rest of the brain is awake, although many people may have already suspected this in their spouse, so perhaps a lack of male-female bias is what is surprising," Haussler quipped.

Understanding sleep

Neuroscientists study the brain via recordings of the electrical signals of brain activity, known as electrophysiology data, observing voltage waves as they crest and fall at different paces. Mixed into these waves are the spike patterns of individual neurons.




The researchers worked with data from mice at the Hengen Lab in St. Louis. The freely-behaving animals were equipped with a very lightweight headset that recorded brain activity from 10 different brain regions for months at a time, tracking voltage from small groups of neurons with microsecond precision.

This much input created petabytes -- which are one million times larger than a gigabyte -- of data. David Parks led the effort to feed this raw data into an artificial neural network, which can find highly complex patterns, to differentiate sleep and wake data and find patterns that human observation may have missed. A collaboration with the shared academic compute infrastructure located at UC San Diego enabled the team to work with this much data, which was on the scale of what large companies like Google or Facebook might use.

Knowing that sleep is traditionally defined by slow-moving waves, Parks began to feed smaller and smaller chunks of data into the neural network and asked it to predict if the brain was asleep or awake.

They found that the model could differentiate between sleep and wake from just milliseconds of brain activity data. This was shocking to the research team -- it showed that the model couldn't have been relying on the slow-moving waves to learn the difference between sleep and wake.. Just as listening to a thousandth of a second of a song couldn't tell you if it had a slow rhythm, it would be impossible for the model to learn a rhythm that occurs over several seconds by just looking at random isolated milliseconds of information.

"We're seeing information at a level of detail that's unprecedented," Haussler said. "The previous feeling was that nothing would be found there, that all the relevant information was in the slower frequency waves. This paper says, if you ignore the conventional measurements, and you just look at the details of the high frequency measurement over just a thousandth of a second, there is enough there to tell if the tissue is asleep or not. This tells us that there is something going on a very fast scale -- that's a new hint to what might be going on in sleep."

Hengen, for his part, was convinced that Parks and Schneider had missed something, as their results were so contradictory to bedrock concepts drilled into him over many years of neuroscience education. He asked Parks to produce more and more evidence that this phenomena could be real.




"This challenged me to ask myself 'to what extent are my beliefs based on evidence, and what evidence would I need to see to overturn those beliefs?" Hengen said. "It really did feel like a game of cat and mouse, because I'd ask David [Parks] over and over to produce more evidence and prove things to me, and he'd come back and say 'check this out!' It was a really interesting process as a scientist to have my students tear down these towers brick by brick, and for me to have to be okay with that."

Local patterns

Because an artificial neural network is fundamentally a black box and does not report back on what it learns from, Parks began stripping away layers of temporal and spatial information to try to understand what patterns the model could be learning from.

Eventually, they got down to the point where they were looking at chunks of brain data just a millisecond long and at the highest frequencies of brain voltage fluctuations.

"We'd taken out all the information that neuroscience has used to understand, define, and analyze sleep for the last century, and we asked 'can the model still learn under these conditions?'" Parks said. "This allowed us to look into signals we haven't understood before."

By looking at these data, they were able to determine that the hyper-fast pattern of activity between just a few neurons was the fundamental element of sleep that the model was detecting. Crucially, such patterns cannot be explained by the traditional, slow and widespread waves. The researchers hypothesize that the slow moving waves may be acting to coordinate the fast, local patterns of activity, but ultimately reached the conclusion that the fast patterns are much closer to the true essence of sleep.

If the slow moving waves traditionally used to define sleep are compared to thousands of people in a baseball stadium doing the wave, then these fast-moving patterns are the conversations between just a few people deciding to participate in the wave. Those conversations occurring are essential for the overall larger wave to take place, and are more directly related to the mood of the stadium -- the wave is a secondary result of that.

Observing flickers

In further studying the hyperlocal patterns of activity, the researchers began to notice another surprising phenomenon.

As they observed the model predicting sleep or wake, they noticed what looked at first like errors, in which for a split second the model would detect wake in one region of the brain while the rest of the brain remained asleep. They saw the same thing in wake states: for a split second, one region would fall asleep while the rest of the regions were awake. They call these instances "flickers."

"We could look at the individual time points when these neurons fired, and it was pretty clear that [the neurons] were transitioning to a different state," Schneider said. "In some cases, these flickers might be constrained to the area of just an individual brain region, maybe even smaller than that."

This compelled the researchers to explore what flickers could mean about the function of sleep, and how they affect behavior during sleep and wake.

"There's a natural hypothesis there; let's say a small part of your brain slips into sleep while you're awake -- does that mean your behavior suddenly looks like you're asleep? We started to see that that was often the case," Schneider said.

In observing the behavior of mice, the researchers saw that when a brain region would flicker to sleep while the rest of the brain was awake, the mouse would pause for a second, almost like it had zoned out. A flicker during sleep (one brain region "wakes up") was reflected by an animal twitching in its sleep.

Flickers are particularly surprising because they don't follow established rules dictating the strict cycle of the brain moving sequentially between wake to non-REM sleep to REM sleep.

"We are seeing wake to REM flickers, REM to non-REM flickers -- we see all these possible combinations, and they break the rules that you would expect based on a hundred years of literature," Hengen said. "I think they reveal the separation between the macro-state -- sleep and wake at the level of the whole animal, and the fundamental unit of state in the brain -- the fast and local patterns."

Impact

Gaining a deeper understanding of the patterns that occur at high-frequencies and the flickers between wake and sleep could help researchers better study neurodevelopmental and neurodegenerative diseases, which are both associated with sleep dysregulation. Both Haussler and Hengen's lab groups are interested in understanding this connection further, with Haussler interested in further studying these phenomena in cerebral organoid models, bits of brain tissue grown on a laboratory bench.

"This gives us potentially a very, very sharp scalpel with which to cut into these questions of diseases and disorders," Hengen said. "The more we understand fundamentally about what sleep and wake are, the more we can address pertinent clinical and disease related problems."

On a foundational level, this work helps push forward our understanding of the many layers of complexity of the brain as the organ that dictates behavior, emotion, and much more.
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Scientists develop new artificial intelligence method to create material 'fingerprints' | ScienceDaily
Study shows how materials change as they are stressed and relaxed.


						
Like people, materials evolve over time. They also behave differently when they are stressed and relaxed. Scientists looking to measure the dynamics of how materials change have developed a new technique that leverages X-ray photon correlation spectroscopy (XPCS), artificial intelligence (AI) and machine learning.

This technique creates "fingerprints" of different materials that can be read and analyzed by a neural network to yield new information that scientists previously could not access. A neural network is a computer model that makes decisions in a manner similar to the human brain.

In a new study by researchers in the Advanced Photon Source (APS) and Center for Nanoscale Materials (CNM) at the U.S. Department of Energy's (DOE) Argonne National Laboratory, scientists have paired XPCS with an unsupervised machine learning algorithm, a form of neural network that requires no expert training. The algorithm teaches itself to recognize patterns hidden within arrangements of X-rays scattered by a colloid -- a group of particles suspended in solution. The APS and CNM are DOE Office of Science user facilities.

"The goal of the AI is just to treat the scattering patterns as regular images or pictures and digest them to figure out what are the repeating patterns. The AI is a pattern recognition expert." -- James (Jay) Horwath, Argonne National Laboratory

"The way we understand how materials move and change over time is by collecting X-ray scattering data," said Argonne postdoctoral researcher James (Jay) Horwath, the first author of the study.

These patterns are too complicated for scientists to detect without the aid of AI. "As we're shining the X-ray beam, the patterns are so diverse and so complicated that it becomes difficult even for experts to understand what any of them mean," Horwath said.




For researchers to better understand what they are studying, they have to condense all the data into fingerprints that carry only the most essential information about the sample. "You can think of it like having the material's genome, it has all the information necessary to reconstruct the entire picture," Horwath said.

The project is called Artificial Intelligence for Non-Equilibrium Relaxation Dynamics, or AI-NERD. The fingerprints are created by using a technique called an autoencoder. An autoencoder is a type of neural network that transforms the original image data into the fingerprint -- called a latent representation by scientists -- and that also includes a decoder algorithm used to go from the latent representation back to the full image.

The goal of the researchers was to try to create a map of the material's fingerprints, clustering together fingerprints with similar characteristics into neighborhoods. By looking holistically at the features of the various fingerprint neighborhoods on the map, the researchers were able to better understand how the materials were structured and how they evolved over time as they were stressed and relaxed.

AI, simply put, has good general pattern recognition capabilities, making it able to efficiently categorize the different X-ray images and sort them into the map. "The goal of the AI is just to treat the scattering patterns as regular images or pictures and digest them to figure out what are the repeating patterns," Horwath said. "The AI is a pattern recognition expert."

Using AI to understand scattering data will be especially important as the upgraded APS comes online. The improved facility will generate 500 times brighter X-ray beams than the original APS. "The data we get from the upgraded APS will need the power of AI to sort through it," Horwath said.

The theory group at CNM collaborated with the computational group in Argonne's X-ray Science division to perform molecular simulations of the polymer dynamics demonstrated by XPCS and going forward synthetically generate data for training AI workflows like the AI-NERD

The study was funded through an Argonne laboratory-directed research and development grant.

Authors of the study include Argonne's James (Jay) Horwath, Xiao-Min Lin, Hongrui He, Qingteng Zhang, Eric Dufresne, Miaoqi Chu, Subramanian Sankaranaryanan, Wei Chen, Suresh Narayanan and Mathew Cherukara. Chen and He have joint appointments at the University of Chicago, and Sankaranaryanan has a joint appointment at the University of Illinois Chicago.
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Nature-based solutions to disaster risk from climate change are cost effective | ScienceDaily
A new global assessment of scientific literature led by researchers at the University of Massachusetts Amherst finds that nature-based solutions (NbS) are an economically effective method to mitigate risks from a range of disasters -- from floods and hurricanes to heatwaves and landslides -- which are only expected to intensify as Earth continues to warm.


						
NbS are interventions where an ecosystem is either preserved, sustainably managed or restored to provide benefits to society and to nature. For instance, they can mitigate risk from a natural disaster, or facilitate climate mitigation and adaptation. NbS have emerged in combination with or as an alternative to engineering-based solutions. A classic example is restoring wetlands to address coastal flooding rather than constructing a seawall.

"Nature-based solutions are now recognized by major national policies and international global framework agreements to combat climate change, including those drafted by the U.N. and the White House. However, there has been limited scientific knowledge about the cost-effectiveness and equity outcomes of NbS," says Marta Vicarelli, assistant professor of economics and public policy at UMass Amherst and the study's lead author. "Our results indicate that not only are NbS economically effective in mitigating hazards, but that their benefits are still underestimated."

NbS were proven to be a consistently cost-effective approach to mitigating hazards in 71% of the more than 20,000 English-language peer-reviewed studies that researchers examined for the article, which is published in Science of the Total Environment. Another 24% of the studies found NbS to be cost effective under certain conditions. The ecosystem-based interventions most frequently found effective in mitigating hazards are associated with mangroves (80%), forests (77%) and coastal ecosystems (73%).

Of the studies that compared NbS with engineering-based solutions, 65% found the former always to be more effective at mitigating hazards and 24% partially more effective. No study found NbS consistently less effective than engineering solutions.

While every study reviewed for the article examined the hazard-mitigation benefits of NbS, many did not consider added environmental and socioeconomic benefits, such as maintaining biodiversity, climate mitigation and supporting underserved communities.

"The other benefits of NbS are vastly underestimated because they are difficult to quantify," Vicarelli explains. "How should we value improvements in air quality or in soil quality? How should we value the protection of an endangered species or the overall increase in biodiversity after the implementation of an NbS? And how about estimating the cultural or even spiritual value of an environmental asset? These assessments require complex and potentially expensive valuation techniques. For this reason, the additional benefits of NbS are often understudied and underestimated."

Another key finding of the research is that NbS have been financed mainly by the public sector, even when the interventions involve private property. For these solutions to have a truly global impact, additional funding is required, and a significant share must come from the private sector, Vicarelli says.

"A transformative upscaling of Nature-based Solutions requires both public and private financing," she adds. "The next step is developing innovative nature-based insurance and investment solutions."

The research was supported by funding from UMass Amherst and the European Union's Horizon Europe -- the Framework Programme for Research and Innovation.
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How astronomers are using pulsars to observe evidence of dark matter | ScienceDaily
Tantalising evidence of potential dark matter objects has been detected with the help of the Universe's 'timekeepers'.


						
These pulsars -- neutron stars which rotate and emit lighthouse-like beams of radio waves that rapidly sweep through space -- were used to identify mysterious hidden masses.

Pulsars earned their nickname because they send out electromagnetic radiation at very regular intervals, ranging from milliseconds to seconds, making them extremely accurate timekeepers.

"Science has developed very precise methods to measure time," said the astronomer behind the research, Professor John LoSecco, of the University of Notre Dame, who is presenting his findings at this week's National Astronomy Meeting at the University of Hull.

"On Earth we have atomic clocks and in space we have pulsars.

"While gravitation has been known to slow down light for more than a century, there have been very few applications so far."

Professor LoSecco observed variations and delays in pulsar timings, indicating that the radio beams are travelling around an unseen concentration of mass somewhere between the pulsar and the telescope.




He believes these invisible masses are candidates for dark matter objects.

Professor LoSecco studied delays in the arrival times of radio pulses, which normally have nanosecond accuracy. He searched along the path of radio pulses within the PPTA2 survey data release from the Parkes Pulsar Timing Array.

This ongoing project produces precise measurements of pulse arrival times using data from seven different radio telescopes: Effelsberg, Nancay, Westerbork, Green Bank, Arecibo, Parkes and Lovell, the latter in Cheshire.

The pulses have a cadence of approximately three weeks in three observing bands.

Deviations in the arrival times due to dark matter have a well-defined shape and a size proportional to its mass.

Light passing near regions of dark matter will be slowed by its presence. A search of the precision data from 65 'millisecond pulsars' has revealed around a dozen incidents that appear to be interactions with dark matter.




Professor LoSecco said: "We take advantage of the fact that the Earth is moving, the Sun is moving, the pulsar is moving, and even the dark matter is moving.

"We observe the deviations in the arrival time caused by the change in distance between the mass we are observing and the line of sight to our 'clock' pulsar."

A mass the size of the Sun can produce a delay of about 10 microseconds. The observations Professor LoSecco made have resolutions of the order of nanoseconds, 10,000 times smaller.

"One of the findings suggests a distortion of about 20 per cent of the mass of the Sun," Professor LoSecco said. "This object could be a candidate for dark matter."

He also confirmed that a side effect of this research is that it improves the pulsar timing data sample. This precision sample has been collected to look for evidence of low-frequency gravitational radiation.

Dark matter objects add 'noise' to that data, so identifying and removing them will clean the samples of some variability, eliminating such noise during other searches for gravitational radiation.

"The true nature of dark matter is a mystery," said Professor LoSecco. "This research sheds new light on the nature of dark matter and its distribution in the Milky Way and may also improve the accuracy of the precision pulsar data."
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Sun-like stars found orbiting hidden companions | ScienceDaily
Most stars in our universe come in pairs. While our own Sun is a loner, many stars like our Sun orbit similar stars, while a host of other exotic pairings between stars and cosmic orbs pepper the universe. Black holes, for example, are often found orbiting each other. One pairing that has proved to be quite rare is that between a Sun-like star and a type of dead star called a neutron star.


						
Now, astronomers led by Caltech's Kareem El-Badry have uncovered what appear to be 21 neutron stars in orbit around stars like our Sun. Neutron stars are dense burned-out cores of massive stars that exploded. On their own, they are extremely faint and usually cannot be detected directly. But as a neutron star orbits around a Sun-like star, it tugs on its companion, causing the star to shift back and forth in the sky. Using the European Space Agency's Gaia mission, the astronomers were able to catch these telltale wobbles to reveal a new population of dark neutron stars.

"Gaia is continuously scanning the sky and measuring the wobbles of more than a billion stars, so the odds are good for finding even very rare objects," says El-Badry, an assistant professor of astronomy at Caltech and an adjunct scientist at the Max Planck Institute for Astronomy in Germany.

The new study, which includes a team of co-authors from around the world, was published in The Open Journal for Astrophysics. Data from several ground-based telescopes, including the W. M. Keck Observatoryon Maunakea, Hawai'i; La Silla Observatory in Chile; and the Whipple Observatory in Arizona, were used to follow up the Gaia observations and learn more about the masses and orbits of the hidden neutron stars.

While neutron stars have previously been detected in orbit around stars like our Sun, those systems have all been more compact. With little distance separating the two bodies, a neutron star (which is heavier than a Sun-like star) can steal mass away from its partner. This mass transfer process makes the neutron star shine brightly at X-ray or radio wavelengths. In contrast, the neutron stars in the new study are much farther from their partners -- on the order of one to three times the distance between Earth and the Sun.

That means the newfound stellar corpses are too far from their partners to be stealing material from them. They are instead quiescent and dark. "These are the first neutron stars discovered purely due to their gravitational effects," El-Badry says.

The discovery comes as somewhat of a surprise because it is not clear how an exploded star winds up next to a star like our Sun.




"We still do not have a complete model for how these binaries form," explains El-Badry. "In principle, the progenitor to the neutron star should have become huge and interacted with the solar-type star during its late-stage evolution." The huge star would have knocked the little star around, likely temporarily engulfing it. Later, the neutron star progenitor would have exploded in a supernova, which, according to models, should have unbound the binary systems, sending the neutron stars and Sun-like stars careening in opposite directions.

"The discovery of these new systems shows that at least some binaries survive these cataclysmic processes even though models cannot yet fully explain how," he says.

Gaia was able to find the unlikely companions due to their wide orbits and long periods (the Sun-like stars orbit around the neutron stars with periods of six months to three years). "If the bodies are too close, the wobble will be too small to detect," El-Badry says. "With Gaia, we are more sensitive to the wider orbits." Gaia is also most sensitive to binaries that are relatively nearby. Most of the newly discovered systems are located within 3,000 light-years of Earth -- a relatively small distance compared, for example, to the 100,000 light-year-diameter of the Milky Way Galaxy.

The new observations also suggest just how rare the pairings are. "We estimate that about one in a million solar-type stars is orbiting a neutron star in a wide orbit," he said.

El-Badry also has an interest in finding unseen dormant black holes in orbit with Sun-like stars. Using Gaia data, he has found two of these quiet black holes hidden in our galaxy. One, called Gaia BH1, is the closest known black hole to Earth at 1,600 light-years away.

"We don't know for sure how these black hole binaries formed either," El-Badry says. "There are clearly gaps in our models for the evolution of binary stars. Finding more of these dark companions and comparing their population statistics to predictions of different models will help us piece together how they form."
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New analysis of Cassini data yields insights into Titan's seas | ScienceDaily
A new study of radar experiment data from the Cassini-Huygens mission to Saturn has yielded fresh insights related to the makeup and activity of the liquid hydrocarbon seas near the north pole of Titan, the largest of Saturn's 146 known moons.


						
The key takeaway: Using data from several bistatic radar experiments, a Cornell University-led research team was able to separately analyze and estimate the composition and roughness of Titan's sea surfaces, something previous analyses of monostatic radar data were unable to achieve. This will help pave the way for future combined examinations of the nature of Titan's seas using Cassini data.

Valerio Poggiali, research associate at Cornell University, is lead author of "Surface Properties of the Seas of Titan as Revealed by Cassini Mission Bistatic Radar Experiments," which will publish July 16 at 11am EST in Nature Communications.

A bistatic radar experiment involves aiming a radio beam from the spacecraft at the target -- in this case Titan -- where it is reflected toward the receiving antenna on Earth. This surface reflection is polarized -- meaning that it provides information collected from two independent perspectives, as opposed to the one provided by monostatic radar data, where the reflected signal returns to the spacecraft.

"The main difference," Poggiali said, "is that the bistatic information is a more complete dataset and is sensitive to both the composition of the reflecting surface and to its roughness."

The current work used four bistatic radar observations, collected by Cassini during four flybys in 2014 -- on May 17, June 18, Oct. 24 and in 2016 -- on Nov. 14. For each, surface reflections were observed as the spacecraft neared its closest approach to Titan (ingress), and again as it moved away (egress). The team analyzed data from the egress observations of Titan's three large polar seas: Kraken Mare, Ligeia Mare and Punga Mare.

Their analysis found differences in the composition of the hydrocarbon seas' surface layers, dependent on latitude and location (near rivers and estuaries, for example). Specifically, the southernmost portion of Kraken Mare shows the highest dielectric constant -- a measure of a material's ability to reflect a radio signal. For example, water on Earth is very reflective, with a dielectric constant of around 80; the ethane and methane seas of Titan measure around 1.7.




The researchers also determined that all three seas were mostly calm at the time of the flybys, with surface waves no larger than 3.3 millimeters. A slightly higher level of roughness -- up to 5.2 mm -- was detected near coastal areas, estuaries and interbasin straits, possible indications of tidal currents.

"We also have indications that the rivers feeding the seas are pure methane," Poggiali said, "until they flow into the open liquid seas, which are more ethane-rich. It's like on Earth, when fresh-water rivers flow into and mix with the salty water of the oceans."

"This fits nicely with meteorological models for Titan," said co-author and professor of astronomy Philip Nicholson, "which predict that the 'rain' that falls from its skies is likely to be almost pure methane, but with trace amounts of ethane and other hydrocarbons."

Poggiali said more work is already underway on the data Cassini generated during its 13-year examination of Titan. "There is a mine of data that still waits to be fully analyzed in ways that should yield more discoveries," he said. "This is only the first step."

Other contributors to this work are from the Universita di Bologna; the Observatoire de Paris; NASA's Jet Propulsion Laboratory (JPL); the California Institute of Technology; and the Massachusetts Institute of Technology.

Support for this research came from NASA and from the Italian Space Agency.
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Bizarre 'garden sprinkler-like' jet is spotted shooting out of neutron star | ScienceDaily
A strange 'garden sprinkler-like' jet coming from a neutron star has been pictured for the first time.


						
The S-shaped structure is created as the jet changes direction due to the wobbling of the disc of hot gas around the star -- a process called precession, which has been observed with black holes but, until now, never with neutron stars.

This particular object sits in the binary system Circinus X-1 more than 30,000 light-years from Earth and formed from the core of a massive supergiant star that collapsed around the same time Stonehenge was built.

It is so dense that a teaspoon of its material weighs as much as Mount Everest.

Binary systems have two stars that are bound together by gravity. In the case of Circinus X-1, one of these is a neutron star.

Both neutron stars and black holes are cosmological monsters which form when the biggest stars in the Universe die and collapse under their own gravity.

However, the latter are considerably more massive and can only be detected through their gravitational effects, while the former can be observed directly despite their denseness.




They are some of the most extreme objects in the Universe and have interiors almost entirely made of neutrons.

The jet emanating from the neutron star was spotted by a team of astronomers at the University of Oxford, who used MeerKAT -- a radio telescope in South Africa -- to create the most detailed, high-resolution images of Circinus X-1.

The pictures, which were presented at this week's National Astronomy Meeting at the University of Hull, include the first-ever image of an S-shaped jet coming from a confirmed neutron star -- a breakthrough that could help unravel the extreme physics behind the astronomical phenomenon.

Lead researcher Fraser Cowie said there was another system known for its S-shaped jets, called SS433, but recent results suggest that object is likely a black hole.

"This image is the first time we have seen strong evidence for a precessing jet from a confirmed neutron star," he said.

"This evidence comes from both the symmetric S shape of the radio-emitting plasma in the jets and from the fast, wide shockwave, which can only be produced by a jet changing direction.




"This will give valuable information about the extreme physics behind the launching of the jet, a phenomenon which is still not well understood."

The neutron star's huge density creates a strong force of gravity that strips gas from the companion star, forming a disc of hot gas around it that spirals down towards its surface.

This process, called accretion, releases huge amounts of energy per second with more power than a million Suns. Some of this energy powers jets -- narrow beams of outflowing material from the binary system travelling close to the speed of light.

Recent upgrades to the MeerKAT telescope have resulted in excellent sensitivity and higher-resolution images. With these the team saw clear evidence of an S-shaped structure, similar in shape to water spraying from a garden sprinkler, in Circinus X-1's jet.

Not only that, but researchers also discovered moving termination shocks -- the first recorded from an X-ray binary. These are regions where the jet violently rams into the surrounding material, causing a shockwave.

Cowie's team measured the waves moving at roughly 10 per cent of the speed of light, confirming that they were caused by the fast-moving jet and not something slower such as a wind of material from the stars.

"The fact that these shockwaves span a wide angle agrees with our model," Cowie said. "So we have two strong pieces of evidence telling us the neutron star jet is precessing."

Measuring the velocity of the shockwaves will also help astronomers understand what the jet causing them is made from.

The shockwaves effectively act as particle accelerators in space -- producing high-energy cosmic rays -- and the maximum energy of particles that can be accelerated depends on their velocity.

"Circinus X-1 is one of the brightest objects in the X-ray sky and has been studied for over half a century," Cowie said. "But despite this, it remains one of the most enigmatic systems we know of.

"Several aspects of its behaviour are not well explained so it's very rewarding to help shed new light on this system, building on 50 years of work from others."

He added: "The next steps will be to continue to monitor the jets and see if they change over time in the way we expect.

"This will allow us to more precisely measure their properties and continue to learn more about this puzzling object."

The research was performed as part of the X-KAT and ThunderKAT projects on the MeerKAT telescope operated by the South African Radio Astronomy Observatory (SARAO). The observations were carried out using the recently installed S-band receivers provided by the Max-Planck Institute (MPG).
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New research demonstrates potential for increasing effectiveness of popular diabetes, weight-loss drugs | ScienceDaily
A network of proteins found in the central nervous system could be harnessed to increase the effectiveness and reduce the side effects of popular diabetes and weight-loss drugs, according to new research from the University of Michigan.


						
The study, appearing today in the Journal of Clinical Investigation, focused on two proteins called melanocortin 3 and melanocortin 4 found primarily on the surface of neurons in the brain that play a central role in regulating feeding behavior and maintaining the body's energy balance.

Melanocortin 3 and melanocortin 4 impact everything from sensing long-term energy stores to processing signals from the gut regarding short-term fullness, or satiety, said U-M physiologist Roger Cone, who led the study.

The class of drugs known as GLP-1 agonists, which includes semaglutides (e.g., Ozempic) and tirzepatides (e.g., Mounjaro), have received substantial attention recently for their effectiveness in treating not only type 2 diabetes, but also obesity, heart disease and potentially addiction. They work by mimicking a natural hormone that the gut produces when it is full, triggering the brain to reduce feeding behavior.

"So the obvious question for us was: How do these GLP-1 drugs, which work by manipulating satiety signals, function when we prime the melanocortin system?" said Cone, professor of molecular and integrative physiology at the U-M Medical School and director of the U-M Life Sciences Institute where his lab is located.

Working in mouse models, Cone and his colleagues tested the effects of several hormones that reduce food intake. They compared the results in normal mice with mice that genetically lacked the MC3R protein, in mice that were given chemicals to block the activity of MC3R, and in mice that were given a drug to increase the activity of MC4R. (Because MC3R is a natural negative regulator of MC4R, meaning it decreases the activity of MC4R, blocking MC3R and increasing MC4R activity has similar effects.)

In all cases, Naima Dahir, first author of the study and a postdoctoral research fellow in Cone's lab, and colleagues found that adjusting the melanocortin system -- either by inhibiting MC3R or increasing MC4R activity -- made the mice more sensitive to GLP-1 drugs and other hormones that affect feeding behavior. The mice that were given a GLP-1 drug in combination with an MC4R agonist or MC3R antagonist showed up to five times more weight loss and reduced feeding than mice receiving only the GLP-1 drugs.




"We found that activating the central melanocortin system hypersensitizes animals to the effects of not just GLP-1s, but to every anti-feeding hormone we tested," Cone said.

The researchers also measured activity in parts of the brain thought to trigger nausea in response to GLP-1 drugs and observed no increased activation when GLP-1 drugs were combined with alterations to the melanocortin system. In contrast, priming of the melanocortin neurons significantly increased GLP-1 drug activation of neurons in hypothalamic feeding centers in the brain.

The findings indicate that pairing the existing GLP-1 drugs with an MC4R agonist could increase sensitivity to the desired effects of the drugs by up to fivefold, without increasing unwanted side effects.Ultimately, this approach could enable patients who are sensitive to the side effects to take a lower dose, or could improve the results in patients who have not responded to the existing drug dosages. Further drug development and clinical testing are needed before this can occur.

While this research has been conducted only in mouse models, Cone is optimistic that the results will translate well to humans.

"The melanocortin system is highly conserved in humans," he said. "Everything we've observed in the mouse over the past decades studying these proteins has also been found in humans, so I suspect that these results would also be translatable to patients."

This research was funded by the National Institutes of Health and Courage Therapeutics.
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NASA's Webb investigates eternal sunrises, sunsets on distant world | ScienceDaily
Researchers using NASA's James Webb Space Telescope have finally confirmed what models have previously predicted: An exoplanet has differences between its eternal morning and eternal evening atmosphere. WASP-39 b, a giant planet with a diameter 1.3 times greater than Jupiter, but similar mass to Saturn that orbits a star about 700 light-years away from Earth, is tidally locked to its parent star. This means it has a constant dayside and a constant nightside -- one side of the planet is always exposed to its star, while the other is always shrouded in darkness.


						
Using Webb's NIRSpec (Near-Infrared Spectrograph), astronomers confirmed a temperature difference between the eternal morning and eternal evening on WASP-39 b, with the evening appearing hotter by roughly 300 Fahrenheit degrees (about 200 Celsius degrees). They also found evidence for different cloud cover, with the forever morning portion of the planet being likely cloudier than the evening.

Astronomers analyzed the 2- to 5-micron transmission spectrum of WASP-39 b, a technique that studies the exoplanet's terminator, the boundary that separates the planet's dayside and nightside. A transmission spectrum is made by comparing starlight filtered through a planet's atmosphere as it moves in front of the star, to the unfiltered starlight detected when the planet is beside the star. When making that comparison, researchers can get information about the temperature, composition, and other properties of the planet's atmosphere.

"WASP-39 b has become a sort of benchmark planet in studying the atmosphere of exoplanets with Webb," said Nestor Espinoza, an exoplanet researcher at the Space Telescope Science Institute and lead author on the study. "It has an inflated, puffy atmosphere, so the signal coming from starlight filtered through the planet's atmosphere is quite strong."

Previously published Webb spectra of WASP-39b's atmosphere, which revealed the presence of carbon dioxide, sulfur dioxide, water vapor, and sodium, represent the entire day/night boundary -- there was no detailed attempt to differentiate between one side and the other.

Now, the new analysis builds two different spectra from the terminator region, essentially splitting the day/night boundary into two semicircles, one from the evening, and the other from the morning. Data reveals the evening as significantly hotter, a searing 1,450 degrees Fahrenheit (800 degrees Celsius), and the morning a relatively cooler 1,150 degrees Fahrenheit (600 degrees Celsius).

"It's really stunning that we are able to parse this small difference out, and it's only possible due Webb's sensitivity across near-infrared wavelengths and its extremely stable photometric sensors," said Espinoza. "Any tiny movement in the instrument or with the observatory while collecting data would have severely limited our ability to make this detection. It must be extraordinarily precise, and Webb is just that."

Extensive modeling of the data obtained also allows researchers to investigate the structure of WASP-39 b's atmosphere, the cloud cover, and why the evening is hotter. While future work by the team will study how the cloud cover may affect temperature, and vice versa, astronomers confirmed gas circulation around the planet as the main culprit of the temperature difference on WASP-39 b.




On a highly irradiated exoplanet like WASP-39 b that orbits relatively close to its star, researchers generally expect the gas to be moving as the planet rotates around its star: Hotter gas from the dayside should move through the evening to the nightside via a powerful equatorial jet stream. Since the temperature difference is so extreme, the air pressure difference would also be significant, which in turn would cause high wind speeds.

Using General Circulation Models, 3-dimensional models similar to the ones used to predict weather patterns on Earth, researchers found that on WASP-39 b the prevailing winds are likely moving from the night side across the morning terminator, around the dayside, across the evening terminator and then around the nightside. As a result, the morning side of the terminator is cooler than the evening side. In other words, the morning side gets slammed with winds of air that have been cooled on the nightside, while the evening is hit by winds of air heated on the dayside. Research suggests the wind speeds on WASP-39 b can reach thousands of miles an hour!

"This analysis is also particularly interesting because you're getting 3D information on the planet that you weren't getting before," added Espinoza. "Because we can tell that the evening edge is hotter, that means it's a little puffier. So, theoretically, there is a small swell at the terminator approaching the nightside of the planet."

The team's results have been published in Nature.

The researchers will now look to use the same method of analysis to study atmospheric differences of other tidally locked hot Jupiters, as part of Webb Cycle 2 General Observers Program 3969.

WASP-39 b was among the first targets analyzed by Webb as it began regular science operations in 2022. The data in this study was collected under Early Release Science program 1366, designed to help scientists quickly learn how to use the telescope's instruments and realize its full science potential.
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Scorching storms on distant worlds revealed | ScienceDaily
Astronomers have created the most detailed weather report so far for two distant worlds beyond our own solar system.


						
The international study -- the first of its kind -- reveals the extreme atmospheric conditions on the celestial objects, which are swathed in swirling clouds of hot sand amid temperatures of 950C.

Using NASA's powerful James Webb Space Telescope (JWST), researchers set out to capture the weather on a pair of brown dwarfs -- cosmic bodies that are bigger than planets but smaller than stars.

These brown dwarfs, named collectively as WISE 1049AB, are the brightest and closest objects of their type to Earth, around six light years away.

The team tracked each brown dwarf's atmosphere by measuring the light waves emitted from their surfaces, which change as more or less cloudy regions revolve in and out of view.

By visualising this data through light curves -- a plot of how the brightness of light from each object changes over time -- the team was able to build up a detailed 3D picture of how the brown dwarfs' weather changed over the course of a full rotation or day, between five and seven hours.

The team was also able to plot how the light from each object varied by wavelength, to demonstrate the presence and complex interplay of gases such as water, methane, and carbon monoxide in their atmospheres.




The insights may help astronomers develop the understanding of brown dwarfs as a potential missing link between stars and planets -- promising new insights into both.

By observing the infrared part of the light spectrum, the JWST is able to observe wavelengths of light that are blocked by our own atmosphere.

This capability opens frontiers in the study of the early universe, star formation, and so-called exoplanets such as brown dwarfs which lie beyond our solar system.

The latest study builds on previous studies of brown dwarfs, which have mainly been confined to capturing static snapshots of their atmosphere on only one side. This approach is limited, as brown dwarfs are known to rotate relatively quickly and their weather can vary greatly over time, researchers say.

Their findings will pave the way for more detailed studies into brown dwarfs and other distant celestial objects.

The study, published in Monthly Notices of the Royal Astronomical Society, was led by the University of Edinburgh in collaboration with researchers from Trinity College Dublin, the University of Virginia, and other institutes from around the world.

Professor Beth Biller, Personal Chair of Exoplanet Characterisation, Institute for Astronomy, University of Edinburgh, said: "Our findings show that we are on the cusp of transforming our understanding of worlds far beyond our own. Insights such as these can help us understand the conditions not just on celestial objects like brown dwarfs, but also on giant exoplanets beyond our solar system. Eventually, the techniques we are refining here may enable the first detections of weather on habitable planets like our own, which orbit other stars."
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JWST unveils stunning ejecta and CO structures in Cassiopeia A's young supernova | ScienceDaily
The SETI Institute announced the latest findings from the James Webb Space Telescope (JWST) of the supernova remnant, Cassiopeia A (Cas A). These observations of the youngest known core collapse supernova in the Milky Way provide insights into the conditions that lead to the formation and destruction of molecules and dust within supernova ejecta. The study's findings change our understanding of dust formation in the early universe in the galaxies detected by JWST 300 million years after the Big Bang. Researchers consider supernovae, such as those that formed Cas A, vital sources of the dust seen in distant, high-redshift galaxies. These new insights challenge beliefs that dust primarily originated from intermediate-mass stars on the asymptotic giant branch (AGB) in present-day galaxies.


						
"It is remarkable to see how bright the carbon monoxide emission detected in JWST NIR imaging and spectroscopy, showing a few tens of sinusoidal patterns of CO fundamental rovibrational lines," said Dr. Jeohghee Rho, research scientist at the SETI Institute who led this research. "The patterns look like they were artificially generated."

Key findings include:
    	Molecular CO Formation: The data shows more CO gas in the outer layers than argon gas, which means CO molecules are forming again after the reverse shock. This data is important for understanding how cooling and dust formation happen after a supernova explosion. The images indicate CO molecules are reformed behind the shock and may have protected the dust in the ejecta.
    	Detailed Spectroscopy: The NIRSpec-IFU spectra of two significant areas in Cas A show differences in how elements were formed. Both regions have strong CO gas signals and show various ionized elements like argon, silicon, calcium, and magnesium. The fundamental CO lines are a few tens of sinusoidal patterns of CO fundamental rovibrational lines with a continuum-like underneath due to the high velocity of the CO molecules.
    	emperature Insights: The research shows that the temperature is about 1080 K, based on the CO gas emissions. This helps us understand how dust, molecules, and highly ionized gas interact in supernovae. However, the authors also find vibrational lines in high rotational (J=90) lines, which features appear between 4.3-4.4 microns. These lines indicate the presence of hotter (4800 K) temperature component, implying CO formation and reformation at the same time. CO from such high rotational levels is first seen in Cas A with the new JWST spectroscopy.
    	Supernovae such as Cas A, located 11,000 light years away, are explosions that occur when a high mass star comes to the end of its life about 350 years ago. Called a core collapse supernova, the star's interior collapses inwards due to gravity once the nuclear fuel that powered the star is depleted. The rebound of this collapse blows the star's outer shell into space in an explosion that can outshine an entire galaxy.

"To see such hot CO in a young supernova remnant is truly remarkable and indicates that CO formation is still happening thousands of years after the explosion," said Chris Ashall, Assistant Professor at Virginia Tech. "Combining such impressive data sets with earlier JWST observations of supernovae will allow us to understand the pathway to molecules and dust formation in a way not previously possible."

Groundbreaking Images and Spectroscopy

The observations utilized JWST's Near Infrared Camera Instrument (NIRCam) and the Mid Infrared Instrument (MIRI), along with detailed Near-Infrared Spectrograph (NIRSpec)-Integral Field Units (IFU) spectroscopy. The team mapped the intricate structures of synchrotron radiation (light emitted when charged particles, like electrons, are sped up into high speeds in strong magnetic fields), argon-rich ejecta, and carbon monoxide (CO) molecules within Cas A. The images show very detailed and intricate patterns of shells, holes and filaments, highlighting how powerful JWST is.

Seong Hyun Park, a graduate student at Seoul National University in South Korea, performed modeling of the CO properties together with Rho.




The new observations highlight supernova remnants' complex and competing molecular formation and destruction processes. While not directly leading to dust formation, CO molecules are critical indicators of the cooling and chemical processes that eventually lead to dust condensation.

While this study offers new perspectives, the debate continues regarding the extent to which supernovae contribute to dust formation in the early universe. Researchers will continue exploring these phenomena with future observations and research to unravel the mysteries of cosmic dust and molecular formation.

The findings are published this week in The Astrophysical Journal Letters..

JWST three-color image of synchrotron, CO, and Ar emission has been featured as a cover image in NOVA at:
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New geological datings place the first European hominids in the south of the Iberian Peninsula 1.3 million years ago | ScienceDaily
One of the most important controversies about human evolution and expansion is when and by what route the first hominids arrived in Europe from the African continent. Now, geological dating techniques at the Orce sites (Baza basin, Granada, Spain) place the human remains found in this area as the oldest in Europe, at approximately 1.3 million years old. These results reinforce the hypothesis that humans arrived in Europe through the south of the Iberian Peninsula, through the Strait of Gibraltar, instead of returning to the Mediterranean via the Asian route. The study, led by Lluis Gibert, researcher and lecturer at the University of Barcelona's Faculty of Earth Sciences, has involved the participation of researchers from the Berkeley Geochronology Centre and Murray State University (United States).


						
Analysis of a new sampling area

The new dating has been based on the analysis of the paleomagnetism of an area of the Orce region, which has never been sampled before and which has been protected from the erosion that this basin has suffered over the years. This technique is a relative dating method based on the study of the inversion of the magnetic poles of the planet due to the internal dynamics of the Earth. These changes do not have a specific periodicity, but they are recorded in the minerals and make it possible to establish time periods from the different magnetic events.

These new data are very precise thanks to the long sedimentary sequence that outcrops in Orce. "The uniqueness of these sites is that they are stratified and within a very long sedimentary sequence, more than eighty metres long. Normally, the sites are found in caves or within very short stratigraphic sequences, which do not allow you to develop long palaeomagnetic sequences in which you can find different magnetic reversals," says Lluis Gibert.

The researchers have been able to identify a magnetic polarity sequence "with five magnetic events that allow them to place the three Orce sites with human presence between the Olduvai and Jaramillo subchron, that is, between 1.77 and 1.07 million years ago (Ma)," says the researcher. Subsequently, they have applied a statistical age model to accurately refine the chronology of the different stratigraphic levels with a margin of error of only 70,000 years. The result of this innovative methodology is that the oldest site with human presence in Europe would be Venta Micena with an age of 1.32 Ma, followed by Barranco Leon, with an age of 1.28 and finally Fuente Nueva 3, with an age of 1.23 Ma. "With these data, the other major site on the peninsula, the Sima del Elefante in Atapuerca, would be relegated to second place, far behind Orce, between 0.2 and 0.4 Ma more modern," adds the researcher.

Fauna underpins the antiquity of the site

To complete the dating, the study has also analyzed the fauna found at the different sites in Orce, as this is different depending on the period, and compared it with that found at other Early Pleistocene sites in other parts of Europe.




In this sense, the paper presents a detailed analysis of the micromammals and large mammals from all the Orce sites, carried out by the expert Robert Martin, based on the palaeontological collections stored at the Museum of the Catalan Institute of Palaeontology Miguel Crusafont (IPS) in Sabadell. "The results indicate that the small and large fauna of Orce is more primitive than, for example, that of the Sima del Elefante, where the evidence shows that the rodent Allophaiomys lavocati is more evolved than the Allophaiomys recovered from the Orce sites," Gibert explains.

Another relevant indicator of the age of the Orce sites is the absence of the ancestors of the pigs. "These animals are considered to be Asian immigrants and have not been found in any European site between 1 and 1.5 Ma, while they have been found in the Sima del Elefante, supporting that the Orce fauna is older," explains the researcher.

Evidence pointing to passage through Gibraltar

This new dating would be added, according to the researcher, to other evidence that would tip the balance in favour of the colonization of Europe through the Strait of Gibraltar, rather than the alternative route: the return to the Mediterranean via Asia, such as "the existence of a lithic industry with similarities to that found in the north of the African continent and also the presence of remains of African fauna in the south of the peninsula, such as those of Hippopotamus, found in the sites of Orce, and those of Theropithecus oswaldi, an African primate similar to a baboon, found in the Victoria cave, a site near Cartagena (Murcia), non-existent anywhere else in Europe."

"We also defend the hypothesis -- adds the researcher -- that they arrived from Gibraltar because no older evidence has been found at any other site along the alternative route."

These new data are very precise thanks to the long sedimentary sequence that outcrops in Orce.




Similarity with hominids from the island of Flores

With these results, the researchers point to a "diachronism" between the oldest occupation of Asia, measuring 1.8 Ma, and the oldest occupation of Europe, which would be 1.3 Ma ago, so that African hominids would have arrived in southwestern Europe more than 0.5 Ma after leaving Africa for the first time about 2 Ma ago. "These differences in human expansion can be explained by the fact that Europe is isolated from Asia and Africa by biogeographical barriers that are difficult to overcome, both to the east (Bosphorus Strait, Dardanelles, Sea of Marmara) and to the west (Strait of Gibraltar). Humanity arrived in Europe when it had the necessary technology to cross maritime barriers, as happened before a million years ago on the island of Flores (Indonesia)," says Gibert. In this sense, the researcher adds that the Gibraltar route currently requires crossing up to fourteen kilometres of sea route, but "perhaps in the past this distance was shorter at certain times due to the high tectonic activity in this region and the fluctuations in sea level that favoured migrations."

"As cited in the paper -- he adds -- , we have identified other migrations of African fauna through Gibraltar at earlier times, 6.2 and 5.5 Ma ago when the Strait of Gibraltar was very narrow."

Human remains in Orce

A total of five human remains were found at the Orce sites since excavations began in 1982 by the palaeoanthropologist Josep Gibert. Firstly, two fragments of humerus bitten by hyenas were found at Venta Micena, as well as parts of a cranial fragment consisting of two parietals and an occipital, associated with an abundant Early Pleistocene fauna. The human provenance of these remains generated great controversy for years, although independent palaeoproteomic studies by the universities of Granada and San Francisco identified human proteins in the remains.

The subsequent discovery at the nearby sites of Barranco Leon and Fuente Nueva 3 of two human molar teeth and thousands of Olduvayan lithic tools -- one of the first human lithic industries -- as well as cut marks on bones "served to consolidate the evidence of the presence of hominids in the Early Pleistocene at Orce," concludes Lluis Gibert.
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Early life antibiotic increases risk of asthma: providing clues to a potential prevention adult asthma | ScienceDaily
Early exposure to antibiotics can trigger long term susceptibility to asthma, according to new research from Monash University. Importantly the research team isolated a molecule produced by gut bacteria that in the future could potentially be trialed as a simple treatment, in the form of a dietary supplement, for children at risk of asthma to prevent them developing the disease.


						
Asthma affects over 260 million people globally and causes around 455,000 deaths annually.

The research led by Professor Ben Marsland and published today (TBC) in the journal, Immunity -- found a molecule, called IPA, that is crucial to long term protection against asthma.

Importantly the finding of the molecule produced by bacteria in a healthy gut provides an explanation as to why the recurrent use of antibiotics increases the risk of asthma, according to Professor Marsland. "We know that recurrent use of antibiotics early in life disrupts a person's healthy gut microbiota and increases the risk of allergies and asthma. We have discovered that a consequence of antibiotic treatment is the depletion of bacteria that produce IPA, thus reducing a key molecule that has the potential to prevent asthma," he said.

The first years of life are important in developing a stable gut microbiota, according to Professor Marsland. "It is shaped first by food intake -- both milk and solid foods -- as well as genetics, and environmental exposures. Infants at high risk of allergies and asthma have been shown to have a disrupted and delayed maturation of the gut microbiome," he said.

"The use of antibiotics in the first year of life can have the unintentional effect of reducing bacteria which promote health, and we now know from this research that antibiotics lead to reduced IPA, which we have found is critical early in life as our lung cells mature, making it a candidate for early life prevention of allergic airway inflammation. "

Working in mice predisposed to develop asthma, the research team found that -- when given antibiotics in early life -- the mice were more susceptible to house-dust mite-induced allergic airway inflammation and this lasted into adulthood. Asthma is commonly triggered by exposure to house dust mite.

This susceptibility was maintained long-term, even after the gut microbiome and IPA levels returned to normal, highlighting that this molecule's function was particularly important early in life.

When these mice had their diet supplemented with the IPA molecule early in life, the researchers found that the mice were effectively cured of developing the house dust mite induced allergic airway inflammation, or asthma, in adulthood.
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Cosmic wrestling match | ScienceDaily
Our universe is around 13.8 billion years old. Over the vastness of this time, the tiniest of initial asymmetries have grown into the large-scale structures we can see through our telescopes in the night sky: galaxies like our own Milky Way, clusters of galaxies, and even larger aggregations of matter or filaments of gas and dust. How quickly this growth takes place depends, at least in today's universe, on a sort of wrestling match between natural forces: Can dark matter, which holds everything together through its gravity and attracts additional matter, hold its own against dark energy, which pushes the universe ever further apart? 


						
"If we can precisely measure the structures in the sky, then we can observe this struggle," says LMU astrophysicist Daniel Grun. This is where telescopic observation projects come in, capturing large swaths of the sky very precisely in images. For example, there is the Dark Energy Survey with the Blanco telescope in Chile and the recently commissioned Euclid satellite. LMU scientists have been involved in both projects, including in leadership roles, for years.

Largest dataset evaluated to date

Although precisely determining the distances of individual structures and galaxies from us is not always easy, it is vitally important. After all, the further away a galaxy is, the longer its light has been travelling to us, and the older therefore is the snapshot of the universe revealed by its observation. An important source of information is the observed color of a galaxy, which is measured by ground-based telescopes like Blanco or satellites like Euclid. A new study by a team led by Jamie McCullough and Daniel Grun, which has been published in the journal MNRAS, has analyzed the largest dataset to date and sheds light on what the color of various galaxies actually says about their true distance.

In principle, the distance of a galaxy can be precisely determined by means of spectroscopy. This involves measuring the spectral lines of distant galaxies. As the universe as a whole is expanding, these appear to have a longer wavelength, the further away from us a galaxy is located. This is because the lightwaves of distant galaxies are stretched out on the long journey to us. This effect, known as redshift, also changes the apparent colors that the instruments measure in the image of the galaxy. They appear redder than they are in reality. This is similar to the Doppler effect we hear in the apparent pitch of an ambulance's siren as it passes us and moves away.

No two galaxies are the same

Jamie McCullough is a doctoral researcher at LMU and at Stanford University. For her analysis, she used spectroscopic measurements from the Dark Energy Spectroscopic Instrument (DESI) in conjunction with the largest dataset to date for the precise measurement of galaxy colors (KiDS-VIKING). Specifically, the authors combined spectroscopic data from DESI of a total of 230,000 galaxies with the colors of these galaxies in the KiDS-VIKING survey and used this information to determine the relationship between the distance of a galaxy from us and its observed color and brightness. No two galaxies in the universe are the same, but for each class of similar galaxies, there is a special relationship between observed color and redshift. "If we can combine distance information with measurements of the shape of galaxies, we can infer large-scale structures from the light distortions," says Jamie McCullough. The results of the study make it possible to statistically determine the true distance of each galaxy observed in images taken by Euclid or the Dark Energy Survey.




Interactive flight through millions of galaxies

Analyzing the observed distortions of the galaxy images, scientists will be able to learn something about the behavior of cosmic structures today and billions of years ago and understand them better. This will yield insights into the evolutionary history of the universe. To be able to observe the course of structure formation over time, you do not need to wait billions of years; it is enough to measure the structure at various distances from the Earth. With images alone, this is almost impossible, as you cannot just tell the distance of a galaxy to ours from its appearance in an image. The study by Jamie McCullough contains the key to this problem by furnishing a model for what the apparent "color" of a galaxy tells us about its distance from us.

Observing how dark matter and dark energy wrestle

The major goal of this precise observation and distribution of galaxies at various distances is to derive insights into the great wrestling match between the natural forces of dark matter and dark energy. "To really see what's happening, you have to be able to observe the individual rounds of this match," says Grun. This is because dark energy is poised to catch up and potentially arrest the formation of larger accumulations of mass in the universe altogether. "Only then will we understand what dark matter and dark energy actually are, and which of them will ultimately prevail."
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Widespread practice among athletes harms both performance and health | ScienceDaily
Whether selected to swim, row or run in the Olympics, or gearing up to ride in the Tour de France, achieving the 'right' weight has been a focal point of many elite athletes for decades. It could be to look lean and mean in a swimsuit or jersey, or to qualify for a certain weight category. But there is also a belief that losing weight enhances performance.


						
As such, it is a widespread phenomenon among athletes -- especially in endurance sports like running, swimming, cycling and rowing -- to reduce their dietary intake in the run-up to competition.

"It is particularly problematic among female endurance athletes. Many athletes focus heavily on weight in their respective sports. Consequently, they tend to go into short-term, but intense periods of weight loss with the expectation of performing better," says Professor Ylva Hellsten of the University of Copenhagen's Department of Nutrition, Exercise and Sports.

She and PhD student Jan Sommer Jeppesen are two of the researchers behind a new study on the effects of low energy availability among female athletes.

"We know that the phenomenon of not eating enough is associated with many things that are harmful to health -- including missed periods, compromised bone health and changes in metabolism. But there is still plenty that we don't know. As such, we investigated some of the possible consequences more closely," says Jeppesen, who is the study's lead author.

Reduced cycling performance

For the study, the researchers recruited twelve female triathletes, all of who had a normal energy intake. During one part of the trial, the athletes were given enough calories for 14 days, after which their performance was tested. The same athletes also went through a 14-day period during which they consumed only about 50% of their energy needs while sticking to their normal intensive training schedule.




During the period with insufficient calories, athletes lost an average of roughly 4% of their body weight, about half of which was muscle mass. And they experienced a loss in performance:

"The fourteen days of insufficient food intake reduced their performance by 7.7% in a 20-minute time trial on a bike, which is quite significant. And during a more intense short-term test, their performance slid by as much as 18%. So there is no doubt that this practice greatly impairs one's performance as an athlete, even over shorter periods of time," says Jan Sommer Jeppesen.

Weaker immune system

In addition to sports performance, the researchers examined the effects on athletes' immune function:

"Among other things, we saw that insufficient energy intake was associated with increased systemic stress. The athletes had a large increase in cortisol, a stress hormone, and a dramatically increased stress level in immune cells. This suggests that there is a quite severe impact on several aspects of the immune system if one doesn't eat enough. This may potentially contribute to athletes being more exposed to illness," says Jeppesen.

The researchers hope that the results of the study will help create more awareness of the phenomenon:

"Many coaches continue to pressure athletes to lose weight. For many years, it has been a part of the culture in the sports world -- and remains so. We need to shed light on the phenomenon and ask critically: What are we actually doing to our athletes both physically and psychologically?" says Ylva Hellsten.




Team Denmark to use the results

Team Denmark, the Danish elite sport organisation, welcomes the new research results with open arms.

"It focuses on a really important topic and challenges the attitude that lighter is always better. The theory and culture remains prevalent in many sports. I experience many athletes who trim their weight in the weeks leading up to a competition, but without understanding the consequences of doing so," says Majke Jorgensen, a sports nutritionist and manager at Team Denmark.

She sees the results as useful knowledge that can support a message that Team Denmark has been trying to promote:

"My experience is that elite athletes and coaches are curious, but need research that backs up any critiques of the phenomenon. Here, the fact that the test subjects are actual athletes is a major strength, so that the results can be transferred to the athletes and coaches that Team Denmark supports. We will use these results to support what we are already trying to communicate, both when we sit down with athletes one-on-one, as well as during workshops and presentations in these types of contexts," says Jorgensen.

THREE DAYS OF REFEEDING DOES NOT HELP 

After fourteen days of low energy availability (LEA), the athletes underwent a three-day "refeeding" period as part of the trial, during which they were provided plenty to eat.

"We had expected that the three days of enough food would restore their performance -- and maybe even improve it -- but there was absolutely no effect. Their performance was just as degraded as prior to the three days. This tells us that the negative effects cannot be reversed by quickly replenishing energy stores, which is a strategy used by many athletes," says Jeppesen.

WOMEN MORE VULNERABLE THAN MEN

According to the research literature, men tend to be more resilient when it comes to insufficient energy intake.

"Based upon the rather limited research in this area, it seems that men are able to tolerate reduced energy intake before it affects us negatively. This indicates that women in particular are a vulnerable population in this respect," says Jan Sommer Jeppesen.

The gender difference is partly due to the fact that low energy availability can cause a woman's estrogen levels to drop drastically. Since estrogen protects the circulatory system, muscles and bones, etc., estrogen loss has extensive effects on a woman's physiology. Ylva Hellsten points out that the harmful effects of not eating enough for long periods of time, especially in women, can therefore also be lifelong.
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With gene editing, mice with a form of inherited deafness can hear again | ScienceDaily
Researchers have used gene editing to restore hearing in adult mice with a type of inherited hearing loss. They showed that shutting down a damaged copy of a gene called a microRNA (miRNA) enabled the animals to regain hearing. The approach by a research team supported by the National Institutes of Health (NIH), reported in Science Translational Medicine, may eventually lead to potential treatments for inherited hearing loss in people.


						
Zheng-Yi Chen, DPhil., and his colleagues at Mass Eye and Ear in Boston and other institutions studied a rare form of genetic deafness called autosomal dominant deafness-50 (DFNA50). DFNA50 is caused by mutations in the microRNA-96 (MIR96) gene. MiRNAs are pieces of genetic material that help control gene activity, acting like a master switch. Mutations in miRNAs have been linked to several types of inherited hearing loss. In people with DFNA50, progressive hearing loss develops in the teenage years.

According to Chen, researchers had proved it was possible to use gene therapy (replacing a gene) and gene editing (modifying a gene) to treat genetic deafness in newborn mice, but no one had shown that gene editing was possible in the adult animal inner ear. The human inner ear is fully developed in newborns. In contrast, the newborn mouse inner ear is still developing and changing in structure and function.

"We thought that if we could show we could treat deafness in a fully mature mouse model, we might increase the likelihood it would work in humans," Chen said.

The scientists focused on a specific mutation in the MIR96 gene. The mutation controls genes important in the development and functioning of hair cells in the ear. Hair cells act as sensors to detect sound and motion and are crucial for hearing.

Chen and his team turned to a CRISPR/Cas9 gene editing approach. Using a type of virus called AAV, or adeno-associated virus, the scientists delivered the gene editing machinery to the inner ear hair cells of mice with the MIR96 mutation and the genetic form of deafness. They tested the treatment on newborn mice before the onset of hearing loss and in adult mice with hearing loss. Treatments at both time points worked, and earlier intervention proved more beneficial.

"Gene editing is useful for this type of genetic deafness because only one gene copy mutation is needed to prevent the entire gene from working properly and causing disease," Chen explained. "Using gene editing techniques, we prevented the mutation's effects, essentially eliminating the bad gene copy. The normal gene copy continues to work, and this restores function to the gene."

Chen said that creating a mouse model that mimicked the genetic mutation and the progressive hearing loss in people with DFNA50 was key.




"We reversed the animals' hearing loss, and this was sustained for at least nine months," Chen said. "We think the result should be applicable in people."

The researchers also showed evidence that the intervention was safe. The delivery virus didn't integrate into the genome of the cells it infected, which can be concerning for possible side effects.

Chen termed the study a "proof-of-concept" to show this type of gene editing was possible in the adult mouse. To bring this work to the clinic, researchers will need additional preclinical tests in different animal models to make sure the treatment is safe and going to the right cells.

A similar approach can be used for other types of genetic deafness with these kinds of mutations. The scientists developed a method to target more than one MIR96 mutation, making it a promising way to treat multiple forms of hearing loss caused by different mutations in the same gene.

Chen and his collaborators have also reported encouraging results this year from clinical trials looking at a gene therapy approach for another form of deafness, DFNB9.

"There's been so much progress in understanding and treating genetic hearing loss, and especially the recent success in gene therapy," said Chen. "Now, we have these results that show new possibilities for genome editing. These advances are bringing in a new era of treatments for people who have genetic deafness."

Chen and his colleagues were partly funded by the NIH Common Fund's Somatic Cell Genome Editing (SCGE) program, the National Institute on Deafness and other Communications Disorders, and the National Human Genome Research Institute. NCATS co-leads SCGE along with the National Institute of Neurological Disorders and Stroke.
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All stem cell therapies are not created equal | ScienceDaily
Researchers from University of California San Diego have found that two of the most frequently administered stem cell therapies, which are often used interchangeably, actually contain completely different types of cells. The results challenge the current "one-cell-cures-all" paradigm in orthopedic stem cell therapeutics and highlight the need for more informed and rigorous characterization of injectable stem cell therapies before they are marketed for use in patients.


						
The researchers analyzed cell populations of autologous bone marrow aspirate concentrate (BMAC) and adipose-derived stromal vascular fraction (ADSVF) collected from the same subjects. These two therapies have many similarities: both are injectable therapies derived from a patient's own cells -- bone marrow in BMAC and adipose tissue (fat) in ADSVF -- and they are both thought to contain mesenchymal stem/stromal cells (MSCs), cells that can differentiate into muscle, bone and other connective tissues.

Because of their similarities, the two therapies are frequently marketed as interchangeable "stem cell therapies" and are used to treat a range of musculoskeletal and skin conditions, particularly in professional athletes. However, little research to date has attempted to characterize the composition and underlying biology of these two therapies. This lack of information has prevented rigorous clinical investigations into the ideal dosages for these therapies and, according to the researchers, has encouraged misinformation in the marketing for the treatments within the $11.9 billion-dollar stem cell industry.

To fill this gap, the researchers analyzed 62 BMAC cell populations and 57 ADSVF populations to create a cellular atlas that details what types of cells are present in each therapy, what genes are active in these cells, and what proteins are present.

Their atlas revealed that MSC concentrations in BMAC formulations were extremely low, and that overall, there were no comparable "stem cell" types in both therapies. In fact, the two treatments had very different compositions; BMAC was composed mainly of red and white blood cells, and ADSVF was composed mainly of connective tissue cells. In addition, many proteins associated with regenerative function were either absent or found in extremely low concentrations in both therapies, calling their mechanisms of action and overall efficacy into question.

In addition to providing a rich resource for researchers, the findings suggest that the active ingredients in biologic therapies like BMAC and ADSVF need to be defined more thoroughly. They also suggest that the field as a whole should move toward more standardized cell therapies, in which clinically necessary doses of the cell and protein concentrations have been carefully quantified.

The study publishes July 12, 2024 in Science Advances and was led by Sam Ward, P.T., Ph.D, professor of orthopedic surgery, radiology and bioengineering at UC San Diego and interim vice dean for research at UC San Diego School of Medicine, and Severin Ruoss, Ph.D. a project scientist in orthopedic surgery at UC San Diego.
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Insight into one of life's earliest ancestors revealed in new study | ScienceDaily
An international team of researchers led by the University of Bristol has shed light on Earth's earliest ecosystem, showing that within a few hundred million years of planetary formation, life on Earth was already flourishing.


						
Everything alive today derives from a single common ancestor known affectionately as LUCA (Last Universal Common Ancestor).

LUCA is the hypothesized common ancestor from which all modern cellular life, from single celled organisms like bacteria to the gigantic redwood trees (as well as us humans) descend. LUCA represents the root of the tree of life before it splits into the groups, recognised today, Bacteria, Archaea and Eukarya. Modern life evolved from LUCA from various different sources: the same amino acids used to build proteins in all cellular organisms, the shared energy currency (ATP), the presence of cellular machinery like the ribosome and others associated with making proteins from the information stored in DNA, and even the fact that all cellular life uses DNA itself as a way of storing information.

The team compared all the genes in the genomes of living species, counting the mutations that have occurred within their sequences over time since they shared an ancestor in LUCA.

The time of separation of some species is known from the fossil record and so the team used a genetic equivalent of the familiar equation used to calculate speed in physics to work out when LUCA existed, arriving at the answer of 4.2 billion years ago, about four hundred million years after the formation of Earth and our solar system.

Co-author Dr Sandra Alvarez-Carretero of Bristol's School of Earth Sciences said: "We did not expect LUCA to be so old, within just hundreds of millions of years of Earth formation. However, our results fit with modern views on the habitability of early Earth."

Next, the team worked out the biology of LUCA by modelling the physiological characteristics of living species back through the genealogy of life to LUCA. Lead author Dr Edmund Moody explained: "The evolutionary history of genes is complicated by their exchange between lineages. We have to use complex evolutionary models to reconcile the evolutionary history of genes with the genealogy of species."

Co-author Dr Tom Williams from Bristol's School of Biological Sciences said: "One of the real advantages here is applying the gene-tree species-tree reconciliation approach to such a diverse dataset representing the primary domains of life Archaea and Bacteria. This allows us to say with some confidence and assess that level of confidence on how LUCA lived."




Co-author Professor Davide Pisani said: "Our study showed that LUCA was a complex organism, not too different from modern prokaryotes, but what is really interesting is that it's clear it possessed an early immune system, showing that even by 4.2 billion years ago, our ancestor was engaging in an arms race with viruses."

Co-author Tim Lenton (University of Exeter, School of Geography) said "It's clear that LUCA was exploiting and changing its environment, but it is unlikely to have lived alone. Its waste would have been food for other microbes, like methanogens, that would have helped to create a recycling ecosystem."

"The findings and methods employed in this work will also inform future studies that look in more detail into the subsequent evolution of prokaryotes in light of Earth history, including the lesser studied Archaea with their methanogenic representatives," added co-author Professor Anja Spang (the Royal Netherlands Institute for Sea Research).

Co-author Professor Philip Donoghue said: "Our work draws together data and methods from multiple disciplines, revealing insights into early Earth and life that could not be achieved by any one discipline alone. It also demonstrates just how quickly an ecosystem was established on early Earth. This suggests that life may be flourishing on Earth-like biospheres elsewhere in the universe."

The study also involved scientists from University College London (UCL), Utrecht University, Centre for Ecological Research in Budapest, and Okinawa Institute of Science and Technology Graduate University.

The research was funded by the John Templeton Foundation. The opinions expressed in this publication are those of the author(s) and do not necessarily reflect the views of the John Templeton Foundation.
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How the 'heart and lungs' of a galaxy extend its life | ScienceDaily
Galaxies avoid an early death because they have a "heart and lungs" which effectively regulate their "breathing" and prevent them growing out of control, a new study suggests.


						
If they didn't, the Universe would have aged much faster than it has and all we would see today is huge "zombie" galaxies teeming with dead and dying stars.

That's according to a new study published in the Monthly Notices of the Royal Astronomical Society, which investigates one of the great mysteries of the Universe -- why galaxies are not as large as astronomers would expect.

Something appears to be stifling their enormous potential by limiting the amount of gas they absorb to convert into stars, meaning that instead of endlessly growing, something inside resists what was thought to be the inevitable pull of gravity.

Now, astrophysicists at the University of Kent think they may have uncovered the secret. They suggest that galaxies could in fact control the rate at which they grow through how they "breathe."

In their analogy, the researchers compared the supermassive black hole at the centre of a galaxy to its heart and the two bi-polar supersonic jets of gas and radiation they emit to airways feeding a pair of lungs.

Pulses from the black hole -- or "heart" -- can lead to jet shock fronts oscillating back and forth along both jet axes, much like the thoracic diaphragm in the human body moves up and down inside a chest cavity to inflate and deflate both lungs.




This can result in jet energy being transmitted widely into the surrounding medium, just as we breathe out warm air, resulting in slowing galaxy gas-accretion and growth.

PhD student Carl Richards came up with the theory after creating new, never-before-tried simulations to investigate the role supersonic jets might play in inhibiting galaxy growth.

These involved allowing the black hole "heart" to pulse and the jets to be at high pressure -- much like a form of hypertension, if extending the comparison to the human body.

This caused the jets to "act like bellows," he said, by sending out sound waves "like ripples on a pond surface."

The phenomena is similar to the terrestrial equivalent of sound and shock waves being produced when opening a bottle of champagne, the screech of a car, rocket exhausts and the puncture of pressurised enclosures.

"We realised that there would have to be some means for the jets to support the body -- the galaxy's surrounding ambient gas -- and that is what we discovered in our computer simulations," Richards said.




"The unexpected behaviour was revealed when we analysed the computer simulations of high pressure and allowed the heart to pulse.

"This sent a stream of pulses into the high-pressure jets, causing them to change shape as a result of the bellows-like action of the oscillating jet shock fronts."

These overpressured jets effectively expanded "like air-filled lungs," the researchers said.

In doing so, they transmitted sound waves into the surrounding galaxy in the form of a series of pressure ripples, which were then shown to suppress the galaxy's growth.

There is some evidence of ripples in extra-galactic media, such as those observed in the nearby Perseus galaxy cluster associated with enormous hot gas bubbles, which are believed to be examples of sound waves.

These ripples were already thought to be responsible for sustaining the ambient environment surrounding a galaxy, although a mechanism to generate them was missing.

Conventional cosmological simulations are therefore unable to account for the flows of gas into galaxies, leading to one of the great mysteries of the Universe, so it relies on the highly-active black hole at a galaxy's heart to provide some resistance.

"To do this is not easy, however, and we have constraints on the type of pulsation, the size of the black hole and the quality of the lungs," said co-author Professor Michael Smith.

"Breathing too fast or too slow will not provide the life-giving tremors needed to maintain the galaxy medium and, at the same time, keep the heart supplied with fuel."

The researchers concluded that a galaxy's lifespan can be extended with the help of its "heart and lungs," where the supermassive black hole engine at its core helps inhibit growth by limiting the amount of gas collapsing into stars from an early stage.

This, they say, has helped create the galaxies we see today.

Without such a mechanism, galaxies would have exhausted their fuel by now and fizzled out, as some do in the form of "red and dead" or "zombie" galaxies.

The paper 'Simulations of Pulsed Overpressure Jets: Formation of Bellows and Ripples in Galactic Environments', Carl Richards and Michael Smith, has been published in Monthly Notices of the Royal Astronomical Society.
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Forest carbon storage has declined across much of the Western U.S., likely due to drought and fire | ScienceDaily
Forests have been embraced as a natural climate solution, due to their ability to soak up carbon dioxide from the atmosphere as they grow, locking it up in their trunks, branches, leaves, and roots. But a new study confirms widespread doubts about the potential for most forests in the Western US to help curb climate change.


						
Published in Earth's Future, the paper analyzed trends in carbon storage across the American West from 2005 to 2019. Led by Jazlynn Hall, a forest and landscape ecologist at Cary Institute of Ecosystem Studies, the team found that throughout most of the region, climate change and fires may be causing forests to store less carbon, not more.

"There's a lot of momentum to use forests as natural climate solutions," said Hall. "Many climate mitigation pathways rely in part on additional forest carbon storage to keep warming below 1.5 degrees C this century. We wanted to provide a baseline for how much carbon is currently stored in Western forests, how it's changing, and how disturbances like fire and drought pose a threat to climate mitigation targets."

The authors warn that many Western forests could see a rapid acceleration of carbon loss in the coming years or decades. "These challenges have the potential to compromise carbon storage capacity and undermine our ability to mitigate climate change," Hall cautions.

By providing an unprecedented view of threats at landscape and regional levels, Hall and colleagues provide a framework that could help forest managers adapt site-specific strategies to strengthen forest resilience. They also identify the remaining areas with the lowest risk and highest potential to store carbon, such as the Pacific Northwest.

A new way to track forest carbon storage

Using survey data collected by the US Forest Service, Hall and colleagues estimated how much carbon was stored in living and dead trees in 19 ecoregions across the West. These ecoregions correspond to the diverse climatic and ecological areas ranging from the hot and dry Southwest to the wet and cool Pacific Northwest.




Forest Service data enabled the team to derive trends in carbon storage between 2005 and 2019. Machine learning was used to understand which factors -- including human activities, wildfire, topography, and climate -- were most likely driving those trends.

"Our study develops new methods to carefully estimate forest-carbon storage at a regional level, track it over time, and diagnose the causes of changes over time," said co-author Park Williams, a hydroclimatologist at UCLA. He expects the methods will be useful in monitoring carbon storage levels going forward, as well as assessing the carbon impacts of management efforts such as forest thinning and prescribed burning.

Senior author Winslow Hansen, a forest ecologist at Cary Institute, said one of the study's strengths is that it covers a broad geographic area at high resolution, making it possible to guide forest stewardship and climate solution projects at both the local and regional levels.

Climate solution, or carbon source?

The study revealed that carbon stored in living trees declined across much of the Western US between 2005 and 2019. Dead carbon -- the carbon stored in dead trees and woody debris -- increased. Standing dead trees and fallen logs do not provide long-term carbon storage, instead releasing it back into the atmosphere through decomposition or combustion in forest fires.

After analyzing the data, a machine learning algorithm identified climate and fire as the major potential drivers of these disturbing carbon trends. Climate (here measured as precipitation, temperature, and air moisture) was the most important driver of live carbon trends for eight of 19 ecoregions, and the second most important driver for nearly all the other ecoregions. Fire was the first or second most important driver in two-thirds of the ecoregions surveyed.




Also concerning is the fact that current carbon storage levels in many western forests are likely artificially high, due to the fire suppression practices of recent centuries. These practices have made fuels more dense in forests, contributing to recent record-breaking fires.

"Dry forests in the Western US may be acutely vulnerable to carbon loss without strong and immediate investment in proactive forest management [such as thinning and prescribed burning]," the scientists write.

The study also reveals different trends and drivers at the regional, ecoregional, and even local levels (see map below). Bucking the declining carbon trend, the Pacific Northwest contained some of the only ecoregions where carbon storage increased during the study period.

"That was the outlier," Hall explained. "It offers a glimmer of hope that we can change things, especially in human-dominated areas. The Pacific Northwest has seen large-scale efforts to reduce harvesting in old-growth forests and expand protected lands. So, even if some of the regrowth may be on tree farms and destined to be harvested later, some of the regrowth may be permanent."

A harbinger of the future

When the researchers began the study, data was only available up until 2019. As a result, the analysis did not include the record-shattering wildfire years of 2020 and 2021. The team plans to re-run the analysis when newer data is made public.

"It's likely that the decline in live carbon that we calculated has already become more pronounced," said Hall.

Can western forests still serve as a viable climate solution? 

"I don't think we can rely on increasing carbon storage in Western US forests," said Hansen. With stored carbon already on the decline, followed by the devastating fire seasons of 2020 and 2021, he suspects these ecosystems may have reached a tipping point.

However, he added, "I do think we can get to a place where we increase the stability of carbon in western dry forests with mechanical thinning and prescribed burning, but at a lower carbon carrying capacity."

Toward a more strategic and targeted approach

Hansen is leading a large research program called the Western Fire and Forest Resilience Collaborative, to inform new ways to live sustainably with fire. He says the Collaborative will use the baseline established in this study to track how forest carbon is changing now and over the next five to 10 years. "We will also compare our computer simulations of future trajectories to this baseline," he said, "to understand how increasing fire and drought may alter forest carbon decades into the future."

The study's baseline will also help to track future progress toward climate-mitigation targets, and inform forest management strategies tailored to local conditions.

"This information could serve as the foundation for forest management strategies to maximize carbon storage where we can," said Hansen, "and to avoid catastrophic emissions of carbon elsewhere."

A contribution of the Western Fire and Forest Resilience Collaborative, this study was made possible, in part, by support from the Gordon and Betty Moore Foundation (GBMF11974), Environmental Defense Fund, Three Cairns Group, the National Science Foundation (2003205 and 2216855), the US Department of Energy (DE-SC0022302), the USDA Forest Service, Rocky Mountain Research Station, and the Aldo Leopold Wilderness Research Institute. Findings and conclusions are those of the authors and should not be construed to represent any official USDA or US government determination or policy.
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'A history of contact': Geneticists are rewriting the narrative of Neanderthals and other ancient humans | ScienceDaily
Ever since the first Neanderthal bones were discovered in 1856, people have wondered about these ancient hominins. How are they different from us? How much are they like us? Did our ancestors get along with them? Fight them? Love them? The recent discovery of a group called Denisovans, a Neanderthal-like group who populated Asia and South Asia, added its own set of questions.


						
Now, an international team of geneticists and AI experts are adding whole new chapters to our shared hominin history. Under the leadership of Joshua Akey, a professor in Princeton's Lewis-Sigler Institute for Integrative Genomics, the researchers have found a history of genetic intermingling and exchange that suggests a much more intimate connection between these early human groups than previously believed.

"This is the first time that geneticists have identified multiple waves of modern human-Neanderthal admixture," said Liming Li, a professor in the Department of Medical Genetics and Developmental Biology at Southeast University in Nanjing, China, who performed this work as an associate research scholar in Akey's lab.

"We now know that for the vast majority of human history, we've had a history of contact between modern humans and Neanderthals," said Akey. The hominins who are our most direct ancestors split from the Neanderthal family tree about 600,000 years ago, then evolved our modern physical characteristics about 250,000 years ago.

"From then until the Neanderthals disappeared -- that is, for about 200,000 years -- modern humans have been interacting with Neanderthal populations," he said.

The results of their work appear in the current issue of the journal Science.

Neanderthals, once stereotyped as slow-moving and dim-witted, are now seen as skilled hunters and tool makers who treated each other's injuries with sophisticated techniques and were well adapted to thrive in the cold European weather.




(Note: All of these hominin groups are humans, but to avoid saying "Neanderthal humans," "Denisovan humans," and "ancient-versions-of-our-own-kind-of-humans," most archaeologists and anthropologists use the shorthand Neanderthals, Denisovans, and modern humans.)

Using genomes from 2,000 living humans as well as three Neanderthals and one Denisovan, Akey and his team mapped the gene flow between the hominin groups over the past quarter-million years.

The researchers used a genetic tool they designed a few years ago called IBDmix, which uses machine learning techniques to decode the genome. Previous researchers depended on comparing human genomes against a "reference population" of modern humans believed to have little or no Neanderthal or Denisovan DNA.

Akey's team has established that even those referenced groups, who live thousands of miles south of the Neanderthal caves, have trace amounts of Neanderthal DNA, probably carried south by voyagers (or their descendants).

With IBDmix, Akey's team identified a first wave of contact about 200-250,000 years ago, another wave 100-120,000 years ago, and the largest one about 50-60,000 years ago.

That contrasts sharply with previous genetic data. "To date, most genetic data suggests that modern humans evolved in Africa 250,000 years ago, stayed put for the next 200,000 years, and then decided to disperse out of Africa 50,000 years ago and go on to people the rest of the world," said Akey.




"Our models show that there wasn't a long period of stasis, but that shortly after modern humans arose, we've been migrating out of Africa and coming back to Africa, too," he said. "To me, this story is about dispersal, that modern humans have been moving around and encountering Neanderthals and Denisovans much more than we previously recognized."

That vision of humanity on the move coincides with the archaeological and paleoanthropological research suggesting cultural and tool exchange between the hominin groups.

Li and Akey's key insight was to look for modern-human DNA in the genomes of the Neanderthals, instead of the other way around. "The vast majority of genetic work over the last decade has really focused on how mating with Neanderthals impacted modern human phenotypes and our evolutionary history -- but these questions are relevant and interesting in the reverse case, too," said Akey.

They realized that the offspring of those first waves of Neanderthal-modern matings must have stayed with the Neanderthals, therefore leaving no record in living humans. "Because we can now incorporate the Neanderthal component into our genetic studies, we are seeing these earlier dispersals in ways that we weren't able to before," Akey said.

The final piece of the puzzle was discovering that the Neanderthal population was even smaller than previously believed.

Genetic modeling has traditionally used variation -- diversity -- as a proxy for population size. The more diverse the genes, the larger the population. But using IBDmix, Akey's team showed that a significant amount of that apparent diversity came from DNA sequences that had been lifted from modern humans, with their much larger population.

As a result, the effective population of Neanderthals was revised down from about 3,400 breeding individuals down to about 2,400.

Put together, the new findings paint a picture of how the Neanderthals vanished from the record, some 30,000 years ago.

"I don't like to say 'extinction,' because I think Neanderthals were largely absorbed," said Akey. His idea is that Neanderthal populations slowly shrank until the last survivors were folded into modern human communities.

This "assimilation model" was first articulated by Fred Smith, an anthropology professor at Illinois State University, in 1989. "Our results provide strong genetic data consistent with Fred's hypothesis, and I think that's really interesting," said Akey.

"Neanderthals were teetering on the edge of extinction, probably for a very long time," he said. "If you reduce their numbers by 10 or 20%, which our estimates do, that's a substantial reduction to an already at-risk population.

"Modern humans were essentially like waves crashing on a beach, slowly but steadily eroding the beach away. Eventually we just demographically overwhelmed Neanderthals and incorporated them into modern human populations."

"Recurrent gene flow between Neanderthals and modern humans over the past 200,000 years," by Liming Li, Troy J. Comi, Rob F. Bierma, and Joshua M. Akey, appears in the July 13 issue of the journal Science (DOI: 10.1126/science.adi1768). This research was supported by the National Institutes of Health (grant R01GM110068 to JMA).
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A stealth fungus has decimated North American bats but scientists may be a step closer to treating white-nose syndrome | ScienceDaily
An invasive fungus that colonizes the skin of hibernating bats with deadly consequences is a stealthy invader that uses multiple strategies to slip into the small mammals' skin cells and quietly manipulate them to aid its own survival. The fungus, which causes the disease white-nose syndrome, has devastated several North American species over the last 18 years.


						
Scientists have learned much about the fungus, Pseudogymnoascus destructans,since it was first documented in a New York cave in 2006, including where it thrives, its distribution, and clinical features. But exactly how the fungus initiates its infection has remained a "black box -- a big mystery," says Bruce Klein, a professor of pediatrics, medicine and medical microbiology and immunology at the University of Wisconsin-Madison.

That dearth of understanding has made it challenging to develop countermeasures to treat or prevent infections.

Now, Klein and Marcos Isidoro-Ayza, a PhD candidate at Klein's lab, have for the first time been able to study in detail how the fungus gains entry and covertly hijacks cells called keratinocytes at the surface of bats' skin.

The feat is detailed in the July 12, 2024, issue of Science.

The researchers found that P. destructans uses infected cells as a refuge and prevents the cells from dying, which in turn thwarts the bats' immune system and allows the microbial invader to continue growing and slip into more cells.

To do so, Klein and Isidoro-Ayza created the first-ever keratinocyte cell line from the skin of a little brown bat. Further, they successfully mimicked the conditions of hibernation, which are marked by wide body temperature fluctuations that accompany periods of torpor -- when the animals' metabolism slows and body temperature drops -- and arousal.




This is crucial to understanding P. destructans infections because the cold-loving fungus gains its foothold during the chilly conditions of torpor and is able to persist during arousal, when the bats' body temperature increases.

Klein and Isidoro-Ayza have already identified how the fungus gains its stealth entry into cells: by co-opting a protein on their surface called epidermal growth factor receptor, or EGFR. Mutations in the same receptor in human cells drive certain lung cancers and these cancers are treated with an existing drug called gefitinib, opening the possibility it could be used to treat or prevent white-nose syndrome.

"Remarkably, when we inhibited the receptor with this drug, we stopped the infection," says Isidoro-Ayza. "This is an FDA-approved drug that could potentially be used in the future for the treatment of susceptible bat species."

While EGFR's precise role in infection is not yet completely clear, Klein and Isidoro-Ayza have learned much about how the fungus works.

Its initial entry occurs during torpor, when bats' immune systems are dormant and their body temperature is in an ideal range for P. destructans to germinate and grow. During torpor, the fungus penetrates bats' skin cells with its hyphae -- slender filaments through which it grows and gathers nutrients -- without breaking the cells' membranes. Doing so would trigger the cells' death and expose the fungus to the bats' immune system.

Klein and Isidoro-Ayza also found that the fungus employs multiple strategies that allow it to continue its invasion during periods of arousal, despite the bats' higher body temperatures and reactivated immune system.




First, during arousal periods, the fungus manipulates the cells so they engulf the fungus in a process known as endocytosis, rather than the fungus using its hyphae to penetrate the cell.

Second, they found that the fungus spores -- microscopic particles by which it reproduces -- are coated in a layer of melanin that protects them from the cells' strategies for killing invading microbes.

"That allows the spore to survive that period of arousal, and when the bat goes back into torpor, the spores inside of its cells start germinating again and keep colonizing the skin," explains Isidoro-Ayza, who is a student in the UW-Madison School of Veterinary Medicine's comparative biomedical sciences graduate program.

P. destructans' final infection strategy is to block apoptosis, also known as programmed cell death, which is a defense mechanism cells use to expose pathogens so immune cells can root them out and destroy them.

"By not killing the cells, the fungus can linger in the tissue and go into deeper layers of the skin," says Isidoro-Ayza.

With this new knowledge in hand, the researchers are hopeful that treatments and a potential vaccine are closer to becoming reality.

These findings are just one product of a collaboration between Klein and Isidoro-Ayza and scientists at the U.S. Fish and Wildlife Service and U.S. Geological Survey's National Wildlife Health Center in Madison. The effort received $2 million in funding from the National Science Foundation and Paul G. Allen Family Foundation in 2023 to search for better insight into how P. destructans causes infection and develop treatment and prevention strategies against white-nose syndrome.

The research is valuable not only for the conservation of bats, which provide a number of benefits including as pollinators and insect predators, but because fungal pathogens are a growing problem for many species.

"There are fungal diseases causing epidemics and pandemics in different types of organisms, including plants, invertebrate animals, amphibians, reptiles and bats," says Isidoro-Ayza. So, any mechanism that we discover or better understand in this disease could have implications for the conservation of other species too."

This research was supported by funding from The U.S. Geological Survey (G20AC00050), the U.S. Fish & Wildlife Service (13190304), the Canadian Institute for Advanced Research (MSN247980), the National Science Foundation (2301729), La Caixa Foundation fellowship (ID 100010434) under agreement LCF/BQ/AA17/11610020, National Institutes of Health (T32OD010423) and the Morris Animal Foundation (D23ZO-461).
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Muscle machine: How water controls the speed of muscle contraction | ScienceDaily
The flow of water within a muscle fiber may dictate how quickly muscle can contract, according to a University of Michigan study.


						
Nearly all animals use muscle to move, and it's been known for a long time that muscle, like all other cells, is composed of about 70% water. But researchers don't know what sets the range and upper limits of muscle performance. Previous research into how muscle works focused only on how it worked on a molecular level rather than how muscle fibers are shaped, that they are three-dimensional and are full of fluid.

U-M physicist Suraj Shankar together with L. Mahadevan, a professor of physics at Harvard University, created a theoretical model of water's role in muscle contraction and found that how fluid moves through a muscle fiber determines how quickly a muscle fiber can contract.

They also found that muscle exhibits a new kind of elasticity called odd elasticity that allows muscle to generate power using three dimensional deformations, shown in a common observation that when a muscle fiber contracts lengthwise, it also bulges perpendicularly.

The researchers say this framework can be used to describe many other cells and tissues, which are also largely composed of water, and can be applied to the ultrafast movements of unicellular microorganisms and how they can be controlled. Their findings could also impact the design of soft actuators (a type of material that converts energy into motion), fast artificial muscles, and shape-morphing materials, all of which have very slow contraction speeds because they are triggered externally. Their results are published in the journal Nature Physics.

"Our results suggest that even such basic questions as how quickly muscle can contract or how many ways muscle can generate power have new and unexpected answers when one takes a more integrated and holistic view of muscle as a complex and hierarchically organized material rather than just a bag of molecules," Shankar said. "Muscle is more than the sum of its parts."

The researchers envision each muscle fiber as a self-squeezing active sponge, a water-filled, sponge-like material that can contract and squeeze itself through the action of molecular motors, he says.




"Muscle fibers are composed of many components, such as various proteins, cell nuclei, organelles such as mitochondria, and molecular motors such as myosin that convert chemical fuel into motion and drive muscle contraction," Shankar said. "All of these components form a porous network that is bathed in water. So an appropriate, coarse-grained description for muscle is that of an active sponge."

But the squeezing process takes time to move water around, so the researchers suspected that this movement of water through the muscle fiber set an upper limit on how rapidly a muscle fiber can twitch.

To test their theory, they modeled muscle movements in multiple organisms across mammals, insects, birds, fish and reptiles, focusing on animals that use muscles for very fast motions. They found that muscles that produce sound, such as the rattle in a rattlesnake's tail, that can contract ten to hundreds of times per second typically don't rely on fluid flows. Instead, these contractions are controlled by the nervous system and are more strongly dictated by molecular properties, or the time it takes for molecular motors within cells to bind and generate forces.

But in smaller organisms, such as flying insects who are beating their wings a few hundred to a thousand times per second, these contractions are too fast for neurons to directly control. Here fluid flows are more important.

"In these cases, we found that fluid flows within the muscle fiber are important and our mechanism of active hydraulics is likely to limit the fastest rates of contraction," Shankar said. "Some insects such as mosquitos seem to be close to our theoretically predicted limit, but direct experimental testing is needed to check and challenge our predictions."

The researchers also found that when muscle fibers act as an active sponge, the process also causes the muscles to act as an active elastic engine. When something is elastic, such as a rubber band, it stores energy as it tries to resist deformation. Imagine holding a rubber band between two fingers and pulling it back. When you release the rubber band, the band also releases the energy stored when it was being stretched. In this case, energy is conserved -- a basic law of physics that dictates that the amount of energy within a closed system should remain the same over time.

But when muscle converts chemical fuel into mechanical work, it can produce energy like an engine, violating the law of the conservation of energy. In this case, muscle shows a new property called "odd elasticity," where its response when squashed in one direction versus another is not mutual. Unlike the rubber band, when muscle contracts and relaxes along its length, it also bulges out perpendicularly, and its energy does not stay the same. This allows muscle fibers to generate power from repetitive deformations, behaving as a soft engine.

"These results are in contrast to prevailing thought, which focuses on molecular details and neglects the fact that muscles are long and filamentous, are hydrated, and have processes on multiple scales," Shankar said. "All together, our results suggest a revised view of how muscle functions is essential to understand its physiology. This is also crucial to understanding the origins, extent and limits that underlie the diverse forms of animal movement."
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        New technique could help treat aggressive brain tumors
        Burst sine wave electroporation was found to cause less damage to cells and tissue but more disruption to the blood-brain barrier.

      

      
        Mental health training for line managers linked to better business performance in England
        In a study of several thousand companies in England, mental health training for line managers was associated with organizational-level benefits, including lower levels of long-term mental health-related sickness absence and better business performance, customer service, and staff recruitment and retention.

      

      
        Soft, stretchy 'jelly batteries' inspired by electric eels
        Researchers have developed soft, stretchable 'jelly batteries' that could be used for wearable devices or soft robotics, or even implanted in the brain to deliver drugs or treat conditions such as epilepsy.

      

      
        Mindfulness training may lead to altered states of consciousness
        Mindfulness training may lead participants to experience disembodiment and unity -- so-called altered states of consciousness -- according to a new study.

      

      
        Ancient viruses fuel modern-day cancers
        The human genome is filled with flecks of DNA left behind by viruses that infected primate ancestors tens of millions of years ago. Scientists used to think they were harmless, but new research shows that, when reawakened, they help cancer survive and thrive.

      

      
        Ultra-processed food makes up almost two-thirds of calorie intake of UK adolescents, study finds
        Adolescents consume around two-thirds of their daily calories from ultra-processed foods (UPFs) new research has found. The study found that UPF consumption was highest among adolescents from deprived backgrounds, those of white ethnicity, and younger adolescents.

      

      
        The eyes have it: Visual inspection experience essential for airport security screening
        Researchers have used eye-tracking to study airport security screeners' performance during different visual inspection phases of a screening task.

      

      
        A hydrogel implant to treat endometriosis
        Researchers have developed a hydrogel implant that can help prevent endometriosis, a condition that affects a great many women. This innovation also acts as a contraceptive.

      

      
        Paleolithic diets are not without risks
        High-protein diets, known as 'Paleolithic diets', are popular. Using mouse models, scientists have studied their impact. While effective in regulating weight and stabilizing diabetes, these diets are not without risks. Excess protein greatly increases ammonium production, overwhelming the liver. Excess ammonium can cause neurological disorders and, in severe cases, lead to coma. These results suggest caution when following these diets.

      

      
        New analgesic could replace opioids over the long term
        Opioids have long been known as natural substances with substantial pharmacological effect. They have been used as effective painkillers. Researchers have now identified a natural active substance that may prove to be an effective alternative to opioids in the long run and could also help mitigate the opioid crisis.

      

      
        Children living in greener neighborhoods show better lung function
        A large study of 35,000 children from eight countries has found a 'robust' link between exposure to green spaces in early childhood and better lung function. The study used data from 10 European birth cohorts from 8 countries to conduct a meta-analysis. This assessment of the data was done at the individual level for each participant.

      

      
        Boost in infant genetics research could change lives, say researchers
        Investment in research into genetics could dramatically improve educational policies and understanding of parenting in ways that could help all children, according to a new paper.

      

      
        Improving identification of human remains using craniofacial superimposition
        Researchers propose an improvement in the identification of human remains using craniofacial superimposition. The forensic identification technique is based on the analysis of a skull (post-mortem) and photographs of the person's face (ante-mortem). It represents a major step in making objective decisions that are based on the ability to quantify the probability that a skull matches the photographs being examined.

      

      
        Designing safer opioids
        Opioid medications offer people relief from debilitating pain, but these drugs come with dangers: the risk for addiction, miserable withdrawal symptoms and the potential for fatal overdose. Researchers have now identified a strategy to design safer opioids. They showed that an experimental opioid, which binds to an unconventional spot in the receptor, suppresses pain in animal models with fewer side effects -- most notably those linked to fatal overdoses.

      

      
        Stress-related cell damage linked to negative mental and physical health effects among caregivers
        Researchers have found that intense stress can be felt at the cellular level and is linked to negative physical and mental health effects.

      

      
        What fat cats on a diet may tell us about obesity in humans
        Pet cats may be excellent animal models for the study of obesity origins and treatment in humans, a new study of feline gut microbes suggests -- and both species would likely get healthier in the research process, scientists say.

      

      
        Patients with Alzheimer's disease have higher frequency of mental health symptoms which can precede memory problems, study finds
        Decline in memory and other thinking abilities is the most well-known result of Alzheimer's disease (AD). However, many individuals with this condition also experience mental health symptoms such as agitation, depression, apathy, and trouble with sleep. A new study has found that the pathology behind AD may be a direct reason for emotional and behavioral symptoms. Additionally, they discovered when individuals with AD experience decline in memory and thinking abilities, their mental health tends ...

      

      
        Study uncovers genetic cancer risks in 550 patients
        Current screening protocols fail to catch a notable number of people carrying genetic mutations associated with hereditary breast and ovarian cancer syndrome and Lynch syndrome, which increase the risk of developing certain cancers, according to new findings.

      

      
        Scientists define new type of memory loss in older adults
        Researchers have established new criteria for a memory-loss syndrome in older adults that specifically impacts the brain's limbic system. It can often be mistaken for Alzheimer's disease.

      

      
        Diabetes drug reduces drug resistance in lung cancer, improving chemotherapy effectiveness
        A medication used to treat diabetic neuropathy may make chemotherapy treatments more effective for patients with lung cancer, according to new findings.

      

      
        Cell donor's socioeconomic status shapes cancer treatment outcomes, new study finds
        New research demonstrates that the socioeconomic status (SES) of cell donors affects the health outcomes of blood cancer patients who underwent hematopoietic cell transplantation (HCT).

      

      
        Multiple moves during childhood can increase the risks of depression in later life
        A new study has shown that experiences of moving during childhood -- whether between or within deprived or non-deprived neighborhoods -- is associated with significantly higher rates of depression in adulthood. The research analyzed the residential locations of almost 1.1 million people born in Denmark between 1981 and 2001 and who stayed in the country during the first 15 years of their lives. It then tracked those same individuals into adulthood, and found at least 35,000 of those still living ...

      

      
        Cuttlefish can form false memories, too
        During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers have evidence that the common cuttlefish may create false memories, too.

      

      
        Psilocybin generates psychedelic experience by disrupting brain network
        Researchers report that psilocybin, the active ingredient in magic mushrooms, destabilizes a critical network of brain areas involved in introspective thinking. The findings provide a neurobiological explanation for the drug's mind-bending effects.

      

      
        Electronic prompt for surgeons may reduce breast cancer overtreatment
        Researchers have developed a novel prompt, or 'nudge,' embedded in the electronic health record that flags, for treating surgeons, older patients with early-stage breast cancer who may be at risk for unnecessary lymph node surgery.

      

      
        New study addresses a long-standing diversity bias in human genetics
        Scientists have generated a new catalog of human gene expression data from around the world to address how most research in human genetics has historically focused on people of European ancestries -- a bias that may limit the accuracy of scientific predictions for people from other populations.

      

      
        New gene therapy for muscular dystrophy offers hope
        A new gene therapy treatment for Duchenne muscular dystrophy (DMD) shows promise of not only arresting the decline of the muscles of those affected by this inherited genetic disease, but perhaps, in the future, repairing those muscles. The research focuses on delivering a series of protein packets inside shuttle vectors to replace the defective DMD gene within the muscles.The gene for dystrophin is one of the largest in the human genome, and is difficult to fit inside a delivery shuttle. Instead ...

      

      
        Key driver for epithelial cancer development identified
        A distinct signaling pathway called TNF- drives the transformation of epithelial cells into aggressive tumor cells. During cancer progression, cells activate their own TNF- program and become invasive. This finding could help to improve early detection and treatment of patients with cancers in skin, esophagus, bladder or colon.

      

      
        Genome recording makes living cells their own historians
        Genomes can now be used to store information about a variety of transient biological events inside of living cells, as they happen, like a flight recorder collecting data from an aircraft. The method, called ENGRAM, aims to turn cells into their own historians. ENGRAM couples each kind of biological signal or event inside a cell to a symbolic barcode. This new strategy traces and archives the type and timing of biological signals inside the cell by inserting this information into the genome. For ...

      

      
        Study finds persistent proteins may influence metabolomics results
        Scientists have identified more than 1,000 previously undetected proteins in common metabolite samples, which persist despite extraction methods designed to weed them out. The findings give scientists new insights and tools for improving future metabolomics experiments, including a novel protocol for removing these proteins during the extraction process. The study does not invalidate prior results but instead reinforces the importance of appropriate controls and validation in experimental design ...

      

      
        Llama nanobodies: A breakthrough in building HIV immunity
        Biology researchers have developed a new antibody therapy that can neutralize a wide variety of HIV-1 strains. They found success in an unlikely source -- llamas.

      

      
        Chatbot Iris offers students individual support
        Researchers have developed the chatbot Iris, which offers informatics students personalized assistance with programming assignments. A study has now confirmed the chatbot's success: Iris improves the understanding of programming concepts and represents a valuable complement to human tutors.

      

      
        Enzyme-powered 'snot bots' help deliver drugs in sticky situations
        Snot might not be the first place you'd expect nanobots to be swimming around. But this slimy secretion exists in more places than just your nose and piles of dirty tissues -- it also lines and helps protect the lungs, stomach, intestines and eyes. And now, researchers have demonstrated in mice that their tiny, enzyme-powered 'snot bots' can push through the defensive, sticky layer and potentially deliver drugs more efficiently.

      

      
        Research shows protein isoform inhibitors may hold the key to making opioids safer
        Researchers have identified a new way to make opioids safer, increasing the pain-relieving properties of opioids while decreasing unwanted side effects through the spinal inhibition of a Heat shock protein 90 isoform.

      

      
        A new addition to the CRISPR toolbox: Teaching the gene scissors to detect RNA
        CRISPR-Cas systems, defense systems in bacteria, have become a plentiful source of technologies for molecular diagnostics. Researchers have now expanded this extensive toolbox further. Their novel method, called PUMA, enables the detection of RNA with Cas12 nucleases, which naturally target DNA. PUMA promises a wide range of applications and high accuracy.

      

      
        Evening activity for better sleep
        Rigorous exercise before bed has long been discouraged, but researchers have now found short bursts of light activity can lead to better sleep.

      

      
        Large study confirms: Siblings of autistic children have 20% chance of autism
        A new, large study confirms earlier findings that children with an autistic sibling have a 20% chance of being autistic themselves.

      

      
        Youth with conduct disorder show widespread differences in brain structure
        The largest neuroimaging study of conduct disorder to date has revealed extensive changes in brain structure among young people with the disorder. The largest difference was a smaller area of the brain's outer layer, known as the cerebral cortex, which is critical for many aspects of behavior, cognition and emotion.

      

      
        Could intensive farming raise risk of new pandemics?
        Industrialized farming is often thought to reduce the risk of zoonotic diseases because of better control, biosecurity and separation of livestock. A new study examines the effect of social and economic factors -- which are often overlooked in traditional assessments.

      

      
        Scientists find that small regions of the brain can take micro-naps while the rest of the brain is awake and vice versa
        For the first time, scientists have found that sleep can be detected by patterns of neuronal activity just milliseconds long, 1000 times shorter than a second, revealing a new way to study and understand the basic brain wave patterns that govern consciousness.

      

      
        Decline in global adolescent fertility rates is counteracted by increasing teen births in Sub-Saharan Africa, study finds
        A new report highlights a troubling trend: while global adolescent fertility rates have significantly declined, sub-Saharan Africa is experiencing an increase in teen births. This region's share of global adolescent births surged from 12 percent in 1950 to 47 percent in 2020 and is projected to reach a clear majority -- a full 67 percent -- by 2035.

      

      
        Supplements slow disease progression during late stage of 'dry' age-related macular degeneration
        In a new analysis of data, researchers have found that taking a daily supplement containing antioxidant vitamins and minerals slows progression of late-stage dry age-related macular degeneration (AMD), potentially helping people with late-stage disease preserve their central vision.

      

      
        Transporting precious cargo using the body's own delivery system
        Delivery systems in body continuously move materials between cells. Hijacking these systems allowed scientists to improve loading and delivery of therapeutic proteins. Biophysical principles could be used to enable more cost-effective loading of biological cargo into cell-derived delivery systems. Engineered molecules loaded up to 240 times more protein than other loading methods.

      

      
        Immune system in the spotlight
        Our immune system is always on alert, detecting and eliminating pathogens and cancer cells. Cellular control mechanisms cause diseased cells to present antigens on their surface like signs for the immune system. For analysis of the necessary complex antigen processing and transport processes in real time, researchers have developed a 'cage' that is opened with light to release trapped antigens at a specific place and time.

      

      
        Harnessing big data helps scientists home in on new antimicrobials
        Researchers have developed a strategy to identify new antimicrobial drugs with therapeutic promise from bacterial datasets, providing clues for discovering alternatives to traditional antibiotics.

      

      
        E. coli variant may cause antimicrobial resistance in dogs, humans
        Researchers studying antimicrobial-resistant E. coli -- the leading cause of human death due to antimicrobial resistance worldwide -- have identified a mechanism in dogs that may render multiple antibiotic classes ineffective.

      

      
        Timing is everything: Study finds link between bowel movement frequency and overall health
        Researchers examined the clinical, lifestyle, and multi-omic data of more than 1,400 healthy adults. How often people poop, they found, can have a large influence on one's physiology and health.

      

      
        Hormone therapy for breast cancer linked with lower dementia risk
        Hormone modulating therapy (HMT) used for the treatment of breast cancer was associated with a 7% lower risk of developing Alzheimer's disease and related dementias later in life, according to a new study.

      

      
        AI tool successfully responds to patient questions in electronic health record
        A new study shows that an AI tool can draft responses to patients' EHR queries as accurately as their human healthcare professionals, and with greater perceived 'empathy.'

      

      
        Unlocking the mystery of preexisting drug resistance: New study sheds light on cancer evolution
        The evolution of resistance to diseases, from infectious illnesses to cancers, poses a formidable challenge. Despite the expectation that resistance-conferring mutations would dwindle in the absence of treatment due to a reduced growth rate, preexisting resistance is pervasive across diseases that evolve -- like cancer and pathogens -- defying conventional wisdom.
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New technique could help treat aggressive brain tumors | ScienceDaily
Tackling brain cancer is complicated, but groundbreaking new research could help add another tool to the cancer-fighting arsenal.


						
A team from Georgia Tech and Virginia Tech published a paper in APL Bioengineering in May that explores a new option that could one day be used to target glioblastoma, a deadly and fast-growing brain tumor.

Supported by National Institutes of Health grants, this work stems from past research on high frequency irreversible electroporation, better known as H-FIRE. H-FIRE is a minimally invasive process that uses non-thermal electrical pulses to break down cancer cells.

Treating any type of cancer isn't easy, but when it comes to brain cancers, the blood-brain barrier adds an extra challenge. The barrier defends the brain against toxic material -- but that's not always a positive thing.

"Mother Nature designed it to prevent us from poisoning ourselves, but unfortunately, the way that works, it also excludes about 99 percent of all small-molecule drugs from entering the brain and achieving adequate concentrations to elucidate their therapeutic effect. That's particularly true for chemotherapeutics, biologics, or immunotherapies," said John Rossmeisl, the Dr. and Mrs. Dorsey Taylor Mahin Professor of Neurology and Neurosurgery at the Virginia-Maryland College of Veterinary Medicine. Rossmeisl is one of the paper's coauthors.

The square-shaped wave typically used with H-FIRE performs double dut: It disrupts the blood-brain barrier around the tumor site while destroying cancer cells. However, this was the first study to use a sinusoidal wave to disrupt the barrier. This new modality is called burst sine wave electroporation (B-SWE).

The researchers used a rodent model to study the effects of the sinusoidal wave versus the more conventional, square-shaped wave. They found that B-SWE resulted in less damage to cells and tissue but more disruption of the blood-brain barrier.




In some clinical cases, both ablation and blood-brain barrier disruption would be ideal, but in others, blood-brain barrier disruption may be more important than destroying cells. For example, if a neurosurgeon removed the visible tumor mass, the sinusoidal waveform could potentially be used to disrupt the blood-brain barrier around the site, allowing drugs to enter the brain and eliminate the last of the cancer cells. B-SWE could result in minimal damage to the healthy brain tissue.

Research indicates that the conventional square waveforms show good blood-brain barrier disruption, but this study finds even better blood-brain barrier disruption with B-SWE. This could allow more cancer-fighting drugs to access the brain.

"We thought we had that problem solved, but this shows you that with some forward thinking, there's always potentially better solutions," said Rossmeisl, who also serves as associate head of the Department of Small Animal Clinical Sciences.

During the study, the researchers hit a snag: In addition to more blood-brain barrier disruption, they found that the sinusoidal wave also caused more neuromuscular contractions. These muscle contractions run the risk of damaging the organ. However, by tweaking the dose of B-SWE, they were able to reduce the contractions while providing a level of blood-brain barrier disruption similar to that of a higher dose.

The next step in this research is to study the effects of B-SWE using an animal model of brain cancer to see how the sinusoidal waveform stands up against the conventional H-FIRE technique.

The project was spearheaded by first author Sabrina Campelo while she completed her Ph.D. at the Virginia Tech-Wake Forest University School of Biomedical Engineering and Sciences. Campelo is now a postdoctoral fellow at the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and Emory University.
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Mental health training for line managers linked to better business performance in England | ScienceDaily
In a study of several thousand companies in England, mental health training for line managers was associated with organizational-level benefits, including lower levels of long-term mental health-related sickness absence and better business performance, customer service, and staff recruitment and retention. The project was led by Professor Holly Blake of the University of Nottingham and Dr. Juliet Hassard of Queen's University Belfast, UK, who present these findings in the open-access journal PLOS ONE on July 17.


						
Mental health training for line managers aims to equip them with skills to support the mental health of the people they manage. Ongoing research is exploring whether such training increases the knowledge, skills and confidence of managers to support their staff and benefits employees. However, few studies have addressed its potential business value for companies.

To explore organizational-level benefits, Hassard, Blake and colleagues analyzed anonymized survey data from several thousand companies in England collected between 2020 and 2023 by the Enterprise Research Centre at Warwick Business School. The survey included questions about the companies' mental health and well-being practices, including whether they offered mental health training to line managers. To avoid errors in their analysis, the researchers statistically controlled for the age, sector, and size of the companies.

The analysis showed that mental health training for line managers was associated with significantly better outcomes in terms of business performance, customer service, and staff recruitment and retention. Having line managers trained in mental health was also linked to lower levels of long-term sick leave due to mental health challenges.

These results suggest that mental health training for line managers may hold strategic business value for companies. On the basis of their findings, the researchers recommend that organizations provide mental health training to line managers and institute workplace policies that clarify line managers' role in supporting employee mental health.

Meanwhile, the researchers outline the need for further research in this area, including analyses based on objective data rather than subjective survey responses, and comparison of the potential benefits of varying approaches to mental health training for line managers.

Blake adds: "In firms of different types, sizes and sectors, we found that training line managers in mental health was related to better staff recruitment and retention, customer service, business performance and lower long-term sickness absence due to mental health. This is the first study to show that training line managers in mental health is linked to better business outcomes."
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Soft, stretchy 'jelly batteries' inspired by electric eels | ScienceDaily
Researchers have developed soft, stretchable 'jelly batteries' that could be used for wearable devices or soft robotics, or even implanted in the brain to deliver drugs or treat conditions such as epilepsy.


						
The researchers, from the University of Cambridge, took their inspiration from electric eels, which stun their prey with modified muscle cells called electrocytes.

Like electrocytes, the jelly-like materials developed by the Cambridge researchers have a layered structure, like sticky Lego, that makes them capable of delivering an electric current.

The self-healing jelly batteries can stretch to over ten times their original length without affecting their conductivity -- the first time that such stretchability and conductivity has been combined in a single material. The results are reported in the journal Science Advances.

The jelly batteries are made from hydrogels: 3D networks of polymers that contain over 60% water. The polymers are held together by reversible on/off interactions that control the jelly's mechanical properties.

The ability to precisely control mechanical properties and mimic the characteristics of human tissue makes hydrogels ideal candidates for soft robotics and bioelectronics; however, they need to be both conductive and stretchy for such applications.

"It's difficult to design a material that is both highly stretchable and highly conductive, since those two properties are normally at odds with one another," said first author Stephen O'Neill, from Cambridge's Yusuf Hamied Department of Chemistry. "Typically, conductivity decreases when a material is stretched."

"Normally, hydrogels are made of polymers that have a neutral charge, but if we charge them, they can become conductive," said co-author Dr Jade McCune, also from the Department of Chemistry. "And by changing the salt component of each gel, we can make them sticky and squish them together in multiple layers, so we can build up a larger energy potential."




Conventional electronics use rigid metallic materials with electrons as charge carriers, while the jelly batteries use ions to carry charge, like electric eels.

The hydrogels stick strongly to each other because of reversible bonds that can form between the different layers, using barrel-shaped molecules called cucurbiturils that are like molecular handcuffs. The strong adhesion between layers provided by the molecular handcuffs allows for the jelly batteries to be stretched, without the layers coming apart and crucially, without any loss of conductivity.

The properties of the jelly batteries make them promising for future use in biomedical implants, since they are soft and mould to human tissue. "We can customise the mechanical properties of the hydrogels so they match human tissue," said Professor Oren Scherman, Director of the Melville Laboratory for Polymer Synthesis, who led the research in collaboration with Professor George Malliaras from the Department of Engineering. "Since they contain no rigid components such as metal, a hydrogel implant would be much less likely to be rejected by the body or cause the build-up of scar tissue."

In addition to their softness, the hydrogels are also surprisingly tough. They can withstand being squashed without permanently losing their original shape, and can self-heal when damaged.

The researchers are planning future experiments to test the hydrogels in living organisms to assess their suitability for a range of medical applications.

The research was funded by the European Research Council and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Oren Scherman is a Fellow of Jesus College, Cambridge.
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Mindfulness training may lead to altered states of consciousness | ScienceDaily
Mindfulness training may lead participants to experience disembodiment and unity -- so-called altered states of consciousness -- according to a new study from researchers at the University of Cambridge.


						
The team say that while these experiences can be very positive, that is not always the case. Mindfulness teachers and students need to be aware that they can be a side-effect of training, and students should feel empowered to share their experiences with their teacher or doctor if they have any concerns.

Mindfulness-based programmes have become very popular in recent years. According to recent surveys, 15% of adults in the UK have learnt some form of mindfulness. They are often practised as a way of reducing stress or coping with depression and anxiety. There is anecdotal evidence that practising mindfulness can lead to alterations of the senses, self, and body boundaries, some even similar to those induced by psychotropic drugs.

From September 2015 to January 2016, the University of Cambridge conducted a randomised controlled trial to assess the effectiveness of mindfulness training as a way of coping with the stress of examinations and found that it can help support students at risk of mental health problems.

Dr Julieta Galante from the Department of Psychiatry at the University of Cambridge, who led the trial, said: "There's been anecdotal evidence that people who practice mindfulness experience changes in how they perceive themselves and the world around them, but it's difficult to know whether these experiences are a result of mindfulness practice or whether people who are more prone to such experiences are also more likely to practise mindfulness.

"Because we'd been running a randomised trial of mindfulness practice with several hundred students at Cambridge, we realised this offered us an opportunity to explore this question further."

The team behind the trial followed up with participants a year later to investigate whether they had experienced any of the altered states of consciousness being reported anecdotally. The results are published today in PLOS ONE.




Participants were asked to complete a questionnaire that explored 11 'dimensions' such as: spiritual experience; blissful state; disembodiment; and unity. In experiences of unity there is a sense that borders dissolve and everything, sometimes including the sense of time, is perceived in an integrated way. Disembodiment experiences often consist of a floating sensation or a dissolution of body boundaries, which may facilitate strong unity experiences.

In total, 670 participants took part in the randomised trial. Around a third each from the mindfulness trial and the control arm went on to complete the questionnaire about experiences of altered states of consciousness.

The researchers found that people who had received the mindfulness training were twice as likely as those in the control group to experience unity and disembodiment.

When the researchers explored the relationship between the total hours of formal mindfulness practice and the presence and intensity of experiences of altered states of consciousness, they found that the more people practised, the more likely they were to have an experience of unity, disembodiment, or of a blissful state.

Participants who reported having meditated in the six months prior were asked if altered states of consciousness happened during meditation. Based on this sub-sample of 73 participants, 43% reported unity experiences during meditation, 47% blissful states, 29% disembodiment experiences, and 25% insightfulness experiences.

Dr Galante said: "Although we can't say definitively, our results at least suggest the possibility that mindfulness training causes these experiences of unity and disembodiment. It aligns with other studies showing that people who practice mindfulness training are more likely to describe experiencing a sense of relaxed self-boundaries and broadening their spatial awareness beyond the physical body."

Dr Galante, who practices mindfulness, has herself experienced these altered states of consciousness.




"I've benefited a lot personally from meditation and mindfulness and I've also had many of these experiences," she said. "They were intense, and at first I found it difficult to share them with my meditation teacher. I didn't know if they were normal or desirable or if they were a sign of problems with my mental health."

While many experiences of altered states of consciousness are likely to be interpreted as pleasant, this may not always be the case, and Dr Galante says that it is important for teachers and their students to be aware that they may arise and be open to talking about them.

She added: "The most common and intense experiences tend to be those that do not have intrinsically unpleasant characteristics. Some, such as bliss, can feel extremely pleasant. But some experiences, such as disembodiment or altered sense of self could be perceived as unpleasant, or startling, even alarming, especially if you're not expecting them.

"It's important that people who are offered mindfulness are told about the possibility that they may come across these experiences. That way, if they do experience them, they shouldn't be disconcerted. There may be nothing wrong with their experience, but it may be useful for them to check in with their mindfulness teacher, and if the experience was negative, to also consider discussing it with their doctor."

The research was supported by the University of Cambridge Vice-Chancellor's Endowment Fund, the University Counselling Service and the National Institute for Health Research (NIHR) Applied Research Collaboration East of England programme.
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Ancient viruses fuel modern-day cancers | ScienceDaily
Peek inside the human genome and, among the 20,000 or so genes that serve as building blocks of life, you'll also find flecks of DNA left behind by viruses that infected primate ancestors tens of millions of years ago.


						
These ancient hitchhikers, known as endogenous retroviruses, were long considered inert or 'junk' DNA, defanged of any ability to do damage. New CU Boulder research published July 17 in the journal Science Advances shows that, when reawakened, they can play a critical role in helping cancer survive and thrive. The study also suggests that silencing certain endogenous retroviruses can make cancer treatments work better.

"Our study shows that diseases today can be significantly influenced by these ancient viral infections that until recently very few researchers were paying attention to," said senior author Edward Chuong, an assistant professor of molecular, cellular and developmental biology at CU's BioFrontiers Institute.

Part human, part virus

Studies show about 8% of the human genome is made up of endogenous retroviruses that slipped into the cells of our evolutionary ancestors, coaxing their hosts to copy and carry their genetic material. Over time, they infiltrated sperm, eggs and embryos, baking their DNA like a fossil record into generations to come -- and shaping evolution along the way.

Even though they can no longer produce functional viruses, Chuong's own research has shown that endogenous retroviruses can act as "switches" that turn on nearby genes. Some have contributed to the development of the placenta, a critical milestone in human evolution, as well as our immune response to modern-day viruses like COVID.

"There's been a lot of work showing these endogenous retroviruses can be domesticated for our benefit, but not a lot showing how they might hurt us," he said.




To explore their role in cancer, Chuong and first author Atma Ivancevic, a research associate in his lab, analyzed genomic data from 21 human cancer types from publicly available datasets.

They found that a specific lineage of endogenous retrovirus known as LTR10, which infected some primates about 30 million years ago, showed surprisingly high levels of activity in several types of cancer, including lung and colon cancer. Further analysis of tumors from dozens of colorectal cancer patients revealed that LTR10 was active in about a third of them.

When the team used the CRISPR gene editing tool to snip out or silence sequences where it was present, they discovered that critical genes known to promote cancer development and growth also went dark.

"We saw that when you silence this retrovirus in cancer cells, it turns off nearby gene expression," said Ivancevic.

Experiments in mice yielded similar results: When an LTR10 "switch" was removed from tumor cells, key cancer-promoting genes, including one called XRCC4, switched off too, and treatments to shrink tumors worked better.

"We know that cancer cells express a lot of genes that are not supposed to be on, but no one really knows what is turning them on," said Chuong. "It turns out many of the switches turning them on are derived from these ancient viruses."

Insight into how existing therapies work




Notably, the endogenous retrovirus they studied appears to switch on genes in what is known as the MAP-kinase pathway, a famed cellular pathway that is adversely rewired in many cancers. Existing drugs, known as MAP-kinase inhibitors, likely work, in part, by disabling the endogenous retrovirus switch, the study suggests.

The authors note that just this one family of retrovirus regulates as many as 70 cancer-associated genes in this pathway. Different lineages likely influence different pathways that promote different cancers.

Chuong suspects that as people age, their genomic defenses break down, enabling ancient viruses to reawaken and contribute to other health problems too.

"The origins of how diseases manifest themselves in the cell have always been a mystery," said Chuong. "Endogenous retroviruses are not the whole story, but they could be a big part of it."
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Ultra-processed food makes up almost two-thirds of calorie intake of UK adolescents, study finds | ScienceDaily
Adolescents consume around two-thirds of their daily calories from ultra-processed foods (UPFs) new research from the Universities of Cambridge and Bristol has found.


						
The study found that UPF consumption was highest among adolescents from deprived backgrounds, those of white ethnicity, and younger adolescents.

UPFs are food items that are manufactured from industrial substances and contain additives such as preservatives, sweeteners, colourings, flavourings, and emulsifiers. UPFs vary greatly, but tend to indicate poor dietary quality, with higher levels of added sugars, saturated fat, and sodium, as well as decreased fibre, protein, and micronutrient content. They have been suggested as one of the key drivers of the global rise in diseases such as obesity, type 2 diabetes, and cancer.

Globally, the availability and sales of UPFs have increased over time and previous evidence suggests that this has led to increased consumption among adolescents. To look at trends within the UK, researchers from Cambridge and Bristol analysed data from four-day food diaries of almost 3,000 adolescents in the UK National Diet and Nutrition Survey between 2008/09 and 2018/19.

In research published today in the European Journal of Nutrition, the researchers found that a mean of 66% of adolescents' energy intake came from UPF consumption during this period, though there was a slight fall from 68% to 63% between 2008/09 and 2018/2019.

Parents' occupation, ethnic group and UK region all influenced the proportion of calorie intake from UPFs:
    	Adolescents from disadvantaged backgrounds consumed a higher proportion of their calorie intake from UPFs compared to adolescents from less disadvantaged backgrounds (68.4% compared with 63.8%).
    	Adolescents from a non-white ethnicity consumed a lower proportion of their calorie intake from UPFs (59.0% compared with 67.3%).
    	Adolescents living in the North of England consumed a higher proportion of their calorie intake from UPFs compared with those living in the South of England and London (67.4% compared with 64.1%).
    	18-year-olds consumed a lower proportion of their calorie intake from UPFs compared with 11-year-olds (63.4% compared with 65.6%).

Dr Yanaina Chavez-Ugalde from the Medical Research Council (MRC) Epidemiology Unit at the University of Cambridge, the study's first author, said: "Adolescents' food patterns and practices are influenced by many factors, including their home environment, the marketing they are exposed to and the influence of their friends and peers. But adolescence is also an important time in our lives where behaviours begin to become ingrained.




"It's clear from our findings that ultra-processed foods make up the majority of adolescents' diets, and their consumption is at a much higher level than is ideal, given their potential negative health impacts."

The researchers argue that the observed reduction in UPF intake pre-pandemic could be partly explained by an increased public awareness and health concerns associated with sugar consumption, government-led campaigns, sugar-taxes in other countries and the reformulation of sugary drinks to reduce their sugar content.

Dr Esther van Sluijs from the MRC Epidemiology Unit at Cambridge, joint senior author, said: "Ultra-processed foods offer convenient and often cheaper solutions to time- and income-poor families, but unfortunately many of these foods also offer poor nutritional value. This could be contributing to the inequalities in health we see emerging across childhood and adolescence."

Dr Zoi Toumpakari from the Centre for Exercise, Nutrition and Health Sciences at the University of Bristol, joint senior author, added: "Our findings suggest that disparities in consumption of ultra-processed foods are not just down to individual choices. We hope this evidence can help guide policymakers in designing more effective policies to combat the negative effects of ultra-processed food consumption among youth and the ripple effects this has on public health."

This study was largely funded by the National Institute for Health and Care Research School for Public Health Research.
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The eyes have it: Visual inspection experience essential for airport security screening | ScienceDaily
QUT researchers have used eye-tracking to study airport security screeners' performance during different visual inspection phases of a screening task.


						
Dr Levi Swann, a Senior Lecturer in Industrial Design within the QUT School of Design, Emeritus/Adjunct Professor Vesna Popovic from the QUT School of Electrical Engineering & Robotics and former QUT researcher Dr Dedy Wiredja teamed up to investigate how airport security screeners employ problem solving techniques during x-ray screening, and how strategies change with experience.

The study involved four groups of screeners with varying levels of experience: beginner, inexperienced, experienced, and expert.

Dr Swann said the research was unique among most airport security screening research because it was conducted under normal task conditions.

"The typical practice is to conduct research in controlled environments," Dr Swann said.

"Thirty-nine professional security screeners were observed on the job performing x-ray screening at an Australian international airport.

"Video and eye-tracking data was collected and analysed to explore activity phases and problem-solving strategies."

"The whole complexity of the task can be captured by conducting research in the field like this, and it has enabled us to identify problem-solving as essential to a security screener's job.




"They use interface functions that, for example, change the visual appearance of images, and they also interact with other staff to help them make decisions, such as whether an object is a threat or not.

Dr Swann said that because research conducted in controlled environments did not include the environmental context, it focused on the visual scanning of images and the actual decision.

"We found that the extent of problem solving performed during security screening differs for screeners based on their experience," Dr Swann said.

"Less experienced screeners apply more problem solving to make decisions.

"More experienced screeners can make decisions without problem solving more often."

"We also found that the problem strategies employed by screeners change with experience.




"Less-experienced screeners rely on strategies that defer decision-making to another staff member or depend on a search-based strategy, which is a slow and weak approach to problem-solving that causes extraneous cognitive load."

Professor Popovic said their results suggested that it took beginner screeners approximately six months of on-the-job experience to perform problem-solving at a similar level to experienced screeners.

"This is a considerable time for a critical safety task," Professor Popovic said.

"Our results also suggest that problem-solving skills take longer to develop than other aspects of task performance, such as search, which involves the visual scanning of images."

Dr Swann said effective training in that task was essential due to its critical nature for safety.

"Efficient training that enables fast skill development is also essential because the occupation has been associated with early staff attrition," Dr Swann said.

Professor Popovic said the research findings were transferrable to other visual inspection tasks.

"Visual inspection is standard in medicine, manufacturing, security, maintenance, and transportation," Professor Popovic said.

"Problem solving should be explored in these areas to understand how improvements can be made to visual inspection."

"Given the significant variance observed in the screener's performance according to the experience level and type, there is a strong case for defining specific screening criteria instead of depending on the generalist experience criteria."

Dr Swann said the study provided a basis for future research exploring how other factors, such as emotions and stress, can further affect screener performance.

"This research highlights the importance of tailoring personnel management techniques according to experience levels, followed by specific selection and training programs," Dr Swann said.

Professor Popovic said that with the implementation of experience tailoring, the study concluded that airport security screenings could be more consistent and efficient and provide higher safety and passenger satisfaction.

"The research is transferable to other visual inspection training domains requiring expertise, such as port control, traffic control, surgical training, or X-ray examination," Professor Popovic said.
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A hydrogel implant to treat endometriosis | ScienceDaily
Researchers from ETH Zurich and Empa have developed a hydrogel implant that can help prevent endometriosis, a condition that affects a great many women. This innovation also acts as a contraceptive.


						
Hydrogels have a variety of use cases, including contact lenses, delivering doses of medication within the body, moisturisers, water storage in soil, cleaning polluted water and as gelling and thickening agents. A hydrogel is a gel made of a type of plastic that can bind water. Researchers at ETH Zurich and Empa have now developed the first hydrogel implant designed for use in fallopian tubes. This innovation performs two functions: one is to act as a contraceptive, the other is to prevent the recipient from developing endometriosis in the first place or to halt the spread if they do.

Around four years ago, Inge Herrmann made a new addition to her research group at the Department of Mechanical and Process Engineering at ETH and Empa. The new member was a senior physician specialising in gynaecology who was keen to pursue clinically-inspired research. This kind of interdisciplinary collaboration was an experiment for the whole team. Their initial goal had been to turn a hydrogel into a new kind of contraceptive for women. However, after the research team began talking to the gynaecologist, they realised that implanting a hydrogel to occlude the fallopian tubes could also help prevent endometriosis.

Preventing endometriosis by occluding the fallopian tubes

Around 10 percent of women suffer from endometriosis. However, it is still unclear exactly what causes this condition. The assumption is that during menstruation, blood flows back along the fallopian tubes and into the abdominal cavity. This blood contains cells from the uterine lining (endometrium), which settle in the abdominal cavity and as a result can cause inflammation, pain and the formation of scar tissue.

The researchers found a way to create a hydrogel implant capable of successfully occluding the fallopian tubes and thus preventing retrograde menstruation. They describe their findings in a study that was recently published in the journal Advanced Materials. "We discovered that the implant had to be made of an extremely soft gel -- similar in consistency to a jelly baby -- that does not impact native tissue and is not treated and rejected as a foreign body," explains Alexandre Anthis, lead author of the study.

An advantage of hydrogels is that they swell when brought into contact with liquid. As a result, this new implant starts off at approximately two millimetres in length. But once implanted in the fallopian tubes as part of a non-surgical procedure using a hysteroscope -- an instrument for inspecting the uterine cavity -- the implant swells to more than double its original size. The hydrogel then acts as a barrier to both sperm and blood. "Our hydrogel implant can be easily and quickly destroyed, either with UV light or a special solution, so that recipients don't have to have an invasive and risky operation should they decide to reverse the procedure," Herrmann says.




Innovation through interdisciplinary collaboration

Anthis says that one of the biggest challenges was achieving the right balance between stability and degradability. "We wanted to ensure that the implant was compatible as well as stable." To this end, the researchers first conducted ex-vivo experiments on human (and animal) fallopian tubes that had for instance been removed in the course of treating ovarian cancer. Next, they tested their innovation in a live pig; after three weeks, the hydrogel implant was still in position and there was no sign of any foreign-body reactions.

Together with ETH and the Swiss Federal Laboratories for Materials Science and Technology (Empa), the researchers submitted a patent. But there's still a way to go before the implant will be ready to market. Since endometriosis is a human disease, it is challenging to tell how the hydrogel implant will behave long-term once in position in fallopian tubes, especially when recipients engage in strenuous physical activities like sport. Moreover, it is as yet unclear whether blocking the fallopian tubes alone is enough to prevent endometriosis. "We've trawled through databases to find data relating to endometriosis patients who have had their fallopian tubes removed," Herrmann says. Such cases could reveal whether that measure actually stops endometriosis from developing in the abdominal cavity, she adds.

"So far, very little research has been done at the point where materials science, process engineering and gynaecology meet. But this is a vitally important area of research. We hope that our work will count as a meaningful step in the right direction," says Herrmann, who recently opened the Ingenuity Lab at the University Hospital Balgrist, aiming to translate innovative materials technologies to clinics.
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Paleolithic diets are not without risks | ScienceDaily
High-protein diets, known as ''Paleolithic diets'', are popular. Using mouse models, scientists at the University of Geneva (UNIGE) have studied their impact. While effective in regulating weight and stabilizing diabetes, these diets are not without risks. Excess protein greatly increases ammonium production, overwhelming the liver. Excess ammonium can cause neurological disorders and, in severe cases, lead to coma. These results, published in the Journal of Biological Chemistry, suggest caution when following these diets.


						
Type 2 diabetes is a metabolic disease that is constantly increasing. Due to a sedentary lifestyle and an excessively rich diet, the damaged pancreas struggles to regulate blood sugar levels. While current treatments help control the progression of the disease, they do not cure diabetes. Losing weight is often an essential part of the treatment.

''Diets rich in animal and/or plant proteins, known as Paleolithic diets, can be used to stabilize type 2 diabetes and regulate weight,'' explains Pierre Maechler, full professor at the Department of Cell Physiology and Metabolism at the UNIGE Faculty of Medicine, who led this research. These diets are inspired by the meat-based diets of pre-agricultural time. ''But what impact do they have on the body? Are they harmless? That's what we set out to find out.''

Liver under Pressure

Ammonium is a normal waste product of protein breakdown, essentially eliminated in the liver by the enzyme glutamate dehydrogenase (GDH). In the event of protein overload, the GDH enzyme comes under pressure. To study the impact of high-protein diets, Pierre Maechler's team fed healthy mice and mice lacking the GDH enzyme in their liver a diet with a protein content mimicking the so-called Paleolithic diet.

Scientists observed that in healthy mice, although excess protein increased ammonium production, the liver managed this excess due to the action of the GDH enzyme, which detoxifies ammonium before it can cause damage. ''In contrast, in mice lacking the GDH enzyme, the liver is unable to eliminate the excess of toxic ammonium derived from proteins. No need to wait for weeks or months; a change of diet lasting a few days is enough to observe major consequences,'' explains Karolina Luczkowska, a former PhD student at the Department of Cell Physiology and Metabolism at the UNIGE Faculty of Medicine, and the study's first author.

Caution is Advised

These results suggest that in case of dysfunctional GDH enzyme, high-protein diets may cause a harmful excess of ammonium. Ammonium not eliminated by the liver can cause severe disorders, particularly neurological ones. A blood test could assess GDH activity to avoid overloading the metabolism with proteins in people whose GDH enzyme is deficient. ''It is therefore important to be well informed before following a high-protein diet,'' concludes Pierre Maechler.
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New analgesic could replace opioids over the long term | ScienceDaily
Opioids have long been known as natural substances with substantial pharmacological effect. They have been used as effective painkillers. A very prominent example is morphine, which was first isolated and synthesized in the early 19th century. It is a relief for severely ill patients in the last phases of their lives. However, when opioids are used inappropriately they can cause addiction and even the development of extremely serious undesirable effects, such as respiratory depression. In the USA, opioids were once widely promoted through the media and, as a consequence, were often prescribed to treat what were in fact mild disorders. 


						
According to the Centers for Disease Control and Prevention (CDC), there were nearly 645,000 cases of mortality due to opioid overdose in the United States between 1999 to 2021. And the opioid crisis has arrived in Germany, too. The main problem is street drugs and the fact that the synthetic opioid heroin, in particular, is cut with other, cheaper opioids, such as fentanyl. While a dose of 200 milligrams heroin is fatal, just two milligrams of fentanyl can kill. In 2022, more than 1,000 people in Germany died as a result of the consumption of opioids.

Starting with a database of 40,000 natural substances

Governments have introduced measures to contain this epidemic. However, opioid addiction rates are high. Others suffer from extreme pain that needs to be alleviated. There is thus an urgent need for safe analgesics. Researchers at Johannes Gutenberg University Mainz (JGU) -- with financial support of the Research Training Group "Life Sciences -- Life Writing," funded by the German Research Foundation (DFG) -- have now made progress towards this goal. "A natural product called aniquinazolin B that is isolated from the marine fungus Aspergillus nidulans stimulates the opioid receptors and could possibly thus be used instead of opioids in future," explained Roxana Damiescu, a member of the research team headed by Professor Thomas Efferth.

In the search for new compounds, the team started with a chemical database of more than 40,000 natural substances. It was their aim to determine how effectively each substance would bind to the corresponding receptor. And, in addition, they had to ascertain whether these had the properties required of a pharmaceutical drug. Such a compound must be water-soluble to some extent, for example. This research required calculations in the form of approximations, with the results becoming increasingly more precise the more frequently these calculations were performed. Each substance was the subject of some 750,000 individual calculations. Such a colossal number of calculations would vastly exceed the capacity of a standard PC. Therefore, the team utilized the MOGON supercomputer at JGU. The top 100 candidate products of these calculations were subsequently assessed using other analytical methods.

Further detailed investigation in the lab

The resultant top ten found their way into the lab, where they underwent biochemical analysis. The initial priority was to establish safety. Using preparations of human kidney cells, the researchers looked at whether higher concentrations of each substance would prove toxic to the cells and even kill them. Finally, two other aspects had to be subjected to testing. "We needed to confirm that the high binding energy of the substances to the pain receptors that had been predicted by the theoretical calculations was actually also produced in the real physical world," said Professor Thomas Efferth, head of the JGU Department of Pharmaceutical Biology. However, binding of a substance to the receptors is not alone sufficient. The binding must also influence the functioning of the receptors. Thus, the research team used a second test system to assess whether there was the kind of inhibition of biological activity that occurs on opioid use. One of the two compounds passed all tests with flying colors: aniquinazolin B, the substance present in the marine fungus Aspergillus nidulans. "The results of our investigations indicate that this substance may have effects similar to those of opioids. At the same time, it causes far fewer undesirable reactions," concluded Roxana Damiescu.
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Children living in greener neighborhoods show better lung function | ScienceDaily
A large study of 35,000 children from eight countries has found a "robust" link between exposure to green spaces in early childhood and better lung function. The study, led by the Barcelona Institute for Global Health (ISGlobal), has been published in Environment International.


						
The research used data from 10 European birth cohorts from 8 countries (Denmark, France, Italy, Lithuania, Norway, the Netherlands, Spain and the UK) to conduct a meta-analysis. This assessment of the data was done at the individual level for each participant.

Data on exposure to green spaces were available from two different points in time: pregnancy and childhood (from 3 to 12 years of age). As a proxy for residential green space, the research team used the Normalised Difference Vegetation Index (NDVI) in a 300m buffer around the participant's address. NDVI is an index that uses satellite images to estimate the amount of vegetation at a given point.

Lung function was measured using spirometry tests. To assess lung volume, the researchers measured forced vital capacity (FVC), which is the maximum amount of air a person can breathe out without a time limit after taking a deep breath. And as an indicator of how open the airways are, forced expiratory volume in one second (FEV1) was taken. FEV1 is the volume of air exhaled in the first second of forced breathing after a deep inhalation.

Statistical analysis showed that children living in greener neighbourhoods had better lung function, specifically higher FVC and FEV1. On the contrary, those who lived further away from green spaces had a lower lung volume (FVC).

While the positive association of living in greener neighbourhoods with lung function was observed regardless of socioeconomic status, the effect was stronger in children from higher socioeconomic backgrounds. "One possible explanation could be that families with higher education or income may have access to higher-quality, safer, and better-maintained green areas" says Amanda Fernandes, first author and ISGlobal researcher at the time of the study.

Possible mechanisms

The researchers also looked at the mothers' home address during pregnancy, but in this case residential greenness was not associated with any of the indicators of respiratory health, suggesting that the link between green spaces and improved lung function has to do with something that happens in childhood.




"Our understanding of how green spaces affect lung function is still incomplete. We know that green spaces reduce air pollution, which in turn affects respiratory health. We also believe that green spaces may expose children to beneficial microbiota, which may contribute to the development of the immune system and indirectly influence lung function. Finally, green spaces close to home are likely to reflect the presence of play areas that encourage physical activity at an age when the lungs are still developing," says Amanda Fernandes.

"Our findings highlight the importance of integrating green spaces into urban environments for better respiratory health, also in children. If the way cities are configured is a factor that contributes to inequality, urban planning that consciously contributes to alleviating inequity is important," says Martine Vrijheid, lead author of the study and co-director of the Environment and Health over the Lifecourse programme at ISGlobal.

Health outcomes unrelated to green spaces

The study also looked at whether green spaces near the home during pregnancy and childhood were associated with other respiratory, cardiometabolic and neurodevelopmental outcomes, but found no other associations.

The research was conducted within the EU Child Cohort Network as part of the European Union-funded LifeCycle, EUCAN-Connect and ATHLETE projects, which built a fully harmonised data analysis platform. The cohorts involved in the study are Amsterdam Born Children and their Development, Netherlands (ABCD), Avon Longitudinal Study of Parents and Children, United Kingdom (ALSPAC), Born in Bradford, United Kingdom (BiB), Copenhagen subset of the Danish National Birth Cohort, Denmark (DNBC), Etude des Determinants du developpement et de la sante de l'Enfant, France (EDEN), Generation R Study, Netherlands (GenR) , Infancia y Medio Ambiente, Spain, (INMA), Kaunas Birth Cohort, Lithuania (KANC), Norwegian Mother, Father and Child Cohort Study, Norway (MoBa), and Nascita e INFanzia: gli Effetti dell'Ambiente, Italy (NINFEA).
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Boost in infant genetics research could change lives, say researchers | ScienceDaily
Investment in research into genetics could dramatically improve educational policies and understanding of parenting in ways that could help all children, according to a new paper led by the University of Surrey.


						
In a paper published in Nature Genetics, researchers describe a range of evidence demonstrating that genetics play a role in influencing infant development. While a lot of focus is already directed towards rare genetic disorders, the researchers argue that differences in the DNA that are commonly found in children and constitute the individual's genetic make-up also have the potential to help support the development of early interventions and to aid better understanding of the infancy life stage in all children.

The researchers demonstrate that, compared to later life stages, infancy is largely under-researched despite the considerable benefits that genetic research can offer. While it has long been recognised that environment plays a pivotal role in infant development, the research team analysed published twin and molecular genetic studies. They found evidence supporting the idea that genes are important for shaping children's development in the first three years after birth. However, more research is still needed to understand how DNA is linked to individual differences in development.

Professor Angelica Ronald, co-author of the paper from the School of Psychology at the University of Surrey, said:

"Infant development is a crucial time, with rapid progress in motor, social and language skills, amongst others. Our research shows that genetics is critical in shaping these early characteristics.

"By understanding and identifying genetic influences early on, we can make a significant difference for many children and their families. This knowledge can help parents, healthcare providers, and educators offer better support for a child's development and create strategies to address potential challenges in the long term."

The researchers hope to encourage funders, policy-makers and their scientific peers to invest in research that focuses on the infancy life stage. The impact on the population, they argue, is huge because an infant has their whole life ahead of them.




Dr Anna Gui, co-author of the paper and a Lecturer at the University of Essex, said:

"Our findings provide strong evidence from twin studies, adoption research, polygenic scores, and the examination of infant attributes that genetics significantly influence early development.

"Polygenic scores, which sum up the effects of many genetic variants, show how genetic influences impact key milestones like walking and talking. This type of knowledge can significantly benefit children's lives.

"With this understanding, we hope to develop better early education programmes and early interventions, helping parents and professionals support children's development more effectively."
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Improving identification of human remains using craniofacial superimposition | ScienceDaily
University of Granada researchers from the Andalusian Inter-university Institute in Data Science and Computational Intelligence (DaSCI) and researchers from the University of A Coruna's Centre for Information and Communications Technology Research (CITIC-UDC), in collaboration with the company Panacea Cooperative Research, have published a study that demonstrates an improvement in the identification of human remains using craniofacial superimposition, making decision-making by forensic experts much more objective.


						
Craniofacial superimposition is a forensic technique used to facilitate decision-making in the identification of skeletal remains. Specifically, it involves analysing the superimposition of an unidentified recovered skull (post-mortem) onto facial photographs (ante-mortem) of missing persons.

Despite its importance and broad applicability, this process remains complex and difficult to manage. A wide range of computerised methods have been proposed, but decision-making continues to involve subjectivity and qualitative reporting. This study proposes a system for evaluating evidence based on likelihood ratios (LRs), a method which has previously been used in other forensic fields such as DNA, voice and fingerprint comparison, and which is recommended by the European Network of Forensic Science Institutes (ENFSI).

The study proposes a pioneering application of this framework to craniofacial superimposition. It comprises three experiments in which the system is trained and tested under different conditions using facial images: the first uses frontal facial photographs, the second uses lateral facial photographs, and the third combines both frontal and lateral facial photographs.

In all three experiments, the proposed LR system excels in terms of calibration and discriminating power, providing specialists with a quantitative tool for the evaluation and integration of evidence.

For now, the technique remains a proof of concept that employs synthetic data and will have to be tested using vast amounts of real data. Nevertheless, the resulting likelihood ratio system provides objective support for decision-making in craniofacial superimposition.
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Designing safer opioids | ScienceDaily
Opioid medications offer people relief from debilitating pain, but these drugs come with dangers: the risk for addiction, miserable withdrawal symptoms and the potential for fatal overdose. In a study in ACS Central Science, researchers have identified a strategy to design safer opioids. They showed that an experimental opioid, which binds to an unconventional spot in the receptor, suppresses pain in animal models with fewer side effects -- most notably those linked to fatal overdoses.


						
Opioid medications tap into the body's natural system for mitigating pain by activating pain-suppressing opioid receptors on nerve cells in the brain. Although the drugs are intended to help people, sometimes these medications lead to harm. People who take opioids can become physically dependent on them, where sudden stopping can produce withdrawal symptoms, such as muscle pain, nausea and vomiting. In addition, opioids make breathing slow and shallow, a side effect that can become fatal.

Attempts to design safer opioids have largely focused on identifying molecules that bind to the same spot on the receptor, known as the active site, where the body's own pain-relieving signals attach. In an earlier study, researchers found a molecule called C6 guano, which can activate the opioid receptor when it binds outside the active site. C6 guano interacts with a location inside the opioid receptor that typically responds to sodium ions. Despite its promising effects, C6 guano has a significant drawback: It cannot pass through the blood-brain barrier that protects the organ. So, a team led by Susruta Majumdar, Jay McLaughlin, Haoqing Wang and Ruth Huttenhain set out to improve upon this discovery by identifying a similar molecule with the potential to travel from the blood stream to opioid receptors in the brain.

To find an alternative that also binds to the opioid receptor, the researchers synthesized and evaluated 10 compounds with chemistry that might enable passage through the blood-brain barrier. During their initial testing in cells, they identified the most promising candidate derived from fentanyl, called RO76. By capturing molecules in proximity of the activated receptor, the team showed that RO76 produces a signal within cells that differs from those initiated by classic opioids, such as morphine.

They then evaluated the compound's efficacy in mice. In these experiments, RO76 appeared to suppress pain as effectively as morphine. But when comparing the opioids' effects on the animals breathing rates, they found that RO76 slowed breathing far less, suggesting it may not be as deadly as morphine. Likewise, when they gave the mice an opioid-blocking medication, the mice chronically taking RO76 experienced fewer withdrawal symptoms than those taking morphine. What's more, the team found that, when given by mouth, the new fentanyl derivative had similar, if slightly lower, pain-suppressing effects than when injected under the skin of the animals. The researchers say these results suggest RO76 has the potential for development as an oral medication for humans.

The authors acknowledge funding from the National Institutes of Health and the Pharmaceutical Research and Manufacturers of America Postdoctoral Fellowships. Two of the authors also acknowledge financial interests with biopharmaceutical companies.
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Stress-related cell damage linked to negative mental and physical health effects among caregivers | ScienceDaily
It's no secret that the caregivers of spouses with memory impairment face enormous amounts of stress. Researchers at Rice University have found that this intense pressure can be felt at the cellular level and is linked to negative physical and mental health effects, including dementia and Alzheimer's disease.


						
The study titled "Mitochondrial health, physical functioning, and daily affect: Bioenergetic mechanisms of dementia caregiver well-being," is published online in the journal Psychosomatic Medicine. It is one of the first studies to examine how cellular health may impact the well-being of spousal dementia caregivers who are experiencing significant daily stress.

"This work builds on our previous research on chronic stress and immunity by highlighting the crucial role of cellular health in the mind-body connection," said Chris Fagundes, professor of psychological sciences at Rice and one of the study's authors. "We've discovered that chronic stress impacts not only immune function but also the health of individual cells, suggesting a deeper, more intricate relationship between our mental state and physical well-being."

Specifically, the researchers investigate the link between mitochondria -- essentially the engines that power individual cells -- and mental and physical health. Energy produced by mitochondria is necessary for people to engage in daily activities such as walking, shopping and driving. One way to gauge a person's cellular health is to determine how much energy is left over after these activities.

Fagundes compared cellular health to a car's fuel efficiency.

"The more energy or fuel you have left over after a drive is an indicator of how good your mileage is -- or how good things are working," he said. "It's more or less the same idea when it comes to the health of your cells."

Like cars that lose fuel efficiency over time, it is normal for cells to have less leftover energy as a person ages. Chronically stressful situations like caregiving also affect cellular health negatively. However, some individuals' cells are naturally more resilient to aging and stress than others.




The researchers found that caregivers with less leftover cellular energy were less able to engage in physical activities such as walking and carrying groceries than caregivers with more leftover energy. They also found that these caregivers experienced fewer positive emotions -- such as feelings of excitement, inspiration and alertness -- compared to caregivers with more cellular energy.

While more leftover cellular energy is associated with better mental and physical health outcomes, less leftover cellular energy is linked to higher inflammation, which can result in a host of negative mental and physical health problems, including eventual diagnosis of conditions like dementia or Alzheimer's.

The researchers say they hope the findings in this study could lead to the development of pharmaceutical or therapeutic interventions targeting cellular health, which may allow caregivers to avoid the negative outcomes that can result from the stress they face.

The study was coauthored by Cobi Heijnen, Jensine Paoletti-Hatcher, Itee Mahant and Vincent Lai from Rice; Jennifer Stinson from Baylor College of Medicine, Dr. Paul Schulz from the University of Texas Health Science Center in Houston, and Luis Medina from the University of Houston.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717121028.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



What fat cats on a diet may tell us about obesity in humans | ScienceDaily
Pet cats may be excellent animal models for the study of obesity origins and treatment in humans, a new study of feline gut microbes suggests -- and both species would likely get healthier in the research process, scientists say.


						
Veterinary researchers analyzed fecal samples from fat cats as the animals lost and maintained weight over the course of four dietary changes, including strict calorie reduction. The team found that food-related changes to the cats' gut microbiome -- the assortment of bacteria and molecules those bacteria produce and consume -- have striking similarities to dietary effects on the gut previously seen in humans.

Though there is still a lot to learn, the findings place pet cats at the top of the list of animals whose gut bacteria may tell us a lot about our own -- and whether gut microbe-based therapy could be one way to battle obesity.

"Animals share our beds. They share our ice cream. There are all these things that people do with their pets that highlight they are a naturally occurring disease model with similar environmental exposures as humans," said lead study author Jenessa Winston, assistant professor of veterinary clinical sciences at The Ohio State University.

"Being able to see changes in cats that come up in the context of obesity and type 2 diabetes in people makes them a really good model to start looking at more microbiome-directed therapeutics for obesity in humans if we're seeing a similar shift," she said. "Microbes we saw in this study also come up again and again in human studies -- and clearly, people aren't eating cat chow, right?"

The study was published recently in the journal Scientific Reports.

An estimated 60% of cats are obese or overweight in developed countries, and more than 2 in 5 adults in the United States have obesity, according to the Centers for Disease Control and Prevention.




At Ohio State, Winston oversees two large clinical trials exploring the potential for fecal transplants from lean dogs and cats to help their overweight pet peers lose weight.

"My lab is focused on how we can harness the therapeutic power of microbes," she said. "In order to do that, we have to understand how disease states may be different from health so that we can better try and figure out and target, mechanistically, changes that occur in the microbiome."

In this study, researchers fed seven obese cats a four-phase diet over 16 weeks: free-feeding of commercial cat food for two weeks, free-feeding of a specially formulated weight-loss diet for one week, calorie-restricted feeding of the weight-loss diet to achieve 1-2% body weight reduction per week for 11 weeks, and a return to the original maintenance diet.

The analysis of fecal samples taken during the different diet phases focused on changes in the presence of short-chain fatty acids metabolites, molecules produced by bacteria during digestion. Fatty acids are of interest because they prompt specific types of communication between gut microbes and tissue in the rest of the body -- including hormonal signals that can relate to inflammation and insulin resistance.

The team found that the abundance of a short-chain fatty acid called propionic acid -- shown in other mammals to regulate appetite, reduce fat accumulation and protect against obesity and diabetes -- was increased in feces when the cats were losing weight on the calorie-restricted diet. Greater propionic acid composition was associated with an increase in the bacterium Prevotella 9 copri. Though direct production of propionic acid by Prevotella couldn't be determined in this study, the finding that these increases occurred at the same time, when cats were dropping weight, was intriguing. Previous research has linked Prevotella 9 copri in the human gut to weight loss and better blood sugar control.

"When the cats are on the special diet formulated for weight loss, propionic acid goes up and stays high, and then goes back down when they're put back on the maintenance diet. So it really is a dietary change," Winston said. "This paper highlights that when we calorie-restrict cats that are obese, we can alter their microbial ecosystem -- and those community shifts that we see likely correlate with some metabolic outcomes.




"I think that those parallels that we're seeing in how the ecosystems change in a similar way is helpful," she said.

The gut microbiome's precise role in mammal obesity remains a mystery, but Winston said decades of evidence suggests these organisms and molecules they produce are part of the problem behind what is now known to be a very complex disease. This study's findings in felines suggest the pet cat gut profile could provide meaningful answers for both species, she said.

The weight-loss diet in the study was provided by Nestle Purina, which also provided funding for the project. Winston and some co-authors are paid speakers for Nestle Purina.

Co-authors include John Rowe, Valerie Parker and Adam Rudinsky of Ohio State; Katie McCool of North Carolina State University; Jan Suchodolski, Rosana Lopes and Jorg Steiner of Texas A&M University; and Chen Gilor of the University of Florida.
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Patients with Alzheimer's disease have higher frequency of mental health symptoms which can precede memory problems, study finds | ScienceDaily
Decline in memory and other thinking abilities is the most well-known result of Alzheimer's disease (AD). However, many individuals with this condition also experience mental health symptoms such as agitation, depression, apathy, and trouble with sleep.


						
A new study from researchers at Boston University Chobanian & Avedisian School of Medicine has found that the pathology behind AD may be a direct reason for emotional and behavioral symptoms. Additionally, they discovered when individuals with AD experience decline in memory and thinking abilities, their mental health tends to be worse.

"Mental health symptoms in persons with AD are a serious concern, as they can have a significant impact on the patient and their families quality of life. Importantly, these symptoms might emerge before thinking and memory problems begin and we need to better understand what causes these earlier symptoms so that we can better manage them," said corresponding author Michael Alosco, PhD, associate professor of neurology.

The researchers investigated participants from the National Alzheimer's Coordinating Center, a large national database that is publicly available to facilitate research on AD and similar types of dementias. These persons had samples of cerebrospinal fluid (CSF) analyzed for markers of AD, as well as memory testing, evaluation of dementia severity, and a rating of their mental health symptoms by their caregiver or family member. Statistical analysis was then performed on this data.

The researchers found that greater levels of proteins associated with AD, as indicated by CSF markers, predicted various mental health symptoms, which was only partially explained by cognitive symptoms. That is, the mental health symptoms were not fully explained by response to memory difficulties but may be a direct result of underlying brain changes related to AD. Furthermore, greater mental health symptoms and memory difficulties resulted in greater difficulties with daily function. However, some of these connections were only true when individuals with dementia were included. "This suggests that when individuals are in earlier stages of AD, mental health symptoms may come from a variety of life factors, but when the disease progresses, AD itself is more likely to be the cause," explained first author Brandon Frank, PhD, assistant professor of neurology at the school.

According to the researchers, persons diagnosed with AD may still suffer from mental health problems due to other causes. "As a result, a holistic approach to treatment is important. Treatments such as cognitive rehabilitation may help loved ones work around their memory difficulties but may also help them feel better," added Frank.

These findings appear online in the Journal of Alzheimer's Disease.
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Study uncovers genetic cancer risks in 550 patients | ScienceDaily
Current screening protocols fail to catch a notable number of people carrying genetic mutations associated with hereditary breast and ovarian cancer syndrome and Lynch syndrome, which increase the risk of developing certain cancers. This issue is particularly pronounced among underrepresented minorities.


						
These research findings, published in JCO Precision Oncology, are based on genetic screenings of more than 44,000 study participants from diverse backgrounds.

For this Mayo Clinic Center for Individualized Medicine Tapestry project, researchers sequenced the exomes -- the protein-coding regions of genes -- because this is where most disease-causing mutations are found. They identified 550 people, or 1.24%, as carriers of the hereditary mutations.

Importantly, half of these people were previously unaware of their hereditary genetic risk and 40% did not meet existing clinical guidelines for genetic testing.

"This study is a wake-up call, showing us that current national guidelines for genetic screenings are missing too many people at high risk of cancer," says lead author Niloy Jewel Samadder, M.D., a Mayo Clinic gastroenterologist and cancer geneticist at the Center for Individualized Medicine and the Mayo Clinic Comprehensive Cancer Center. "Early detection of genetic markers for these conditions can lead to proactive screenings and targeted therapies, potentially saving lives of people and their family members."

Hereditary breast and ovarian cancer syndrome is linked to mutations in the BRCA1 and BRCA2 genes. Mutations in BRCA1 can lead to a 60% lifetime risk of developing breast cancer and a 40% risk of having ovarian cancer, among other cancers. BRCA2 mutations increase the risk of developing breast cancer to 50% and ovarian cancer to 20%, with additional risks for prostate and pancreatic cancers in males.

Lynch syndrome is associated with an 80% lifetime risk of developing colorectal cancer and 50% risk of uterine/endometrial cancer.




The study also showed disparities in how underrepresented minority participants met genetic screening guidelines compared to other groups.

"These results suggest the existing guidelines for genetic testing inadvertently introduce biases that affect who qualifies for testing and who receives coverage through health insurance. This leads to disparities in cancer prevention," Dr. Samadder says. "Our results emphasize the importance of expanding genetic screening to identify people at risk for these cancer predisposition syndromes."

Advancing precision medicine with Tapestry

Altogether, the Tapestry project has now sequenced the exomes of more than 100,000 patients and is integrating these results into the patients' electronic health records. This not only personalizes patient care but also provides a rich dataset for further genetic research.

The overarching mission of Tapestry is to advance personalized medicine and tailor prevention and treatment strategies for individuals, thereby paving the way for targeted healthcare interventions for all.

Review the study for a complete list of authors, disclosures and funding.
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Scientists define new type of memory loss in older adults | ScienceDaily
Researchers at Mayo Clinic have established new criteria for a memory-loss syndrome in older adults that specifically impacts the brain's limbic system. It can often be mistaken for Alzheimer's disease. The good news: Limbic-predominant Amnestic Neurodegenerative Syndrome, or LANS, progresses more slowly and has a better prognosis, and is now more clearly defined for doctors working to find answers for memory loss patients.


						
Prior to the researchers developing clinical criteria published in the journal Brain Communications, the hallmarks of the syndrome could be confirmed only by examining brain tissue after a person's death. The proposed criteria provide a framework for neurologists and other experts to classify the condition in patients living with symptoms, offering a more precise diagnosis and potential treatments. They consider factors such as age, severity of memory impairment, brain scans, and biomarkers indicating the deposits of specific proteins in the brain.

The criteria were developed and validated using data from more than 200 participants in databases for the Mayo Clinic Alzheimer's Disease Research Center, the Mayo Clinic Study of Aging and the Alzheimer's Disease Neuroimaging Initiative.

Understanding the condition will lead to better management of symptoms and more tailored therapies for patients suffering from this type of cognitive decline, distinct from Alzheimer's disease, says David T. Jones, M.D., a Mayo Clinic neurologist and senior author of the study.

"In our clinical work, we see patients whose memory symptoms appear to mimic Alzheimer's disease, but when you look at their brain imaging or biomarkers, it's clear they don't have Alzheimer's. Until now, there has not been a specific medical diagnosis to point to, but now we can offer them some answers," Jones says. "This research creates a precise framework that other medical professionals can use to care for their patients. It has major implications for treatment decisions, including amyloid-lowering drugs and new clinical trials, and counseling on their prognosis, genetics and other factors."

Decades of work to understand and classify different types of dementia is ongoing, says Nick Corriveau-Lecavalier, Ph.D., the paper's first author. These findings build upon scientists' continued efforts to untangle neurological conditions that often have similar symptoms or can occur simultaneously, but can have drastically different treatments and prognoses.

"Historically, you might see someone in their 80s with memory problems and think they may have Alzheimer's disease, and that is often how it's being thought of today," Corriveau-Lecavalier says. "With this paper, we are describing a different syndrome that happens much later in life. Often, the symptoms are restricted to memory and will not progress to impact other cognitive domains, so the prognosis is better than with Alzheimer's disease."

Without signs of Alzheimer's disease, the researchers looked at the involvement of one possible culprit -- a buildup of a protein called TDP-43 in the limbic system that scientists have found in the autopsied brain tissue of older adults. Researchers have classified the build-up of these protein deposits as limbic-predominant age-related TDP-43 encephalopathy, or LATE. These protein deposits could be associated with the newly defined memory loss syndrome, but there are also other likely causes and more research is needed, the authors say.




With clinical criteria established by Jones, Corriveau-Lecavalier and co-authors, practitioners could soon diagnose LANS in patients so those living with memory loss might better understand options for treatment and potential progression of the disease, opening doors for research to further illuminate the characteristics of the disease.

The research was funded in part by National Institutes of Health grants P30 AG062677, P50 AG016574, U01 AG006786, R37 AG011378 and R01 AG041851 and by the Robert Wood Johnson Foundation, the Elsie and Marvin Dekelboum Family Foundation, the Liston Family Foundation, the Edson Family, the Gerald A. and Henrietta Rauenhorst Foundation and the Foundation Dr. Corinne Schuler.

Drs. Jones and Corriveau-Lecavalier reported no conflicts of interest. A complete list of co-authors and financial disclosures is available in the manuscript.
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Diabetes drug reduces drug resistance in lung cancer, improving chemotherapy effectiveness | ScienceDaily
A medication used to treat diabetic neuropathy may make chemotherapy treatments more effective for patients with lung cancer, according to new findings from the University of Missouri School of Medicine published in Clinical Cancer Research, a journal of the American Association for Cancer Research.


						
Despite surgical and chemotherapy treatment, more than 50% of non-metastatic, non-small lung cancer patients see recurrences, in large part because of drug-resistant cancer cells. Researchers identified a way to make these cells more susceptible to chemotherapy, said study author Dr. Jussuf Kaifi.

"Traditional treatments for lung cancer, including chemotherapy, often have little to no effect on the cancer because of drug resistance," Kaifi said. "It is a major cause of mortality in patients, so finding ways to circumvent drug and chemotherapy resistance is vital to improving patient outcomes."

The study examined 10 non-small cell lung cancer tumors, half of which were identified as drug resistant. The drug-resistant tumors showed overexpression of a certain enzyme, AKR1B10. When treated with the diabetic neuropathy medication, epalrestat, the tumors became less drug resistant, causing their sensitivity to chemotherapy to significantly increase.

Epalrestat is available in several countries and well-tolerated by patients, but it is not yet approved for use by the Food and Drug Administration in the United States. The medication is currently in high-level clinical trials as part of the FDA's approval process. If given FDA approval, epalrestat could be fast-tracked as an anti-cancer drug for lung cancer patients.

"In general, developing new drugs for cancer treatment is an extremely lengthy, expensive and inefficient process," Kaifi said. "In contrast, 'repurposing' these drugs to other diseases is much faster and cheaper. In view of overcoming drug resistance, epalrestat can rapidly be advanced to the clinic to improve cure rates in lung cancer patients."

Dr. Jussuf Kaifi, MD, PhD is a thoracic surgeon at MU Health Care and an assistant professor of surgery at the MU School of Medicine. He is also the Chief of Thoracic Surgery. His areas of expertise include general and minimally invasive thoracic surgery, including malignant and benign conditions of the lung. He received his medical degree and doctorate from the University of Hamburg in Germany.

"Targeting AKR1B10 by drug repurposing with epalrestat overcomes chemoresistance in non-small cell lung cancer patient-derived tumor organoids" was recently published in Clinical Cancer Research. In addition to Kaifi, team members from MU included research scientists Kanve Suvilesh, PhD and Yariswamy Manjunath, PhD; PhD students Yulia I. Nussbaum and Mohamed Gadelkarim; Raju Murugesan, PhD, a bioinformatician from the MU Institute for Data Science and Informatics; Chi-Ren Shyu, PhD, Director of the MU Institute for Data Science and Informatics; Akhil Srivastava, PhD, assistant professor of cancer biology; Satyanarayana Rachagani, DVM, PhD, associate professor of Veterinary Medicine and Surgery; and Wesley C. Warren, PhD, professor of genomics. Feng Gao, Matthew A. Ciorba, Jonathan B. Mitchem and Guangfu Li also contributed.
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Cell donor's socioeconomic status shapes cancer treatment outcomes, new study finds | ScienceDaily

The study examined the health outcomes of 2,005 blood cancer patients treated with HCT across 125 hospitals in the United States. The research team found cancer patients who were transplanted with cells from donors of greatest socioeconomic disadvantage experienced a 9.7% reduction in overall survival and 6.6% increase in transplant-related mortality at three years compared to those transplanted from donors of high socioeconomic status -- regardless of the cancer patient's socioeconomic status.

"Our findings are quite remarkable. We have shown that social disadvantage penetrates so deeply that it is actually transplantable into a new host, and its effects persist over time," said Lucie Turcotte, MD, MPH, MS, an associate professor at the University of Minnesota Medical School and pediatric hematologist and oncologist with M Health Fairview. Dr. Turcotte is also the director of the Masonic Cancer Center's Cancer Survivorship Services and Translational Research program.

The results show the striking biological impact of social disadvantage and how it can alter health outcomes, specifically in the setting of cancer and hematopoietic cell transplantation.

The research team plans to conduct further research to investigate the underlying biological and physiologic drivers of these findings in order to develop interventions to mitigate the adverse health outcomes introduced by socioeconomic disadvantage.

"The importance of these findings reach far beyond cancer and bone marrow transplant care -- they demonstrate the profound health effects of social inequality and highlight the critical need for public health interventions," said Dr. Turcotte.

Funding was provided by the National Cancer Institute of the National Institutes of Health [R01 CA23856].
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Multiple moves during childhood can increase the risks of depression in later life | ScienceDaily
People who experience a significant number of moves before the age of 15 are over 40% more likely to be diagnosed with depression in later life, a new study has shown.


						
The research, published in the journal JAMA Psychiatry, analysed all residential locations of almost 1.1 million people born in Denmark between 1981 and 2001 and who stayed in the country during the first 15 years of their lives.

It then tracked those same individuals into adulthood, and found at least 35,000 of those still living within Denmark had subsequently received a medical diagnosis of depression.

As part of a detailed analysis, the study supported existing evidence by showing that individuals who live in income deprived neighbourhoods during childhood are more likely -- by a factor of around 10% -- to develop depression in adulthood.

However, it for the first time showed that experiences of moving during childhood -- whether between or within deprived or non-deprived neighbourhoods -- is also associated with significantly higher rates of depression in adulthood.

Specifically, children who move once between ages 10 to 15 are 41% more likely to be diagnosed with depression than those who don't move. And if a child moves twice or more between the ages of 10 and 15, the risk rises to around 61%. This is a stronger effect than growing up in a deprived neighbourhood.

It has led researchers behind the study to suggest a settled home environment -- in terms of location -- during childhood may be one way of protecting against future mental health issues.




The study was carried out by researchers from Aarhus University (Denmark), the University of Plymouth (UK) and the University of Manchester (UK).

Professor Clive Sabel, Professor of Big Data and Spatial Science at the University of Plymouth and former Director of the Big Data Centre for Environment and Health at Aarhus University, is the study's lead author.

He said: "We know there are a number of factors which lead to a person being diagnosed with a mental illness. However, this is the first evidence to suggest that moving to a new neighbourhood during childhood is among them, and we believe the numbers we are seeing could be the tip of the iceberg. During those formative years, children are building their social networks through school, sports groups or other activities. Each time they have to adapt to something new it can be disruptive, so we potentially need to find new ways to help people overcome those challenges."

Estimates have suggested up to 13% of the world's population are living with some form of mental health condition, with the global economic burden of that predicted to rise to $6 trillion by 2030.

The causes of such conditions are complex and multifaceted including a number of biological, socioeconomic and psychological factors, but with mounting evidence that individuals' natural, built and social environments are related to mental health.

Existing studies across the world have found that children who move more frequently from birth until their mid-teens are more likely to experience adverse outcomes including attempted suicide, violent criminality, mental illness and substance misuse.

And while its focus was on a significant proportion of the Danish population, the studies authors say they would expect to find similar outcomes across many parts of the world.

Professor Sabel added: "This study emphasises the importance of global policies which enable and support settled childhoods, but ones that take into account regional and cultural identities. However, based on our findings, we also believe particular groups of young people may be at heightened risk. Young people in care often face multiple moves and are potentially being placed under additional pressures. Then there are military children, who move regularly depending on where their parents are stationed. This study would suggest they, and other such children, may need additional assistance to prevent the development of mental illness in later life."
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Cuttlefish can form false memories, too | ScienceDaily
During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers reporting in the journal iScience on July 17 have evidence that the common cuttlefish may create false memories, too.


						
"Forming false memories is different from making memory errors," said Christelle Jozet-Alves of the University of Caen in Normandy, France. The results suggest that cuttlefish do not encode events as filmstrips but rather mentally reconstruct the event by associating different features that were present during the original event, says Jozet-Alves.

Cuttlefish have been recognized as the only invertebrates possessing episodic-like memory. In other words, they can remember and recall what happened to them in the past. But the underlying mechanisms involved in their ability to recall previous events wasn't known. Does a cuttlefish's memory for past events depend on a reconstruction process?

To find out, Jozet-Alves and colleagues decided to try and induce false memories in cuttlefish. If the animals rely on a reconstructive process for their episodic-like memories, they reasoned, then they should be susceptible to forming false memories.

To encourage false memories, the researchers exposed cuttlefish to successive events sharing many common features. They wanted to see if they could make cuttlefish remember seeing their favorite food -- shrimp -- in a particular tube even when they hadn't. First, they showed cuttlefish different tubes, one with shrimp, one with a less-preferred crab, and one empty. Each tube had a specific visual pattern.

Next, they showed two of the three tubes previously encountered: the shrimp tube and the empty tube, but this time the content of the tubes was not visible. They attempted to mislead the animals with the visual patterns and odors, creating overlapping features. The question was whether the cuttlefish would falsely remember there being shrimp in a tube that was in fact empty because they saw this tube a second time in the presence of the shrimp tube.

To test it out, they let the cuttlefish choose between the empty tube and the crab tube with the contents not visible. And their choices suggested that the misleading information in those past events had altered their memories. Rather than choosing a tube containing their less preferred crab, the cuttlefish more often than otherwise expected sometimes chose an empty tube, suggesting they thought they remembered it contained shrimp.

While more study is needed, the findings suggest that cuttlefish can form false memories for visual information but not for scents. The researchers suggest this memory strategy might reduce the cost of memory. If cuttlefish can store smaller building blocks of memories and then reconstruct them, it might optimize memory while allowing them to imagine different combinations of features in the future, the researchers suggest. However, they also noted an unexpected amount of variation among individuals.

"What was surprising was that the susceptibility to form false memories seems different between individuals," Jozet-Alves said. "Some appeared unaffected when exposed to a misleading event while other did form false memories. This phenomenon is commonly found in our own species in which this susceptibility varies among individuals and within individuals."

In future studies, they say it will be important to "better understand why all individuals are not as sensitive to the formation of false memory and whether it could change within an individual depending on its age, its level of attention to the task, or even its emotional state."
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Psilocybin generates psychedelic experience by disrupting brain network | ScienceDaily
People who consume psilocybin-containing mushrooms -- otherwise known as magic mushrooms -- typically undergo a surreal experience in which their sense of space, time and self is distorted. Advocates have long argued that, under the right conditions, psychedelic experiences can alleviate mental distress, and a smattering of scientific studies suggests they may be right. Understanding precisely how the drug affects the brain will help scientists and doctors harness its therapeutic potential.


						
In a new study, researchers at Washington University School of Medicine in St. Louis report that psilocybin, the active compound in magic mushrooms, temporarily scrambles a critical network of brain areas involved in introspective thinking such as daydreaming and remembering. The findings provide a neurobiological explanation for the drug's mind-bending effects and lay some of the groundwork for the development of psilocybin-based therapies for mental illnesses such as depression and post-traumatic stress disorder.

"There's a massive effect initially, and when it's gone, a pinpoint effect remains," said co-senior author Nico U. F. Dosenbach, MD, PhD, a professor of neurology. "That's exactly what you'd want to see for a potential medicine. You wouldn't want people's brain networks to be obliterated for days, but you also wouldn't want everything to snap back to the way it was immediately. You want an effect that lasts long enough to make a difference."

The study, available July 17 in Nature, creates a road map other scientists can follow to evaluate the effects of psychoactive drugs on brain function, potentially accelerating drug development efforts for any number of psychiatric illnesses.

Psilocybin showed promise as a treatment for depression in the 1950s and '60s, but restrictive federal drug policy in subsequent decades quashed nearly all further research. In recent years, though, regulations have loosened, and interest in the field has been revived.

"These days, we know a lot about the psychological effects and the molecular/cellular effects of psilocybin," said first author Joshua S. Siegel, MD, PhD, an instructor in psychiatry. "But we don't know much about what happens at the level that connects the two -- the level of functional brain networks."

To fill that gap, Siegel pulled together a team including Dosenbach, who is an expert in brain imaging, and co-senior author Ginger E. Nicol, MD, an associate professor of psychiatry who has experience running clinical trials with controlled substances. Together, they devised a way to visualize the impact of psilocybin on individual participants' functional brain networks -- neural communication pathways that connect different brain regions -- and to correlate changes in these networks with subjective experiences.




The team recruited seven healthy adults to take a high dose of psilocybin or methylphenidate, the generic form of Ritalin, under controlled conditions. Because psychedelic trips carry the risk of users having negative or scary experiences, a pair of trained experts stayed with each participant throughout the experience. The experts helped prepare the participants for what they were likely to experience, provided guidance and support during each experiment, and helped the volunteers process what had occurred afterward. Each participant underwent an average of 18 functional MRI brain scans in the days to weeks before, during and up to three weeks after their experiences with psilocybin. Four participants returned six months later to repeat the experiment.

Psilocybin caused profound and widespread -- yet not permanent -- changes to the brain's functional networks. In particular, it desynchronized the default mode network, an interconnected set of brain areas that, ordinarily, are simultaneously active when the brain is not working on anything in particular. After falling out of sync, the network re-established itself when the acute effects of the drug wore off, but small differences from pre-psilocybin scans persisted for weeks. The default mode network remained stable in people who received methylphenidate.

"The idea is that you're taking this system that's fundamental to the brain's ability to think about the self in relation to the world, and you're totally desynchronizing it temporarily," Siegel said. "In the short term, this creates a psychedelic experience. The longer-term consequence is that it makes the brain more flexible and potentially more able to come into a healthier state."

Normally, each individual's functional brain network is as distinctive as a fingerprint. Psilocybin distorted brain networks so thoroughly that individuals could no longer be identified until the acute affects wore off.

"The brains of people on psilocybin look more similar to each other than to their untripping selves," Dosenbach said. "Their individuality is temporarily wiped out. This verifies, at a neuroscientific level, what people say about losing their sense of self during a trip."

During the experience, participants were asked to rate their feelings of transcendence, connectedness and awe using the validated Mystical Experience Questionnaire. The magnitude of the changes to the functional networks tracked with the intensity of each participant's subjective experience.

"We were able to get very precise data on the effects of the drug in each individual," Nicol said. "This is a step toward precision clinical trials. In psychiatry, we often don't know who should get a particular medicine and how much or how often. As a result, we end up prescribing one medicine after another, tinkering with the dosage, until we find something that works. By using this approach in clinical trials, we can identify the factors that determine who benefits and who doesn't, and make better use of the medicines we have."

Nicol, Siegel and Dosenbach emphasize that people should not interpret their study as a reason to self-medicate with psilocybin. The drug is not approved by the Food and Drug Administration (FDA) as a treatment for depression or any other condition, and there are risks to taking it without the supervision of trained mental health experts.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717120949.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Electronic prompt for surgeons may reduce breast cancer overtreatment | ScienceDaily
University of Pittsburgh and UPMC Hillman Cancer Center researchers have developed a novel prompt, or 'nudge' embedded in the electronic health record that flags, for treating surgeons, older patients with early-stage breast cancer who may be at risk for unnecessary lymph node surgery.


						
In a paper published today in JAMA Surgery, the team found that the rate of a surgical procedure called sentinel lymph node biopsy (SLNB) was almost halved among eligible patients after implementing the nudge, suggesting that this simple reminder could reduce overtreatment of older patients with breast cancer.

"In breast cancer, there is a growing movement toward precisely treating each individual patient, what we call right-sized care," said senior author Priscilla McAuliffe, M.D., Ph.D., associate professor of surgery at Pitt and breast surgical oncologist at UPMC Hillman and UPMC Magee-Womens Hospital. "SLNB helps us determine if breast cancer has spread to the underarm lymph nodes, but it's not necessary for every patient. The simple, user-friendly nudge provides a timely reminder to surgeons to consider the value of SLNB for each patient."

One of the American Board of Internal Medicine Choosing Wisely recommendations, adopted by the Society of Surgical Oncology, advocates against routine SLNB for patients aged 70 and over with early-stage estrogen-receptor positive breast cancer due to the low risk of metastasis and favorable tumor biology. Yet most women in this population still undergo the procedure even though it does not provide critical treatment-guiding information, is not associated with a survival benefit and may have side-effects.

"Patients who undergo SLNB are at risk of developing a serious complication called lymphedema, a permanent but treatable swelling of the arm or breast that can greatly impact quality of life," said first author Neil Carleton, Ph.D., a student in Pitt's Medical Scientist Training Program. "As patients get older, they also have more challenges recovering from surgery and anesthesia, so if a patient isn't likely to benefit from SLNB, we want to avoid it whenever possible."

McAuliffe, Carleton and their multidisciplinary team, including Adrian Lee, Ph.D. of the Institute of Precision Medicine, and Tom Radomski, M.D. and Gary Fischer, M.D. of the Division of General Internal Medicine at Pitt, developed and evaluated the electronic health record nudge that reminds surgeons to consider the value of SLNB in patients who are flagged as potentially eligible to forgo the surgery based on their age and tumor biology.

To test the effectiveness of their approach, the researchers launched a non-randomized clinical trial with seven surgeons who worked across eight surgical oncology clinics that are part of Magee-Womens Breast Cancer Program and UPMC Hillman.




The surgeons performed SLNB in 46.9% of eligible patients throughout the 12-month period before the nudge was launched and in just 23.8% of eligible patients during the 12-month intervention period. That's a 49.3% reduction. And during an additional 6-month follow-up period, the rate dropped further to 15.6%.

Participating surgeons rated the nudge as highly acceptable, appropriate and feasible in surveys completed after the 12-month intervention period. According to McAuliffe, surgeons appreciated that the prompt didn't require additional clicks or paperwork and integrated easily into their workflow.

The researchers also analyzed patient records for language that may indicate lymphedema symptoms by using artificial intelligence technology developed by Realyze Intelligence, a UPMC Enterprises portfolio company. The rate of patients who experienced symptoms worthy of a referral for a lymphedema evaluation decreased from 6.2% to 3.6% after the nudge was implemented.

"Our findings suggest that fewer lymph node surgeries resulting from the nudge will help reduce rates of lymphedema, but we need longer follow-up to be certain because this condition can take several years to appear," explained Carleton.

Now, the researchers plan to roll out the nudge to UPMC doctors beyond the Magee breast surgical team in the hopes that it will improve care for more patients across the system, including those seen in community settings who are often excluded from clinical trials.

This research is an important step in the team's overall goal of improving individualized care for breast cancer patients and reducing overtreatment. In a recent JCO Clinical Cancer Informatics study, the researchers found evidence that the recommendation against routine use of SLNB for older patients with early-stage breast cancer could be extended to post-menopausal women aged over 55.

In addition to its use in this study, Realyze Intelligence's AI technology is already being successfully used at UPMC Hillman Cancer Center to match patients to clinical trials for which it is recruiting.

Other authors on the study were Danyang Li, M.S., Jian Zou, M.S., John Harris, M.D., M.Sc., Megan Hamm, Ph.D., Ziqi Wang, M.D., Jonathan Arnold, M.D., M.S., M.S.E., Michael Cowher, M.D., Kristin Lupinacci, D.O., Quratulain Sabih, M.D., Jennifer Steiman, M.D., Ronald Johnson, M.D., Atilla Soran, M.D., Emilia Diego, M.D., Steffi Oesterreich, Ph.D., and George Tseng, Sc.D., all of Pitt or UPMC; and Gilan Saadawi M.D. Ph.D., of Realyze Intelligence, Inc.

This research was supported in part by the National Institutes of Health (NIH; grant 5F30CA264963-03), UPMC Hillman Cancer Center Biostatistics Facility (NIH grant P30CA047904) and UPMC eRecord Ambulatory Decision Support and Analytics.
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New study addresses a long-standing diversity bias in human genetics | ScienceDaily
Most research in human genetics has historically focused on people of European ancestries -- a long-standing bias that may limit the accuracy of scientific predictions for people from other populations.


						
Now, a team of Johns Hopkins University scientists has generated a new catalog of human gene expression data from around the world. The increased representation of understudied populations should empower researchers to attain more-accurate insights of genetic factors driving human diversity, including for traits such as height, hormone levels, and disease risk.

The work deepens the scientific field's understanding of gene expression in populations of Latin America, South and East Asia, and other regions for which limited data existed.

Published today in Nature, the findings may improve future studies of human variation and evolution.

"We now have this global view of how gene expression contributes to the world's diversity, the broadest picture to date in populations that have been poorly represented in previous studies," said senior author Rajiv McCoy, a Johns Hopkins geneticist. "We're trying to better understand the connection between variation at the level of our DNA and variation at the level of our traits, which previous genetic studies have looked at but with a really persistent bias that often excludes non-European ancestry populations."

While genetic research most often explores differences in DNA, the researchers set out to examine "gene expression" -- the process by which genes in DNA are "transcribed" into RNA molecules. RNA in turn serves as a blueprint to guide the assembly of amino acids into the proteins that provide structure and carry out various tasks within cells. But genetic mutations can affect how genes are expressed -- changing howmuch RNA genes produce or the structure of the RNA itself. These mutations and associated effects on gene expression can critically impact the development of traits and diseases.

To identify mutations that change gene expression, the scientists measured RNA in cells from 731 people who had already participated in the 1000 Genomes Project, a previously established international collaboration that characterized the DNA sequence of the same individuals.




"We know not only their genome sequences, which were previously published, but we now have measurements of their gene expression. By combining these data, we can understand at a very basic level the genetic sources of gene expression differences between individuals," McCoy said. "Ultimately that's what contributes most to the differences between you and me, even though at the level of DNA we are 99.9% identical."

While the 731 individuals span 26 different groups across five continents, the scientists found that gene expression patterns are often shared between groups, a phenomenon also observed in patterns of DNA variation. Most of the differences in gene expression were seen withinpopulations rather than between them.

"The distribution of our diversity is more complex than these geographically, politically, or socially defined labels," McCoy said.

The cohort's diversity allowed the scientists to spot possible connections between mutations and specific traits and health risks, including for mutations limited to subsets of populations that have previously gone unexamined, he said.

"We are demonstrating that by having this more-diverse cohort, we can really home in on specific mutations that could be driving these gene expression changes, and ultimately how they might be driving variation and how that affects traits or susceptibility to a disease," McCoy added.

The findings could also lead to better personalized therapies, said lead author Dylan Taylor, a Johns Hopkins doctoral candidate in biology.




"We can't really use these studies in a predictive fashion for personalized medicine equitably unless we have more diverse datasets," Taylor said. "If you try to use results from a study using only European individuals to predict gene expression in individuals from an underrepresented population -- South Asians, for example -- your results won't necessarily be very reliable."

Key gaps still exist. The 1000 Genomes dataset does not include many groups from the Middle East, Australia, and the Pacific Islands, and has limited samples from the Americas and Africa.

"The field is starting to move in this exciting direction to include diverse individuals in human genetic studies," Taylor said. "Our research is a proof of concept for other scientists. We are demonstrating we can really do this, and we should, and it's valuable."

Other Johns Hopkins authors are Surya B. Chhetri, a postdoctoral fellow in biomedical engineering; Michael G. Tassia, Arjun Biddanda, and Stephanie M. Yan, postdoctoral fellows in biology; Genevieve Wojcik, an assistant professor in epidemiology; and Alexis Battle, a professor of biomedical engineering.

The research was supported by NIH/NIGMS Award R35GM133747, NIH/NHGRI Award F31HG012900, NIH/NHGRI Award F31HG012495, NIH/NIGMS Award R35GM139580, and NIH Award OT2OD034190. 
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New gene therapy for muscular dystrophy offers hope | ScienceDaily
A new gene therapy treatment for Duchenne muscular dystrophy shows promise of not only arresting the decline of the muscles of those affected by this inherited genetic disease, but perhaps, in the future, repairing those muscles.


						
The UW Medicine-led research focuses on delivering a series of protein packets inside shuttle vectors to replace the defective DMD gene within the muscles. The added genetic code will then start producing dystrophin, the protein lacking in patients with muscular dystrophy.

Currently, there is no cure for the disease and available treatments and drugs only slow down the disease. In the case of Duchenne muscular dystrophy -- the topic of this study -- patients, all males because the gene is on the X chromosome, begin exhibiting symptoms around age four and usually die their 20s or 30s.

Findings on the new gene therapy were published today in Nature.

UW Medicine neurologist and geneticist, Dr. Jeffery Chamberlain, the study's senior author, has worked his entire career on finding therapeutics and seeking a cure for muscular dystrophy. He is director of the Wellstone Muscular Dystrophy Research Center and is the McCaw endowed chair in muscular dystrophy at the University of Washington School of Medicine. The research project was led by molecular biologist Dr. Hichem Tasfaout working in the Chamberlain lab.

What has stymied researchers in the past is the gene which needs to be fixed is the largest gene in nature, Chamberlain noted. Up until now, there was no way to deliver adequate protein fixes into the muscles..

"Think of having a king-sized bed delivered that you can't get through your door," he said.




The new method, which has had success on mouse models, uses a series of adeno-associated viral vectors or AAVs, which are tiny shuttles derived from a virus that are being used to deliver gene therapies into human cells. Instead of one AAV, this gene therapy uses a series of AAVs which take parts of the therapeutic protein inside the muscles, along with embedded instructions to begin assembling the necessary genetic fix once within the body.

Back to the king bed analogy again, not only are the parts taken in piece by piece, but the delivery workers begin assembling the bed once inside the house. The next step for the therapy is human trials, which should begin in approximately two years, Chamberlain said.

In the lab, this method has not only halted further progression of the disease, but it has been able to reverse much of the pathology associated with dystrophy. Eventually, Chamberlain and Tasfaout hope that this method might lead to a reversal of the muscle wasting and restore normal health of the muscle tissue.

The latest approach also uses a new type of AAV vector that allows the use of lower doses and therefore may reduce or eliminate some of the side effects of previous approaches, Chamberlain said.

"When we infuse a large dose of these delivery shuttles, the body goes 'Whoa, what's going on here?'" he said.

This then kicks off an immune response which can damage the heart or liver, he explained.

Chamberlain remembers watching the Jerry Lewis Telethon as a kid and wanting to help those children. That feeling may have been a spark for the passion which eventually guided his career. He ended up being an expert who discussed the science of therapies on the telethon about seven times.

"When you meet families and patients it just inspired me to work that much harder," he said.

The research was largely supported by the Muscular Dystrophy Association, with gifts raised via a series of fundraisers hosted by former Seattle Mariner Edgar Martinez.
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Key driver for epithelial cancer development identified | ScienceDaily
How does a normal cell in the body develop into an aggressive cancer cell? According to the central tumor model, cancer develops in an evolutionary process. When randomly distributed mutations in cancer genes accumulate in single cells, this gradually perturbs cell division and other cellular properties until the control programs get out of hand. These cells therefore proliferate faster than its neighboring cells, leading to uncontrolled multiplication -- so-called clonal expansions of the mutated cells. The clonal expansion phase in superficially normal appearing tissues is the first of two key phases in tumorigenesis.


						
Distinct gene program drives cancer development

An international research team led by Ataman Sendoel from the Institute for Regenerative Medicine (IREM) at the University of Zurich (UZH) uncovered that a distinct signaling program not only acts as a general driver of clonal expansions in human epithelia such as the skin and the mucous membranes in esophagus, bladder or colon. It also contributes to the cells' predisposition for tumor initiation and is sufficient to mediate invasive properties of epidermal stem cells. "Our results show that the TNF-a signaling program acts as a main driver for the transformation of normal epithelial cells to malignant cancer cells in the key phases of tumorigenesis," Sendoel adds.

Clonal expansions were traditionally seen as a precursor to cancer. The mutated cell clones can take over large areas of a tissue, effectively remodeling entire organs. However, recent research has revealed a more complex picture: Clonal expansions are surprisingly frequent in aging human epithelia. In fact, human epithelial tissues are mosaics, consisting of areas dominated by groups of cells originating from a single epithelial cell. But clonal expansions are not always harmful. Sometimes they can even help to prevent tumors.

150 cancer genes in the whole epithelial tissue analyzed

To elucidate why only certain epithelial cell clones eventually transform into malignant tumors, the researchers took a detailed look at epithelial cancers -- like squamous cell carcinoma, the second most common malignant skin tumor. They developed a single-cell CRISPR technique that allowed them to document clonal expansions in the whole epithelial tissue with single-cell precision. This marks the largest in vivo study of its kind, providing systematic insights into how cancer gene mutations alter cellular behavior. "We focused on the 150 most frequently mutated cancer genes in epithelial tumors and followed their fate during clonal expansion and cancer formation in each cell type by profiling all active genes," Sendoel says.

The team identified a distinct TNF-a (tumor necrosis factor alpha) program, a signaling pathway that plays a crucial role in inflammation and cellular communication. During clonal expansion in normal epithelia, TNF-a signaling is provided by the surrounding environment involving immune cells such as macrophages and helps proliferate cells that have accumulated cancer gene mutations. Once these cells accumulate too many driver mutations, their malignant transformation begins -- and the tumor starts. "Interestingly, during cancer formation, some of the cancer cells start to produce their own TNF-a, which promotes the invasion into surrounding tissue, the second crucial step in tumorigenesis," Peter Renz, postdoctoral researcher and lead author of the study explains.

New possibilities for early detection and potential treatment

According to the researchers, understanding the differences and similarities between clonal expansion in normal tissues and tumors may lead to new strategies for early detection, prevention and treatment of these tumor types. "Our findings indicate that targeting the cancer-specific arm of TNF-a signaling might offer a promising therapeutic avenue for patients with epithelial cancers," Sendoel underlines. Besides, the distinct TNF-a signaling also correlates with the tumors' aggressivity: the more active the cancer-specific gene program is, the shorter are the patient survival rates. The findings therefore provide a potential biomarker for assessing the prognosis of patients with epithelial cancers.
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Genome recording makes living cells their own historians | ScienceDaily
Genomes can now be entrusted to store information about a variety of transient biological events inside of living cells, as they happen, like a flight recorder collecting data from an aircraft.


						
"Our method, which goes by the acronym ENGRAM, aims to turn cells into their own historians," said Dr. Jay Shendure, a professor of genome sciences at the University of Washington School of Medicine and scientific director of the Brotman Baty Institute for Precision Medicine. Shendure led the effort, together with Wei Chen, a former graduate student, and Junhong Choi, a former postdoctoral fellow. Junhong Choi is now an assistant investigator at Memorial Sloan Kettering Cancer Center in New York.

ENGRAM stands for enhancer-driven genomic recording of transcriptional activity in multiplex. The acronym was inspired by a neuroscience term that refers to the physical basis for a memory.

A proof-of-concept report demonstrating some of the capabilities of ENGRAM is published today, July 17, in Nature.

"ENGRAM couples each kind of biological signal or event to a symbolic barcode. This approach offers a novel method for recording and complements previously developed molecular recording techniques." said Wei Chen, who is now a postdoctoral fellow at the UW Medicine Institute for Protein Design.

This new strategy traces and archives the type and timing of biological signals by inserting this information into the genome. For example, this can include keeping tabs on the commands that turn genes on or off. Such recordings might hold clues to what occurs within stem cells to spur them into becoming different cell types. It might also offer insights into other questions about how cells operate, and how their past influences their future.

Shendure said that creating a biological record of cellular activities is an old idea. However, researchers had run into difficulties measuring more than a handful of signals in the same system, as well as in recording the order in which multiple signals occurred.




A few years ago, Choi, Shendure and their colleagues overcame some of these obstacles with a method called DNA Typewriter. With this system, researchers could write many symbols to DNA in an ordered fashion. However, the challenge remained of how to encode biological meaning to each symbol.

"DNA Typewriter is analogous to a keyboard with many symbols. With ENGRAM, we make those symbols specific to various biological signals of interest," Shendure said.

In today's Nature paper, Shendure and his team described how symbolic recording can follow the actions of non-coding DNA regions that control the protein production of neighboring genes. They also demonstrated how ENGRAM and DNA Typewriter can be combined. The scientists were able to record cell-type specific activities of dozens to hundreds of these sorts of gene-regulatory elements.

Some regions they tracked are part of gene regulatory networks behind several aspects of embryonic development. Other signals they traced mediate cell responses to stress, immune reactions to infection and cell survival.

They also applied ENGRAM to make daily recordings of mouse stem cells as they aggregated into embryonic organoids, a laboratory model of prenatal mouse development. ENGRAM might eventually help answer how, for example, a history of cell signaling events shaped the individual characteristics of a mouse embryo.

"As we were inspired by new advances in the CRISPR field for developing both the ENGRAM and DNA Typewriter systems, I imagine that these papers will inspire others to further improve genomic recording technologies -- such that maybe one day we will record the entire history of cells," said Junhong Choi.




The researchers developing ENGRAM say that work is still needed to realize what it and related genome-based recording technologies can potentially do.

"This is a strategy for capturing biological information in living systems. It is not specific to a particular field like cancer or neuroscience and hopefully will be useful across the board," Shendure said.

Shendure noted the research covered in the paper played an important role in the development of the Seattle Hub for Synthetic Biology, a collaboration launched this past December among the Allen Institute, the Chan Zuckerberg Initiative, and the University of Washington. The project, of which Shendure serves as lead scientific director, is designing new technologies to record the history of cells over time.

The work reported today in Nature was supported by grants from the Paul G. Allen Frontiers Group, Alex's Lemonade Stand Foundation, and the National Human Genome Research Institute (UM1HG011586, K99HG012973), as well as the Brotman Baty Institute for Precision Medicine. Shendure is an investigator of the Howard Hughes Medical Institute.
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Study finds persistent proteins may influence metabolomics results | ScienceDaily
Van Andel Institute scientists have identified more than 1,000 previously undetected proteins in common metabolite samples, which persist despite extraction methods designed to weed them out.


						
The findings, published in Nature Communications, give scientists new insights and tools for improving future metabolomics experiments, including a novel protocol for removing these proteins during the extraction process. The study does not invalidate prior results but instead reinforces the importance of appropriate controls and validation in experimental design and analysis.

"Scientific advances often happen through a combination of chance and keen observation. In this case, we noticed a strange result during an experiment, dug into it and found this vast landscape of proteins that were slipping by standard metabolite extractions," said Ryan Sheldon, Ph.D., director of VAI's Mass Spectrometry Core and corresponding author of the study. "These proteins can obscure results and potentially contribute to false positives and negatives. We hope our findings will raise awareness of these proteomic stowaways and further strengthen the metabolomics field."

It has long been assumed that the chemicals used to extract metabolites destroy proteins present in samples, thus preventing them from interfering with the final analysis. The study demonstrates that some proteins endure, which may shift the desired phenotype of the extracted sample and alter results.

To screen out these potentially problematic proteins, Sheldon and colleagues added a filtration step to their standard extraction process that removes proteins larger than 3 kilodaltons -- a threshold that encompasses most proteins.

"At the end of the day, we can have the best instrumentation in the world but if there are issues with sample preparation, then the technology can only take us so far," Sheldon said. "Ensuring that our phenotypes are free of any confounding proteins is critical to attaining accurate results. Our findings help us do just that."

The study was spearheaded by VAI Mass Spectrometry Core Research Scientist Molly Hopper, Ph.D., and then-Van Andel Institute Graduate School student Rae House, Ph.D. House is now a Cancer Epigenetics Training Program-supported postdoctoral fellow in the lab of Evan Lien, Ph.D., at VAI. 

Other authors include Michael P. Vincent, Ph.D., Abigail E. Ellis, Colt D. Capan, M.S., Zachary B. Madaj, M.S., Emily Wolfrum, MPH, Christine N. Isaguirre, Carlos D. Castello, Amy B. Johnson, Martha L. Escobar-Galvis, Ph.D., Kelsey S. Williams, Ph.D., and Hyoungjoo Lee, Ph.D., of Van Andel Institute. 
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Llama nanobodies: A breakthrough in building HIV immunity | ScienceDaily
A research team at Georgia State University has developed tiny, potent molecules that are capable of targeting hidden strains of HIV. The source? Antibody genes from llama DNA.


						
The research, led by Assistant Professor of Biology Jianliang Xu, uses llama-derived nanobodies to broadly neutralize numerous strains of HIV-1, the most common form of the virus. A new study from this team has been published in the journal Advanced Science.

"This virus has evolved a way to escape our immune system. Conventional antibodies are bulky, so it's difficult for them to find and attack the virus' surface," Xu explained. "These new antibodies can do this in an easier way."

Scientists in pursuit of effective HIV treatment and prevention have been working with animals in the camelid family -- like llamas -- for about 15 years. That's because the shape and features of their antibodies make them nimbler and more effective at identifying and neutralizing foreign objects, like the HIV virus.

This new research presents a widely applicable method to enhance the performance of nanobodies. Nanobodies are engineered antibody fragments that are about one-tenth the size of a conventional antibody. They are derived from flexible, Y-shaped heavy chain-only antibodies -- made up of two heavy chains -- which are more effective at fighting certain viruses than conventional antibodies with light chains.

The nanobodies are derived from flexible, Y-shaped antibodies made up of heavy-chain peptides which may be more effective at fighting certain viruses.

For the study, researchers immunized llamas with a specially designed protein which results in the production of neutralizing nanobodies. Xu and his team then identified nanobodies that can target vulnerable sites on the virus. When the team engineered the nanobodies into a triple tandem format -- by repeating short lengths of DNA -- the resulting nanobodies demonstrated remarkable effectiveness, neutralizing 96 percent of a diverse panel of HIV-1 strains.




Further analysis uncovered that these nanobodies mimic the recognition of the CD4 receptor -- a key player in HIV infection. To enhance their potency, the nanobodies were fused with a broadly neutralizing antibody (bNAb), resulting in a new antibody with unprecedented neutralizing abilities.

"Instead of developing a cocktail of antibodies, now we can make a single molecule that can neutralize HIV," Xu said. "We are working with a broadly neutralizing nanobody that can neutralize over 90 percent of the circulating HIV strains, and when we combine that with another bNAb which also neutralizes some 90 percent, together, they can neutralize close to 100 percent."

Xu began this research at the National Institutes of Health Vaccine Research Center in Bethesda, Md., where he collaborated with a team of more than 30 scientists. The team included Peter Kwong, professor of biochemistry and molecular biophysics at Columbia University and co-author of the study. Since coming to Georgia State in 2023, Xu has been mentoring Payton Chan, a Ph.D. candidate at Georgia State. Together, they are working to expand these potential remedies.

Chan said she is excited about the prospects of the innovative research.

"These nanobodies are the best and most potently neutralizing antibodies to date, which I think is very promising for the future of HIV therapeutics and antibody research," Chan said. "I hope one day there will be approval of these nanobodies for the treatment of HIV."

According to Xu, future efforts will explore the possibility of combining llama nanobodies with other existing bNAbs to determine if some of these combinations can achieve 100 percent neutralization to offer new treatment options in the fight against HIV.
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Chatbot Iris offers students individual support | ScienceDaily
How can a chatbot support students in lectures and with assigned exercises? Researchers at the Technical University of Munich (TUM) have developed the chatbot Iris, which offers computer science students personalized assistance with programming assignments. A study has now confirmed the chatbot's success: Iris improves the understanding of programming concepts and represents a valuable complement to human tutors.


						
A packed auditorium with over 1000 students. This is not a rare sight in introductory informatics lectures. To meet the needs of each individual student under these conditions, Stephan Krusche, professor of Software Engineering, and his team have been building the Artemis learning platform since 2016. It resembles well-known learning platforms, but offers more possibilities. For example, students not only receive their assignments through the platform, but also get immediate feedback when they make mistakes or show an incomplete understanding of concepts.

Chatbot Iris: excellent tutor 

In October of last year, Stephan Krusche's team at the TUM Centre for Educational Technologies added the chatbot to the platform. Iris is based on the GPT large language model of OpenAI. It is intended to help students with assigned problems, with the support geared to their individual needs. To adapt the system to the learning context, the chatbot operates as a so-called excellent tutor. That means that, rather than immediately suggesting the right solution or specific steps, Iris offers subtle hints or asks leading questions. This approach encourages students to think for themselves. To boost learning efficiency, the chatbot only answers questions directly relevant to the learning content.

"To test the success of Iris, we surveyed over 200 students from three introductory informatics lectures," says Patrick Bassner, a doctoral candidate at the Chair of Software Engineering. "The goal was to arrive at conclusions on how students rate the effectiveness of the support from Iris, whether students are more comfortable asking a chatbot questions than a human tutor and whether students subjectively trust Iris."

Iris promotes learning and students' independence

The responses show that the students value Iris as a valuable support, but also that a large share of those surveyed still rely on human tutors. The chatbot understands questions well and students feel comfortable and safe when using it. Iris gives them the feeling that the chats will remain private and that they are not being judged when asking questions. Especially in large lectures, this saves students from having to overcome their inhibitions to ask questions in front of the class. When studying for exams, the use of Iris is becoming commonplace. However, students feel confident enough to solve problems on exams without the support of the chatbot.

"The integration of Iris into Artemis has shown that AI-controlled tutors can play a valuable role in university teaching," says Stephan Krusche. "They offer personalized support that benefits learning and boosts students' ability to help themselves."

The researchers plan to further optimize the chatbot Iris and want to see it being used in other subject areas.
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Enzyme-powered 'snot bots' help deliver drugs in sticky situations | ScienceDaily
Snot might not be the first place you'd expect nanobots to be swimming around. But this slimy secretion exists in more places than just your nose and piles of dirty tissues -- it also lines and helps protect the lungs, stomach, intestines and eyes. And now, researchers reporting in ACS Nano have demonstrated in mice that their tiny, enzyme-powered "snot bots" can push through the defensive, sticky layer and potentially deliver drugs more efficiently.


						
Snot, known more scientifically as mucus, protects cells from pathogens and irritants by trapping them in a sticky barrier. But that protectiveness also keeps out locally administered drug treatments. A drug molecule can be attached to a small nanoparticle that may help it slip through the barrier more easily or be co-administered with other compounds that help liquefy the mucus. But Samuel Sanchez and colleagues wanted to combine these strategies, and they made a nano-sized snot bot fueled by mucus-busting hydrogen peroxide (H2O2).

To build the nano-sized robots (10 of them lined up would span a red blood cell), researchers attached catalase enzymes to porous silica nanoparticles. The pores in these particles can be filled with drug molecules, helping them sneak through the mucus defenses like a Trojan horse. Initial tests showed that, when administered alongside H2O2, the catalase enzymes propelled the bots by breaking down the peroxide fuel into oxygen and water.

The team next built a model of the intestinal mucus layer using lab-grown human intestinal cells. The bots passed through the model's mucus layer within 15 minutes, without significantly harming the cells underneath. Considering that mucus is typically cleared and regenerated every 10 minutes to 4.5 hours, this quick timeframe could prevent the bots from getting trapped and removed by the mucus layer. Further tests on mouse colons bolstered this result, showing that the nanobots did not damage cells or tissues while traversing the viscous layer. In all, the team showed that around 28% of deployed nanobots successfully crossed the mucus barrier, and that 28% is a 60-fold increase over passive diffusion of particles. Previous tests using different enzymes or other mucus-disrupting drugs improved diffusion by around 10-fold. The researchers believe that their snot bots are promising candidates for drug delivery systems, especially those impeded by the mucus barrier.

The authors acknowledge funding from the European Research Council, the State Research Agency, "ERDF A way of making Europe," the European Union NextGenerationEU/PRTR (Bots4BB project), the CERCA program by the Government of Catalonia, the Ministry of Research and Universities, the Department of Business and Knowledge of the Government of Catalonia, and the Severo Ochoa Center of Excellence. 
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Research shows protein isoform inhibitors may hold the key to making opioids safer | ScienceDaily
Researchers at the University of Arizona Health Sciences identified a new way to make opioids safer, increasing the pain-relieving properties of opioids while decreasing unwanted side effects through the spinal inhibition of a Heat shock protein 90 isoform.


						
Opioids are the gold standard of chronic pain treatment, but they come with a host of negative side effects including constipation, addiction potential and respiratory depression that can lead to death. This study, published in Scientific Reports, offers a potential new way to treat acute and chronic pain by reducing the amount of opioid needed for pain relief while also lowering its addiction potential.

"We have been investigating the role of Heat shock protein 90 in regulating opioid signaling in the spinal cord for some time," said John Streicher, PhD, member of the Comprehensive Center for Pain & Addiction at UArizona Health Sciences and a professor in the College of Medicine -- Tucson's Department of Pharmacology. "This study provides proof of principle that Hsp90 isoform inhibitors are effective at improving opioid pain relief and reducing side effects. This is the critical link that makes our work translationally relevant, giving us a clear path forward to develop a new drug that could benefit millions of people who live with chronic pain."

Heat shock protein 90 is a chaperone protein that helps other proteins function, including those that promote tumor growth. It has been studied primarily in the context of cancer. Streicher is leading in a long-term effort to investigate its role in opioid receptor activation and pain relief.

Streicher's prior research showed that Heat shock protein 90 acted upon opioid receptors in the brain differently than in the spinal cord. Inhibiting Hsp90 in the brain blocked the analgesic properties of morphine, meaning the opioid lost its ability to reduce the sensation of pain. But inhibiting Hsp90 in the spinal cord amplified the pain-relieving effects of morphine.

Building on that research, the team tested nonselective Hsp90 inhibitors in mouse models and saw a twofold-to-fourfold increase in the potency of pain relief provided by morphine. At the same time, tolerance was reduced and established tolerance was reversed. Tolerance is a condition where the body gets used to a medication so that more medication or a different medication is needed to achieve the same response.

Early cancer-focused studies, however, found that nonselective Hsp90 inhibitors can cause serious side effects, including macular degeneration. Streicher's solution was to target individual isoforms of Hsp90, of which there are four.




"Isoforms are different versions of the same thing, like trim packages on a car," Streicher said. "They are all slightly different and have similar roles, but not identical roles. So these four Hsp90 isoforms are four proteins that we can target individually."

By using selective inhibitors to target each isoform, they were able to identify and isolate the isoforms that are active in the spinal cord from Hsp90-alpha, the one that is active in the brain. Recent reports have linked Hsp90-alpha with the serious side effect of retinal degeneration.

"We took isoform-selected inhibitors that we got from our collaborator, Brian Blagg, PhD, at the University of Notre Dame, and gave them to mice systemically via IV injection," Streicher said. "We found that you can give these isoform-selective inhibitors by a translatable route and get the benefits. Pain relief goes up and side effects go down, and presumably we're going to avoid some of those nasty side effects of the nonselective Hsp90 inhibitors."

The findings suggest that selective Hsp90 inhibitors could be used as part of a dose-reduction plan in conjunction with opioid therapy prescribed by a physician for chronic pain. The goal is for doctors to be able to prescribe lower amounts of opioids that provide patients with the same pain-relieving benefits and fewer negative side effects.

"What I'm envisioning is you'd be given a pill that is a combination therapy of an opioid with one of these isoform inhibitors," Streicher said. "The addition of that Hsp90 inhibitor would make the opioid better -- it would increase the effectiveness of the pain relief and decrease the side effects."

Streicher and his team are working to optimize the selective Hsp90 inhibitors to produce a stable drug that can be taken orally.

"Dr. Streicher's research is an excellent example of the innovative, translational science that is needed to transform health care for pain and addiction," said Todd Vanderah, PhD, director of the Comprehensive Center for Pain & Addiction, Regents Professor and head of the Department of Pharmacology. "This study is an important step toward developing a novel evidence-based therapy that will provide better treatment options with fewer disruptive side effects, empowering people with chronic pain to thrive."

The research team included four co-first authors: David Duron, PhD, JD, former doctoral candidate in the Streicher Lab; Parthasaradhireddy Tanguturi, PhD, researcher/scientist in the Department of Pharmacology; former doctoral candidate Christopher Campbell, PhD; and Kerry Chou, former undergraduate student at the UArizona College of Nursing. Other co-authors included Paul Bejarano, and former doctoral candidates Katherin Gabriel, PhD, and Jessica Bowden, DVM, PhD, all of the Department of Pharmacology; Sanket Mishra, PhD, Christopher Brackett, PhD, and Brian Blagg, PhD, of the Department of Chemistry and Biochemistry at the University of Notre Dame's College of Science; and Deborah Barlow and Karen Houseknecht, PhD, of the Department of Biomedical Sciences at the University of New England's College of Osteopathic Medicine.
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A new addition to the CRISPR toolbox: Teaching the gene scissors to detect RNA | ScienceDaily
CRISPR-Cas systems, defense systems in bacteria, have become a plentiful source of technologies for molecular diagnostics. Researchers at the Helmholtz Institute for RNA-based Infection Research (HIRI) in Wurzburg have expanded this extensive toolbox. Their novel method, called PUMA, enables the detection of RNA with Cas12 nucleases, which naturally target DNA. PUMA promises a wide range of applications and high accuracy. The team published its results in the journal Nature Communications.


						
Bacteria have developed special defense mechanisms to protect themselves against viruses, which by no means infect only humans. As part of these so-called CRISPR-Cas systems, a CRISPR ribonucleic acid (crRNA), which serves as a "guide RNA," recognizes regions of a foreign genome, such as viral DNA. The CRISPR-associated (Cas) nuclease, directed by a crRNA, then renders it harmless by cutting it like a pair of scissors. Humans have exploited this strategy: "CRISPR, often referred to as 'gene scissors', is the basis of many molecular technologies," says Chase Beisel, head of the RNA Synthetic Biology department at the Helmholtz Institute for RNA-based Infection Research (HIRI) in Wurzburg. The institute is a site of the Braunschweig Helmholtz Centre for Infection Research (HZI) in cooperation with the Julius-Maximilians-Universitat (JMU) of Wurzburg, where Beisel holds a professorship.

The diagnostic platform LEOPARD, developed by Beisel's lab in cooperation with JMU in 2021, also leverages CRISPR as a technology. LEOPARD has the potential to detect a variety of disease-related biomarkers in just one test. The approach is based on reprogramming RNA factors, so-called tracrRNAs. Those RNAs are naturally involved in helping produce guide RNAs used by Cas9 and different Cas12 nucleases. "LEOPARD focused on Cas9. However, CRISPR-Cas systems also include another diverse set of nucleases, called Cas12," explains Beisel. While both Cas9 and Cas12 cut DNA targets, Cas12 can increase the output signal by performing cuts on "collateral" DNA. This can make detection technologies more sensitive and, therefore, more efficient.

The team led by Chase Beisel has now extended the unique features of LEOPARD to Cas12. The researchers have named the resulting method PUMA (Programmable tracrRNAs Unlock protospacer-adjacent Motif-independent detection of ribonucleic Acids by Cas12 nucleases). The details of their findings are the subject of a paper in the journal Nature Communications.

Overcoming hurdles

Although Cas12 nucleases are widely used in molecular diagnostics, two major limitations have persisted: Cas12-based technologies have been restricted to DNA targets, and a specific recognition sequence called a PAM, short for protospacer-adjacent motif, is required to identify the target molecule.

PUMA elegantly addresses these challenges. Like LEOPARD, this new method also relies on tracrRNAs. "Using PUMA, we can reprogram the tracrRNAs. This allows us to decide which RNA biomarker becomes a guide RNA. This guide RNA, in turn, directs Cas12 to a DNA molecule that we provide and activates the gene scissors," explains the study's first author, Chunlei Jiao. Chunlei Jiao, a former graduate student and postdoctoral researcher in the Beisel lab, was also involved in the development of LEOPARD. He recently started a professorship at the National University of Singapore. "DNA cutting then tells us which biomarker was present in the sample, such as biomarkers specific to different pathogens," adds Beisel.




The novel method therefore enables the detection of RNA biomarkers using CRISPR nucleases that can normally only recognize DNA. "This is particularly important for molecular biomarkers that can only be found at the RNA level. This includes RNA viruses, for example," says Beisel. And yet, PUMA does not require a specific recognition sequence: The PAM is contained in the DNA target molecule provided. Since the researchers provide the target molecule, they can also introduce truncated DNA. As a result, they were able to significantly increase the speed of the method.

Several birds, one stone

"PUMA has the potential to become a flexible and precise tool for RNA detection," concludes Beisel. Finally, the team demonstrated the potential of the method by identifying five bacterial pathogens associated with acute sepsis. Their detection relied on a single universal, reprogrammed tracrRNA, which provides a simplified means of differentiating between various types of bacteria. This opens up a wide range of potential applications in medicine: "The new technology represents a novel form of CRISPR diagnostics that enables reliable molecular testing at the point of care -- whether for the identification of viral or bacterial pathogens or the detection of cancer biomarkers," says Jiao.

The research team is already planning its next steps: "Our goal is to achieve a multiplexed readout similar to that of LEOPARD and to expand the range of applications for the technology," says Beisel, who also anticipates broad use in the research community: "We hope that our study will spur further exploration of tracrRNA reprogramming."
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Evening activity for better sleep | ScienceDaily
Rigorous exercise before bed has long been discouraged, but University of Otago researchers have found short bursts of light activity can lead to better sleep.


						
In a world first study, published in BMJ Open Sport & Exercise Medicine and funded by the Health Research Council, participants completed two four-hour evening intervention sessions of prolonged sitting, and sitting interrupted with three-minute activity breaks every half hour.

The researchers found that after the participants completed the activity breaks intervention they slept for 30 minutes longer.

Lead author Jennifer Gale, PhD candidate in the Department of Human Nutrition, says sitting for long periods is associated with an increased risk of diabetes, cardiovascular disease and death.

"We know that for many of us, our longest period of uninterrupted sitting happens at home in the evening. In our previous studies we have found that getting up and doing 2-3 minutes of exercise every 30 minutes reduces the amount of sugar and fat in your blood stream after a meal.

"However, many sleep guidelines tell us we shouldn't do longer bouts or higher intensity exercise in the hours before sleep, so we wanted to know what would happen if you did very short bouts of light intensity activity repeatedly throughout the evening," she says.

Primary investigator Dr Meredith Peddie, Senior Lecturer in the Department of Human Nutrition, says the exercise intervention involved three exercises -- chair squats, calf raises, and standing knee raises with straight leg hip extensions.




"These simple, bodyweight exercises were chosen because they don't require equipment, or a lot of space and you can do them without interrupting the TV show you are watching.

"From what we know from other studies, you could probably get a similar effect if you walked around your house, marched on the spot, or even danced in your living room -- the most important thing is that you get out of your chair regularly and move your body," she says.

The fact this exercise resulted in longer sleep is important because insufficient sleep can negatively affect diet and has been associated with heart disease and type 2 diabetes.

"We know higher levels of physical activity during the day promotes better sleep, but current sleep recommendations discourage high-intensity exercise before bed because it can increase body temperature and heart rate resulting in poor sleep quality.

"It might be time to review these guidelines as our study has shown regularly interrupting long periods of sitting is a promising health intervention," Dr Peddie says.
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Large study confirms: Siblings of autistic children have 20% chance of autism | ScienceDaily
Siblings of autistic children have a 20% chance of being autistic themselves -- about seven times higher than the rate in infants with no autistic siblings.


						
That's the key finding of a new paper by UC Davis MIND Institute researcher Sally Ozonoff and the Baby Siblings Research Consortium. The consortium is a collection of more than 20 research groups at universities worldwide.

Ozonoff is a distinguished professor in the Department of Psychiatry and Behavioral Sciences. She has studied the recurrence of autism in families for decades.

The new study is based on a large, diverse group of families at research sites across the United States, Canada, and the United Kingdom. It confirms the same research group's 2011 findings about the likelihood of autism in siblings.

The new research was published this week in Pediatrics.

Increasing autism rates prompt new study

"The rate of autism diagnosis in the general community has been steadily increasing since our previous paper was published," Ozonoff explained.




The latest estimates from the Centers for Disease Control and Prevention show that about 1 in 36 children has autism. In 2011, the estimate was 1 in 68.

Ozonoff noted that there have also been changes in autism diagnostic criteria over the past decade. In addition, there is a growing awareness of autism in girls.

"So, it was important to understand if these had any impact on the likelihood of autism recurrence within a family," she said.

The 2011 paper found a recurrence rate of 18.7%, while the new paper found a rate of 20.2% -- a small but not significant increase.

"This should reassure providers who are counseling families and monitoring development. It should also help families plan for and support future children," Ozonoff said.

A larger, more diverse study

The new study included data from 1,605 infants at 18 research sites. All infants had an older autistic sibling.




"This study was much larger than the first and included more racially diverse participants," Ozonoff said. The original study included 664 children.

Researchers followed the children from as early as 6 months of age for up to seven visits. Trained clinicians assessed the children for autism at age 3 using the Autism Diagnostic Observation Schedule (ADOS-2), a well-validated tool. The data were gathered from 2010 to 2019.

Sex of first autistic child, multiple autistic siblings key factors

Researchers found that the sex of the first autistic child influenced the likelihood that autism would recur within a family.

"If a family's first autistic child was a girl, they were 50% more likely to have another child with autism than if their first autistic child was a boy," Ozonoff said. "This points to genetic differences that increase recurrence likelihood in families who have an autistic daughter."

The researchers also found that a child with multiple autistic siblings has a higher chance of autism (37%) than a child with only one sibling on the spectrum (21%).

The sex of the infant was also associated with the likelihood of familial recurrence. If the later-born infant was a boy, they were almost twice as likely as a girl to be diagnosed themselves.

"The familial recurrence rate if the new baby was a boy was 25%, whereas it was 13% if the new baby was a girl," Ozonoff explained. "This is in line with the fact that boys are diagnosed with autism about four times as often as girls in general."

Race, maternal education level influence recurrence 

The researchers found that race and the mother's education level were likely factors as well. In non-white families, the recurrence rate was 25%. In white families, the recurrence rate was about 18%. In families where the mother had a high school education or less, recurrence was 32%. With some college, the rate was 25.5%, and with a college degree the rate was 19.7%. When the mother had a graduate degree, it dropped to 16.9%.

"These findings are new -- and critical to replicate," Ozonoff explained. "They do mirror the recent CDC findings that autism is more prevalent in children of historically underrepresented groups." She noted that this reversed a longtime trend of lower prevalence in those groups.

Most importantly, said Ozonoff, if these findings are replicated, they may indicate that there are social determinants of health that may lead to higher rates of autism in families. She emphasized that this study was not designed to answer those critical questions, and more research is needed.

Tracking outcomes

Unlike the first study, the researchers also tracked families who dropped out of the three-year study to see if their outcomes differed from those who did. "We wondered whether families who stayed in the study may have had children who were more affected -- making them more worried about their development," she explained.

That could have biased the estimates of recurrence to be higher than they really were. The current study showed that was not the case.

"So, now we have two large, independent studies that report familial recurrence in the same range," Ozonoff said. "This reinforces how important it is that providers closely monitor the siblings of autistic children for delays in social development or communication. This is especially true in families who have reduced access to care, because early diagnosis and intervention are critical."

Additional Information:

Study co-authors included Gregory Young and Rebecca Schmidt of UC Davis; Jessica Bradshaw of the University of South Carolina, Tony Charman of Kings College London; Katarzyna Chawarska of Yale University, Jana M. Iverson of Boston University; Cheryl Klaiman of Emory University; Rebecca Landa of Johns Hopkins University; Nicole McDonald of UCLA; Daniel Messinger of the University of Miami; Carol Wilkinson of Harvard University, and Lonnie Zwaigenbaum of the University of Alberta.
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Youth with conduct disorder show widespread differences in brain structure | ScienceDaily
A neuroimaging study of young people who exhibit a persistent pattern of disruptive, aggressive, and antisocial behavior, known as conduct disorder, has revealed extensive changes in brain structure. The most pronounced difference was a smaller area of the brain's outer layer, known as the cerebral cortex, which is critical for many aspects of behavior, cognition and emotion. The study, co-authored by researchers at the National Institutes of Health (NIH), is published in The Lancet Psychiatry.


						
"Conduct disorder has among the highest burden of any mental disorder in youth. However, it remains understudied and undertreated. Understanding brain differences associated with the disorder takes us one step closer to developing more effective approaches to diagnosis and treatment, with the ultimate aim of improving long-term outcomes for children and their families," said co-author Daniel Pine, M.D., chief of the Section on Development and Affective Neuroscience in NIH's National Institute of Mental Health. "Critical next steps are to follow children over time to determine if differences in brain structure seen in this study are a cause of conduct disorder or a long-term consequence of living with the disorder."

A collaborative group of researchers examined standardized MRI data from youth ages 7 to 21 who had participated in 15 studies from around the world. Analyses compared the surface area and thickness of the cerebral cortex and the volume of deeper subcortical brain regions between 1,185 youth diagnosed with conduct disorder and 1,253 youth without the disorder. Additional analyses compared the cortical and subcortical brain measures between boys and girls and based on age of symptom onset (childhood vs. adolescence) and level of empathy and other prosocial traits (high vs. low).

Youth with conduct disorder had lower total surface area across the cortex and in 26 of 34 individual regions, two of which also showed significant changes in cortical thickness. Youth with conduct disorder also had lower volume in several subcortical brain regions, including the amygdala, hippocampus and thalamus, which play a central role in regulating behaviors that are often challenging for people with the disorder. Although some of these brain regions, like the prefrontal cortex and amygdala, had been linked to conduct disorder in previous studies, other regions were implicated in the disorder for the first time.

The associations with brain structure did not differ between boys and girls and were seen across conduct disorder subgroups based on age of onset and level of prosocial traits. Youth who exhibited signs of a more severe form of the disorder, indicated by a low level of empathy, guilt, and remorse, showed the greatest number of brain changes.

These findings from the largest, most diverse, and most robust study of conduct disorder to date are consistent with a growing body of evidence that the disorder is related to the structure of the brain. The study also provides novel evidence that brain changes are more widespread than previously shown, spanning all four lobes and both cortical and subcortical regions. These findings offer new avenues for investigating potential causal links between differences in brain structure and symptoms of conduct disorder and for targeting brain regions as part of clinical efforts to improve diagnosis and treatment.

Yidian Gao, Ph.D., at the University of Birmingham and Marlene Staginnus, Ph.D., at the University of Bath co-led the study, which was conducted by the international Enhancing Neuroimaging Genetics through Meta-Analysis (ENIGMA)-Antisocial Behaviorworking group. The ENIGMA consortium received funding from multiple NIH institutes through a cross-NIH alliance that funds the Big Data to Knowledge Centers of Excellence.
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Could intensive farming raise risk of new pandemics? | ScienceDaily
Intensive livestock farming could raise the risk of new pandemics, researchers have warned.


						
Industrialised farming is often thought to reduce the risk of zoonotic diseases (those transmitted from animals to humans) because of better control, biosecurity and separation of livestock.

The new study, led by the University of Exeter, examines the effect of social and economic factors -- which are often overlooked in traditional assessments.

It finds that the effects of intensifying agriculture "are at best uncertain and at worst may contribute to EID (emerging infectious disease) risk."

Lead author Professor Steve Hinchliffe, from the University of Exeter, said: "The COVID-19 pandemic reignited interest in EIDs, especially zoonotic viruses.

"The risks of emergence and transmission depend on multiple factors, including contact between humans and animals, and how we use land.

"Livestock farming plays a potentially significant role in those risks, shaping landscapes and providing hosts that can act as the source or amplifiers of emerging pathogens."

While such risks are usually assessed in terms of microbiological, ecological and veterinary sciences, the new study highlights the need to consider social, economic and political factors.




"Disease is always more than a matter of pathogen transmission, contact and contagion," Professor Hinchliffe said.

"The founding myth in intensive farming is that we separate livestock from wildlife and thereby shut off the risk of diseases passing between them.

"But these farms exist in the real world -- so buildings and fences can get damaged, wildlife like rats or wild birds can get in, and workers move around. In short, there will always be accidents.

"Once social, economic and political factors are taken into account, the pandemic risk posed by intensive farming is concerning."

The paper highlights the expansion of intensive farming and the resulting environmental degradation as factors which can raise EID risks.

It also says intensification leads to a "mixed landscape" -- with a variety of farming practices and types -- which creates the "worst of all possible worlds in terms of EID risk."

On biosecurity, the paper says some farm businesses find the costs "debilitating," while regional variations also have an impact.




For example, European farm buildings can be old and costly to maintain, large US farms tend to be open-air concrete structures with netting (to avoid the need for air conditioning), and in subtropical areas biosecurity is balanced against the need to reduce overheating of animals.

"The result is a far from bio-contained environment," the authors write.

They also note the close ties between large food companies and national authorities -- which suggest "regulatory capture... and the difficulty of decoupling interests."

Co-author Dr Kin Wing (Ray) Chan said: "Increasing on-farm biosecurity, standardisation, and efficiency in farm animal production is not the panacea for achieving a disease-free environment.

"Rather we need to reconsider the socio-cultural impacts of intensifying farm animal production on planetary health, environmental sustainability and animal welfare issues."

The research team included Tufts University, Royal Agricultural University, University of Wollongong, Clark University, Cambridge Conservation Initiative and the Institute of Development Studies.

Funders included the Wellcome Centre for Cultures and Environments of Health and the Wellcome Trust.

The paper, published in the journal Royal Society Open Science, is entitled: "Understanding the roles of economy and society in the relative risks of zoonosis emergence from livestock."
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Scientists find that small regions of the brain can take micro-naps while the rest of the brain is awake and vice versa | ScienceDaily
Sleep and wake: they're totally distinct states of being that define the boundaries of our daily lives. For years, scientists have measured the difference between these instinctual brain processes by observing brain waves, with sleep characteristically defined by slow, long-lasting waves measured in tenths of seconds that travel across the whole organ.


						
For the first time, scientists have found that sleep can be detected by patterns of neuronal activity just milliseconds long, 1000 times shorter than a second, revealing a new way to study and understand the basic brain wave patterns that govern consciousness. They also show that small regions of the brain can momentarily "flicker" awake while the rest of the brain remains asleep, and vice versa from wake to sleep.

These findings, described in a new study published in the journal Nature Neuroscience, are from a collaboration between the laboratories of Assistant Professor of Biology Keith Hengen at Washington University in St. Louis and Distinguished Professor of Biomolecular Engineering David Haussler at UC Santa Cruz. The research was carried out by Ph.D. students David Parks (UCSC) and Aidan Schneider (WashU).

Over four years of work, Parks and Schneider trained a neural network to study the patterns within massive amounts of brain wave data, uncovering patterns that occur at extremely high frequencies that have never been described before and challenge foundational, long-held conceptions of the neurological basis of sleep and wake.

"With powerful tools and new computational methods, there's so much to be gained by challenging our most basic assumptions and revisiting the question of 'what is a state?'" Hengen said. "Sleep or wake is the single greatest determinant of your behavior, and then everything else falls out from there. So if we don't understand what sleep and wake actually are, it seems like we've missed the boat."

"It was surprising to us as scientists to find that different parts of our brains actually take little naps when the rest of the brain is awake, although many people may have already suspected this in their spouse, so perhaps a lack of male-female bias is what is surprising," Haussler quipped.

Understanding sleep

Neuroscientists study the brain via recordings of the electrical signals of brain activity, known as electrophysiology data, observing voltage waves as they crest and fall at different paces. Mixed into these waves are the spike patterns of individual neurons.




The researchers worked with data from mice at the Hengen Lab in St. Louis. The freely-behaving animals were equipped with a very lightweight headset that recorded brain activity from 10 different brain regions for months at a time, tracking voltage from small groups of neurons with microsecond precision.

This much input created petabytes -- which are one million times larger than a gigabyte -- of data. David Parks led the effort to feed this raw data into an artificial neural network, which can find highly complex patterns, to differentiate sleep and wake data and find patterns that human observation may have missed. A collaboration with the shared academic compute infrastructure located at UC San Diego enabled the team to work with this much data, which was on the scale of what large companies like Google or Facebook might use.

Knowing that sleep is traditionally defined by slow-moving waves, Parks began to feed smaller and smaller chunks of data into the neural network and asked it to predict if the brain was asleep or awake.

They found that the model could differentiate between sleep and wake from just milliseconds of brain activity data. This was shocking to the research team -- it showed that the model couldn't have been relying on the slow-moving waves to learn the difference between sleep and wake.. Just as listening to a thousandth of a second of a song couldn't tell you if it had a slow rhythm, it would be impossible for the model to learn a rhythm that occurs over several seconds by just looking at random isolated milliseconds of information.

"We're seeing information at a level of detail that's unprecedented," Haussler said. "The previous feeling was that nothing would be found there, that all the relevant information was in the slower frequency waves. This paper says, if you ignore the conventional measurements, and you just look at the details of the high frequency measurement over just a thousandth of a second, there is enough there to tell if the tissue is asleep or not. This tells us that there is something going on a very fast scale -- that's a new hint to what might be going on in sleep."

Hengen, for his part, was convinced that Parks and Schneider had missed something, as their results were so contradictory to bedrock concepts drilled into him over many years of neuroscience education. He asked Parks to produce more and more evidence that this phenomena could be real.




"This challenged me to ask myself 'to what extent are my beliefs based on evidence, and what evidence would I need to see to overturn those beliefs?" Hengen said. "It really did feel like a game of cat and mouse, because I'd ask David [Parks] over and over to produce more evidence and prove things to me, and he'd come back and say 'check this out!' It was a really interesting process as a scientist to have my students tear down these towers brick by brick, and for me to have to be okay with that."

Local patterns

Because an artificial neural network is fundamentally a black box and does not report back on what it learns from, Parks began stripping away layers of temporal and spatial information to try to understand what patterns the model could be learning from.

Eventually, they got down to the point where they were looking at chunks of brain data just a millisecond long and at the highest frequencies of brain voltage fluctuations.

"We'd taken out all the information that neuroscience has used to understand, define, and analyze sleep for the last century, and we asked 'can the model still learn under these conditions?'" Parks said. "This allowed us to look into signals we haven't understood before."

By looking at these data, they were able to determine that the hyper-fast pattern of activity between just a few neurons was the fundamental element of sleep that the model was detecting. Crucially, such patterns cannot be explained by the traditional, slow and widespread waves. The researchers hypothesize that the slow moving waves may be acting to coordinate the fast, local patterns of activity, but ultimately reached the conclusion that the fast patterns are much closer to the true essence of sleep.

If the slow moving waves traditionally used to define sleep are compared to thousands of people in a baseball stadium doing the wave, then these fast-moving patterns are the conversations between just a few people deciding to participate in the wave. Those conversations occurring are essential for the overall larger wave to take place, and are more directly related to the mood of the stadium -- the wave is a secondary result of that.

Observing flickers

In further studying the hyperlocal patterns of activity, the researchers began to notice another surprising phenomenon.

As they observed the model predicting sleep or wake, they noticed what looked at first like errors, in which for a split second the model would detect wake in one region of the brain while the rest of the brain remained asleep. They saw the same thing in wake states: for a split second, one region would fall asleep while the rest of the regions were awake. They call these instances "flickers."

"We could look at the individual time points when these neurons fired, and it was pretty clear that [the neurons] were transitioning to a different state," Schneider said. "In some cases, these flickers might be constrained to the area of just an individual brain region, maybe even smaller than that."

This compelled the researchers to explore what flickers could mean about the function of sleep, and how they affect behavior during sleep and wake.

"There's a natural hypothesis there; let's say a small part of your brain slips into sleep while you're awake -- does that mean your behavior suddenly looks like you're asleep? We started to see that that was often the case," Schneider said.

In observing the behavior of mice, the researchers saw that when a brain region would flicker to sleep while the rest of the brain was awake, the mouse would pause for a second, almost like it had zoned out. A flicker during sleep (one brain region "wakes up") was reflected by an animal twitching in its sleep.

Flickers are particularly surprising because they don't follow established rules dictating the strict cycle of the brain moving sequentially between wake to non-REM sleep to REM sleep.

"We are seeing wake to REM flickers, REM to non-REM flickers -- we see all these possible combinations, and they break the rules that you would expect based on a hundred years of literature," Hengen said. "I think they reveal the separation between the macro-state -- sleep and wake at the level of the whole animal, and the fundamental unit of state in the brain -- the fast and local patterns."

Impact

Gaining a deeper understanding of the patterns that occur at high-frequencies and the flickers between wake and sleep could help researchers better study neurodevelopmental and neurodegenerative diseases, which are both associated with sleep dysregulation. Both Haussler and Hengen's lab groups are interested in understanding this connection further, with Haussler interested in further studying these phenomena in cerebral organoid models, bits of brain tissue grown on a laboratory bench.

"This gives us potentially a very, very sharp scalpel with which to cut into these questions of diseases and disorders," Hengen said. "The more we understand fundamentally about what sleep and wake are, the more we can address pertinent clinical and disease related problems."

On a foundational level, this work helps push forward our understanding of the many layers of complexity of the brain as the organ that dictates behavior, emotion, and much more.
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Decline in global adolescent fertility rates is counteracted by increasing teen births in Sub-Saharan Africa, study finds | ScienceDaily
A new report from Columbia University Mailman School of Public Health and the Columbia Aging Center with colleagues from the Norwegian Institute of Public Health highlights a troubling trend: while global adolescent fertility rates have significantly declined, sub-Saharan Africa is experiencing an increase in teen births. This region's share of global adolescent births surged from 12 percent in 1950 to 47 percent in 2020 and is projected to reach a clear majority -- a full 67 percent -- by 2035. The findings are reported in the journal Studies in Family Planning.


						
The divergence is related to limited use of modern contraception, lower education levels, and early marriages which are still prevalent in this region, according to the research team. Despite global advancements, the number of teen births remains high and in absolute numbers increasing in regions with rapidly growing populations, significantly impacting the overall global trend.

Sub-Saharan Africa has emerged as the world region with the most teen births, increasing its proportion of global teen births over a 70-year span -- a time during which this region's share of the global adolescent population -- those aged 15 to 19 grew from 7.5 percent to 19 percent.

The researchers analyzed data from the World Population Prospects 2022; World Contraceptive Use 2022; World Marriage Data 2019; and World Development Indicator.

In terms of absolute numbers, the number of births in Sub-Saharan Africa rose from 4.5 million births in 2000 to 6.1 million in 2021. At the same time, it decreased in the rest of the world, from 13.5 million to 6.7 million from 2000 to 2021.

The persistence of high teen fertility rates in sub-Saharan Africa poses substantial challenges at both individual and societal levels. International organizations, including the WHO and the UN, emphasize the need to reduce adolescent childbearing as part of broader efforts to provide universal access to sexual and reproductive healthcare and education.

Effective policies are crucial to address this issue, according to the authors, such as reducing adolescent childbearing, raising female education levels, increasing the legal and effective age at marriage, and providing free or subsidized modern contraceptives. Without targeted interventions, the rising number of births to teenage mothers in sub-Saharan Africa could plausibly reverse global progress in reducing adolescent fertility, they note.

The number of births to teen mothers in sub-Saharan Africa is expected to continue to increase over the coming decades due to the region's continuing increase of teenage cohorts outweighing the decline in the teenage fertility rate.

Co-authors areThomas Spoorenberg, United Nations Department of Economic and Social Affairs and Norwegian Institute of Public Health; Ellen Oen Carlsen and Martin Flato, Center for Fertility and Health, Oslo; Marcin Stonawski, Cracow University of Economics, Poland and Statistics Denmark; and Vegard Skirbekk, Centre for Fertility and Health, Columbia Mailman School and Norwegian Institute of Public Health, Oslo.

The study was supported by ERC Advanced Grant Project, 101142786 HOMME; Norwegian Research Council, DIMJOB 296297; Norwegian Research Council, CEFH 262700.
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Supplements slow disease progression during late stage of 'dry' age-related macular degeneration | ScienceDaily
In a new analysis of data, researchers at the National Institutes of Health (NIH) have found that taking a daily supplement containing antioxidant vitamins and minerals slows progression of late-stage dry age-related macular degeneration (AMD), potentially helping people with late-stage disease preserve their central vision. Researchers reviewed the original retinal scans of participants in the Age-Related Eye Diseases Studies (AREDS and AREDS2) and found that, for people with late-stage dry AMD, taking the antioxidant supplement slowed expansion of geographic atrophy regions towards the central foveal region of the retina. The study was published in the journal Ophthalmology.


						
"We've known for a long time that AREDS2 supplements help slow the progression from intermediate to late AMD. Our analysis shows that taking AREDS2 supplements can also slow disease progression in people with late dry AMD," said Tiarnan Keenan, M.D., Ph.D., of NIH's National Eye Institute (NEI) and lead author of the study. "These findings support the continued use of AREDS2 supplements by people with late dry AMD."

In their new analysis, the researchers reviewed the original retinal scans of participants in the AREDS (total 318 participants, 392 eyes) and AREDS2 (total 891 participants, 1210 eyes) trials who developed dry AMD, calculating the position and expansion rate of their regions of geographic atrophy. For those people who developed geographic atrophy in their central vision, the supplements had little benefit. But for the majority who developed geographic atrophy far from the fovea, the supplements slowed the rate of expansion towards the fovea by approximately 55% over an average of three years.

In early and intermediate AMD, the light-sensing retina at the back of the eye develops small yellow deposits of fatty proteins called drusen. When the disease progresses to the late stage, people can develop leaky blood vessels ("wet" AMD) or can lose regions of light-sensitive cells in the retina ("dry" AMD). The geographic atrophy in these regions slowly expands over time, causing people to progressively lose their central vision.

The original AREDS trial found that a supplement formula containing antioxidants (vitamin C, E, and beta-carotene), along with zinc and copper, could slow progression of intermediate to late-stage AMD. The subsequent AREDS2 trial found that substituting the antioxidants lutein and zeaxanthin for beta-carotene improved the efficacy of the supplement formula and eliminated certain risks. At the time, neither trial detected any further benefit once participants had developed late-stage disease.

However, that original analysis did not account for a phenomenon in the dry form of late AMD called "foveal sparing." While all regions of the retina are sensitive to light, the region that gives us the highest acuity central vision is called the fovea. Many people with dry AMD first develop geographic atrophy outside this foveal region, and they only lose their central vision when the geographic atrophy regions expand into the foveal area.

"Our high acuity central vision is essential for tasks like reading and driving. Given that there are few therapeutic options for people with late-stage dry AMD to retain or restore their vision, antioxidant supplementation is a simple step that may slow central vision loss, even for those with late disease," Keenan said. "We plan to confirm these findings in a dedicated clinical trial in the near future."

Study authors include Keenan, Elvira Agron, and Emily Chew, M.D. from NEI, Pearse Keane, M.D. from Moorfields Eye Hospital, U.K., and Amitha Domalpally, M.D., Ph.D., University of Wisconsin-Madison. The research was supported by the NEI Intramural Research Program. Funding for the AREDS and AREDS2 studies, under contracts NOI-EY-0-2127, HHS-N-260-2005-00007-C and N01-EY-5-0007, were provided by NEI and the NIH Office of Dietary Supplements, the National Center for Complementary and Alternative Medicine, the National Institute on Aging, the National Heart, Lung, and Blood Institute, and the National Institute of Neurological Disorders and Stroke. The AREDS and AREDS2 studies, clinicaltrials.gov numbers NCT00000145 and NCT00345176, respectively, were conducted at the NIH Clinical Center.
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Transporting precious cargo using the body's own delivery system | ScienceDaily
Each cell in the body has its own unique delivery system that scientists are working on harnessing to move revolutionary biological drugs -- molecules like proteins, RNA and combinations of the two -- to specific diseased parts of the body.


						
A new study from Northwestern University hijacked the transit system and sent tiny, virus-sized containers to effectively deliver an engineered protein to its target cell and trigger a change in the cell's gene expression. The success came from encouraging engineered proteins to move toward a specific cell membrane structure that the researchers found increased a protein's likelihood of latching onto the container.

Published in July in the journal Nature Communications, the paper contends the novel technique could be generalizable, paving the road for the goal of targeted biological drug delivery.

The study brings researchers a step closer to addressing a major bottleneck for biological medicine development, determining how to protect fragile molecules in the body and ensure they reach the correct diseased cells in a patient without impacting healthy cells.

The research combines work from two labs in Northwestern's Center for Synthetic Biology: those of biomedical engineer Neha Kamat and chemical and biological engineer Josh Leonard. The Kamat lab has largely focused on the design of synthetic containers and uses biophysical principles to control molecules targeting other cells. Leonard's lab develops tools to build these natural delivery containers, termed extracellular vesicles (EVs).

"We were interested in applying some of the biophysical insights that have emerged about how to localize proteins to specific membrane structures so that we could hijack this natural system," said Kamat, the paper's co-corresponding author and associate professor at the McCormick School of Engineering."In this study, we discover general ways to load drug cargo into these vesicles very efficiently while preserving their function. This might enable more effective and affordable extracellular vesicle-based biological medicines."

The keys to this "cargo loading" approach are sites on cell membranes called lipid rafts. These regions are more structured than the rest of the membrane and reliably contain specific proteins and lipids.




"Lipid rafts are thought by some to play a role in the genesis of EVs, as EV membranes contain the same lipids found in lipid rafts," said Justin Peruzzi, who co-led the study with Taylor Gunnels as doctoral students in Kamat's lab. Gunnels' work in the lab is ongoing, and Peruzzi, who completed his Ph.D., works as a scientist at a protein-based medicine company. "We hypothesized that if we engineered proteins to associate with lipid rafts, they may be loaded into the vesicles, allowing them to be delivered to other cells."

The team used protein databases and lab experiments to determine that lipid raft-association is an efficient method to load protein cargo into EVs, enabling up to a stunning 240 times more protein to be loaded into vesicles.

After discovering this biophysical principle, the researchers demonstrated a practical application of the method. They engineered cells to produce a protein called a transcription factor, loaded it into EVs and then delivered it to a cell to alter the recipient cell's gene expression -- without compromising the protein's function upon delivery.

Kamat and Leonard said the main challenge in loading therapeutic cargo into EVs is that the producer cell and the recipient cell are often at odds with each other. In the cell producing the EV, for example, you might engineer therapeutic cargo to associate tightly to a membrane to increase the chance it moves into a soon-to-be released EV. However, this same behavior is often undesirable in a recipient cell because delivered cargo stuck to a membrane might be nonfunctional. Instead, you might want that cargo to release from the EV membrane and move to the cell's nucleus to perform its biological function. The answer was the creation of cargo with reversible functions.

"Tools that enable reversible membrane association could be really powerful when building EV-based medicines," said Gunnels. "Although we're not yet sure of the precise mechanism, we see evidence of this reversibility with our approach. We were able to show that by modulating lipid-protein interactions, we could load and functionally deliver our model therapeutic cargo. Looking forward, we're eager to use this approach to load therapeutically relevant molecules, like CRISPR gene-editing systems."

The researchers said they're eager to try the approach with medicinal cargo for disease applications in immunotherapy and regenerative medicine.

"If we can load functional biomedicines into EVs that are engineered to only deliver those biomolecules to diseased cells, we can open the door to treating all sorts of diseases," said Leonard, the co-corresponding author and a McCormick professor. "Because of the generalizability that we observed in our system, we think this study's findings could be applied to deliver a wide array of therapeutic cargos for various disease states."
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Immune system in the spotlight | ScienceDaily
Our immune system is always on alert, detecting and eliminating pathogens and cancer cells. Cellular control mechanisms cause diseased cells to present antigens on their surface like signs for the immune system. For analysis of the necessary complex antigen processing and transport processes in real time, a German team has developed a "cage" that is opened with light to release trapped antigens at a specific place and time, as reported in the journal Angewandte Chemie.


						
In our cells, both endogenous and foreign proteins are constantly broken into tiny pieces and transported into the endoplasmic reticulum (ER), a branched system of channels enclosed by a membrane, by the transporter associated with antigen processing (TAP). There, the supramolecular peptide loading complex PLC controls the loading of MHC I (major histocompatibility complex class I) with antigenic peptides. Certain peptides are preferentially loaded onto MHC I, further processed for immune surveillance (antigen processing) and presented on the cell surface. Peptides that come from normal endogenous proteins remain immunologically inconspicuous (barring misdirected autoimmune reactions).

Despite many new insights, the mechanistic principles of antigen translocation, dynamic PLC assembly, and the interaction between different PLC subunits in the "quality control" of peptide-MHC complexes remain generally unknown. To further analyze antigen processing, Ralph Wieneke, Robert Tampe, and their team at the University of Frankfurt am Main (Germany) have now developed a photostimulated antigen release system that can be used to precisely study antigen flux. The antigens are released (antigen burst) on command from a "caged" inactive state by the application of light. The advantage of light stimulation is that it can be precisely dosed at limited times and locations and is noninvasive, which allows for experiments in living cells.

The team used a peptide derived from an HIV antigen as their model. They used a linker to bind the epitope (section of an antigen) to biotin and then the biotin to a voluminous protein called streptavidin. In this state, the epitope is shielded to the extent that it can no longer be recognized by the antigen processing transporter (TAP). The linker contains a group that can be split apart by light. When irradiated with UV light, the peptide epitope is immediately released from its "cage." It is then recognized by TAP and transported across the ER membrane and loaded onto MHC I by way of the PLC.

This method is versatile, as demonstrated by a variety of scenarios, such as tracing antigen transport by the TAP of native human PLC in the ER membrane of a human lymphoma cell line. According to Wieneke and Tampe, "it is our aim to use the light-activated system to follow the antigen processing pathway through different cellular compartments and gain an understanding of the kinetics of various immunological processes in vivo."
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Harnessing big data helps scientists home in on new antimicrobials | ScienceDaily
Researchers have developed a strategy to identify new antimicrobial drugs with therapeutic promise from bacterial datasets, providing clues for discovering alternatives to traditional antibiotics.


						
The study, published today as a Reviewed Preprint in eLife, represents a valuable new strategy for identifying novel lysins (enzymes produced by phages during infection) with antimicrobial activity, according to the editors. They describe the strength of evidence as solid for the therapeutic potential of two such lysins discovered during the study -- PHAb10 and PHAb11. They add that the findings will be of general interest to microbiologists to explore in more detail.

Antibiotic resistance, where microorganisms that cause disease evolve to survive the treatments that once killed them, represents a global public health concern. The overuse of antimicrobial agents in humans, livestock and industrial agriculture is the main reason for the spread and accumulation of this resistance.

"Lysins, which are derived from phages -- viruses that infect and replicate within bacteria -- have antimicrobial effects and are considered to be a promising alternative to antibiotics, due to their low risk of resistance and the unique way in which they work," says lead author Li Zhang, a PhD candidate at the National Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan, China. "However, the discovery of lysins to treat infections is hampered by a limited amount of published phage genome data."

Recent studies on lysins have linked their antimicrobial activity to their internal peptides -- short chains of up to 50 amino acids with antimicrobial peptide-like architecture. This led Zhang and colleagues to see if they could identify new lysins with antimicrobial activity by scanning datasets of bacterial proteomes -- that is, the entire set of proteins expressed by the genome in bacteria -- rather than the genomes themselves.

The team used P307, a well-documented antimicrobial peptide, as a template to search for new antimicrobial lysins in the proteome database for the bacteria Acinetobacter baumannii (A. baumannii). This database is publicly available from the National Center for Biotechnology Information. The work uncovered five new lysins with antimicrobial potential: PHAb7-11. In particular, PHAb10 and PHAb11 showed the most promise from the team's initial tests.

To evaluate the antimicrobial activity of the five lysins, the team chemically synthesised their gene-coding sequences and expressed them in Escherichia coli (E. coli)cells. They then tested their activity against three species of bacteria: A. baumannii, P. aeruginosa and E. coli. This revealed that, even at low concentrations, the lysins had high antibacterial activity.




The next step was to evaluate the antibacterial activity of PHAb10 and PHAb11 under different conditions. Previous reports have shown that lysins perform differently against bacteria in the exponential and stationary life phase. In the stationary phase, bacterial reproduction and growth levels off as resources become limited, while in the exponential phase, bacteria rapidly multiply when there are plenty of resources and optimal conditions. For PHAb10 and PHAb11, the team observed robust antibacterial activity against six different cultures of bacteria, in both the stationary and exponential phases. Importantly, these lysins were effective regardless of whether the bacterial cultures were resistant to traditional antibiotics or not.

The team also discovered that both PHAb10 and PHAb11 retained significant antibacterial activity after heat treatment at 100? for one hour, unlike PHAb7, PHAb8 and PHAb9, which lost their effect under these conditions. To understand the thermostability of PHAb10, the team used X-ray crystallography to glean an insight into its crystal structure. They discovered that PHAb10 underwent a folding-refolding process during heat treatment, where dimeric units of its structure pair off under heat stress to increase stability and return to dimeric units when cooling. This switching is mediated by seven pairs of intermolecular interactions and is somewhat similar to the opening and closing of a zipper. Finally, the team tested PHAb10 against two mouse models of bacterial infection, finding that it safely and efficiently cleared the bacterial infection and therefore demonstrated its therapeutic potential.

eLife's reviewers have emphasised the need for further tests to improve the robustness of the team's findings, such as a live/dead assay -- a method that uses fluorescent dyes to differentiate between live and dead bacterial cells. This would provide greater insight into how effectively the lysins kill bacteria.

"Our work demonstrates that daily updated big data, such as bacterial genomes and proteomes, could be a crucial tool in the fight against antibiotic resistance," says senior author Hang Yang, a professor at the Key Laboratory of Virology and Biosafety, Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan, China. "We used our screening strategy to successfully identify new antimicrobial lysins with therapeutic promise. PHAb10 and PHAb11 are highly thermostable lysins, with a broad spectrum of antimicrobial action. If future studies validate our findings, these lysins could be explored further as potential therapeutic treatments."
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E. coli variant may cause antimicrobial resistance in dogs, humans | ScienceDaily
Researchers studying antimicrobial-resistant E. coli -- the leading cause of human death due to antimicrobial resistance worldwide -- have identified a mechanism in dogs that may render multiple antibiotic classes ineffective.


						
The paper, which will publish July 16 in the journal Applied and Environmental Microbiology, opens up new avenues for therapies to treat both animals and humans -- and establishes clinical infections in dogs as a surveillance approach for public health.

The research team analyzed more than 1,000 genomes of the resistant E. coli pathogen isolated from sick dogs and identified a set of genes that evolutionary selection tests revealed were becoming obsolete in the genome and were losing function. But in an unusual twist, the loss of function may have repurposed this set of genes to create conditions that trap antibiotics in E. coli's cell membrane, preventing them from entering the bacteria.

"I like to think of it as a serendipitous event of evolution, because it appears that these capsule proteins have been repurposed to trap antibiotics," said Laura Goodman, assistant professor at Cornell University and the paper's senior author.

"What appears to be happening is that we're looking at a loss of function mutation that is potentially conferring a new phenotype unrelated to its original purpose," she said.

This study may not only help improve canine health but is also an example of how dogs serve as an important model for human health.

Dogs tend to share similar E. coli strains as their owners and are treated with similar antibiotics. Two particular classes of antibiotics -- third generation cephalosporins and quinolones -- are considered critically important by the World Health Organization. Clinicians and public health experts are particularly concerned about overuse of these drugs in veterinary medicine; although there are no legal restrictions on using these drugs in dogs, big efforts have been made to promote good stewardship of these treatments.




The researchers hypothesized that mechanisms affecting those classes of drugs identified in dogs would also be important for humans, Goodman said. "When we looked for this genetic variant in human infections, we found many of them in hospital and public surveillance data of E. coli and Klebsiella infections in people," she said.

Researchers may now explore potential new drug targets that would prevent the pore in the E. coli membrane channel from closing, allowing antibiotics to freely move inside the cell.

The study is unique in that it provides a mechanistic understanding of antibiotic resistance and fills important gaps in surveillance for human E. coli infections using leftover clinical samples from dogs that were collected as part of routine care, Goodman said.

The study was supported and performed in collaboration with the U.S. Food and Drug Administration's Veterinary Laboratory and Response Network.
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Timing is everything: Study finds link between bowel movement frequency and overall health | ScienceDaily
Everybody poops, but not every day. New research by the Institute for Systems Biology (ISB) suggests bowel movement frequency is linked to long-term health.


						
An ISB-led research team examined the clinical, lifestyle, and multi-omic data of more than 1,400 healthy adults. How often people poop, they found, can have a large influence on one's physiology and health. Their findings will be published in the Cell Reports Medicine on July 16.

Researchers explored data from consenting participants of the consumer wellness company Arivale. The team focused on generally healthy adults and excluded those with certain health conditions or medication use.

The research team categorized self-reported bowel movement frequency into four groups: constipation (one or two bowel movements per week), low-normal (between three and six bowel movements per week), high-normal (between one and three bowel movements per day), and diarrhea.

Once categorized, the team looked for associations between bowel movement frequency and factors including demographics, genetics, gut microbiome, blood metabolites, and plasma chemistries.

The study showed that age, sex, and body mass index (BMI) were significantly associated with bowel movement frequency. Specifically, younger people, women, and those with a lower BMI tended to have less frequent bowel movements.

"Prior research has shown how bowel movement frequency can have a big impact on gut ecosystem function," said Johannes Johnson-Martinez, the lead author of the study. "Specifically, if stool sticks around too long in the gut, microbes use up all of the available dietary fiber, which they ferment into beneficial short-chain fatty acids. After that, the ecosystem switches to fermentation of proteins, which produces several toxins that can make their way into the bloodstream."

Indeed, the researchers also showed that the microbial composition of study participants' gut microbiomes was a telltale sign of bowel movement frequency. Fiber-fermenting gut bacteria, often associated with health, appeared to thrive in a "Goldilocks zone" of bowel movement frequency, where people pooped between 1-2 times per day. However, bacteria associated with protein fermentation or the upper gastrointestinal tract tended to be enriched in those with constipation or diarrhea, respectively.




Similarly, several blood metabolites and plasma chemistries showed significant associations with bowel movement frequency, suggesting potential links between bowel health and chronic disease risk. Specifically, microbially derived protein fermentation byproducts known to cause damage to the kidneys, like p-cresol-sulfate and indoxyl-sulfate, were enriched in the blood of individuals reporting constipation, while clinical chemistries associated with liver damage were elevated in individuals reporting diarrhea.

Blood levels of indoxyl-sulfate, in particular, were significantly associated with reduced kidney function, providing preliminary support for a causal link between bowel movement frequency, gut microbial metabolism, and organ damage in this healthy cohort.

Unsurprisingly, those who reported eating a fiber-rich diet, better hydration, and regular exercise tended to find themselves in the bowel movement Goldilocks zone.

"Chronic constipation has been associated with neurodegenerative disorders and with chronic kidney disease progression in patients with active disease," said Dr. Sean Gibbons, ISB associate professor and corresponding author of the paper. "However, it has been unclear whether or not bowel movement abnormalities are early drivers of chronic disease and organ damage, or whether these retrospective associations in sick patients are merely a coincidence.

"Here, in a generally healthy population, we show that constipation, in particular, is associated with blood levels of microbially derived toxins known to cause organ damage, prior to any disease diagnosis," Gibbons said.

The study also explored associations between bowel movement frequency and anxiety and depression, indicating that mental health history is connected to how often one poops.

"Overall, this study shows how bowel movement frequency can influence all body systems, and how aberrant bowel movement frequency may be an important risk factor in the development of chronic diseases," Gibbons said. "These insights could inform strategies for managing bowel movement frequency, even in healthy populations, to optimize health and wellness."
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Hormone therapy for breast cancer linked with lower dementia risk | ScienceDaily
Hormone modulating therapy (HMT) used for the treatment of breast cancer was associated with a 7% lower risk of developing Alzheimer's disease and related dementias later in life, according to a new study published today in JAMA Network Open.


						
The study, which is one of the largest of its kind, found that although HMT was linked with protection against the development of dementia overall, the association decreased with age and varied by race.

"Our findings emphasize the importance of being cognizant of individual patient factors when we prescribe medications or develop treatment plans for breast cancer," said senior author Francesmary Modugno, Ph.D. M.P.H., professor of obstetrics, gynecology and reproductive sciences at the University of Pittsburgh and member of Magee-Womens Research Institute and UPMC Hillman Cancer Center. "It's not one-size-fits-all. We need to think about each individual patient to optimize outcomes and minimize risks."

About two-thirds of breast cancer patients have tumors that are hormone receptor positive, meaning that they grow in response to estrogen or progesterone. For these patients, HMT can impede tumor growth by blocking hormones from attaching to these receptors. While use of HMT is linked with increased survival, there is conflicting evidence about whether it increases or decreases the risk of developing Alzheimer's disease and related dementias (ADRD), debilitating conditions that are characterized by memory loss, changes in mood or behavior, and difficulties with thinking, problem-solving and reasoning.

To improve understanding about the risk of ADRD following HMT in breast cancer patients, Modugno, teamed up with lead author Chao Cai, Ph.D., assistant professor at the University of South Carolina College of Pharmacy. They used a federal database of people aged 65 and older to identify women who were diagnosed with breast cancer between 2007 and 2009 and who did not have a previous ADRD diagnosis or history of using HMT before their breast cancer diagnosis.

Of 18,808 patients who fit the criteria, 66% had received HMT within three years of their diagnosis and 34% had not. During an average of 12 years of follow-up, 24% of HMT users and 28% of non-HMT users developed ADRD.

To calculate the risk of developing ADRD, the researchers accounted for the risk of death associated with increased age and duration of exposure to HMT. They found that while HMT use was associated with an overall decrease in the relative risk of developing ADRD, the protective effect of HMT was most pronounced in patients aged 65 through 69 and diminished with age. Notably, when patients aged over 80, there was an increased risk of ADRD in HMT users.




"Our study suggests that younger women may benefit more from HMT in terms of reduced risk of developing Alzheimer's disease and other types of dementia," said Cai. "The benefits of HMT decreased for women aged 75 and older, particularly in those who identified as white. This suggests that the timing of HMT initiation is crucial and treatment plans should be tailored to a patient's age."

Black women aged 65 through 74 who used HMT had a 24% reduction in relative risk of developing ADRD, which dropped to 19% after age 75. White women aged 65 through 74 had an 11% reduction in risk of ADRD with HMT use, but this beneficial association disappeared after age 75.

"Black women have higher rates of breast cancer and tend to have higher lifetime stress due to structural racism and other societal factors, which are associated with worse outcomes," said Modugno. "We don't know the mechanisms behind the racial disparities we saw with HMT and risk of ADRD, but it's possible that these factors could contribute. It deserves further investigation."

"These findings emphasize the importance of being cognizant of individual patient factors when we prescribe medications or develop treatment plans for breast cancer," Modugno said. "It's not one-size-fits-all. We need to think about each individual patient to optimize outcomes and minimize risks."

There are three main types of HMT: selective estrogen receptor modulators, aromatase inhibitors and selective estrogen receptor degraders. The analysis found that risk of developing ADRD varied by HMT type.

According to Cai, estrogen has neuroprotective effects, so these therapies could influence ADRD risk by mimicking estrogen, influencing estrogen production or modulating estrogen receptor levels. HMT might also affect clearance of a protein called beta-amyloid, stability of tau protein and vascular health, all of which are closely linked to brain health and ADRD risk.




"The relationship between HMT for breast cancer and dementia risk is complex and influenced by multiple factors," explained Cai. "Ongoing research is needed to further understand the mechanisms behind this association and provide clearer guidance on the use of HMT."

A limitation of the study was that it only included patients over 65. In the future, Cai and Modugno will include younger women who haven't reached menopause yet to further understand the link between HMT and dementia risk.

Other authors on the study were Kaowao Strickland, M.P.H., Sophia Knudsen, Sarah Beth Tucker, and Chandana Sai Chidrala, M.S., all of the University of South Carolina.

This research was supported by the National Institutes of Health (5P30AG059294-04), the Carolina Center on Alzheimer's Disease and Minority Research and the University of Pittsburgh Dean's Faculty Advancement Fund.
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AI tool successfully responds to patient questions in electronic health record | ScienceDaily
As part of a nationwide trend, many more of NYU Langone Health's patients during the pandemic started using electronic health record tools to ask their doctors questions, refill prescriptions, and review test results. Many patients' digital inquiries arrived via a communications tool called In Basket, which is built into NYU Langone's electronic health record (EHR) system, EPIC.


						
While physicians have always dedicated time to managing EHR messages, they saw a more than 30% annual increase in recent years in the number of messages received daily, according an article by Paul A. Testa, MD chief medical information officer at NYU Langone. Testa wrote that it is not uncommon for physicians to receive more than 150 In Basket messages per day. With health systems not designed to handle this kind of traffic, physicians ended up filling the gap, spending long hours after work sifting through messages. This burden is cited as a reason that half of physicians report burnout.

Now a new study, led by researchers at NYU Grossman School of Medicine, shows that an AI tool can draft responses to patients' EHR queries as accurately as their human healthcare professionals, and with greater perceived "empathy." The findings highlight these tools' potential to dramatically reduce physicians' In Basket burden while improving their communication with patients, as long as human providers review AI drafts before they are sent.

NYU Langone Health has been testing the capabilities of generative artificial intelligence (genAI), in which computer algorithms develop likely options for the next word in any sentence based on how people have used words in context on the internet. A result of this next-word prediction is that genAI "chatbots" can reply to questions in convincing human-like language. NYU Langone in 2023 licensed "a private instance" of GPT4, the latest relative of the famous chatGPT chatbot, which let physicians experiment using real patient data while still adhering to data privacy rules.

Published online July 16 in JAMA Network Open, the new study examined GPT4-generated drafts to patient In Basket queries, and had primary care physicians compare them to the actual human responses to those messages.

"Our results suggest that chatbots could reduce the workload of care providers by enabling efficient and empathetic responses to patients' concerns," said lead study author William Small, MD, a clinical assistant professor in Department of Medicine at NYU Grossman School of Medicine. "We found that EHR-integrated AI chatbots that use patient-specific data can draft messages similar in quality to human providers."

For the study, sixteen primary care physicians rated 344 randomly assigned pairs of AI and human responses to patient messages on accuracy, relevance, completeness, and tone, and indicated if they would use the AI response as a first draft, or have to start from scratch in writing the patient message. The physicians did not know whether the responses they were reviewing were generated by humans or the AI tool (blinded study).




The research team found that the accuracy, completeness, and relevance of generative AI and human providers responses did not differ statistically. Generative AI responses outperformed human providers in terms of understandability and tone by 9.5%. Further, the AI responses were more than twice as likely (125 percent more likely) to be considered empathetic and 62% more likely to use language that conveyed positivity (potentially related to hopefulness) and affiliation ("we are in this together").

On the other hand, AI responses were also 38% longer and 31% more likely to use complex language, so further training of the tool is needed, the researchers say. While humans responded to patient queries at a 6th grade level, AI was writing at an 8th grade level, according to a standard measure of readability called the Flesch Kincaid score.

The researchers argued that use of private patient information by chatbots, rather than general internet information, better approximates how this technology would be used in the real world. Future studies will be needed to confirm whether private data specifically improved AI tool performance.

"This work demonstrates that the AI tool can build high-quality draft responses to patient requests," said corresponding author Devin Mann, MD, senior director of Informatics Innovation in NYU Langone Medical Center Information Technology (MCIT)."With this physician approval in place, GenAI message quality will be equal in the near future in quality, communication style, and usability, to responses generated by humans," added Mann, also a professor in the Departments of Population Health and Medicine.

Along with Drs. Small and Mann, study authors from NYU Langone Health were Beatrix Brandfield-Harvey, Zoe Jonassen, Soumik Mandal, Elizabeth Stevens, Vincent Major, Erin Lostraglio, Adam Szerencsy, Simon Jones, Yindalon Aphinyanaphongs, and Stephen Johnson. Also authors were Oded Nov in the NYU Tandon School of Engineering, and Batia Wiesenfeld of NYU Stern School of Business.

The study was funded by National Science Foundation grants 1928614 and 2129076) and Swiss National Science Foundation grants P500PS_202955 and P5R5PS_217714.
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Unlocking the mystery of preexisting drug resistance: New study sheds light on cancer evolution | ScienceDaily
The evolution of resistance to diseases, from infectious illnesses to cancers, poses a formidable challenge.


						
Despite the expectation that resistance-conferring mutations would dwindle in the absence of treatment due to a reduced growth rate, preexisting resistance is pervasive across diseases that evolve -- like cancer and pathogens -- defying conventional wisdom.

In cancer, it is well known that small numbers of drug-resistant cells likely exist in tumors even before they're treated. In something of a paradox, before treatment, these mutants have been repeatedly shown to have lower fitness than the surrounding ancestor cells from which they arose. It leads to a scenario that seems to break Darwin's rules: Why do these least fit cells survive?

In a new study, researchers at Case Western Reserve University and Cleveland Clinic reveal a fascinating discovery: Interactions between these mutants and their ancestors, like two species in an ecosystem, may hold the key to understanding this paradox.

Their findings suggest these ecological interactions play a pivotal role in reducing the costs of resistance, providing a path to survival for preexisting resistance. And not just in lung cancer, but across various biomedical contexts where drug resistance is a challenge, including other cancers, pathogens and even parasites.

The study

Combining computer simulations and analytical results, the study establishes a mathematical framework to examine the impact of these ecological interactions on the evolutionary dynamics of resistance.




"This is a really exciting finding because it settles some fundamental disagreements between classical population genetics and theoretical ecology," said the study's principal investigator Jacob Scott, staff physician-scientist at Cleveland Clinic and an associate professor of physics and medicine at Case Western Reserve. Scott is also associate director for data science at the Case Comprehensive Cancer Center.

The study also highlights the clinical relevance of these findings by genetically engineering common resistance mechanisms observed in non-small-cell lung cancer, a disease notorious for preexisting resistance to targeted therapies, and the leading cause of cancer death in the United States.

Each genetically engineered cancer cell line experienced a benefit from being with its ancestor, in the group's evolutionary game assay when cultured with their treatment sensitive ancestor, just as the new theory predicted -- bringing closure to the paradox.

"Our findings offer an attractive new hypothesis for why treatment resistance is so common: The resistant cells are saved from extinction by the other cells surrounding them through an ecological mechanism," said Jeff Maltas, the study's lead author and a post-doctoral fellow at Case Western Reserve. "These results provide a novel treatment strategy: designing treatments that disrupt the ecological interaction that allows resistance to gain a foothold in the first place, rather than developing new drugs for increasingly resistant populations."

This multidisciplinary research, including physics, genetics, theoretical ecology and mathematical oncology, published in PRX Life, represents a significant step toward understanding resistance evolution. The hope is it may lead to innovative approaches to fighting cancer and infectious diseases, the researchers said.
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        Microbes found to destroy certain 'forever chemicals'
        An environmental engineering team has discovered that specific bacterial species can cleave the strong fluorine-to-carbon bond certain kinds of 'forever chemical' water pollutants, offering promise for low-cost treatments of contaminated drinking water.

      

      
        Ant insights lead to robot navigation breakthrough
        Have you ever wondered how insects are able to go so far beyond their home and still find their way? The answer to this question is not only relevant to biology but also to making the AI for tiny, autonomous robots. Drone-researchers felt inspired by biological findings on how ants visually recognize their environment and combine it with counting their steps in order to get safely back home. They have used these insights to create an insect-inspired autonomous navigation strategy for tiny, lightw...

      

      
        Soft, stretchy 'jelly batteries' inspired by electric eels
        Researchers have developed soft, stretchable 'jelly batteries' that could be used for wearable devices or soft robotics, or even implanted in the brain to deliver drugs or treat conditions such as epilepsy.

      

      
        New technique pinpoints nanoscale 'hot spots' in electronics to improve their longevity
        Researchers engineered a new technique to identify at the nanoscale level what components are overheating in electronics and causing their performance to fail.

      

      
        Want to spot a deepfake? Look for the stars in their eyes
        In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important. So what if you could tell just by looking into someone's eyes? That's the compelling finding of new research which suggests that AI-generated fakes can be spotted by analyzing human eyes in the same way that astronomers study pictures of galaxies.

      

      
        Aussie innovation spearheads cheaper seafloor test for offshore wind farms
        Australian engineers have unveiled a clever new device -- based on a modified speargun -- as a cheap and efficient way to test seabed soil when designing offshore wind farms.

      

      
        A hydrogel implant to treat endometriosis
        Researchers have developed a hydrogel implant that can help prevent endometriosis, a condition that affects a great many women. This innovation also acts as a contraceptive.

      

      
        Powerful new particle accelerator a step closer with muon-marshalling technology
        New experimental results show particles called muons can be corralled into beams suitable for high-energy collisions, paving the way for new physics.

      

      
        Physicists develop new theory describing the energy landscape formed when quantum particles gather together
        An international team of physicists has proven new theorems in quantum mechanics that describe the 'energy landscapes' of collections of quantum particles. Their work addresses decades-old questions, opening up new routes to make computer simulation of materials much more accurate. This, in turn, may help scientists design a suite of materials that could revolutionize green technologies.

      

      
        Designing safer opioids
        Opioid medications offer people relief from debilitating pain, but these drugs come with dangers: the risk for addiction, miserable withdrawal symptoms and the potential for fatal overdose. Researchers have now identified a strategy to design safer opioids. They showed that an experimental opioid, which binds to an unconventional spot in the receptor, suppresses pain in animal models with fewer side effects -- most notably those linked to fatal overdoses.

      

      
        Completely stretchy lithium-ion battery for flexible electronics
        When you think of a battery, you probably don't think stretchy. But batteries will need this shape-shifting quality to be incorporated into flexible electronics, which are gaining traction for wearable health monitors. Now, researchers report a lithium-ion battery with entirely stretchable components, including an electrolyte layer that can expand by 5000%, and it retains its charge storage capacity after nearly 70 charge/discharge cycles.

      

      
        Smart soil can water and feed itself
        A newly engineered type of soil can capture water out of thin air to keep plants hydrated and manage controlled release of fertilizer for a constant supply of nutrients.

      

      
        Astronomers spot a 'highly eccentric' planet on its way to becoming a hot Jupiter
        The newly discovered planet TIC 241249530 b has the most highly elliptical, or eccentric, orbit of any known planet. It appears to be a juvenile planet that is in the midst of becoming a hot Jupiter, and its orbit is providing some answers to how such large, scorching planets evolve.

      

      
        Paving the way to extremely fast, compact computer memory
        Researchers have demonstrated that the layered multiferroic material nickel iodide (NiI2) may be the best candidate yet for devices such as magnetic computer memory that are extremely fast and compact. Specifically, they found that NiI2 has greater magnetoelectric coupling than any known material of its kind.

      

      
        The magnet trick: New invention makes vibrations disappear
        Damping vibrations is crucial for precision experiments, for example in astronomy. A new invention uses a special kind of magnets to achieve this -- electropermanent magnets. They consist of a permanent magnet and a coil. In contrast to electromagnets, they do not have to be permanently supplied with energy. In contrast to permanent magnets, their strength can be tuned: Whenever necessary, a strong electric pulse is sent through the coil, adapting the properties of the magnet.

      

      
        Chatbot Iris offers students individual support
        Researchers have developed the chatbot Iris, which offers informatics students personalized assistance with programming assignments. A study has now confirmed the chatbot's success: Iris improves the understanding of programming concepts and represents a valuable complement to human tutors.

      

      
        Enzyme-powered 'snot bots' help deliver drugs in sticky situations
        Snot might not be the first place you'd expect nanobots to be swimming around. But this slimy secretion exists in more places than just your nose and piles of dirty tissues -- it also lines and helps protect the lungs, stomach, intestines and eyes. And now, researchers have demonstrated in mice that their tiny, enzyme-powered 'snot bots' can push through the defensive, sticky layer and potentially deliver drugs more efficiently.

      

      
        A new addition to the CRISPR toolbox: Teaching the gene scissors to detect RNA
        CRISPR-Cas systems, defense systems in bacteria, have become a plentiful source of technologies for molecular diagnostics. Researchers have now expanded this extensive toolbox further. Their novel method, called PUMA, enables the detection of RNA with Cas12 nucleases, which naturally target DNA. PUMA promises a wide range of applications and high accuracy.

      

      
        Scientists develop new artificial intelligence method to create material 'fingerprints'
        Researchers have developed a new technique that pairs artificial intelligence and X-ray science.

      

      
        Scientists use machine learning to predict diversity of tree species in forests
        Researchers used machine learning to generate highly detailed maps of over 100 million individual trees from 24 sites across the U.S. These maps provide information about individual tree species and conditions, which can greatly aid conservation efforts and other ecological projects.

      

      
        How astronomers are using pulsars to observe evidence of dark matter
        Tantalizing evidence of potential dark matter objects has been detected with the help of the Universe's 'timekeepers'. These pulsars -- neutron stars which rotate and emit lighthouse-like beams of radio waves that rapidly sweep through space -- were used to identify mysterious hidden masses. Pulsars earned their nickname because they send out electromagnetic radiation at very regular intervals, ranging from milliseconds to seconds, making them extremely accurate timekeepers.

      

      
        How to assess a general-purpose AI model's reliability before it's deployed
        A new technique estimates the reliability of a self-supervised foundation model, like those that power ChatGPT, without the need to know what task that model will be deployed on later.

      

      
        Sun-like stars found orbiting hidden companions
        Astronomers have uncovered what appear to be 21 neutron stars in orbit around stars like our Sun. The discovery is surprising because it is not clear how a star that exploded winds up next to a star like our Sun.

      

      
        Transporting precious cargo using the body's own delivery system
        Delivery systems in body continuously move materials between cells. Hijacking these systems allowed scientists to improve loading and delivery of therapeutic proteins. Biophysical principles could be used to enable more cost-effective loading of biological cargo into cell-derived delivery systems. Engineered molecules loaded up to 240 times more protein than other loading methods.

      

      
        Immune system in the spotlight
        Our immune system is always on alert, detecting and eliminating pathogens and cancer cells. Cellular control mechanisms cause diseased cells to present antigens on their surface like signs for the immune system. For analysis of the necessary complex antigen processing and transport processes in real time, researchers have developed a 'cage' that is opened with light to release trapped antigens at a specific place and time.

      

      
        Capturing carbon with energy-efficient sodium carbonate-nanocarbon hybrid material
        Carbon capture is a promising approach for mitigating carbon dioxide (CO2) emissions. Different materials have been used to capture CO2 from industrial exhaust gases. Scientists developed hybrid CO2 capture materials containing sodium carbonate and nanocarbon prepared at different temperatures, tested their performance, and identified the optimal calcination temperature condition. They found that the hybrid material exhibits and maintains high CO2 capture capacity for multiple regeneration cycles...

      

      
        Local dragonflies expose mercury pollution patterns
        A new study has unveiled surprising findings about mercury pollution: where it comes from and how it moves through the environment vary significantly depending on the ecosystem. In drier regions, most mercury is deposited through rain and snow. In wetter, forested areas, gaseous mercury from the air sticks to leaves, which then fall and carry the toxin into the ground.

      

      
        AI tool successfully responds to patient questions in electronic health record
        A new study shows that an AI tool can draft responses to patients' EHR queries as accurately as their human healthcare professionals, and with greater perceived 'empathy.'

      

      
        New analysis of Cassini data yields insights into Titan's seas
        A new study of radar experiment data from the Cassini-Huygens mission to Saturn has yielded fresh insights related to the makeup and activity of the liquid hydrocarbon seas near the north pole of Titan, the largest of Saturn's 146 known moons.

      

      
        Breakthrough in quantum microscopy: Researchers are making electrons visible in slow motion
        Physicists are developing quantum microscopy which enables them for the first time to record the movement of electrons at the atomic level with both extremely high spatial and temporal resolution. Their method has the potential to enable scientists to develop materials in a much more targeted way than before.

      

      
        Bizarre 'garden sprinkler-like' jet is spotted shooting out of neutron star
        A strange 'garden sprinkler-like' jet coming from a neutron star has been pictured for the first time. The S-shaped structure is created as the jet changes direction due to the wobbling of the disc of hot gas around the star -- a process called precession, which has been observed with black holes but, until now, never with neutron stars.

      

      
        NASA's Webb investigates eternal sunrises, sunsets on distant world
        Researchers using NASA's James Webb Space Telescope have finally confirmed what models have previously predicted: An exoplanet has differences between its eternal morning and eternal evening atmosphere. WASP-39 b, a giant planet with a diameter 1.3 times greater than Jupiter, but similar mass to Saturn that orbits a star about 700 light-years away from Earth, is tidally locked to its parent star. This means it has a constant dayside and a constant nightside -- one side of the planet is always exp...

      

      
        A new neural network makes decisions like a human would
        Researchers are training neural networks to make decisions more like humans would. This science of human decision-making is only just being applied to machine learning, but developing a neural network even closer to the actual human brain may make it more reliable, according to the researchers.

      

      
        Scorching storms on distant worlds revealed
        An international study reveals the extreme atmospheric conditions on the celestial objects, which are swathed in swirling clouds of hot sand amid temperatures of 950C. Using NASA's powerful James Webb Space Telescope (JWST), researchers set out to capture the weather on a pair of brown dwarfs -- cosmic bodies that are bigger than planets but smaller than stars.

      

      
        JWST unveils stunning ejecta and CO structures in Cassiopeia A's young supernova
        Researchers announced the latest findings from the James Webb Space Telescope (JWST) of the supernova remnant, Cassiopeia A (Cas A). These observations of the youngest known core collapse supernova in the Milky Way provide insights into the conditions that lead to the formation and destruction of molecules and dust within supernova ejecta. The study's findings change our understanding of dust formation in the early universe in the galaxies detected by JWST 300 million years after the Big Bang.

      

      
        Scientists discover missing piece in climate models
        As the planet continues to warm due to human-driven climate change, accurate computer climate models will be key in helping illuminate exactly how the climate will continue to be altered in the years ahead.

      

      
        Producing hydrogen and fertilizer at the same time
        This new concept could allow the needs of previously separate industries to be combined: the production of hydrogen and the production of fertilizer.

      

      
        Cosmic wrestling match
        Our universe is around 13.8 billion years old. Over the vastness of this time, the tiniest of initial asymmetries have grown into the large-scale structures we can see through our telescopes in the night sky: galaxies like our own Milky Way, clusters of galaxies, and even larger aggregations of matter or filaments of gas and dust. How quickly this growth takes place depends, at least in today's universe, on a sort of wrestling match between natural forces: Can dark matter, which holds everything ...

      

      
        Crystals from radioactive metal actinium
        Researchers grew crystals containing actinium and illuminated them with X-rays to learn how the radioactive metal binds with other elements. That information could help design better cancer treatments.

      

      
        Vivid portrait of interacting galaxies marks Webb's second anniversary
        Two for two! A duo of interacting galaxies commemorates the second science anniversary of NASA's James Webb Space Telescope, which takes constant observations, including images and highly detailed data known as spectra. Its operations have led to a 'parade' of discoveries by astronomers around the world.

      

      
        When to trust an AI model
        A new technique enables huge machine-learning models to efficiently generate more accurate quantifications of their uncertainty about certain predictions. This could help practitioners determine whether to trust the model when it is deployed in real-world settings.

      

      
        AI found to boost individual creativity -- at the expense of less varied content
        A new study finds that AI enhances creativity by boosting the novelty of story ideas as well as the 'usefulness' of stories -- their ability to engage the target audience and potential for publication. However, AI was not judged to enhance the work produced by more creative writers and the study also warns that while AI may enhance individual creativity it may also result in a loss of collective novelty, as AI-assisted stories were found to contain more similarities to each other and were less va...

      

      
        Microbeads with adaptable fluorescent colors from visible light to near-infrared
        Researchers have successfully developed an environmentally friendly, microspherical fluorescent material primarily made from citric acid. These microbeads emit various colors of light depending on the illuminating light and the size of the beads, which suggests a wide range of applications. Furthermore, the use of plant-derived materials allows for low-cost and energy-efficient synthesis.

      

      
        A chemical claw machine bends and stretches when exposed to vapors
        Scientists have developed a tiny 'claw machine' that is able to pick up and drop a marble-sized ball in response to exposure to chemical vapors. The findings point to a technique that can enable soft actuators--the parts of a machine that make it move--to perform multiple tasks without the need for additional costly materials. While existing soft actuators can be 'one-trick ponies' restricted to one type of movement, this novel composite film contorts itself in different ways depending on the vap...

      

      
        Neutrons give a hot new way to measure the temperature of electronic components
        A new study presents a method to record the temperature of materials with exceptional temporal resolution, using a Doppler broadening effect in neutron resonance absorption. Using a high-powered laser to generate pulses of neutrons 100 nanoseconds long, a test on samples of silver and tantalum successfully returned characteristic information for both materials and their temperatures.

      

      
        A better way to make RNA drugs
        RNA drugs are the next frontier of medicine, but manufacturing them requires an expensive and labor-intensive process that limits production and produces metric tons of toxic chemical waste. Researchers report a new, enzyme-based RNA synthesis method that can produce strands of RNA with both natural and modified nucleotides without the environmental hazards.

      

      
        Neural networks made of light
        Scientists propose a new way of implementing a neural network with an optical system which could make machine learning more sustainable in the future. In a new paper, the researchers have demonstrated a method much simpler than previous approaches.

      

      
        Scientists create computer program that 'paints' the structure of molecules in the style of Piet Mondrian
        Scientists have created a computer program that 'paints' the structure of molecules in the style of famous Dutch artist, Piet Mondrian. Researchers are opening eyes and minds to the beauty of molecular structure, as well as posing new questions about the form and function of the molecules themselves.

      

      
        How the 'heart and lungs' of a galaxy extend its life
        Galaxies avoid an early death because they have a 'heart and lungs' which effectively regulate their 'breathing' and prevent them growing out of control, a new study suggests. If they didn't, the universe would have aged much faster than it has and all we would see today is huge 'zombie' galaxies teeming with dead and dying stars. That's according to a new study that investigates one of the great mysteries of the Universe -- why galaxies are not as large as astronomers would expect.

      

      
        A comprehensive derivative synthesis method for development of new antimicrobial drugs
        A method to screen a wide variety of drug candidates without laborious purification steps could advance the fight against drug-resistant bacteria.
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Microbes found to destroy certain 'forever chemicals' | ScienceDaily
UC Riverside environmental engineering team has discovered specific bacterial species that can destroy certain kinds of "forever chemicals," a step further toward low-cost treatments of contaminated drinking water sources.


						
The microorganisms belong to the genus Acetobacterium and they are commonly found in wastewater environments throughout the world.

Forever chemicals, also known as per- and polyfluoroalkyl substances or PFAS, are so named because they have stubbornly strong carbon-fluorine chemical bonds, which make them persistent in the environment.

The microorganisms discovered by UCR scientists and their collaborators can cleave those stubborn fluorine-to-carbon bonds, they reported Wednesday, July 17, in the journal Science Advances.

"This is the first discovery of a bacterium that can do reductive defluorination of PFAS structures," said Yujie Men, corresponding author of the study and an associate professor at UCR's Bourns College of Engineering in the Department of Chemical and Environmental Engineering.

Men cautioned that the bacteria were effective only on unsaturated PFAS compounds, which have double carbon-to-carbon bonds in their chemical structures.

But importantly, the scientists also identified the specific enzymes in these bacteria essential for cleaving the carbon-fluorine bonds. This discovery opens the door for bioengineers to improve these enzymes so they can be effective on other PFAS compounds. (Enzymes are proteins that act as catalysts for biochemical reactions.)

"If we can understand the mechanism, maybe we can find similar enzymes based on the identified molecular traits and screen out more effective ones," Men said. "Also, if we can design some new enzyme or alter this known enzyme based on the mechanistic understanding, we could be able to make it more efficient and work with a broader range of PFAS molecules ."




Last year, Men published a paper that identified other microorganisms that cleave the carbon-chlorine bond in chlorinated PFAS compounds, which triggers substantial spontaneous defluorination and destroys this group of pollutants. The most recent discovery greatly expands the number of PFAS compounds that can be destroyed biologically. Using bacteria to treat groundwater is cost effective because the microorganisms destroy pollutants before the water reaches wells. The process involves injecting the groundwater with the preferred bacteria species along with nutrients to increase their numbers.

Because PFAS compounds are linked to cancer and other human health maladies, the U.S. Environmental Protection Agency, or EPA, imposed water-quality limits earlier this year that restrict certain forever chemicals to only four parts per trillion in the nation's tap water, spurring water providers to find PFAS cleanup solutions.

PFAS compounds came into widespread use in thousands of consumer products starting in the 1940s because of their ability to resist heat, water, and lipids. Examples of PFAS-containing products include fire suppressant foams, grease-resistant paper wrappers and containers such as microwave popcorn bags, pizza boxes, and candy wrappers; also, stain and water repellents used on carpets, upholstery, clothing, and other fabrics; according to the EPA.

The paper's title is "Electron-bifurcation and fluoride efflux systems in Acetobacterium spp. Drive defluorination of perfluorinated unsaturated carboxylic acids." Yaochun Yu is the lead author. He was a visiting student scientist and a UCR post-doctoral scientist at UCR before joining the Swiss Federal Institute of Aquatic Science and Technology, or Eawag, in 2022.

In addition to Yu and Men, the co-authors authors are Fengjun Xu, Weiyang Zhao, Calvin Thoma, Shun Che, Jack E. Richman, Bosen Jin, Yiwen Zhu, Yue Xing, and Lawrence Wackett.
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Ant insights lead to robot navigation breakthrough | ScienceDaily
Have you ever wondered how insects are able to go so far beyond their home and still find their way? The answer to this question is not only relevant to biology but also to making the AI for tiny, autonomous robots. TU Delft drone-researchers felt inspired by biological findings on how ants visually recognize their environment and combine it with counting their steps in order to get safely back home. They have used these insights to create an insect-inspired autonomous navigation strategy for tiny, lightweight robots. The strategy allows such robots to come back home after long trajectories, while requiring extremely little computation and memory (0.65 kiloByte per 100 m). In the future, tiny autonomous robots could find a wide range of uses, from monitoring stock in warehouses to finding gas leaks in industrial sites. The researchers have published their findings in Science Robotics, on July 17, 2024.


						
Sticking up for the little guy

Tiny robots, from tens to a few hundred grams, have the potential for interesting real-world applications. With their light weight, they are extremely safe even if they accidentally bump into someone. Since they are small, they can navigate in narrow areas. And if they can be made cheaply, they can be deployed in larger numbers, so that they can quickly cover a large area, for instance in greenhouses for early pest or disease detection.

However, making such tiny robots operate by themselves is difficult, since compared to larger robots they have extremely limited resources. A major obstacle is that they have to be able to navigate by themselves. For this robots can get help from external infrastructure. They can use location estimates from GPS satellites outdoors or from wireless communication beacons indoors. However, it is often not desirable to rely on such infrastructure. GPS is unavailable indoors and can get highly inaccurate in cluttered environments such as in urban canyons. And installing and maintaining beacons in indoor spaces is quite expensive or simply not possible, for example in search-and-rescue scenarios.

The AI necessary for autonomous navigation with only onboard resources has been made with large robots in mind such as self-driving cars. Some approaches rely on heavy, power-hungry sensors like LiDAR laser rangers, which can simply not be carried or powered by small robots. Other approaches use the sense of vision, which is a very power-efficient sensor that provides rich information on the environment. However, these approaches typically attempt to create highly detailed 3D maps of the environment. This requires large amounts of processing and memory, which can only be provided by computers that are too large and power-hungry for tiny robots.

Counting steps and visual breadcrumbs

This is why some researchers have turned to nature for inspiration. Insects are especially interesting as they operate over distances that could be relevant to many real-world applications, while using very scarce sensing and computing resources. Biologists have an increasing understanding of the underlying strategies used by insects. Specifically, insects combine keeping track of their own motion (termed "odometry") with visually guided behaviors based on their low-resolution, but almost omnidirectional visual system (termed "view memory"). Whereas odometry is increasingly well understood even up to the neuronal level, the precise mechanisms underlying view memory are still less well understood. One of the earliest theories on how this works proposes a "snapshot" model. In it, an insect such as an ant is proposed to occasionally make snapshots of its environment. Later, when arriving close to the snapshot, the insect can compare its current visual percept to the snapshot, and move to minimize the differences. This allows the insect to navigate, or 'home', to the snapshot location, removing any drift that inevitably builds up when only performing odometry.




"Snapshot-based navigation can be compared to how Hansel tried not to get lost in the fairy tale of Hansel and Gretel. When Hans threw stones on the ground, he could get back home. However, when he threw bread crumbs that were eaten by the birds, Hans and Gretel got lost. In our case, the stones are the snapshots." says Tom van Dijk, first author of the study, "As with a stone, for a snapshot to work, the robot has to be close enough to the snapshot location. If the visual surroundings get too different from that at the snapshot location, the robot may move in the wrong direction and never get back anymore. Hence, one has to use enough snapshots -- or in the case of Hansel drop a sufficient number of stones. On the other hand, dropping stones to close to each other would deplete Hans' stones too quickly. In the case of a robot, using too many snapshots leads to large memory consumption. Previous works in this field typically had the snapshots very close together, so that the robot could first visually home to one snapshot and then to the next."

"The main insight underlying our strategy is that you can space snapshots much further apart, if the robot travels between snapshots based on odometry.," says Guido de Croon, Full Professor in bio-inspired drones and co-author of the article, "Homing will work as long as the robot ends up close enough to the snapshot location, i.e., as long as the robot's odometry drift falls within the snapshot's catchment area. This also allows the robot to travel much further, as the robot flies much slower when homing to a snapshot than when flying from one snapshot to the next based on odometry."

The proposed insect-inspired navigation strategy allowed a 56-gram "CrazyFlie" drone, equipped with an omnidirectional camera, to cover distances of up to 100 meters with only 0.65 kiloByte. All visual processing happened on a tiny computer called a "micro-controller," which can be found in many cheap electronic devices.

Putting robot technology to work

"The proposed insect-inspired navigation strategy is an important step on the way to applying tiny autonomous robots in the real world.," says Guido de Croon, "The functionality of the proposed strategy is more limited than that provided by state-of-the-art navigation methods. It does not generate a map and only allows the robot to come back to the starting point. Still, for many applications this may be more than enough. For instance, for stock tracking in warehouses or crop monitoring in greenhouses, drones could fly out, gather data and then return to the base station. They could store mission-relevant images on a small SD card for post-processing by a server. But they would not need them for navigation itself."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717162408.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Soft, stretchy 'jelly batteries' inspired by electric eels | ScienceDaily
Researchers have developed soft, stretchable 'jelly batteries' that could be used for wearable devices or soft robotics, or even implanted in the brain to deliver drugs or treat conditions such as epilepsy.


						
The researchers, from the University of Cambridge, took their inspiration from electric eels, which stun their prey with modified muscle cells called electrocytes.

Like electrocytes, the jelly-like materials developed by the Cambridge researchers have a layered structure, like sticky Lego, that makes them capable of delivering an electric current.

The self-healing jelly batteries can stretch to over ten times their original length without affecting their conductivity -- the first time that such stretchability and conductivity has been combined in a single material. The results are reported in the journal Science Advances.

The jelly batteries are made from hydrogels: 3D networks of polymers that contain over 60% water. The polymers are held together by reversible on/off interactions that control the jelly's mechanical properties.

The ability to precisely control mechanical properties and mimic the characteristics of human tissue makes hydrogels ideal candidates for soft robotics and bioelectronics; however, they need to be both conductive and stretchy for such applications.

"It's difficult to design a material that is both highly stretchable and highly conductive, since those two properties are normally at odds with one another," said first author Stephen O'Neill, from Cambridge's Yusuf Hamied Department of Chemistry. "Typically, conductivity decreases when a material is stretched."

"Normally, hydrogels are made of polymers that have a neutral charge, but if we charge them, they can become conductive," said co-author Dr Jade McCune, also from the Department of Chemistry. "And by changing the salt component of each gel, we can make them sticky and squish them together in multiple layers, so we can build up a larger energy potential."




Conventional electronics use rigid metallic materials with electrons as charge carriers, while the jelly batteries use ions to carry charge, like electric eels.

The hydrogels stick strongly to each other because of reversible bonds that can form between the different layers, using barrel-shaped molecules called cucurbiturils that are like molecular handcuffs. The strong adhesion between layers provided by the molecular handcuffs allows for the jelly batteries to be stretched, without the layers coming apart and crucially, without any loss of conductivity.

The properties of the jelly batteries make them promising for future use in biomedical implants, since they are soft and mould to human tissue. "We can customise the mechanical properties of the hydrogels so they match human tissue," said Professor Oren Scherman, Director of the Melville Laboratory for Polymer Synthesis, who led the research in collaboration with Professor George Malliaras from the Department of Engineering. "Since they contain no rigid components such as metal, a hydrogel implant would be much less likely to be rejected by the body or cause the build-up of scar tissue."

In addition to their softness, the hydrogels are also surprisingly tough. They can withstand being squashed without permanently losing their original shape, and can self-heal when damaged.

The researchers are planning future experiments to test the hydrogels in living organisms to assess their suitability for a range of medical applications.

The research was funded by the European Research Council and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI). Oren Scherman is a Fellow of Jesus College, Cambridge.
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New technique pinpoints nanoscale 'hot spots' in electronics to improve their longevity | ScienceDaily
When electronic devices like laptops or smartphones overheat, they are fundamentally suffering from a nanoscale heat transfer problem. Pinpointing the source of that problem can be like trying to find a needle in a haystack.


						
"The building blocks of our modern electronics are transistors with nanoscale features, so to understand which parts of overheating, the first step is to get a detailed temperature map," says Andrea Pickel, an assistant professor from the University of Rochester's Department of Mechanical Engineering. "But you need something with nanoscale resolution to do that."

Existing optical thermometry techniques are impractical because they have fundamental limits on the spatial resolution they can achieve. So Pickel and her materials science PhD students Ziyang Ye and Benjamin Harrington engineered a new approach to overcome these limitations by leveraging Nobel Prize in Chemistry-winning optical super-resolution fluorescence microscopy techniques used in biological imaging. In a new Science Advances study, the researchers outline their process for mapping heat transfer using luminescent nanoparticles.

By applying highly doped upconverting nanoparticles to the surface of a device, the researchers were able to achieve super-high resolution thermometry at the nanoscale level from up to 10 millimeters away. According to Pickel, that distance is extremely far in the world of super-resolution microscopy and that the biological imaging techniques they used for inspiration typically operate less than one millimeter away.

Pickel says that while the biological imaging techniques provide great inspiration, applying them to electronics had significant hurdles because they involve such different materials.

"Our requirements are very different from biologists because they're looking at things like cells and water-based materials," she says. "Often, they might have a liquid like water or an oil between their objective lens and their sample. That's great for biological imaging, but if you're working with an electronic device, that's the last thing you want."

The paper demonstrates the technique using an electrical heater structure that the team designed to produce sharp temperature gradients, but Pickel says their method can be used by manufacturers to improve a wide array of electrical components. To further improve the process, the team hopes to lower the laser power used and refine the methods for applying layers of nanoparticles to the devices.

The research was supported by the National Science Foundation and a University of Rochester Furth Fund Award.
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Want to spot a deepfake? Look for the stars in their eyes | ScienceDaily
In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important.


						
So what if you could tell just by looking into someone's eyes?

That's the compelling finding of new research shared at the Royal Astronomical Society's National Astronomy Meeting in Hull, which suggests that AI-generated fakes can be spotted by analysing human eyes in the same way that astronomers study pictures of galaxies.

The crux of the work, by University of Hull MSc student Adejumoke Owolabi, is all about the reflection in a person's eyeballs.

If the reflections match, the image is likely to be that of a real human. If they don't, they're probably deepfakes.

"The reflections in the eyeballs are consistent for the real person, but incorrect (from a physics point of view) for the fake person," said Kevin Pimbblet, professor of astrophysics and director of the Centre of Excellence for Data Science, Artificial Intelligence and Modelling at the University of Hull.

Researchers analysed reflections of light on the eyeballs of people in real and AI-generated images. They then employed methods typically used in astronomy to quantify the reflections and checked for consistency between left and right eyeball reflections.




Fake images often lack consistency in the reflections between each eye, whereas real images generally show the same reflections in both eyes.

"To measure the shapes of galaxies, we analyse whether they're centrally compact, whether they're symmetric, and how smooth they are. We analyse the light distribution," said Professor Pimbblet.

"We detect the reflections in an automated way and run their morphological features through the CAS [concentration, asymmetry, smoothness] and Gini indices to compare similarity between left and right eyeballs.

"The findings show that deepfakes have some differences between the pair."

The Gini coefficient is normally used to measure how the light in an image of a galaxy is distributed among its pixels. This measurement is made by ordering the pixels that make up the image of a galaxy in ascending order by flux and then comparing the result to what would be expected from a perfectly even flux distribution.

A Gini value of 0 is a galaxy in which the light is evenly distributed across all of the image's pixels, while a Gini value of 1 is a galaxy with all light concentrated in a single pixel.




The team also tested CAS parameters, a tool originally developed by astronomers to measure the light distribution of galaxies to determine their morphology, but found it was not a successful predictor of fake eyes.

"It's important to note that this is not a silver bullet for detecting fake images," Professor Pimbblet added.

"There are false positives and false negatives; it's not going to get everything. But this method provides us with a basis, a plan of attack, in the arms race to detect deepfakes."
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Aussie innovation spearheads cheaper seafloor test for offshore wind farms | ScienceDaily
Australian engineers have unveiled a clever new device -- based on a modified speargun -- as a cheap and efficient way to test seabed soil when designing offshore wind farms.


						
The RMIT University invention launches a probe into the seabed to provide valuable data on what lies beneath.

This testing is normally done by winching or dropping probes -- known as penetrometers -- from the deck of a support vessel.

But for wind farm projects is shallower water these lightweight probes are less effective in penetrating the sandy seabed, while heavy-duty probes that do work can cost up to AU$200,000 a day.

The RMIT researchers tested their launching device with various probe tips in different sand mixes within a water tank, using an array of sensors and high-speed cameras to capture results.

Results now published in the Canadian Geotechnical Journal indicate the device could be twice as effective in penetrating the seafloor compared to existing lightweight free-fall soil testers, and much more cost-effective than heavy-duty probes.

RMIT PhD candidate and study lead author Junlin Rong said these results showed the device's significant potential.




"In laboratory environments, the device showed considerably greater penetration potential compared to free-falling probes on soil. Notably, in high-density sandy material, the penetration depth was twice that of previously reported values achieved by freely falling probes," Rong said.

"This breakthrough technique has the potential to revolutionise site investigations for wind farm projects, offering significant time and cost savings while outperforming the embedment achieved by other dynamic penetrometers."

The device is designed with environmental friendliness in mind, as probes can be retrieved and reused after data collection, allowing 'probe and go' testing that minimizes disturbance to the seabed.

It can also be adapted to existing probes, allowing engineers to retrofit their current devices with minimal investment.

Rong added that while existing cone penetration testing methods would remain dominant, their launching system could reduce the number of these expensive tests needed, resulting in substantial savings.

RMIT Professor of Geotechnical Engineering Majid Nazem said the device was now ready for field trials.

"Now that our experiments have demonstrated the device's ability to achieve considerable embedment depth in dense sand, we are keen to conduct field trials and collaborate with our potential industrial partners to further test its performance for offshore geotechnical engineering applications," Nazem said.

This research was conducted with colleagues at the University of Melbourne in RMIT's Heavy Structures Laboratory and supported by the Australian Research Council through the Discovery Project scheme (DP200100549).
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A hydrogel implant to treat endometriosis | ScienceDaily
Researchers from ETH Zurich and Empa have developed a hydrogel implant that can help prevent endometriosis, a condition that affects a great many women. This innovation also acts as a contraceptive.


						
Hydrogels have a variety of use cases, including contact lenses, delivering doses of medication within the body, moisturisers, water storage in soil, cleaning polluted water and as gelling and thickening agents. A hydrogel is a gel made of a type of plastic that can bind water. Researchers at ETH Zurich and Empa have now developed the first hydrogel implant designed for use in fallopian tubes. This innovation performs two functions: one is to act as a contraceptive, the other is to prevent the recipient from developing endometriosis in the first place or to halt the spread if they do.

Around four years ago, Inge Herrmann made a new addition to her research group at the Department of Mechanical and Process Engineering at ETH and Empa. The new member was a senior physician specialising in gynaecology who was keen to pursue clinically-inspired research. This kind of interdisciplinary collaboration was an experiment for the whole team. Their initial goal had been to turn a hydrogel into a new kind of contraceptive for women. However, after the research team began talking to the gynaecologist, they realised that implanting a hydrogel to occlude the fallopian tubes could also help prevent endometriosis.

Preventing endometriosis by occluding the fallopian tubes

Around 10 percent of women suffer from endometriosis. However, it is still unclear exactly what causes this condition. The assumption is that during menstruation, blood flows back along the fallopian tubes and into the abdominal cavity. This blood contains cells from the uterine lining (endometrium), which settle in the abdominal cavity and as a result can cause inflammation, pain and the formation of scar tissue.

The researchers found a way to create a hydrogel implant capable of successfully occluding the fallopian tubes and thus preventing retrograde menstruation. They describe their findings in a study that was recently published in the journal Advanced Materials. "We discovered that the implant had to be made of an extremely soft gel -- similar in consistency to a jelly baby -- that does not impact native tissue and is not treated and rejected as a foreign body," explains Alexandre Anthis, lead author of the study.

An advantage of hydrogels is that they swell when brought into contact with liquid. As a result, this new implant starts off at approximately two millimetres in length. But once implanted in the fallopian tubes as part of a non-surgical procedure using a hysteroscope -- an instrument for inspecting the uterine cavity -- the implant swells to more than double its original size. The hydrogel then acts as a barrier to both sperm and blood. "Our hydrogel implant can be easily and quickly destroyed, either with UV light or a special solution, so that recipients don't have to have an invasive and risky operation should they decide to reverse the procedure," Herrmann says.




Innovation through interdisciplinary collaboration

Anthis says that one of the biggest challenges was achieving the right balance between stability and degradability. "We wanted to ensure that the implant was compatible as well as stable." To this end, the researchers first conducted ex-vivo experiments on human (and animal) fallopian tubes that had for instance been removed in the course of treating ovarian cancer. Next, they tested their innovation in a live pig; after three weeks, the hydrogel implant was still in position and there was no sign of any foreign-body reactions.

Together with ETH and the Swiss Federal Laboratories for Materials Science and Technology (Empa), the researchers submitted a patent. But there's still a way to go before the implant will be ready to market. Since endometriosis is a human disease, it is challenging to tell how the hydrogel implant will behave long-term once in position in fallopian tubes, especially when recipients engage in strenuous physical activities like sport. Moreover, it is as yet unclear whether blocking the fallopian tubes alone is enough to prevent endometriosis. "We've trawled through databases to find data relating to endometriosis patients who have had their fallopian tubes removed," Herrmann says. Such cases could reveal whether that measure actually stops endometriosis from developing in the abdominal cavity, she adds.

"So far, very little research has been done at the point where materials science, process engineering and gynaecology meet. But this is a vitally important area of research. We hope that our work will count as a meaningful step in the right direction," says Herrmann, who recently opened the Ingenuity Lab at the University Hospital Balgrist, aiming to translate innovative materials technologies to clinics.
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Powerful new particle accelerator a step closer with muon-marshalling technology | ScienceDaily
New experimental results show particles called muons can be corralled into beams suitable for high-energy collisions, paving the way for new physics.


						
Particle accelerators are best known for colliding matter to probe its make-up, but they are also used for measuring the chemical structure of drugs, treating cancers, and manufacturing silicon microchips.

Current accelerators use protons, electrons and ions, but more powerful accelerators using muons -- heavier cousins of electrons -- have the potential to revolutionise the field. Muon accelerators would be both cheaper and smaller, so could be built on the same sites as existing colliders while accessing even higher energies.

Now, a new analysis of a muon-beam experiment has demonstrated the success of one of the key technologies required for muon accelerators. This paves the way for a muon collider to be scaled up sooner than other types of accelerators using different particles.

The analysis was led by Imperial College London researchers, as part of the Muon Ionization Cooling Experiment (MICE) collaboration, and findings are published today in Nature Physics.

First author of the study Dr Paul Bogdan Jurj, from the Department of Physics at Imperial, said: "Our proof-of-principle is great news for the international particle physics community, who are making plans for the next-generation of higher-energy accelerators. It is an important development towards the realisation of a muon collider, which could fit into existing sites, such as FermiLab in the United States, where there is a growing enthusiasm for the technology."

Powerful particle accelerators

The most powerful particle accelerators in the world, exemplified by the Large Hadron Collider (LHC), smash together particles called protons at high energies. These collisions produce new sub-atomic particles that physicists want to study, such as the Higgs and other bosons and quarks.




To reach higher-energy collisions, and access new physics discoveries and applications, a much larger proton collider would need to be built. The LHC is shaped like a ring with a 27km circumference, and plans have been drawn up to potentially build a nearly 100km collider.

However, the considerable costs and long time needed to build such a collider means some physicists are looking elsewhere for solutions. Among the promising avenues are colliders that instead smash together muons.

Muon colliders would be more compact and therefore cheaper, reaching effective energies as high as those proposed by the 100km proton collider in a much smaller space. However, technology development is needed to ensure the muons can be collided frequently enough.

Marshalling muons

The major challenge has been getting the muons to congregate in a small enough space, so that when they are accelerated they form a concentrated beam. This is essential to ensuring they collide with the beam of muons being accelerated around the ring in the opposite direction.

The MICE collaboration previously produced such a beam by using magnetic lenses and energy-absorbing materials to 'cool' the muons. Initial analysis showed that this successfully shifted muons towards the centre of the beam.




The new analysis of this experiment looked at the 'shape' of the beam in more detail, and how much space it occupied. With this, the team were able to show the beam was made more 'perfect' by the cooling: it had reduced size, with the muons travelling in a more organised fashion.

The experiment was carried out using the MICE muon beamline at the Science and Technology Facilities Council (STFC) ISIS Neutron and Muon Beam facility at the STFC Rutherford Appleton Laboratory in the UK. The team are now working with the International Muon Collider Collaboration to build the next stage of demonstrations.

MICE Collaboration spokesperson Professor Ken Long, from the Department of Physics at Imperial, said: "The clear positive result shown by our new analysis gives us the confidence to go ahead with larger prototype accelerators that put the technique into practice."

Dr Chris Rogers, based at STFC's ISIS facility in Oxfordshire, led the MICE analysis team and is now leading the development of the muon cooling system for the Muon Collider at CERN. He said: "This is an important result that shows the MICE cooling performance in the clearest possible way. It is now imperative that we scale up to the next step, the Muon Cooling Demonstrator, in order to deliver the muon collider as soon as possible."
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Physicists develop new theory describing the energy landscape formed when quantum particles gather together | ScienceDaily
An international team of physicists, centered at Trinity College Dublin, has proven new theorems in quantum mechanics that describe the "energy landscapes" of collections of quantum particles. Their work addresses decades-old questions, opening up new routes to make computer simulation of materials much more accurate. This, in turn, may help scientists design a suite of materials that could revolutionise green technologies.


						
The new theorems have just been published in the prominent journal Physical Review Letters. The results describe how the energy of systems of particles (such as atoms, molecules and more exotic matter) changes when their magnetism and particle count change. Solving an open problem important to the simulation of matter using computers, this extends a series of landmark works commencing from the early 1980s.

The combined pen-and-paper and computational work was done by Andrew Burgess, PhD Candidate in Trinity's School of Physics, together with Dr Edward Linscott, from the Paul Scherrer Institute in Switzerland, and Dr David O'Regan, Associate Professor in Physics at Trinity.

The exploration and understanding of molecules and materials using computer simulation is a mature and thriving research area. It has a long track record of success over several decades, and several materials in current use were developed with the help of such simulations. When studying systems at the atomic level, the equations that describe the particles and their interactions are those of quantum mechanics.

These equations are very demanding, and must be approximated for practical simulations. The art of making such approximations more reliable, while keeping the computational costs manageable, is approaching its 100th year. This work is increasingly guided by the handful of known "exact conditions," i.e. definite rules from quantum theory, such as those found here.

Explaining how to visualise what the team discovered, Dr David O'Regan says: "Imagine a steep-sided valley, where the ground is not curved but instead made up of angular tiles, like you might see in an old arcade game where the images were made using polygons.

"We have found that the height profile in fractured valleys like this represents the exact energy of isolated collections of particles, like molecules. Heading straight up the valley corresponds to changing the number of electrons that hold together the molecule, while moving to each side increases its magnetism. This work completes the mapping of this valley up to high magnetic states, finding that the valley walls are steep and tilted."

Andrew Burgess, lead author, describes in more detail how the discovery came about, saying "While working on a different problem, I needed to know the shape of this energy valley for simple systems. Hunting through published research, I could find lots of nice graphs but to my surprise they stoped short of mapping the entire valley. I realised that existing quantum mechanical theorems could be used for systems with one electron such as the hydrogen atom. However, for systems with two electrons such as the helium atom, these theorems could tell me little about the sides of the valley. Specifically, a quantum mechanical theorem known as the spin constancy condition was incomplete."




Dr Edward Linscott, from the Laboratory for Materials Simulations at PSI, explains the significance of the team's findings, adding: "Understanding the geography of this energy landscape may seem quite abstract and esoteric -- but actually, this knowledge can help solve all sorts of real-world problems. When colleagues of ours use computer simulations to try to find next-generation materials for more efficient solar panels, or catalysts for more energy efficient industrial chemistry, our knowledge of the energy landscape can be baked into the calculations that they perform, making their predictions more accurate and reliable."

Dr O'Regan added: "The energy differences and slopes of this valley landscape underpin the stability of matter, interactions between materials and light, chemical reactions, and magnetic effects. Knowing what the entire valley surface looks, including at high magnetisation, is already helping us to build better tools for simulating complex materials, even when they are not magnetic.

"Motivating this work is the need to provide improved simulation theory and methods for developing materials for renewable energy and chemistry applications. When a battery is discharging, for example, there are metal atoms that change their particle count and magnetism. Here we see that we're moving in that same valley landscape and it's the drop in height, so to speak, that gives the energy that the battery provides. This is an example of applied simulation and abstract quantum theory being practiced side by side, each motivating and improving the other."

Reflecting on the nature of this kind of research, Mr Burgess added: "This interplay between theory and practical simulation is what I love most about this area of research. We have already developed a new method for modelling materials based on these theorems and are testing it out on battery cathode materials, so there is plenty of exciting work in the pipeline!"
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Designing safer opioids | ScienceDaily
Opioid medications offer people relief from debilitating pain, but these drugs come with dangers: the risk for addiction, miserable withdrawal symptoms and the potential for fatal overdose. In a study in ACS Central Science, researchers have identified a strategy to design safer opioids. They showed that an experimental opioid, which binds to an unconventional spot in the receptor, suppresses pain in animal models with fewer side effects -- most notably those linked to fatal overdoses.


						
Opioid medications tap into the body's natural system for mitigating pain by activating pain-suppressing opioid receptors on nerve cells in the brain. Although the drugs are intended to help people, sometimes these medications lead to harm. People who take opioids can become physically dependent on them, where sudden stopping can produce withdrawal symptoms, such as muscle pain, nausea and vomiting. In addition, opioids make breathing slow and shallow, a side effect that can become fatal.

Attempts to design safer opioids have largely focused on identifying molecules that bind to the same spot on the receptor, known as the active site, where the body's own pain-relieving signals attach. In an earlier study, researchers found a molecule called C6 guano, which can activate the opioid receptor when it binds outside the active site. C6 guano interacts with a location inside the opioid receptor that typically responds to sodium ions. Despite its promising effects, C6 guano has a significant drawback: It cannot pass through the blood-brain barrier that protects the organ. So, a team led by Susruta Majumdar, Jay McLaughlin, Haoqing Wang and Ruth Huttenhain set out to improve upon this discovery by identifying a similar molecule with the potential to travel from the blood stream to opioid receptors in the brain.

To find an alternative that also binds to the opioid receptor, the researchers synthesized and evaluated 10 compounds with chemistry that might enable passage through the blood-brain barrier. During their initial testing in cells, they identified the most promising candidate derived from fentanyl, called RO76. By capturing molecules in proximity of the activated receptor, the team showed that RO76 produces a signal within cells that differs from those initiated by classic opioids, such as morphine.

They then evaluated the compound's efficacy in mice. In these experiments, RO76 appeared to suppress pain as effectively as morphine. But when comparing the opioids' effects on the animals breathing rates, they found that RO76 slowed breathing far less, suggesting it may not be as deadly as morphine. Likewise, when they gave the mice an opioid-blocking medication, the mice chronically taking RO76 experienced fewer withdrawal symptoms than those taking morphine. What's more, the team found that, when given by mouth, the new fentanyl derivative had similar, if slightly lower, pain-suppressing effects than when injected under the skin of the animals. The researchers say these results suggest RO76 has the potential for development as an oral medication for humans.

The authors acknowledge funding from the National Institutes of Health and the Pharmaceutical Research and Manufacturers of America Postdoctoral Fellowships. Two of the authors also acknowledge financial interests with biopharmaceutical companies.
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Completely stretchy lithium-ion battery for flexible electronics | ScienceDaily
When you think of a battery, you probably don't think stretchy. But batteries will need this shape-shifting quality to be incorporated into flexible electronics, which are gaining traction for wearable health monitors. Now, researchers in ACS Energy Letters report a lithium-ion battery with entirely stretchable components, including an electrolyte layer that can expand by 5000%, and it retains its charge storage capacity after nearly 70 charge/discharge cycles.


						
Electronics that bend and stretch need batteries with similar properties. Most researchers who have attempted to build such batteries created them with woven conductive fabric or rigid components folded into expandable shapes, similar to origami. But for a truly malleable battery, every part -- the electrodes that collect charge and the charge-balancing middle electrolyte layer -- must be elastic. So far, truly stretchy battery prototypes have moderate elasticity, complex assembly processes or limited energy storage capacity, especially over time with repeated charging and discharging. The latter can be due to a weak connection between the electrolyte layer and electrodes or instability of the fluid electrolyte, which can move around when the battery changes shape. So, rather than using a liquid, Wen-Yong Lai and coworkers wanted to incorporate the electrolyte into a polymer layer fused between two flexible electrode films, to create a completely solid, stretchy battery.

To make the electrodes for the fully elastic battery, the team spread a thin film of conductive paste containing silver nanowires, carbon black and lithium-based cathode or anode materials onto a plate. A layer of polydimethylsiloxane, a flexible material commonly used in contact lenses, was then applied to the top of the paste. Directly on top of this film, the researchers added a lithium salt, a highly conductive liquid and the ingredients to make a stretchy polymer. When activated by light, these components combined to form a solid, rubbery layer capable of stretching to 5000% of its original length and able to transport lithium ions. Finally, the stack was topped with another electrode film, and the whole device was sealed in a protective coating.

When comparing the solid stretchy battery design to a similar device with a traditional liquid electrolyte, the new version had about six times higher average charge capacity at a fast-charging rate. Likewise, the solid battery maintained a more stable capacity while operating during 67 charging and discharging cycles. In other prototypes made with solid electrodes, the polymer electrolyte maintained steady operation over 1000 cycles, with capacity dropping by 1% in the first 30 cycles, compared to a 16% drop for the liquid electrolyte. There are still improvements to be made, but this new way of creating fully stretchable, solid batteries could be a promising step forward for wearable or implantable devices that flex and move with the body.

The authors acknowledge funding from the National Key Research and Development Program of China; the National Natural Science Foundation of China; the Natural Science Foundation of Jiangsu Province; the Foundation of Key Laboratory Flexible Electronics of Zhejiang Province; Program for Jiangsu Specially-Appointed Professor; NUPT "1311 Project" and Scientific Foundation; China Postdoctoral Science Foundation; the Project of State Key Laboratory of Organic Electronics and Information Displays, NJUPT; and the Natural Science Foundation of NJUPT.
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Smart soil can water and feed itself | ScienceDaily
A newly engineered type of soil can capture water out of thin air to keep plants hydrated and manage controlled release of fertilizer for a constant supply of nutrients.


						
Underpinning this exciting smart soil system is a hydrogel material developed by researchers at The University of Texas at Austin. In experiments, the hydrogel-infused soil led to the growth of larger, healthier plants, compared to regular soil, all while using less water and fertilizer.

"This new gel technology can reduce the burden on farmers by decreasing the need for frequent irrigation and fertilization," said Jungjoon Park, a graduate student in the Walker Department of Mechanical Engineering and who led the research. "The technology is also versatile enough to be adopted across a wide range of climates, from arid regions to temperate areas."

The research was published recently in ACS Materials Letters.

Agriculture today accounts for 70% of global freshwater withdrawals and up to 95% in some developing countries as our global population continues to rise. The U.N. Food and Agriculture Organization emphasizes the importance of improving irrigation efficiency, adopting water-saving technologies and promoting crops with lower water footprints to ensure sustainable food production and water resource management.

Meanwhile, traditional farming methods, especially irrigation and fertilizing, face significant challenges, including inefficient water usage and environmental land degradation. As climate change intensifies and water resources become increasingly scarce, the need for more efficient and sustainable irrigation practices has never been more urgent. Additionally, conventional fertilization techniques often result in excessive nutrient exposure, reducing nutrient uptake efficiency and causing environmental pollution, and farmable land degradation.

"The global water scarcity coupled with a growing population has an immediate impact on food security," said Yu, professor of materials science in the Cockrell School of Engineering's Walker Department of Mechanical Engineering and Texas Materials Institute. "This new class of hydrogels offers a promising solution to meet the pressing needs of water scarcity and efficient nutrient uptake in modern sustainable agriculture."

In experiments, plants rooted in the hydrogel soil saw a 138% increase in stem length compared to a control group in regular soil. And the modified soil can achieve approximately 40% water savings, significantly reducing the need for frequent irrigation and ensuring robust crop development.




This research builds on previous discoveries involving hydrogels that can pull water from the atmosphere and make farming more efficient. It is part of Yu's overall mission that dates back to his childhood: to expand access to clean water to people around the globe.

This work mainly focused on calcium-based fertilizers. The project will continue, and the researchers' next moves involve integrating different types of fertilizers and longer field tests.

Joining Yu and Park on the project are Weixin Guan and Chuxin Lei, who are also graduate students in the materials science and engineering program and Texas Materials Institute.
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Astronomers spot a 'highly eccentric' planet on its way to becoming a hot Jupiter | ScienceDaily
e most extreme planets in the galaxy. These scorching worlds are as massive as Jupiter, and they swing wildly close to their star, whirling around in a few days compared to our own gas giant's leisurely 4,000-day orbit around the sun. 
Scientists suspect, though, that hot Jupiters weren't always so hot and in fact may have formed as "cold Jupiters," in more frigid, distant environs. But how they evolved to be the star-hugging gas giants that astronomers observe today is a big unknown.
Now, astronomers at MIT, Penn State University, and elsewhere have discovered a hot Jupiter "progenitor" -- a sort of juvenile planet that is in the midst of becoming a hot Jupiter. And its orbit is providing some answers to how hot Jupiters evolve.
The new planet, which astronomers labeled TIC 241249530 b, orbits a star that is about 1,100 light years from Earth. The planet circles its star in a highly "eccentric" orbit, meaning that it comes extremely close to the star before slinging far out, then doubling back, in a narrow, elliptical circuit. If the planet was part of our solar system, it would come ten times closer to the sun than Mercury, before hurtling out, just past Earth, then back around. By the scientists' estimates, the planet's stretched-out orbit has the highest eccentricity of any planet detected to date.
The new planet's orbit is also unique in its "retrograde" orientation. Unlike the Earth and other planets in the solar system, which orbit in the same direction as the sun spins, the new planet travels in a direction that is counter to its star's rotation. 
The team ran simulations of orbital dynamics and found that the planet's highly eccentric and retrograde orbit are signs that it is likely evolving into a hot Jupiter, through "high-eccentricity migration" -- a process by which a planet's orbit wobbles and progressively shrinks as it interacts with another star or planet on a much wider orbit. 
In the case of TIC 241249530 b, the researchers determined that the planet orbits around a primary star that itself orbits around a secondary star, as part of a stellar binary system. The interactions between the two orbits -- of the planet and its star -- have caused the planet to gradually migrate closer to its star over time. 
The planet's orbit is currently elliptical in shape, and the planet takes about 167 days to complete a lap around its star. The researchers predict that in 1 billion years, the planet will migrate into a much tighter, circular orbit, when it will then circle its star every few days. At that point, the planet will have fully evolved into a hot Jupiter. 
"This new planet supports the theory that high eccentricity migration should account for some fraction of hot Jupiters," says Sarah Millholland, assistant professor of physics in MIT's Kavli Institute for Astrophysics and Space Research. "We think that when this planet formed, it would have been a frigid world. And because of the dramatic orbital dynamics, it will become a hot Jupiter in about a billion years, with temperatures of several thousand kelvin. So it's a huge shift from where it started."
Millholland and her colleagues will publish their findings in the journal Nature. Her co-authors are MIT undergraduate Haedam Im, lead author Arvind Gupta of Penn State University and NSF NOIRLab, and collaborators at multiple other universities, institutions, and observatories. 
"Radical seasons"
The new planet was first spotted in data taken by NASA's Transiting Exoplanet Survey Satellite (TESS), an MIT-led mission that monitors the brightness of nearby stars for "transits," or brief dips in starlight that could signal the presence of a planet passing in front of, and temporarily blocking, a star's light. 
On Jan. 12, 2020, TESS picked up a possible transit of the star TIC 241249530. Gupta and his colleagues at Penn State determined that the transit was consistent with a Jupiter-sized planet crossing in front of the star. They then acquired measurements from other observatories of the star's radial velocity, which estimates a star's wobble, or the degree to which it moves back and forth, in response to other nearby objects that might gravitationally tug on the star.
Those measurements confirmed that a Jupiter-sized planet was orbiting the star and that its orbit was highly eccentric, bringing the planet extremely close to the star before flinging it far out. 
Prior to this detection, astronomers had known of only one other planet, HD 80606 b, that was thought to be an early hot Jupiter. That planet, discovered in 2001, held the record for having the highest eccentricity, until now. 
"This new planet experiences really dramatic changes in starlight throughout its orbit," Millholland says. "There must be really radical seasons and an absolutely scorched atmosphere every time it passes close to the star."
"Dance of orbits"
How could a planet have fallen into such an extreme orbit? And how might its eccentricity evolve over time? For answers, Im and Millholland ran simulations of planetary orbital dynamics to model how the planet may have evolved throughout its history and how it might carry on over hundreds of millions of years. 
The team modeled the gravitational interactions between the planet, its star, and the second nearby star. Gupta and his colleagues had observed that the two stars orbit each other in a binary system, while the planet is simultaneously orbiting the closer star. The configuration of the two orbits is somewhat like a circus performer twirling a hula hoop around her waist, while spinning a second hula hoop around her wrist.
Millholland and Im ran multiple simulations, each with a different set of starting conditions, to see which condition, when run forward over several billions of years, produced the configuration of planetary and stellar orbits that Gupta's team observed in the present day. They then ran the best match even further into the future to predict how the system will evolve over the next several billion years. 
These simulations revealed that the new planet is likely in the midst of evolving into a hot Jupiter: Several billion years ago, the planet formed as a cold Jupiter, far from its star, in a region cold enough to condense and take shape. Newly formed, the planet likely orbited the star in a circular path. This conventional orbit, however, gradually stretched and grew eccentric, as it experienced gravitational forces from the star's misaligned orbit with its second, binary star. 
"It's a pretty extreme process in that the changes to the planet's orbit are massive," Millholland says. "It's a big dance of orbits that's happening over billions of years, and the planet's just going along for the ride."
In another billion years, the simulations show that the planet's orbit will stabilize in a close-in, circular path around its star. 
"Then, the planet will fully become a hot Jupiter," Millholland says. 
The team's observations, along with their simulations of the planet's evolution, support the theory that hot Jupiters can form through high eccentricity migration, a process by which a planet gradually moves into place via extreme changes to its orbit over time. 
"It's clear not only from this, but other statistical studies too, that high eccentricity migration should account for some fraction of hot Jupiters," Millholland notes. "This system highlights how incredibly diverse exoplanets can be. They are mysterious other worlds that can have wild orbits that tell a story of how they got that way and where they're going. For this planet, it's not quite finished its journey yet."
###

Written by Jennifer Chu, MIT News 
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Paving the way to extremely fast, compact computer memory | ScienceDaily
For decades, scientists have been studying a group of unusual materials called multiferroics that could be useful for a range of applications including computer memory, chemical sensors and quantum computers. In a study published in Nature, researchers from The University of Texas at Austin and the Max Planck Institute for the Structure and Dynamics of Matter (MPSD) demonstrated that the layered multiferroic material nickel iodide (NiI2) may be the best candidate yet for devices that are extremely fast and compact.


						
Multiferroics have a special property called magnetoelectric coupling, which means that you can manipulate magnetic properties of the material with an electric field and vice versa, electric properties with magnetic fields. The researchers found NiI2 has greater magnetoelectric coupling than any known material of its kind, making it a prime candidate for technology advances.

"Unveiling these effects at the scale of atomically thin nickel iodide flakes was a formidable challenge," said Frank Gao, a postdoctoral fellow in physics at UT and co-lead author of the paper, "but our success presents a significant advancement in the field of multiferroics."

"Our discovery paves the way for extremely fast and energy-efficient magnetoelectric devices, including magnetic memories," added graduate student Xinyue Peng, the project's other co-lead author.

Electric and magnetic fields are fundamental for our understanding of the world and for modern technologies. Inside a material, electric charges and atomic magnetic moments may order themselves in such a way that their properties add up, forming an electric polarization or a magnetization. Such materials are known as ferroelectrics or ferromagnets, depending on which of these quantities is in an ordered state.

However, in the exotic materials that are multiferroics, such electric and magnetic orders co-exist. The magnetic and electric orders can be entangled in such a way that a change in one causes a change in the other. This property, known as magnetoelectric coupling, makes these materials attractive candidates for faster, smaller and more efficient devices. For such devices to work effectively, it is important to find materials with particularly strong magnetoelectric coupling, as the research team describes doing with NiI2 in their study.

The researchers accomplished this by exciting the material with ultrashort laser pulses in the femtosecond range (a millionth of a billionth of a second) and then tracking the resulting changes in the material's electric and magnetic orders and magnetoelectric coupling via their impact on specific optical properties.




To understand why the magnetoelectric coupling is so much stronger in NiI2 than in similar materials, the team performed extensive calculations.

"Two factors play important roles here," said co-author Emil Vinas Bostrom of the MPSD. "One of them is the strong coupling between the electrons' spin and orbital motion on the iodine atoms -- that's a relativistic effect known as spin-orbit coupling. The second factor is the particular form of the magnetic order in nickel iodide, known as a spin spiral or spin helix. This ordering is crucial both to initiate the ferroelectric order and for the strength of the magnetoelectric coupling."

Materials like NiI2 with large magnetoelectric coupling have a wide range of potential applications, according to the researchers. These include magnetic computer memory that is compact, energy efficient and can be stored and retrieved much faster than existing memory; interconnects in quantum computing platforms; and chemical sensors that can ensure quality control and drug safety in the chemical and pharmaceutical industries.

The researchers hope that these groundbreaking insights can be used to identify other materials with similar magnetoelectric properties and that other material engineering techniques could possibly lead to a further enhancement of the magnetoelectric coupling in NiI2.

This work was conceived and supervised by Edoardo Baldini, assistant professor of physics at UT, and Angel Rubio, director of the MPSD.

The paper's other UT authors are Dong Seob Kim and Xiaoqin Li. Other authors of MPSD are Xinle Cheng and Peizhe Tang. Additional authors are Ravish K. Jain, Deepak Vishnu, Kalaivanan Raju, Raman Sankar and Shang-Fan Lee of Academia Sinica; Michael A. Sentef of the University of Bremen; and Takashi Kurumaji of the California Institute of Technology.

Funding for this research was provided by the Robert A. Welch Foundation, the U.S. National Science Foundation, the U.S. Air Force Office of Scientific Research, the European Union's Horizon Europe research and innovation program, the Cluster of Excellence "CUI: Advanced Imaging of Matter," Grupos Consolidados, the Max Planck-New York City Center for Non-Equilibrium Quantum Phenomena, the Simons Foundation and the Ministry of Science and Technology in Taiwan.
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The magnet trick: New invention makes vibrations disappear | ScienceDaily
When everything shakes, precision is usually impossible -- everybody who has ever tried to take a photo with shaky hands or make handwritten notes on a bumpy bus journey knows that. With technical precision measurements, even much smaller vibrations are a major problem, for example with high-performance microscopes or precisely aligned telescope mirrors. Even the smallest vibrations, which are not even perceptible to humans, can render the measurement result unusable.


						
A new type of vibration damping technology has now been invented at TU Wien that solves such problems in an unusual way: electropermanent magnets are used. These are magnets that, like ordinary permanent magnets, maintain their magnetism permanently without the need for a power supply, but which are also fitted with a coil so that their magnetisation can be changed extremely fast using an electrical pulse. This makes it possible, for example, to actively suppress vibrations in mirrors in large telescopes and thus dramatically increase their performance.

A floating platform with nanometre precision

The vibration damping system at TU Wien consists of a permanently mounted base and a free-floating platform above it. The platform is suspended in the air, kept in place by strong magnetic forces. Several electromagnetic actuators can then fine-tune the position of the platform with high precision in fractions of a second -- even when a load of several kilograms is mounted on this platform.

"In sensitive applications, such as the positioning of mirror segments, the position of this platform must be kept stable to within a few tens of nanometres," says Prof. Ernst Csencsics from the Institute of Automation and Control Technology at TU Wien. "This is only possible if you can compensate for even tiny ground vibrations, such as those that occur when someone walks past outside the laboratory, or those caused by normal building vibrations."

The position of the platform must therefore be measured extremely accurately and any movement must be counteracted immediately. This makes it possible to suppress vibrations very efficiently, especially low-frequency vibrations, which are usually a problem in such applications.

Electromagnets need constant power 

"Electromagnets are usually used for such active vibration damping," explains Institute Director Prof Georg Schitter. "A current flows through coils in a magnetic field, and depending on how strong this current is, different forces can be generated. This works very quickly and precisely."




One major disadvantage of this technology, however, is that the current must flow continuously, otherwise the magnetic forces disappear instantly. A permanent magnet, on the other hand, can maintain its magnetic properties for any length of time without any external energy supply -- once it has been magnetised by a very strong magnetic field.

Everyday permanent magnets, as we know them from magnetic boards or fridge magnets, are also created in this way: You need a suitable, magnetisable material and expose it to a strong magnetic field once. This creates a magnetic order in the material, causing it to remain magnetic permanently.

Remagnetising permanent magnets in a targeted manner

The researchers have now succeeded in combining the advantages of electromagnets and permanent magnets in vibration damping using a so-called electropermanent magnet. "This is a permanent magnet that is also fitted with a coil," says Csencsics. As long as the strength of the permanent magnet is in the correct range, it does not require any power and the hovering platform is held in place. Only small corrective measures by the actuators are necessary to compensate for vibrations.

However, if the strength of the permanent magnet is no longer appropriate, for example because the weight resting on the hovering platform has changed or because it needs to be tilted, then more drastic methods are used: A short, strong current pulse is sent through the coil, creating a very strong magnetic field for a moment and thus also changing the magnetisation of the permanent magnet. By selecting the right magnetic pulse strength, the permanent magnet can be set to a new operating point, at which it then remains constant again without the need for an energy supply.

Working prototype, patent pending

This control can be automated: The system automatically recognises whether it is still close to the desired operating point or whether remagnetisation is necessary. "We have developed the necessary control technology over the last two years and it is already working very well," says Ernst Csencsics. The invention has already been patented with the support of TU Wien's research and transfer support team.




"With our prototype, we have shown that extremely precise and energy-saving vibration suppression is possible," says Georg Schitter. "The technology would be perfect for large telescopes, for example, which consist of several mirror segments. The telescope must be able to be aligned to different areas of the sky, and the mirrors must then be aligned with high precision and kept stable in every position. This is exactly what our technology would be ideal for."

In principle, however, the technology of electro-permanent magnet vibration damping could of course also be applied to other areas, such as the precision production of semiconductor chips and large high-quality optics, adaptive actuators or laboratory-based precision measurement technology. "Wherever you need the highest possible precision that could be disturbed by vibrations, our technology is an interesting solution," the researchers are convinced.
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Chatbot Iris offers students individual support | ScienceDaily
How can a chatbot support students in lectures and with assigned exercises? Researchers at the Technical University of Munich (TUM) have developed the chatbot Iris, which offers computer science students personalized assistance with programming assignments. A study has now confirmed the chatbot's success: Iris improves the understanding of programming concepts and represents a valuable complement to human tutors.


						
A packed auditorium with over 1000 students. This is not a rare sight in introductory informatics lectures. To meet the needs of each individual student under these conditions, Stephan Krusche, professor of Software Engineering, and his team have been building the Artemis learning platform since 2016. It resembles well-known learning platforms, but offers more possibilities. For example, students not only receive their assignments through the platform, but also get immediate feedback when they make mistakes or show an incomplete understanding of concepts.

Chatbot Iris: excellent tutor 

In October of last year, Stephan Krusche's team at the TUM Centre for Educational Technologies added the chatbot to the platform. Iris is based on the GPT large language model of OpenAI. It is intended to help students with assigned problems, with the support geared to their individual needs. To adapt the system to the learning context, the chatbot operates as a so-called excellent tutor. That means that, rather than immediately suggesting the right solution or specific steps, Iris offers subtle hints or asks leading questions. This approach encourages students to think for themselves. To boost learning efficiency, the chatbot only answers questions directly relevant to the learning content.

"To test the success of Iris, we surveyed over 200 students from three introductory informatics lectures," says Patrick Bassner, a doctoral candidate at the Chair of Software Engineering. "The goal was to arrive at conclusions on how students rate the effectiveness of the support from Iris, whether students are more comfortable asking a chatbot questions than a human tutor and whether students subjectively trust Iris."

Iris promotes learning and students' independence

The responses show that the students value Iris as a valuable support, but also that a large share of those surveyed still rely on human tutors. The chatbot understands questions well and students feel comfortable and safe when using it. Iris gives them the feeling that the chats will remain private and that they are not being judged when asking questions. Especially in large lectures, this saves students from having to overcome their inhibitions to ask questions in front of the class. When studying for exams, the use of Iris is becoming commonplace. However, students feel confident enough to solve problems on exams without the support of the chatbot.

"The integration of Iris into Artemis has shown that AI-controlled tutors can play a valuable role in university teaching," says Stephan Krusche. "They offer personalized support that benefits learning and boosts students' ability to help themselves."

The researchers plan to further optimize the chatbot Iris and want to see it being used in other subject areas.
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Enzyme-powered 'snot bots' help deliver drugs in sticky situations | ScienceDaily
Snot might not be the first place you'd expect nanobots to be swimming around. But this slimy secretion exists in more places than just your nose and piles of dirty tissues -- it also lines and helps protect the lungs, stomach, intestines and eyes. And now, researchers reporting in ACS Nano have demonstrated in mice that their tiny, enzyme-powered "snot bots" can push through the defensive, sticky layer and potentially deliver drugs more efficiently.


						
Snot, known more scientifically as mucus, protects cells from pathogens and irritants by trapping them in a sticky barrier. But that protectiveness also keeps out locally administered drug treatments. A drug molecule can be attached to a small nanoparticle that may help it slip through the barrier more easily or be co-administered with other compounds that help liquefy the mucus. But Samuel Sanchez and colleagues wanted to combine these strategies, and they made a nano-sized snot bot fueled by mucus-busting hydrogen peroxide (H2O2).

To build the nano-sized robots (10 of them lined up would span a red blood cell), researchers attached catalase enzymes to porous silica nanoparticles. The pores in these particles can be filled with drug molecules, helping them sneak through the mucus defenses like a Trojan horse. Initial tests showed that, when administered alongside H2O2, the catalase enzymes propelled the bots by breaking down the peroxide fuel into oxygen and water.

The team next built a model of the intestinal mucus layer using lab-grown human intestinal cells. The bots passed through the model's mucus layer within 15 minutes, without significantly harming the cells underneath. Considering that mucus is typically cleared and regenerated every 10 minutes to 4.5 hours, this quick timeframe could prevent the bots from getting trapped and removed by the mucus layer. Further tests on mouse colons bolstered this result, showing that the nanobots did not damage cells or tissues while traversing the viscous layer. In all, the team showed that around 28% of deployed nanobots successfully crossed the mucus barrier, and that 28% is a 60-fold increase over passive diffusion of particles. Previous tests using different enzymes or other mucus-disrupting drugs improved diffusion by around 10-fold. The researchers believe that their snot bots are promising candidates for drug delivery systems, especially those impeded by the mucus barrier.

The authors acknowledge funding from the European Research Council, the State Research Agency, "ERDF A way of making Europe," the European Union NextGenerationEU/PRTR (Bots4BB project), the CERCA program by the Government of Catalonia, the Ministry of Research and Universities, the Department of Business and Knowledge of the Government of Catalonia, and the Severo Ochoa Center of Excellence. 
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A new addition to the CRISPR toolbox: Teaching the gene scissors to detect RNA | ScienceDaily
CRISPR-Cas systems, defense systems in bacteria, have become a plentiful source of technologies for molecular diagnostics. Researchers at the Helmholtz Institute for RNA-based Infection Research (HIRI) in Wurzburg have expanded this extensive toolbox. Their novel method, called PUMA, enables the detection of RNA with Cas12 nucleases, which naturally target DNA. PUMA promises a wide range of applications and high accuracy. The team published its results in the journal Nature Communications.


						
Bacteria have developed special defense mechanisms to protect themselves against viruses, which by no means infect only humans. As part of these so-called CRISPR-Cas systems, a CRISPR ribonucleic acid (crRNA), which serves as a "guide RNA," recognizes regions of a foreign genome, such as viral DNA. The CRISPR-associated (Cas) nuclease, directed by a crRNA, then renders it harmless by cutting it like a pair of scissors. Humans have exploited this strategy: "CRISPR, often referred to as 'gene scissors', is the basis of many molecular technologies," says Chase Beisel, head of the RNA Synthetic Biology department at the Helmholtz Institute for RNA-based Infection Research (HIRI) in Wurzburg. The institute is a site of the Braunschweig Helmholtz Centre for Infection Research (HZI) in cooperation with the Julius-Maximilians-Universitat (JMU) of Wurzburg, where Beisel holds a professorship.

The diagnostic platform LEOPARD, developed by Beisel's lab in cooperation with JMU in 2021, also leverages CRISPR as a technology. LEOPARD has the potential to detect a variety of disease-related biomarkers in just one test. The approach is based on reprogramming RNA factors, so-called tracrRNAs. Those RNAs are naturally involved in helping produce guide RNAs used by Cas9 and different Cas12 nucleases. "LEOPARD focused on Cas9. However, CRISPR-Cas systems also include another diverse set of nucleases, called Cas12," explains Beisel. While both Cas9 and Cas12 cut DNA targets, Cas12 can increase the output signal by performing cuts on "collateral" DNA. This can make detection technologies more sensitive and, therefore, more efficient.

The team led by Chase Beisel has now extended the unique features of LEOPARD to Cas12. The researchers have named the resulting method PUMA (Programmable tracrRNAs Unlock protospacer-adjacent Motif-independent detection of ribonucleic Acids by Cas12 nucleases). The details of their findings are the subject of a paper in the journal Nature Communications.

Overcoming hurdles

Although Cas12 nucleases are widely used in molecular diagnostics, two major limitations have persisted: Cas12-based technologies have been restricted to DNA targets, and a specific recognition sequence called a PAM, short for protospacer-adjacent motif, is required to identify the target molecule.

PUMA elegantly addresses these challenges. Like LEOPARD, this new method also relies on tracrRNAs. "Using PUMA, we can reprogram the tracrRNAs. This allows us to decide which RNA biomarker becomes a guide RNA. This guide RNA, in turn, directs Cas12 to a DNA molecule that we provide and activates the gene scissors," explains the study's first author, Chunlei Jiao. Chunlei Jiao, a former graduate student and postdoctoral researcher in the Beisel lab, was also involved in the development of LEOPARD. He recently started a professorship at the National University of Singapore. "DNA cutting then tells us which biomarker was present in the sample, such as biomarkers specific to different pathogens," adds Beisel.




The novel method therefore enables the detection of RNA biomarkers using CRISPR nucleases that can normally only recognize DNA. "This is particularly important for molecular biomarkers that can only be found at the RNA level. This includes RNA viruses, for example," says Beisel. And yet, PUMA does not require a specific recognition sequence: The PAM is contained in the DNA target molecule provided. Since the researchers provide the target molecule, they can also introduce truncated DNA. As a result, they were able to significantly increase the speed of the method.

Several birds, one stone

"PUMA has the potential to become a flexible and precise tool for RNA detection," concludes Beisel. Finally, the team demonstrated the potential of the method by identifying five bacterial pathogens associated with acute sepsis. Their detection relied on a single universal, reprogrammed tracrRNA, which provides a simplified means of differentiating between various types of bacteria. This opens up a wide range of potential applications in medicine: "The new technology represents a novel form of CRISPR diagnostics that enables reliable molecular testing at the point of care -- whether for the identification of viral or bacterial pathogens or the detection of cancer biomarkers," says Jiao.

The research team is already planning its next steps: "Our goal is to achieve a multiplexed readout similar to that of LEOPARD and to expand the range of applications for the technology," says Beisel, who also anticipates broad use in the research community: "We hope that our study will spur further exploration of tracrRNA reprogramming."
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Scientists develop new artificial intelligence method to create material 'fingerprints' | ScienceDaily
Study shows how materials change as they are stressed and relaxed.


						
Like people, materials evolve over time. They also behave differently when they are stressed and relaxed. Scientists looking to measure the dynamics of how materials change have developed a new technique that leverages X-ray photon correlation spectroscopy (XPCS), artificial intelligence (AI) and machine learning.

This technique creates "fingerprints" of different materials that can be read and analyzed by a neural network to yield new information that scientists previously could not access. A neural network is a computer model that makes decisions in a manner similar to the human brain.

In a new study by researchers in the Advanced Photon Source (APS) and Center for Nanoscale Materials (CNM) at the U.S. Department of Energy's (DOE) Argonne National Laboratory, scientists have paired XPCS with an unsupervised machine learning algorithm, a form of neural network that requires no expert training. The algorithm teaches itself to recognize patterns hidden within arrangements of X-rays scattered by a colloid -- a group of particles suspended in solution. The APS and CNM are DOE Office of Science user facilities.

"The goal of the AI is just to treat the scattering patterns as regular images or pictures and digest them to figure out what are the repeating patterns. The AI is a pattern recognition expert." -- James (Jay) Horwath, Argonne National Laboratory

"The way we understand how materials move and change over time is by collecting X-ray scattering data," said Argonne postdoctoral researcher James (Jay) Horwath, the first author of the study.

These patterns are too complicated for scientists to detect without the aid of AI. "As we're shining the X-ray beam, the patterns are so diverse and so complicated that it becomes difficult even for experts to understand what any of them mean," Horwath said.




For researchers to better understand what they are studying, they have to condense all the data into fingerprints that carry only the most essential information about the sample. "You can think of it like having the material's genome, it has all the information necessary to reconstruct the entire picture," Horwath said.

The project is called Artificial Intelligence for Non-Equilibrium Relaxation Dynamics, or AI-NERD. The fingerprints are created by using a technique called an autoencoder. An autoencoder is a type of neural network that transforms the original image data into the fingerprint -- called a latent representation by scientists -- and that also includes a decoder algorithm used to go from the latent representation back to the full image.

The goal of the researchers was to try to create a map of the material's fingerprints, clustering together fingerprints with similar characteristics into neighborhoods. By looking holistically at the features of the various fingerprint neighborhoods on the map, the researchers were able to better understand how the materials were structured and how they evolved over time as they were stressed and relaxed.

AI, simply put, has good general pattern recognition capabilities, making it able to efficiently categorize the different X-ray images and sort them into the map. "The goal of the AI is just to treat the scattering patterns as regular images or pictures and digest them to figure out what are the repeating patterns," Horwath said. "The AI is a pattern recognition expert."

Using AI to understand scattering data will be especially important as the upgraded APS comes online. The improved facility will generate 500 times brighter X-ray beams than the original APS. "The data we get from the upgraded APS will need the power of AI to sort through it," Horwath said.

The theory group at CNM collaborated with the computational group in Argonne's X-ray Science division to perform molecular simulations of the polymer dynamics demonstrated by XPCS and going forward synthetically generate data for training AI workflows like the AI-NERD

The study was funded through an Argonne laboratory-directed research and development grant.

Authors of the study include Argonne's James (Jay) Horwath, Xiao-Min Lin, Hongrui He, Qingteng Zhang, Eric Dufresne, Miaoqi Chu, Subramanian Sankaranaryanan, Wei Chen, Suresh Narayanan and Mathew Cherukara. Chen and He have joint appointments at the University of Chicago, and Sankaranaryanan has a joint appointment at the University of Illinois Chicago.
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Scientists use machine learning to predict diversity of tree species in forests | ScienceDaily
A collaborative team of researchers led by Ben Weinstein of the University of Florida, Oregon, US, used machine learning to generate highly detailed maps of over 100 million individual trees from 24 sites across the U.S., publishing their findings July 16th in the open-access journal PLOS Biology. These maps provide information about individual tree species and conditions, which can greatly aid conservation efforts and other ecological projects.


						
Ecologists have long collected data on tree species to better understand a forest's unique ecosystem. Historically, this has been done by surveying small plots of land and extrapolating those findings, though this cannot account for the variability across the whole forest. Other methods can cover broader areas, but often struggle to categorize individual trees.

To generate large and highly detailed forest maps, the researchers trained a type of machine learning algorithm called a deep neural network using images of the tree canopy and other sensor data taken by plane. These training data covered 40,000 individual trees and, like all the data used in this study, were provided by the National Ecological Observatory Network.

The deep neural network was able to classify most common tree species with 75 to 85 percent accuracy. Additionally, the algorithm could also provide other important analyses, such as reporting which trees are alive or dead.

The researchers found that the deep neural network had the highest accuracy in areas with more open space in the tree canopy and performed best when categorizing conifer tree species, such as pines, cedars, and redwoods. The network also performed best in areas with lower species diversity. Understanding the strengths of the algorithm can be useful for applying these methods in a variety of forest ecosystems.

The researchers also uploaded their models' predictions to Google Earth Engine so that their findings can aid other ecological research. The researchers add, "The diversity of overlapping datasets will foster richer areas of understanding for forest ecology and ecosystem functioning."

The authors add, "Our aim is to provide researchers with the first broad scale maps of tree species diversity from ecosystems across the United States. These canopy tree maps can be updated with new data collected at each site. By collaborating with researchers across NEON sites we can build better and better predictions over time."
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How astronomers are using pulsars to observe evidence of dark matter | ScienceDaily
Tantalising evidence of potential dark matter objects has been detected with the help of the Universe's 'timekeepers'.


						
These pulsars -- neutron stars which rotate and emit lighthouse-like beams of radio waves that rapidly sweep through space -- were used to identify mysterious hidden masses.

Pulsars earned their nickname because they send out electromagnetic radiation at very regular intervals, ranging from milliseconds to seconds, making them extremely accurate timekeepers.

"Science has developed very precise methods to measure time," said the astronomer behind the research, Professor John LoSecco, of the University of Notre Dame, who is presenting his findings at this week's National Astronomy Meeting at the University of Hull.

"On Earth we have atomic clocks and in space we have pulsars.

"While gravitation has been known to slow down light for more than a century, there have been very few applications so far."

Professor LoSecco observed variations and delays in pulsar timings, indicating that the radio beams are travelling around an unseen concentration of mass somewhere between the pulsar and the telescope.




He believes these invisible masses are candidates for dark matter objects.

Professor LoSecco studied delays in the arrival times of radio pulses, which normally have nanosecond accuracy. He searched along the path of radio pulses within the PPTA2 survey data release from the Parkes Pulsar Timing Array.

This ongoing project produces precise measurements of pulse arrival times using data from seven different radio telescopes: Effelsberg, Nancay, Westerbork, Green Bank, Arecibo, Parkes and Lovell, the latter in Cheshire.

The pulses have a cadence of approximately three weeks in three observing bands.

Deviations in the arrival times due to dark matter have a well-defined shape and a size proportional to its mass.

Light passing near regions of dark matter will be slowed by its presence. A search of the precision data from 65 'millisecond pulsars' has revealed around a dozen incidents that appear to be interactions with dark matter.




Professor LoSecco said: "We take advantage of the fact that the Earth is moving, the Sun is moving, the pulsar is moving, and even the dark matter is moving.

"We observe the deviations in the arrival time caused by the change in distance between the mass we are observing and the line of sight to our 'clock' pulsar."

A mass the size of the Sun can produce a delay of about 10 microseconds. The observations Professor LoSecco made have resolutions of the order of nanoseconds, 10,000 times smaller.

"One of the findings suggests a distortion of about 20 per cent of the mass of the Sun," Professor LoSecco said. "This object could be a candidate for dark matter."

He also confirmed that a side effect of this research is that it improves the pulsar timing data sample. This precision sample has been collected to look for evidence of low-frequency gravitational radiation.

Dark matter objects add 'noise' to that data, so identifying and removing them will clean the samples of some variability, eliminating such noise during other searches for gravitational radiation.

"The true nature of dark matter is a mystery," said Professor LoSecco. "This research sheds new light on the nature of dark matter and its distribution in the Milky Way and may also improve the accuracy of the precision pulsar data."
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How to assess a general-purpose AI model's reliability before it's deployed | ScienceDaily
Foundation models are massive deep-learning models that have been pretrained on an enormous amount of general-purpose, unlabeled data. They can be applied to a variety of tasks, like generating images or answering customer questions.


						
But these models, which serve as the backbone for powerful artificial intelligence tools like ChatGPT and DALL-E, can offer up incorrect or misleading information. In a safety-critical situation, such as a pedestrian approaching a self-driving car, these mistakes could have serious consequences.

To help prevent such mistakes, researchers from MIT and the MIT-IBM Watson AI Lab developed a technique to estimate the reliability of foundation models before they are deployed to a specific task.

They do this by considering a set of foundation models that are slightly different from one another. Then they use their algorithm to assess the consistency of the representations each model learns about the same test data point. If the representations are consistent, it means the model is reliable.

When they compared their technique to state-of-the-art baseline methods, it was better at capturing the reliability of foundation models on a variety of downstream classification tasks.

Someone could use this technique to decide if a model should be applied in a certain setting, without the need to test it on a real-world dataset. This could be especially useful when datasets may not be accessible due to privacy concerns, like in health care settings. In addition, the technique could be used to rank models based on reliability scores, enabling a user to select the best one for their task.

"All models can be wrong, but models that know when they are wrong are more useful. The problem of quantifying uncertainty or reliability is more challenging for these foundation models because their abstract representations are difficult to compare. Our method allows one to quantify how reliable a representation model is for any given input data," says senior author Navid Azizan, the Esther and Harold E. Edgerton Assistant Professor in the MIT Department of Mechanical Engineering and the Institute for Data, Systems, and Society (IDSS), and a member of the Laboratory for Information and Decision Systems (LIDS).




He is joined on a paper about the work by lead author Young-Jin Park, a LIDS graduate student; Hao Wang, a research scientist at the MIT-IBM Watson AI Lab; and Shervin Ardeshir, a senior research scientist at Netflix. The paper will be presented at the Conference on Uncertainty in Artificial Intelligence.

Measuring consensus

Traditional machine-learning models are trained to perform a specific task. These models typically make a concrete prediction based on an input. For instance, the model might tell you whether a certain image contains a cat or a dog. In this case, assessing reliability could be a matter of looking at the final prediction to see if the model is right.

But foundation models are different. The model is pretrained using general data, in a setting where its creators don't know all downstream tasks it will be applied to. Users adapt it to their specific tasks after it has already been trained.

Unlike traditional machine-learning models, foundation models don't give concrete outputs like "cat" or "dog" labels. Instead, they generate an abstract representation based on an input data point.

To assess the reliability of a foundation model, the researchers used an ensemble approach by training several models which share many properties but are slightly different from one another.




"Our idea is like measuring the consensus. If all those foundation models are giving consistent representations for any data in our dataset, then we can say this model is reliable," Park says.

But they ran into a problem: How could they compare abstract representations?

"These models just output a vector, comprised of some numbers, so we can't compare them easily," he adds.

They solved this problem using an idea called neighborhood consistency.

For their approach, the researchers prepare a set of reliable reference points to test on the ensemble of models. Then, for each model, they investigate the reference points located near that model's representation of the test point.

By looking at the consistency of neighboring points, they can estimate the reliability of the models.

Aligning the representations

Foundation models map data points to what is known as a representation space. One way to think about this space is as a sphere. Each model maps similar data points to the same part of its sphere, so images of cats go in one place and images of dogs go in another.

But each model would map animals differently in its own sphere, so while cats may be grouped near the South Pole of one sphere, another model could map cats somewhere in the Northern Hemisphere.

The researchers use the neighboring points like anchors to align those spheres so they can make the representations comparable. If a data point's neighbors are consistent across multiple representations, then one should be confident about the reliability of the model's output for that point.

When they tested this approach on a wide range of classification tasks, they found that it was much more consistent than baselines. Plus, it wasn't tripped up by challenging test points that caused other methods to fail.

Moreover, their approach can be used to assess reliability for any input data, so one could evaluate how well a model works for a particular type of individual, such as a patient with certain characteristics.

"Even if the models all have average performance overall, from an individual point of view, you'd prefer the one that works best for that individual," Wang says.

However, one limitation comes from the fact that they must train an ensemble of foundation models, which is computationally expensive. In the future, they plan to find more efficient ways to build multiple models, perhaps by using small perturbations of a single model.

This work is funded, in part, by the MIT-IBM Watson AI Lab, MathWorks, and Amazon.
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Sun-like stars found orbiting hidden companions | ScienceDaily
Most stars in our universe come in pairs. While our own Sun is a loner, many stars like our Sun orbit similar stars, while a host of other exotic pairings between stars and cosmic orbs pepper the universe. Black holes, for example, are often found orbiting each other. One pairing that has proved to be quite rare is that between a Sun-like star and a type of dead star called a neutron star.


						
Now, astronomers led by Caltech's Kareem El-Badry have uncovered what appear to be 21 neutron stars in orbit around stars like our Sun. Neutron stars are dense burned-out cores of massive stars that exploded. On their own, they are extremely faint and usually cannot be detected directly. But as a neutron star orbits around a Sun-like star, it tugs on its companion, causing the star to shift back and forth in the sky. Using the European Space Agency's Gaia mission, the astronomers were able to catch these telltale wobbles to reveal a new population of dark neutron stars.

"Gaia is continuously scanning the sky and measuring the wobbles of more than a billion stars, so the odds are good for finding even very rare objects," says El-Badry, an assistant professor of astronomy at Caltech and an adjunct scientist at the Max Planck Institute for Astronomy in Germany.

The new study, which includes a team of co-authors from around the world, was published in The Open Journal for Astrophysics. Data from several ground-based telescopes, including the W. M. Keck Observatoryon Maunakea, Hawai'i; La Silla Observatory in Chile; and the Whipple Observatory in Arizona, were used to follow up the Gaia observations and learn more about the masses and orbits of the hidden neutron stars.

While neutron stars have previously been detected in orbit around stars like our Sun, those systems have all been more compact. With little distance separating the two bodies, a neutron star (which is heavier than a Sun-like star) can steal mass away from its partner. This mass transfer process makes the neutron star shine brightly at X-ray or radio wavelengths. In contrast, the neutron stars in the new study are much farther from their partners -- on the order of one to three times the distance between Earth and the Sun.

That means the newfound stellar corpses are too far from their partners to be stealing material from them. They are instead quiescent and dark. "These are the first neutron stars discovered purely due to their gravitational effects," El-Badry says.

The discovery comes as somewhat of a surprise because it is not clear how an exploded star winds up next to a star like our Sun.




"We still do not have a complete model for how these binaries form," explains El-Badry. "In principle, the progenitor to the neutron star should have become huge and interacted with the solar-type star during its late-stage evolution." The huge star would have knocked the little star around, likely temporarily engulfing it. Later, the neutron star progenitor would have exploded in a supernova, which, according to models, should have unbound the binary systems, sending the neutron stars and Sun-like stars careening in opposite directions.

"The discovery of these new systems shows that at least some binaries survive these cataclysmic processes even though models cannot yet fully explain how," he says.

Gaia was able to find the unlikely companions due to their wide orbits and long periods (the Sun-like stars orbit around the neutron stars with periods of six months to three years). "If the bodies are too close, the wobble will be too small to detect," El-Badry says. "With Gaia, we are more sensitive to the wider orbits." Gaia is also most sensitive to binaries that are relatively nearby. Most of the newly discovered systems are located within 3,000 light-years of Earth -- a relatively small distance compared, for example, to the 100,000 light-year-diameter of the Milky Way Galaxy.

The new observations also suggest just how rare the pairings are. "We estimate that about one in a million solar-type stars is orbiting a neutron star in a wide orbit," he said.

El-Badry also has an interest in finding unseen dormant black holes in orbit with Sun-like stars. Using Gaia data, he has found two of these quiet black holes hidden in our galaxy. One, called Gaia BH1, is the closest known black hole to Earth at 1,600 light-years away.

"We don't know for sure how these black hole binaries formed either," El-Badry says. "There are clearly gaps in our models for the evolution of binary stars. Finding more of these dark companions and comparing their population statistics to predictions of different models will help us piece together how they form."
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Transporting precious cargo using the body's own delivery system | ScienceDaily
Each cell in the body has its own unique delivery system that scientists are working on harnessing to move revolutionary biological drugs -- molecules like proteins, RNA and combinations of the two -- to specific diseased parts of the body.


						
A new study from Northwestern University hijacked the transit system and sent tiny, virus-sized containers to effectively deliver an engineered protein to its target cell and trigger a change in the cell's gene expression. The success came from encouraging engineered proteins to move toward a specific cell membrane structure that the researchers found increased a protein's likelihood of latching onto the container.

Published in July in the journal Nature Communications, the paper contends the novel technique could be generalizable, paving the road for the goal of targeted biological drug delivery.

The study brings researchers a step closer to addressing a major bottleneck for biological medicine development, determining how to protect fragile molecules in the body and ensure they reach the correct diseased cells in a patient without impacting healthy cells.

The research combines work from two labs in Northwestern's Center for Synthetic Biology: those of biomedical engineer Neha Kamat and chemical and biological engineer Josh Leonard. The Kamat lab has largely focused on the design of synthetic containers and uses biophysical principles to control molecules targeting other cells. Leonard's lab develops tools to build these natural delivery containers, termed extracellular vesicles (EVs).

"We were interested in applying some of the biophysical insights that have emerged about how to localize proteins to specific membrane structures so that we could hijack this natural system," said Kamat, the paper's co-corresponding author and associate professor at the McCormick School of Engineering."In this study, we discover general ways to load drug cargo into these vesicles very efficiently while preserving their function. This might enable more effective and affordable extracellular vesicle-based biological medicines."

The keys to this "cargo loading" approach are sites on cell membranes called lipid rafts. These regions are more structured than the rest of the membrane and reliably contain specific proteins and lipids.




"Lipid rafts are thought by some to play a role in the genesis of EVs, as EV membranes contain the same lipids found in lipid rafts," said Justin Peruzzi, who co-led the study with Taylor Gunnels as doctoral students in Kamat's lab. Gunnels' work in the lab is ongoing, and Peruzzi, who completed his Ph.D., works as a scientist at a protein-based medicine company. "We hypothesized that if we engineered proteins to associate with lipid rafts, they may be loaded into the vesicles, allowing them to be delivered to other cells."

The team used protein databases and lab experiments to determine that lipid raft-association is an efficient method to load protein cargo into EVs, enabling up to a stunning 240 times more protein to be loaded into vesicles.

After discovering this biophysical principle, the researchers demonstrated a practical application of the method. They engineered cells to produce a protein called a transcription factor, loaded it into EVs and then delivered it to a cell to alter the recipient cell's gene expression -- without compromising the protein's function upon delivery.

Kamat and Leonard said the main challenge in loading therapeutic cargo into EVs is that the producer cell and the recipient cell are often at odds with each other. In the cell producing the EV, for example, you might engineer therapeutic cargo to associate tightly to a membrane to increase the chance it moves into a soon-to-be released EV. However, this same behavior is often undesirable in a recipient cell because delivered cargo stuck to a membrane might be nonfunctional. Instead, you might want that cargo to release from the EV membrane and move to the cell's nucleus to perform its biological function. The answer was the creation of cargo with reversible functions.

"Tools that enable reversible membrane association could be really powerful when building EV-based medicines," said Gunnels. "Although we're not yet sure of the precise mechanism, we see evidence of this reversibility with our approach. We were able to show that by modulating lipid-protein interactions, we could load and functionally deliver our model therapeutic cargo. Looking forward, we're eager to use this approach to load therapeutically relevant molecules, like CRISPR gene-editing systems."

The researchers said they're eager to try the approach with medicinal cargo for disease applications in immunotherapy and regenerative medicine.

"If we can load functional biomedicines into EVs that are engineered to only deliver those biomolecules to diseased cells, we can open the door to treating all sorts of diseases," said Leonard, the co-corresponding author and a McCormick professor. "Because of the generalizability that we observed in our system, we think this study's findings could be applied to deliver a wide array of therapeutic cargos for various disease states."
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Immune system in the spotlight | ScienceDaily
Our immune system is always on alert, detecting and eliminating pathogens and cancer cells. Cellular control mechanisms cause diseased cells to present antigens on their surface like signs for the immune system. For analysis of the necessary complex antigen processing and transport processes in real time, a German team has developed a "cage" that is opened with light to release trapped antigens at a specific place and time, as reported in the journal Angewandte Chemie.


						
In our cells, both endogenous and foreign proteins are constantly broken into tiny pieces and transported into the endoplasmic reticulum (ER), a branched system of channels enclosed by a membrane, by the transporter associated with antigen processing (TAP). There, the supramolecular peptide loading complex PLC controls the loading of MHC I (major histocompatibility complex class I) with antigenic peptides. Certain peptides are preferentially loaded onto MHC I, further processed for immune surveillance (antigen processing) and presented on the cell surface. Peptides that come from normal endogenous proteins remain immunologically inconspicuous (barring misdirected autoimmune reactions).

Despite many new insights, the mechanistic principles of antigen translocation, dynamic PLC assembly, and the interaction between different PLC subunits in the "quality control" of peptide-MHC complexes remain generally unknown. To further analyze antigen processing, Ralph Wieneke, Robert Tampe, and their team at the University of Frankfurt am Main (Germany) have now developed a photostimulated antigen release system that can be used to precisely study antigen flux. The antigens are released (antigen burst) on command from a "caged" inactive state by the application of light. The advantage of light stimulation is that it can be precisely dosed at limited times and locations and is noninvasive, which allows for experiments in living cells.

The team used a peptide derived from an HIV antigen as their model. They used a linker to bind the epitope (section of an antigen) to biotin and then the biotin to a voluminous protein called streptavidin. In this state, the epitope is shielded to the extent that it can no longer be recognized by the antigen processing transporter (TAP). The linker contains a group that can be split apart by light. When irradiated with UV light, the peptide epitope is immediately released from its "cage." It is then recognized by TAP and transported across the ER membrane and loaded onto MHC I by way of the PLC.

This method is versatile, as demonstrated by a variety of scenarios, such as tracing antigen transport by the TAP of native human PLC in the ER membrane of a human lymphoma cell line. According to Wieneke and Tampe, "it is our aim to use the light-activated system to follow the antigen processing pathway through different cellular compartments and gain an understanding of the kinetics of various immunological processes in vivo."
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Capturing carbon with energy-efficient sodium carbonate-nanocarbon hybrid material | ScienceDaily
Industrial emissions are one of the main sources of climate change-inducing carbon dioxide (CO2). While adopting renewable and clean energy alternatives is one option for mitigating these carbon emissions, carbon capture technology is another solution to control CO2 emissions. In big CO2-emitting industries, such as cement, oil refineries, and thermal power plants, carbon capture technology can be easily applied to remove CO2 emissions directly at the source at a feasible cost and with low energy consumption. Different materials have been explored for CO2 capture in factories, including zeolites, metal[?]organic frameworks, natural minerals, alkalis, and alkali metal salts. Among them, alkali metal carbonates, such as sodium carbonate (Na2CO3), are considered effective and inexpensive materials with stable properties and easy procurement.


						
Theoretically, Na2CO3 has a decent CO2 capture capacity and can be easily regenerated for successive uses. However, directly applying Na2CO3 to capture CO2 causes crystal agglomeration, leading to poor efficiency and shorter longevity. This issue can be eliminated by using a carbon skeleton for Na2CO3. Porous carbon materials with good pore connectivity provide low density, structural stability, hydrophobicity, and a large surface area that can stabilize Na2CO3. Previous studies report that Na2CO3[?]carbon nanocomposites have a CO2 capture capacity of 5.2 mmol/g. However, these studies do not inspect the effect of the carbonization temperatures on the overall performance of the material.

Therefore, in a new study published in Energy & Fuels on June 12, 2024, Professor Hirofumi Kanoh and Bo Zhang from the Graduate School of Science, Chiba University, synthesized a hybrid CO2 capture material consisting of Na2CO3 wrapped with porous nanocarbon. They further evaluated its CO2 capture and regeneration efficiencies at different carbonization temperatures. The Na2CO3[?]carbon hybrids (NaCH) were derived by carbonization of disodium terephthalate at temperatures ranging from 873K to 973 K in the presence of nitrogen as a protective gas. "Reducing CO2 emissions is an urgent issue, but research on the methods and material systems for CO2 capture are still lacking. This Na2CO3[?]carbon hybrid system proved promising in our initial investigations, prompting us to explore it further," states Prof. Kanoh.

The team measured the hybrid materials' CO2 capture capacity under humid conditions to mimic the conditions of factory waste exhaust gases. They found that the NaCH hybrids prepared at carbonization temperatures near 913-943 K demonstrated higher CO2 capture capacities. Among them, NaCH-923 had the highest CO2 capture capacity of 6.25 mmol/g and a high carbon content of over 40%, which resulted in a larger surface area, enabling a more uniform distribution of Na2CO3 on the nanocarbon surface. This reduced the rate of Na2CO3 crystal agglomeration and led to faster reaction rates.

After NaCH-923 effectively captured CO2, the scientists again heated the resultant NaCH-923-CO2 in the presence of nitrogen to test its regeneration performance. They found that NaCH-923 could be regenerated and used for CO2 capture for 10 cycles, while retaining over 95% of its initial CO2 capture capacity. These results indicate that NaCH-923 exhibits good structural strength, durability, and regeneration, which makes it an excellent material for CO2 capture under humid conditions.

Further experiments on the NaCH-923-CO2 showed that the sample underwent a steep mass change at 326[?]373 K (around 80 degC on average). Since the temperature of the exhaust gas from thermal power plants is also typically in that range, the waste heat from factories and power plants can easily be used as a heat source for regenerating NaCH-923, thereby effectively reducing energy consumption.

These findings show that the carbonization temperature significantly influences the CO2 capture performance and carbon content of NaCH hybrids, with NaCH-923 exhibiting the best characteristics. NaCH-923, being a solid adsorbent, can efficiently capture CO2 at ambient temperature and pressure with high selectivity for CO2 and without the problem of equipment corrosion that exists with liquid adsorbents currently used in industries. Moreover, these characteristics allow for its widespread application in various configurations, environments, and diverse industrial settings.

"By transforming Na2CO3, which already has a good CO2 capture capacity, into a nanocomposite, it became possible to improve the reaction rate and reduce the decomposition and regeneration temperature. This enables the use of factory waste heat for regeneration at around 80 degC, giving us an energy-cost efficient CO2 capture system," concludes Prof. Kanoh.

About Professor Hirofumi Kanoh

Hirofumi Kanoh is a Professor at the Graduate School of Science, Chiba University, Japan. He heads the 'Kanoh Lab' or the Molecular Chemistry Lab at the Department of Chemistry. His core research specialization is in physical chemistry with a focus on the creation and characterization of novel nanoporous solids. His research aims to develop new molecular science that can help protect the Earth's environment by utilizing nanospace in solids, and to create basic science aimed at understanding and applying new functions of nanospace and nanostructured materials. He has over 300 publications and over 45 patents in the field of nanochemistry.
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Local dragonflies expose mercury pollution patterns | ScienceDaily
A new study has unveiled surprising findings about mercury pollution: where it comes from and how it moves through the environment vary significantly depending on the ecosystem. In drier regions, most mercury is deposited through rain and snow. In wetter, forested areas, gaseous mercury from the air sticks to leaves, which then fall and carry the toxin into the ground.


						
Scientists from the U.S. Geological Survey, National Park Service, the Appalachian Mountain Club and public participants made this discovery by examining an unexpected indicator: dragonflies. Their findings were published today in the journal Environmental Science & Technology.

Mercury contamination is a global concern, coming from both natural sources and human activities. Mercury accumulates in living organisms, becoming more concentrated as it moves up the food chain from smaller to larger animals. The toxin can harm both humans and animals, damaging brain development in the young, affecting adult health and interfering with reproduction.

The study used the Dragonfly Mercury Project, a nationwide program that works with public participants to collect dragonfly larvae for mercury analysis. Citizen scientists and community volunteers in 150 National Parks helped collect and measure dragonfly larvae from more than 750 sites, turning a fun outdoor activity into valuable scientific data. Samples were analyzed using a state-of-the-art instrument capable of detecting different types of mercury in dragonfly larvae. The chemical signature of mercury from different sources is as unique as a fingerprint and can be used to reveal how mercury reached the area. This collaborative effort can help to inform resource management decisions while improving public awareness of environmental issues.

Sarah Janssen, USGS scientist and lead author of the study, said: "These groundbreaking findings have reshaped our understanding of mercury delivery within protected lands, particularly in dry ecosystems. By using cutting-edge technology and working with public participants, we were able to uncover surprising results that have the potential to change how mercury is monitored and managed at a global scale."

While previous studies have focused on measuring mercury levels in fish and birds, recent research demonstrates that dragonfly larvae are a more cost-effective, accessible and widespread accurate indicator of mercury contamination. As larvae, dragonflies are found in nearly every aquatic habitat, including areas where fish are rare, such as deserts. Understanding how the mercury moves through different ecosystems is critical in predicting how concentrations in organisms will respond to declining mercury emissions.

Richard Haeuber, a scientist at the U.S. Environmental Protection Agency's clean air and power division, said: "This study significantly enhances our understanding of how various ecosystems receive atmospheric mercury. It provides resource management agencies with new insights to better align and optimize their monitoring methods based on the primary sources and pathways of mercury in specific locations."

The implications of this study extend beyond the borders of the United States, as findings can inform global efforts to address mercury pollution under the Minamata Convention. This international treaty aims to protect human health and the environment from mercury's harmful effects and could benefit from insights on ecosystem-specific mercury deposition and using dragonflies as global monitoring tools.




Complementing these findings, scientists recently discovered surprisingly high mercury levels in desert dragonflies, challenging previous assumptions that arid regions were low-risk for mercury contamination. This highlights the importance of further studying arid regions for mercury and contaminant cycling.

Colleen Flanagan Pritz, NPS ecologist and co-author of the study, emphasized the broader implications of these findings for park lands: "National parks are not only iconic symbols of our natural heritage but also critical refuges for biodiversity. By engaging the public in data collection for this novel study in parks, we have gained invaluable insights into the impacts of mercury pollution on these ecosystems and the tools to protect them. This is a shining example of how citizen science can drive meaningful conservation outcomes and inform park management."

As scientists continue to unravel the complexities of mercury pollution in our environment, the unexpected insights provided by dragonflies highlight the importance of collaborative research and the power of public participation in protecting our planet's ecosystems.
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AI tool successfully responds to patient questions in electronic health record | ScienceDaily
As part of a nationwide trend, many more of NYU Langone Health's patients during the pandemic started using electronic health record tools to ask their doctors questions, refill prescriptions, and review test results. Many patients' digital inquiries arrived via a communications tool called In Basket, which is built into NYU Langone's electronic health record (EHR) system, EPIC.


						
While physicians have always dedicated time to managing EHR messages, they saw a more than 30% annual increase in recent years in the number of messages received daily, according an article by Paul A. Testa, MD chief medical information officer at NYU Langone. Testa wrote that it is not uncommon for physicians to receive more than 150 In Basket messages per day. With health systems not designed to handle this kind of traffic, physicians ended up filling the gap, spending long hours after work sifting through messages. This burden is cited as a reason that half of physicians report burnout.

Now a new study, led by researchers at NYU Grossman School of Medicine, shows that an AI tool can draft responses to patients' EHR queries as accurately as their human healthcare professionals, and with greater perceived "empathy." The findings highlight these tools' potential to dramatically reduce physicians' In Basket burden while improving their communication with patients, as long as human providers review AI drafts before they are sent.

NYU Langone Health has been testing the capabilities of generative artificial intelligence (genAI), in which computer algorithms develop likely options for the next word in any sentence based on how people have used words in context on the internet. A result of this next-word prediction is that genAI "chatbots" can reply to questions in convincing human-like language. NYU Langone in 2023 licensed "a private instance" of GPT4, the latest relative of the famous chatGPT chatbot, which let physicians experiment using real patient data while still adhering to data privacy rules.

Published online July 16 in JAMA Network Open, the new study examined GPT4-generated drafts to patient In Basket queries, and had primary care physicians compare them to the actual human responses to those messages.

"Our results suggest that chatbots could reduce the workload of care providers by enabling efficient and empathetic responses to patients' concerns," said lead study author William Small, MD, a clinical assistant professor in Department of Medicine at NYU Grossman School of Medicine. "We found that EHR-integrated AI chatbots that use patient-specific data can draft messages similar in quality to human providers."

For the study, sixteen primary care physicians rated 344 randomly assigned pairs of AI and human responses to patient messages on accuracy, relevance, completeness, and tone, and indicated if they would use the AI response as a first draft, or have to start from scratch in writing the patient message. The physicians did not know whether the responses they were reviewing were generated by humans or the AI tool (blinded study).




The research team found that the accuracy, completeness, and relevance of generative AI and human providers responses did not differ statistically. Generative AI responses outperformed human providers in terms of understandability and tone by 9.5%. Further, the AI responses were more than twice as likely (125 percent more likely) to be considered empathetic and 62% more likely to use language that conveyed positivity (potentially related to hopefulness) and affiliation ("we are in this together").

On the other hand, AI responses were also 38% longer and 31% more likely to use complex language, so further training of the tool is needed, the researchers say. While humans responded to patient queries at a 6th grade level, AI was writing at an 8th grade level, according to a standard measure of readability called the Flesch Kincaid score.

The researchers argued that use of private patient information by chatbots, rather than general internet information, better approximates how this technology would be used in the real world. Future studies will be needed to confirm whether private data specifically improved AI tool performance.

"This work demonstrates that the AI tool can build high-quality draft responses to patient requests," said corresponding author Devin Mann, MD, senior director of Informatics Innovation in NYU Langone Medical Center Information Technology (MCIT)."With this physician approval in place, GenAI message quality will be equal in the near future in quality, communication style, and usability, to responses generated by humans," added Mann, also a professor in the Departments of Population Health and Medicine.

Along with Drs. Small and Mann, study authors from NYU Langone Health were Beatrix Brandfield-Harvey, Zoe Jonassen, Soumik Mandal, Elizabeth Stevens, Vincent Major, Erin Lostraglio, Adam Szerencsy, Simon Jones, Yindalon Aphinyanaphongs, and Stephen Johnson. Also authors were Oded Nov in the NYU Tandon School of Engineering, and Batia Wiesenfeld of NYU Stern School of Business.

The study was funded by National Science Foundation grants 1928614 and 2129076) and Swiss National Science Foundation grants P500PS_202955 and P5R5PS_217714.
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New analysis of Cassini data yields insights into Titan's seas | ScienceDaily
A new study of radar experiment data from the Cassini-Huygens mission to Saturn has yielded fresh insights related to the makeup and activity of the liquid hydrocarbon seas near the north pole of Titan, the largest of Saturn's 146 known moons.


						
The key takeaway: Using data from several bistatic radar experiments, a Cornell University-led research team was able to separately analyze and estimate the composition and roughness of Titan's sea surfaces, something previous analyses of monostatic radar data were unable to achieve. This will help pave the way for future combined examinations of the nature of Titan's seas using Cassini data.

Valerio Poggiali, research associate at Cornell University, is lead author of "Surface Properties of the Seas of Titan as Revealed by Cassini Mission Bistatic Radar Experiments," which will publish July 16 at 11am EST in Nature Communications.

A bistatic radar experiment involves aiming a radio beam from the spacecraft at the target -- in this case Titan -- where it is reflected toward the receiving antenna on Earth. This surface reflection is polarized -- meaning that it provides information collected from two independent perspectives, as opposed to the one provided by monostatic radar data, where the reflected signal returns to the spacecraft.

"The main difference," Poggiali said, "is that the bistatic information is a more complete dataset and is sensitive to both the composition of the reflecting surface and to its roughness."

The current work used four bistatic radar observations, collected by Cassini during four flybys in 2014 -- on May 17, June 18, Oct. 24 and in 2016 -- on Nov. 14. For each, surface reflections were observed as the spacecraft neared its closest approach to Titan (ingress), and again as it moved away (egress). The team analyzed data from the egress observations of Titan's three large polar seas: Kraken Mare, Ligeia Mare and Punga Mare.

Their analysis found differences in the composition of the hydrocarbon seas' surface layers, dependent on latitude and location (near rivers and estuaries, for example). Specifically, the southernmost portion of Kraken Mare shows the highest dielectric constant -- a measure of a material's ability to reflect a radio signal. For example, water on Earth is very reflective, with a dielectric constant of around 80; the ethane and methane seas of Titan measure around 1.7.




The researchers also determined that all three seas were mostly calm at the time of the flybys, with surface waves no larger than 3.3 millimeters. A slightly higher level of roughness -- up to 5.2 mm -- was detected near coastal areas, estuaries and interbasin straits, possible indications of tidal currents.

"We also have indications that the rivers feeding the seas are pure methane," Poggiali said, "until they flow into the open liquid seas, which are more ethane-rich. It's like on Earth, when fresh-water rivers flow into and mix with the salty water of the oceans."

"This fits nicely with meteorological models for Titan," said co-author and professor of astronomy Philip Nicholson, "which predict that the 'rain' that falls from its skies is likely to be almost pure methane, but with trace amounts of ethane and other hydrocarbons."

Poggiali said more work is already underway on the data Cassini generated during its 13-year examination of Titan. "There is a mine of data that still waits to be fully analyzed in ways that should yield more discoveries," he said. "This is only the first step."

Other contributors to this work are from the Universita di Bologna; the Observatoire de Paris; NASA's Jet Propulsion Laboratory (JPL); the California Institute of Technology; and the Massachusetts Institute of Technology.

Support for this research came from NASA and from the Italian Space Agency.
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Breakthrough in quantum microscopy: Researchers are making electrons visible in slow motion | ScienceDaily
Physicists at the University of Stuttgart under the leadership of Prof. Sebastian Loth are developing quantum microscopy which enables them for the first time to record the movement of electrons at the atomic level with both extremely high spatial and temporal resolution. Their method has the potential to enable scientists to develop materials in a much more targeted way than before. The researchers have published their findings in the journal Nature Physics.


						
"With the method we developed, we can make things visible that no one has seen before," says Prof. Sebastian Loth, Managing Director of the Institute for Functional Matter and Quantum Technologies (FMQ) at the University of Stuttgart. "This makes it possible to settle questions about the movement of electrons in solids that have been unanswered since the 1980s." However, the findings of Loth's group are also of very practical significance for the development of new materials.

 Tiny changes with macroscopic consequences

In metals, insulators, and semiconductors, the physical world is simple. If you change a few atoms at the atomic level, the macroscopic properties remain unchanged. For example, metals modified in this way are still electrically conductive, whereas insulators are not. However, the situation is different in more advanced materials, which can only be produced in the laboratory: Minimal changes at the atomic level cause new macroscopic behavior. For example, some of these materials suddenly change from insulators to superconductors, i.e. they conduct electricity without heat loss. These changes can happen extremely quickly, within picoseconds, as they influence the movement of electrons through the material directly at the atomic scale. A picosecond is extremely short, just a trillionth of a second. It is in the same proportion to the blink of an eye as the blink of an eye is to a period of over 3000 years.

 Recording the movement of the electron collective

Loth's working group has now found a way to observe the behavior of these materials during such small changes at the atomic level. Specifically, the scientists studied a material consisting of the elements niobium and selenium in which one effect can be observed in a relatively undisturbed manner: the collective motion of electrons in a charge density wave. Loth and his team investigated how a single impurity can stop this collective movement. For this purpose, the Stuttgart researchers apply an extremely short electrical pulse, which lasts just one picosecond, to the material. The charge density wave is pressed against the impurity and sends nanometer-sized distortions into the electron collective, which cause highly complex electron motion in the material for a short time. Important preliminary work for the results now presented was done at the Max Planck Institute for Solid State Research (MPI FKF) in Stuttgart and at the Max Planck Institute for the Structure and Dynamics of Matter (MPSD) in Hamburg, where Loth had been conducting research before he was appointed to the University of Stuttgart.

 Developing materials with desired properties

"If we can understand how the movement of the electron collective is stopped, then we can also develop materials with desired properties in a more targeted manner," Loth explains the potential of the results. Or to put it another way: As there are no perfect materials without impurities, the microscopy method developed helps to understand how impurities should be arranged in order to achieve the desired technical effect. "Design at the atomic level has a direct impact on the macroscopic properties of the material," says Loth, describing the significance of the research findings. The effect could be used, for example, for ultra-fast switching materials in future sensors or electronic components.




 An experiment repeated 41 million times per second

"There are established methods for visualizing individual atoms or their movements," explains Loth. "But with these methods, you can either achieve a high spatial resolution or a high temporal resolution." For the new Stuttgart microscope to achieve both, the physicist and his team combine a scanning tunneling microscope, which resolves materials at the atomic level, with an ultrafast spectroscopy method known as pump-probe spectroscopy.

In order to make the necessary measurements, the laboratory setup must be extremely well shielded. Vibrations, noise, and air movement are harmful, as are fluctuations in room temperature and humidity. "This is because we measure extremely weak signals that are otherwise easily lost in the background noise," Loth points out. In addition, the team has to repeat these measurements very often in order to obtain meaningful results. The researchers were able to optimize their microscope in such a way that it repeats the experiment 41 million times per second and thus achieves a particularly high signal quality. "Only we have managed to do this so far," says Loth.

 About Prof. Sebastian Loth

Physicist Sebastian Loth (45) has been leading the research group "Physics on the Atomic Scale" at the Institute for Functional Matter and Quantum Technologies (FMQ) at the University of Stuttgart since 2017. He is currently also the managing director of the institute. After completing his doctoral degree studies at the Georg August University of Gottingen in 2007, Loth spent three and a half years as a Feodor Lynen Fellow of the Alexander von Humboldt foundation at the IBM Almaden Research Center in San Jose, USA. From 2011 until his appointment as a professor at the University of Stuttgart, he headed a Max Planck Research Group at the Max Planck Institute for the Structure and Dynamics of Matter in Hamburg. In September 2015, he was awarded an ERC Starting Grant.
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Bizarre 'garden sprinkler-like' jet is spotted shooting out of neutron star | ScienceDaily
A strange 'garden sprinkler-like' jet coming from a neutron star has been pictured for the first time.


						
The S-shaped structure is created as the jet changes direction due to the wobbling of the disc of hot gas around the star -- a process called precession, which has been observed with black holes but, until now, never with neutron stars.

This particular object sits in the binary system Circinus X-1 more than 30,000 light-years from Earth and formed from the core of a massive supergiant star that collapsed around the same time Stonehenge was built.

It is so dense that a teaspoon of its material weighs as much as Mount Everest.

Binary systems have two stars that are bound together by gravity. In the case of Circinus X-1, one of these is a neutron star.

Both neutron stars and black holes are cosmological monsters which form when the biggest stars in the Universe die and collapse under their own gravity.

However, the latter are considerably more massive and can only be detected through their gravitational effects, while the former can be observed directly despite their denseness.




They are some of the most extreme objects in the Universe and have interiors almost entirely made of neutrons.

The jet emanating from the neutron star was spotted by a team of astronomers at the University of Oxford, who used MeerKAT -- a radio telescope in South Africa -- to create the most detailed, high-resolution images of Circinus X-1.

The pictures, which were presented at this week's National Astronomy Meeting at the University of Hull, include the first-ever image of an S-shaped jet coming from a confirmed neutron star -- a breakthrough that could help unravel the extreme physics behind the astronomical phenomenon.

Lead researcher Fraser Cowie said there was another system known for its S-shaped jets, called SS433, but recent results suggest that object is likely a black hole.

"This image is the first time we have seen strong evidence for a precessing jet from a confirmed neutron star," he said.

"This evidence comes from both the symmetric S shape of the radio-emitting plasma in the jets and from the fast, wide shockwave, which can only be produced by a jet changing direction.




"This will give valuable information about the extreme physics behind the launching of the jet, a phenomenon which is still not well understood."

The neutron star's huge density creates a strong force of gravity that strips gas from the companion star, forming a disc of hot gas around it that spirals down towards its surface.

This process, called accretion, releases huge amounts of energy per second with more power than a million Suns. Some of this energy powers jets -- narrow beams of outflowing material from the binary system travelling close to the speed of light.

Recent upgrades to the MeerKAT telescope have resulted in excellent sensitivity and higher-resolution images. With these the team saw clear evidence of an S-shaped structure, similar in shape to water spraying from a garden sprinkler, in Circinus X-1's jet.

Not only that, but researchers also discovered moving termination shocks -- the first recorded from an X-ray binary. These are regions where the jet violently rams into the surrounding material, causing a shockwave.

Cowie's team measured the waves moving at roughly 10 per cent of the speed of light, confirming that they were caused by the fast-moving jet and not something slower such as a wind of material from the stars.

"The fact that these shockwaves span a wide angle agrees with our model," Cowie said. "So we have two strong pieces of evidence telling us the neutron star jet is precessing."

Measuring the velocity of the shockwaves will also help astronomers understand what the jet causing them is made from.

The shockwaves effectively act as particle accelerators in space -- producing high-energy cosmic rays -- and the maximum energy of particles that can be accelerated depends on their velocity.

"Circinus X-1 is one of the brightest objects in the X-ray sky and has been studied for over half a century," Cowie said. "But despite this, it remains one of the most enigmatic systems we know of.

"Several aspects of its behaviour are not well explained so it's very rewarding to help shed new light on this system, building on 50 years of work from others."

He added: "The next steps will be to continue to monitor the jets and see if they change over time in the way we expect.

"This will allow us to more precisely measure their properties and continue to learn more about this puzzling object."

The research was performed as part of the X-KAT and ThunderKAT projects on the MeerKAT telescope operated by the South African Radio Astronomy Observatory (SARAO). The observations were carried out using the recently installed S-band receivers provided by the Max-Planck Institute (MPG).
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NASA's Webb investigates eternal sunrises, sunsets on distant world | ScienceDaily
Researchers using NASA's James Webb Space Telescope have finally confirmed what models have previously predicted: An exoplanet has differences between its eternal morning and eternal evening atmosphere. WASP-39 b, a giant planet with a diameter 1.3 times greater than Jupiter, but similar mass to Saturn that orbits a star about 700 light-years away from Earth, is tidally locked to its parent star. This means it has a constant dayside and a constant nightside -- one side of the planet is always exposed to its star, while the other is always shrouded in darkness.


						
Using Webb's NIRSpec (Near-Infrared Spectrograph), astronomers confirmed a temperature difference between the eternal morning and eternal evening on WASP-39 b, with the evening appearing hotter by roughly 300 Fahrenheit degrees (about 200 Celsius degrees). They also found evidence for different cloud cover, with the forever morning portion of the planet being likely cloudier than the evening.

Astronomers analyzed the 2- to 5-micron transmission spectrum of WASP-39 b, a technique that studies the exoplanet's terminator, the boundary that separates the planet's dayside and nightside. A transmission spectrum is made by comparing starlight filtered through a planet's atmosphere as it moves in front of the star, to the unfiltered starlight detected when the planet is beside the star. When making that comparison, researchers can get information about the temperature, composition, and other properties of the planet's atmosphere.

"WASP-39 b has become a sort of benchmark planet in studying the atmosphere of exoplanets with Webb," said Nestor Espinoza, an exoplanet researcher at the Space Telescope Science Institute and lead author on the study. "It has an inflated, puffy atmosphere, so the signal coming from starlight filtered through the planet's atmosphere is quite strong."

Previously published Webb spectra of WASP-39b's atmosphere, which revealed the presence of carbon dioxide, sulfur dioxide, water vapor, and sodium, represent the entire day/night boundary -- there was no detailed attempt to differentiate between one side and the other.

Now, the new analysis builds two different spectra from the terminator region, essentially splitting the day/night boundary into two semicircles, one from the evening, and the other from the morning. Data reveals the evening as significantly hotter, a searing 1,450 degrees Fahrenheit (800 degrees Celsius), and the morning a relatively cooler 1,150 degrees Fahrenheit (600 degrees Celsius).

"It's really stunning that we are able to parse this small difference out, and it's only possible due Webb's sensitivity across near-infrared wavelengths and its extremely stable photometric sensors," said Espinoza. "Any tiny movement in the instrument or with the observatory while collecting data would have severely limited our ability to make this detection. It must be extraordinarily precise, and Webb is just that."

Extensive modeling of the data obtained also allows researchers to investigate the structure of WASP-39 b's atmosphere, the cloud cover, and why the evening is hotter. While future work by the team will study how the cloud cover may affect temperature, and vice versa, astronomers confirmed gas circulation around the planet as the main culprit of the temperature difference on WASP-39 b.




On a highly irradiated exoplanet like WASP-39 b that orbits relatively close to its star, researchers generally expect the gas to be moving as the planet rotates around its star: Hotter gas from the dayside should move through the evening to the nightside via a powerful equatorial jet stream. Since the temperature difference is so extreme, the air pressure difference would also be significant, which in turn would cause high wind speeds.

Using General Circulation Models, 3-dimensional models similar to the ones used to predict weather patterns on Earth, researchers found that on WASP-39 b the prevailing winds are likely moving from the night side across the morning terminator, around the dayside, across the evening terminator and then around the nightside. As a result, the morning side of the terminator is cooler than the evening side. In other words, the morning side gets slammed with winds of air that have been cooled on the nightside, while the evening is hit by winds of air heated on the dayside. Research suggests the wind speeds on WASP-39 b can reach thousands of miles an hour!

"This analysis is also particularly interesting because you're getting 3D information on the planet that you weren't getting before," added Espinoza. "Because we can tell that the evening edge is hotter, that means it's a little puffier. So, theoretically, there is a small swell at the terminator approaching the nightside of the planet."

The team's results have been published in Nature.

The researchers will now look to use the same method of analysis to study atmospheric differences of other tidally locked hot Jupiters, as part of Webb Cycle 2 General Observers Program 3969.

WASP-39 b was among the first targets analyzed by Webb as it began regular science operations in 2022. The data in this study was collected under Early Release Science program 1366, designed to help scientists quickly learn how to use the telescope's instruments and realize its full science potential.
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A new neural network makes decisions like a human would | ScienceDaily
Humans make nearly 35,000 decisions every day, from whether it's safe to cross the road to what to have for lunch. Every decision involves weighing the options, remembering similar past scenarios, and feeling reasonably confident about the right choice. What may seem like a snap decision actually comes from gathering evidence from the surrounding environment. And often the same person makes different decisions in the same scenarios at different times.


						
Neural networks do the opposite, making the same decisions each time. Now, Georgia Tech researchers in Associate Professor Dobromir Rahnev's lab are training them to make decisions more like humans. This science of human decision-making is only just being applied to machine learning, but developing a neural network even closer to the actual human brain may make it more reliable, according to the researchers.

In a paper in Nature Human Behaviour, "The Neural Network RTNet Exhibits the Signatures of Human Perceptual Decision-Making," a team from the School of Psychology reveals a new neural network trained to make decisions similar to humans.

Decoding Decision

"Neural networks make a decision without telling you whether or not they are confident about their decision," said Farshad Rafiei, who earned his Ph.D. in psychology at Georgia Tech. "This is one of the essential differences from how people make decisions."

Large language models (LLM), for example, are prone to hallucinations. When an LLM is asked a question it doesn't know the answer to, it will make up something without acknowledging the artifice. By contrast, most humans in the same situation will admit they don't know the answer. Building a more human-like neural network can prevent this duplicity and lead to more accurate answers.

Making the Model

The team trained their neural network on handwritten digits from a famous computer science dataset called MNIST and asked it to decipher each number. To determine the model's accuracy, they ran it with the original dataset and then added noise to the digits to make it harder for humans to discern. To compare the model performance against humans, they trained their model (as well as three other models: CNet, BLNet, and MSDNet) on the original MNIST dataset without noise, but tested them on the noisy version used in the experiments and compared results from the two datasets.




The researchers' model relied on two key components: a Bayesian neural network (BNN), which uses probability to make decisions, and an evidence accumulation process that keeps track of the evidence for each choice. The BNN produces responses that are slightly different each time. As it gathers more evidence, the accumulation process can sometimes favor one choice and sometimes another. Once there is enough evidence to decide, the RTNet stops the accumulation process and makes a decision.

The researchers also timed the model's decision-making speed to see whether it follows a psychological phenomenon called the "speed-accuracy trade-off" that dictates that humans are less accurate when they must make decisions quickly.

Once they had the model's results, they compared them to humans' results. Sixty Georgia Tech students viewed the same dataset and shared their confidence in their decisions, and the researchers found the accuracy rate, response time, and confidence patterns were similar between the humans and the neural network.

"Generally speaking, we don't have enough human data in existing computer science literature, so we don't know how people will behave when they are exposed to these images. This limitation hinders the development of models that accurately replicate human decision-making," Rafiei said. "This work provides one of the biggest datasets of humans responding to MNIST."

Not only did the team's model outperform all rival deterministic models, but it also was more accurate in higher-speed scenarios due to another fundamental element of human psychology: RTNet behaves like humans. As an example, people feel more confident when they make correct decisions. Without even having to train the model specifically to favor confidence, the model automatically applied it, Rafiei noted.

"If we try to make our models closer to the human brain, it will show in the behavior itself without fine-tuning," he said.

The research team hopes to train the neural network on more varied datasets to test its potential. They also expect to apply this BNN model to other neural networks to enable them to rationalize more like humans. Eventually, algorithms won't just be able to emulate our decision-making abilities, but could even help offload some of the cognitive burden of those 35,000 decisions we make daily.
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Scorching storms on distant worlds revealed | ScienceDaily
Astronomers have created the most detailed weather report so far for two distant worlds beyond our own solar system.


						
The international study -- the first of its kind -- reveals the extreme atmospheric conditions on the celestial objects, which are swathed in swirling clouds of hot sand amid temperatures of 950C.

Using NASA's powerful James Webb Space Telescope (JWST), researchers set out to capture the weather on a pair of brown dwarfs -- cosmic bodies that are bigger than planets but smaller than stars.

These brown dwarfs, named collectively as WISE 1049AB, are the brightest and closest objects of their type to Earth, around six light years away.

The team tracked each brown dwarf's atmosphere by measuring the light waves emitted from their surfaces, which change as more or less cloudy regions revolve in and out of view.

By visualising this data through light curves -- a plot of how the brightness of light from each object changes over time -- the team was able to build up a detailed 3D picture of how the brown dwarfs' weather changed over the course of a full rotation or day, between five and seven hours.

The team was also able to plot how the light from each object varied by wavelength, to demonstrate the presence and complex interplay of gases such as water, methane, and carbon monoxide in their atmospheres.




The insights may help astronomers develop the understanding of brown dwarfs as a potential missing link between stars and planets -- promising new insights into both.

By observing the infrared part of the light spectrum, the JWST is able to observe wavelengths of light that are blocked by our own atmosphere.

This capability opens frontiers in the study of the early universe, star formation, and so-called exoplanets such as brown dwarfs which lie beyond our solar system.

The latest study builds on previous studies of brown dwarfs, which have mainly been confined to capturing static snapshots of their atmosphere on only one side. This approach is limited, as brown dwarfs are known to rotate relatively quickly and their weather can vary greatly over time, researchers say.

Their findings will pave the way for more detailed studies into brown dwarfs and other distant celestial objects.

The study, published in Monthly Notices of the Royal Astronomical Society, was led by the University of Edinburgh in collaboration with researchers from Trinity College Dublin, the University of Virginia, and other institutes from around the world.

Professor Beth Biller, Personal Chair of Exoplanet Characterisation, Institute for Astronomy, University of Edinburgh, said: "Our findings show that we are on the cusp of transforming our understanding of worlds far beyond our own. Insights such as these can help us understand the conditions not just on celestial objects like brown dwarfs, but also on giant exoplanets beyond our solar system. Eventually, the techniques we are refining here may enable the first detections of weather on habitable planets like our own, which orbit other stars."
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JWST unveils stunning ejecta and CO structures in Cassiopeia A's young supernova | ScienceDaily
The SETI Institute announced the latest findings from the James Webb Space Telescope (JWST) of the supernova remnant, Cassiopeia A (Cas A). These observations of the youngest known core collapse supernova in the Milky Way provide insights into the conditions that lead to the formation and destruction of molecules and dust within supernova ejecta. The study's findings change our understanding of dust formation in the early universe in the galaxies detected by JWST 300 million years after the Big Bang. Researchers consider supernovae, such as those that formed Cas A, vital sources of the dust seen in distant, high-redshift galaxies. These new insights challenge beliefs that dust primarily originated from intermediate-mass stars on the asymptotic giant branch (AGB) in present-day galaxies.


						
"It is remarkable to see how bright the carbon monoxide emission detected in JWST NIR imaging and spectroscopy, showing a few tens of sinusoidal patterns of CO fundamental rovibrational lines," said Dr. Jeohghee Rho, research scientist at the SETI Institute who led this research. "The patterns look like they were artificially generated."

Key findings include:
    	Molecular CO Formation: The data shows more CO gas in the outer layers than argon gas, which means CO molecules are forming again after the reverse shock. This data is important for understanding how cooling and dust formation happen after a supernova explosion. The images indicate CO molecules are reformed behind the shock and may have protected the dust in the ejecta.
    	Detailed Spectroscopy: The NIRSpec-IFU spectra of two significant areas in Cas A show differences in how elements were formed. Both regions have strong CO gas signals and show various ionized elements like argon, silicon, calcium, and magnesium. The fundamental CO lines are a few tens of sinusoidal patterns of CO fundamental rovibrational lines with a continuum-like underneath due to the high velocity of the CO molecules.
    	emperature Insights: The research shows that the temperature is about 1080 K, based on the CO gas emissions. This helps us understand how dust, molecules, and highly ionized gas interact in supernovae. However, the authors also find vibrational lines in high rotational (J=90) lines, which features appear between 4.3-4.4 microns. These lines indicate the presence of hotter (4800 K) temperature component, implying CO formation and reformation at the same time. CO from such high rotational levels is first seen in Cas A with the new JWST spectroscopy.
    	Supernovae such as Cas A, located 11,000 light years away, are explosions that occur when a high mass star comes to the end of its life about 350 years ago. Called a core collapse supernova, the star's interior collapses inwards due to gravity once the nuclear fuel that powered the star is depleted. The rebound of this collapse blows the star's outer shell into space in an explosion that can outshine an entire galaxy.

"To see such hot CO in a young supernova remnant is truly remarkable and indicates that CO formation is still happening thousands of years after the explosion," said Chris Ashall, Assistant Professor at Virginia Tech. "Combining such impressive data sets with earlier JWST observations of supernovae will allow us to understand the pathway to molecules and dust formation in a way not previously possible."

Groundbreaking Images and Spectroscopy

The observations utilized JWST's Near Infrared Camera Instrument (NIRCam) and the Mid Infrared Instrument (MIRI), along with detailed Near-Infrared Spectrograph (NIRSpec)-Integral Field Units (IFU) spectroscopy. The team mapped the intricate structures of synchrotron radiation (light emitted when charged particles, like electrons, are sped up into high speeds in strong magnetic fields), argon-rich ejecta, and carbon monoxide (CO) molecules within Cas A. The images show very detailed and intricate patterns of shells, holes and filaments, highlighting how powerful JWST is.

Seong Hyun Park, a graduate student at Seoul National University in South Korea, performed modeling of the CO properties together with Rho.




The new observations highlight supernova remnants' complex and competing molecular formation and destruction processes. While not directly leading to dust formation, CO molecules are critical indicators of the cooling and chemical processes that eventually lead to dust condensation.

While this study offers new perspectives, the debate continues regarding the extent to which supernovae contribute to dust formation in the early universe. Researchers will continue exploring these phenomena with future observations and research to unravel the mysteries of cosmic dust and molecular formation.

The findings are published this week in The Astrophysical Journal Letters..

JWST three-color image of synchrotron, CO, and Ar emission has been featured as a cover image in NOVA at:
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Scientists discover missing piece in climate models | ScienceDaily
As the planet continues to warm due to human-driven climate change, accurate computer climate models will be key in helping illuminate exactly how the climate will continue to be altered in the years ahead.


						
In a study published in the Journal of Geophysical Research: Atmospheres, a team led by researchers from the UC Irvine Department of Earth System Science and the University of Michigan Department of Climate and Space Sciences and Engineering reveal how a climate model commonly used by geoscientists currently overestimates a key physical property of Earth's climate system called albedo, which is the degree to which ice reflects planet-warming sunlight into space.

"We found that with old model versions, the ice is too reflective by about five percent," said Chloe Clarke, a project scientist in UC Irvine professor Charlie Zender's group. "Ice reflectivity was much too high."

The amount of sunlight the planet receives and reflects is important for estimating just how much the planet will warm in the coming years. Previous versions of the model, called the Energy Exascale Earth System Model (E3SM), overestimated albedo because they did not account for what Clarke described as the microphysical properties of ice in a warming world.

Those properties include the effects things like algae and dust have on albedo. Dark-colored algae and dust can make snow and ice less reflective and less able to reflect sunlight.

To do the analysis, Clarke and her team studied satellite data to track the albedo of the Greenland Ice Sheet. They found that E3SM reflectivity overestimates the reflectivity of the ice sheet, "meaning the model estimates less melt than what would be expected from the ice microphysical properties," said Clarke.

But with the new ice reflectivity incorporated into the model, the Greenland Ice Sheet is melting at a rate of about six gigatons more than in older model versions. This is based on albedo measurements that are more consistent with satellite observations.

Clarke hopes her team's study stresses the importance of the seemingly minuscule properties that can have far-reaching consequences for the overall climate. "I think our work is going to help models do a much better job of helping us capture snow and ice-related climate feedbacks," she said.

Next, Clarke wants to study different icy parts of the planet to gauge how widespread the albedo discrepancy is in E3SM. "Our next steps are to get it so it is functional globally and not just valid over Greenland," said Clarke, who also intends to compare the new Greenland Ice Sheet melt rates to observations to measure how much more accurate the new ice albedo is. "It would be useful to apply it to glaciers in places like the Andes and Alaska."

Additional authors include Raf Antwerpen (Lamont-Doherty Earth Observatory), Mark G. Flanner (University of Michigan), Adam Schneider (National Oceanic and Atmospheric Administration), Marco Tedesco (Lamont-Doherty Earth Observatory) and Charlie S. Zender (UC Irvine). Funding information is listed in the study.
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Producing hydrogen and fertilizer at the same time | ScienceDaily
A research team from the University Alliance Ruhr, Germany, has found a catalyst that can be used to convert ammonia into the energy carrier hydrogen and the fertilizer precursor nitrite. The production of hydrogen and the production of fertilizer have so far been separate chemical processes. With the new approach, the team from Ruhr University Bochum and the University of Duisburg-Essen is demonstrating that the two can be combined on a laboratory scale. The Bochum-based group led by Ieva Cechanaviciute and Professor Wolfgang Schuhmann reports on the results together with Bhawana Kumari and Professor Corina Andronescu from the University of Duisburg-Essen in the journal Angewandte Chemie International Edition from 23 June 2024.


						
Hydrogen can be produced by splitting water (H2O) into hydrogen (H2) and oxygen (O2) using electrical energy. To make this process sustainable, the energy should come from renewable sources. "This can only be done in a country where there is plenty of space for wind power and lots of sun for photovoltaics, for example in Namibia," explains Wolfgang Schuhmann. In order to build an economy based on hydrogen in Germany, it must therefore be imported from distant countries. The crux of the matter is that a lot of energy is needed to liquefy hydrogen for transport, as it only becomes liquid at extremely low temperatures of minus 253 degrees Celsius or high pressures.

Ammonia is easier to transport than hydrogen

Alternative concepts therefore envisage converting hydrogen into ammonia at the production site, as this becomes liquid at minus 33 degrees Celsius. It also has a higher energy density. "A tanker full of liquid ammonia would transport around 2.5 times more energy than a tanker full of liquid hydrogen," explains Schuhmann. Finally, ammonia would have to be converted back into hydrogen at the point of use. This is usually done using the reverse Haber-Bosch reaction, in which ammonia (NH3) is converted into nitrogen (N2) and hydrogen (H2). Of the two products, however, only the hydrogen can be utilized profitably.

Double the hydrogen yield

"We therefore had the idea of combining the reverse Haber-Bosch reaction with a second electrolysis of water to produce a product that can easily be used for the production of fertilizer, such as nitrite or nitrate, instead of nitrogen," explains Ieva Cechanaviciute. In this reaction, ammonia (NH3) and water (H2O) are consumed to produce nitrite (NO2-) and hydrogen (H2). In contrast to the reverse Haber-Bosch reaction, the hydrogen output is doubled and instead of non usable nitrogen, mainly nitrite is produced, which can be further processed into fertilizer.

For the reaction, the team used gas diffusion electrodes into which ammonia can be fed as a gas. "This had never been done before," explains Wolfgang Schuhmann. "Ammonia was always used in dissolved form."

Overcoming the thermodynamic canyon

One challenge for the researchers was to find a suitable catalyst with which their idea could be realized. This is because the starting material NH3 tends to convert into nitrogen due to the very strong nitrogen-nitrogen triple bond and not into nitrite. "We first had to bridge this thermodynamic Grand Canyon," explains Cechanaviciute. In earlier work, the team had already experimented with multi-metal catalysts, which proved to be suitable for this purpose. They were able to convert 87 per cent of the transferred electrons into nitrite. The team also managed to avoid oxygen as an undesirable by-product of water electrolysis.

"Our work shows that our Gedanken-experiment can work in principle," summarizes Wolfgang Schuhmann. "But we are still a long way from technical implementation on an industrial scale."
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Cosmic wrestling match | ScienceDaily
Our universe is around 13.8 billion years old. Over the vastness of this time, the tiniest of initial asymmetries have grown into the large-scale structures we can see through our telescopes in the night sky: galaxies like our own Milky Way, clusters of galaxies, and even larger aggregations of matter or filaments of gas and dust. How quickly this growth takes place depends, at least in today's universe, on a sort of wrestling match between natural forces: Can dark matter, which holds everything together through its gravity and attracts additional matter, hold its own against dark energy, which pushes the universe ever further apart? 


						
"If we can precisely measure the structures in the sky, then we can observe this struggle," says LMU astrophysicist Daniel Grun. This is where telescopic observation projects come in, capturing large swaths of the sky very precisely in images. For example, there is the Dark Energy Survey with the Blanco telescope in Chile and the recently commissioned Euclid satellite. LMU scientists have been involved in both projects, including in leadership roles, for years.

Largest dataset evaluated to date

Although precisely determining the distances of individual structures and galaxies from us is not always easy, it is vitally important. After all, the further away a galaxy is, the longer its light has been travelling to us, and the older therefore is the snapshot of the universe revealed by its observation. An important source of information is the observed color of a galaxy, which is measured by ground-based telescopes like Blanco or satellites like Euclid. A new study by a team led by Jamie McCullough and Daniel Grun, which has been published in the journal MNRAS, has analyzed the largest dataset to date and sheds light on what the color of various galaxies actually says about their true distance.

In principle, the distance of a galaxy can be precisely determined by means of spectroscopy. This involves measuring the spectral lines of distant galaxies. As the universe as a whole is expanding, these appear to have a longer wavelength, the further away from us a galaxy is located. This is because the lightwaves of distant galaxies are stretched out on the long journey to us. This effect, known as redshift, also changes the apparent colors that the instruments measure in the image of the galaxy. They appear redder than they are in reality. This is similar to the Doppler effect we hear in the apparent pitch of an ambulance's siren as it passes us and moves away.

No two galaxies are the same

Jamie McCullough is a doctoral researcher at LMU and at Stanford University. For her analysis, she used spectroscopic measurements from the Dark Energy Spectroscopic Instrument (DESI) in conjunction with the largest dataset to date for the precise measurement of galaxy colors (KiDS-VIKING). Specifically, the authors combined spectroscopic data from DESI of a total of 230,000 galaxies with the colors of these galaxies in the KiDS-VIKING survey and used this information to determine the relationship between the distance of a galaxy from us and its observed color and brightness. No two galaxies in the universe are the same, but for each class of similar galaxies, there is a special relationship between observed color and redshift. "If we can combine distance information with measurements of the shape of galaxies, we can infer large-scale structures from the light distortions," says Jamie McCullough. The results of the study make it possible to statistically determine the true distance of each galaxy observed in images taken by Euclid or the Dark Energy Survey.




Interactive flight through millions of galaxies

Analyzing the observed distortions of the galaxy images, scientists will be able to learn something about the behavior of cosmic structures today and billions of years ago and understand them better. This will yield insights into the evolutionary history of the universe. To be able to observe the course of structure formation over time, you do not need to wait billions of years; it is enough to measure the structure at various distances from the Earth. With images alone, this is almost impossible, as you cannot just tell the distance of a galaxy to ours from its appearance in an image. The study by Jamie McCullough contains the key to this problem by furnishing a model for what the apparent "color" of a galaxy tells us about its distance from us.

Observing how dark matter and dark energy wrestle

The major goal of this precise observation and distribution of galaxies at various distances is to derive insights into the great wrestling match between the natural forces of dark matter and dark energy. "To really see what's happening, you have to be able to observe the individual rounds of this match," says Grun. This is because dark energy is poised to catch up and potentially arrest the formation of larger accumulations of mass in the universe altogether. "Only then will we understand what dark matter and dark energy actually are, and which of them will ultimately prevail."
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Crystals from radioactive metal actinium | ScienceDaily
The element actinium was first discovered at the turn of the 20th century, but even now, nearly 125 years later, researchers still don't have a good grasp on the metal's chemistry. That's because actinium is only available in extremely small amounts and working with the radioactive material requires special facilities. But to improve emerging cancer treatments using actinium, researchers will need to better understand how the element binds with other molecules.


						
In a new study led by the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab), researchers grew crystals containing actinium and studied the compound's atomic structure. While elements often behave similarly to their lighter cousins on the periodic table, researchers were surprised to find that the actinium behaved differently than predicted by looking at its counterpart, lanthanum.

"There's a breadth of applications for these elements, from nuclear energy to medicine to national security, but if we don't know how they behave, that inhibits the progress we can make," said Jen Wacker, first author of the paper published today in Nature Communications and a chemist at Berkeley Lab. "We're seeing that this work is necessary to really understand the complexity of these radioactive elements, because in a lot of cases, using their surrogates is not sufficient to understand their chemistry."

One area of interest is in using an isotope of actinium (actinium-225) in a cancer treatment method called targeted alpha therapy (TAT), which has shown promise in clinical trials. The TAT method uses biological delivery systems such as peptides or antibodies to move the radioactive element to the cancer site. When the actinium decays, it releases energetic particles that travel a short distance, destroying the nearby cancer cells but sparing healthy tissue further away.

"There's a movement to design better delivery systems to get the actinium to particular cells and keep it there," said Rebecca Abergel, a UC Berkeley associate professor of nuclear engineering and of chemistry who leads the Heavy Element Chemistry Group at Berkeley Lab. "If we can engineer proteins to bind the actinium with a really high affinity, and either be fused with an antibody or serve as the targeting protein, that would really enable new ways to develop radiopharmaceuticals."

Researchers used a novel approach to grow the crystals using only 5 micrograms of pure actinium -- roughly one tenth the weight of a grain of salt, and invisible to the naked eye. They first purified the actinium through a complex filtration process that removed other elements and chemical impurities. They then bound the actinium to a metal-trapping molecule called a ligand and enveloped the bundle inside of a protein isolated and purified by Roland Strong's team at the Fred Hutchinson Cancer Center, building a "macromolecular scaffold." The crystals, grown over a week inside of the Heavy Element Research Laboratory, were then cryocooled in liquid nitrogen and illuminated with X-rays at Berkeley Lab's Advanced Light Source (ALS). The X-rays revealed the compound's 3D structure and showed how actinium interacted with surrounding atoms. It is the first single-crystal X-ray structure reported for actinium

"I've been working in crystallography for 40 years and seen a lot of things, and the method the team is using is unique and provides details we couldn't get in the past," said Marc Allaire, a scientist in Berkeley Lab's Molecular Biophysics and Integrated Bioimaging Division and head of the Berkeley Center for Structural Biology team at the ALS. "To the best of my knowledge, Berkeley Lab is the only place in the world where we do this kind of study and measure radioactive protein crystals."

In this work, scientists used actinium-227, the longest-lived isotope of the element. Future studies will explore actinium-225 (the preferred isotope for targeted alpha therapy) to look for other changes in how the metal binds. Researchers are also interested in pairing actinium with different proteins to learn more about the structures it forms.

"This is very fundamental science that is part of our core program in understanding the chemistry of heavy elements," Abergel said. "We've achieved a really technically difficult experimental method that pushes the boundaries of isotope chemistry and lets us gain a better understanding of this element. It hopefully will enable us and others to develop better systems that are useful for targeted alpha therapy."

The Advanced Light Source is a DOE Office of Science user facility.
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Vivid portrait of interacting galaxies marks Webb's second anniversary | ScienceDaily
Two for two! A duo of interacting galaxies commemorates the second science anniversary of NASA's James Webb Space Telescope, which takes constant observations, including images and highly detailed data known as spectra. Its operations have led to a "parade" of discoveries by astronomers around the world.


						
"Since President Biden and Vice President Harris unveiled the first image from the James Webb Space Telescope two years ago, Webb has continued to unlock the mysteries of the universe," said NASA Administrator Bill Nelson. "With remarkable images from the corners of the cosmos, going back nearly to the beginning of time, Webb's capabilities are shedding new light on our celestial surroundings and inspiring future generations of scientists, astronomers, and explorers."

Also take a moment to scan the background. Webb's image is overflowing with distant galaxies. Some take spiral and oval shapes, like those threaded throughout the Penguin's "tail feathers," while others scattered throughout are shapeless dots. This is a testament to the sensitivity and resolution of the telescope's infrared instruments. (Compare Webb's view to the 2018 observation that combines infrared light from NASA's retired Spitzer Space Telescope and near-infrared and visible light from NASA's Hubble Space Telescope.) Even though these observations only took a few hours, Webb revealed far more distant, redder, and dustier galaxies than previous telescopes -- one more reason to expect Webb to continue to expand our understanding of everything in the universe.

Want more? Take a tour to the image, "fly through" it in a visualization, and compare Webb's image to the Hubble Space Telescope's.

Arp 142 lies 326 million light-years from Earth in the constellation Hydra.

"In just two years, Webb has transformed our view of the universe, enabling the kind of world-class science that drove NASA to make this mission a reality," said Mark Clampin, director of the Astrophysics Division at NASA Headquarters in Washington. "Webb is providing insights into longstanding mysteries about the early universe and ushering in a new era of studying distant worlds, while returning images that inspire people around the world and posing exciting new questions to answer. It has never been more possible to explore every facet of the universe."

The telescope's specialization in capturing infrared light -- which is beyond what our own eyes can detect -- shows these galaxies, collectively known as Arp 142, locked in a slow cosmic dance. Webb's observations, which combine near- and mid-infrared light from Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument), respectively, clearly show that they are joined by a haze represented in blue that is a mix of stars and gas, a result of their mingling.




Their ongoing interaction was set in motion between 25 and 75 million years ago, when the Penguin (individually cataloged as NGC 2936) and the Egg (NGC 2937) completed their first pass. They will go on to shimmy and sway, completing several additional loops before merging into a single galaxy hundreds of millions of years from now.

Let's Dance!

Before their first approach, the Penguin held the shape of a spiral. Today, its galactic center gleams like an eye, its unwound arms now shaping a beak, head, backbone, and fanned-out tail.

Like all spiral galaxies, the Penguin is still very rich in gas and dust. The galaxies' "dance" gravitationally pulled on the Penguin's thinner areas of gas and dust, causing them to crash in waves and form stars. Look for those areas in two places: what looks like a fish in its "beak" and the "feathers" in its "tail."

Surrounding these newer stars is smoke-like material that includes carbon-containing molecules, known as polycyclic aromatic hydrocarbons, which Webb is exceptional at detecting. Dust, seen as fainter, deeper orange arcs also swoops from its beak to tail feathers.

In contrast, the Egg's compact shape remains largely unchanged. As an elliptical galaxy, it is filled with aging stars, and has a lot less gas and dust that can be pulled away to form new stars. If both were spiral galaxies, each would end the first "twist" with new star formation and twirling curls, known as tidal tails.




Another reason for the Egg's undisturbed appearance: These galaxies have approximately the same mass or heft, which is why the smaller-looking elliptical wasn't consumed or distorted by the Penguin.

It is estimated that the Penguin and the Egg are about 100,000 light-years apart -- quite close in astronomical terms. For context, the Milky Way galaxy and our nearest neighbor, the Andromeda Galaxy, are about 2.5 million light-years apart. They too will interact, but not for about 4 billion years.

Now, look to the top right to spot a galaxy that is not at this party. This edge-on galaxy, cataloged PGC 1237172, is 100 million light-years closer to Earth. It's also quite young, teeming with new, blue stars.

Want one more party trick? Switch to Webb's mid-infrared-only image to see PGC 1237172 practically disappear. Mid-infrared light largely captures cooler, older stars and an incredible amount of dust. Since the galaxy's stellar population is so young, it "vanishes" in mid-infrared light.
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When to trust an AI model | ScienceDaily
  Because machine-learning models can give false predictions, researchers often equip them with the ability to tell a user how confident they are about a certain decision. This is especially important in high-stake settings, such as when models are used to help identify disease in medical images or filter job applications.


						
But a model's uncertainty quantifications are only useful if they are accurate. If a model says it is 49% confident that a medical image shows a pleural effusion, then 49% of the time, the model should be right.

MIT researchers have introduced a new approach that can improve uncertainty estimates in machine-learning models. Their method not only generates more accurate uncertainty estimates than other techniques, but does so more efficiently.

In addition, because the technique is scalable, it can be applied to huge deep-learning models that are increasingly being deployed in health care and other safety-critical situations.

This technique could give end users, many of whom lack machine-learning expertise, better information they can use to determine whether to trust a model's predictions or if the model should be deployed for a particular task.

"It is easy to see these models perform really well in scenarios where they are very good, and then assume they will be just as good in other scenarios. This makes it especially important to push this kind of work that seeks to better calibrate the uncertainty of these models to make sure they align with human notions of uncertainty," says lead author Nathan Ng, a graduate student at the University of Toronto who is a visiting student at MIT.

Ng wrote the paper with Roger Grosse, an assistant professor of computer science at the University of Toronto; and senior author Marzyeh Ghassemi, an associate professor in the Department of Electrical Engineering and Computer Science and a member of the Institute of Medical Engineering Sciences and the Laboratory for Information and Decision Systems. The research will be presented at the International Conference on Machine Learning.




Quantifying uncertainty

Uncertainty quantification methods often require complex statistical calculations that don't scale well to machine-learning models with millions of parameters. These methods also require users to make assumptions about the model and data used to train it.

The MIT researchers took a different approach. They use what is known as the minimum description length principle (MDL), which does not require the assumptions that can hamper the accuracy of other methods. MDL is used to better quantify and calibrate uncertainty for test points the model has been asked to label.

The technique the researchers developed, known as IF-COMP, makes MDL fast enough to use with the kinds of large deep-learning models deployed in many real-world settings.

MDL involves considering all possible labels a model could give a test point. If there are many alternative labels for this point that fit well, its confidence in the label it chose should decrease accordingly.

"One way to understand how confident a model is would be to tell it some counterfactual information and see how likely it is to believe you," Ng says.




For example, consider a model that says a medical image shows a pleural effusion. If the researchers tell the model this image shows an edema, and it is willing to update its belief, then the model should be less confident in its original decision.

With MDL, if a model is confident when it labels a datapoint, it should use a very short code to describe that point. If it is uncertain about its decision because the point could have many other labels, it uses a longer code to capture these possibilities.

The amount of code used to label a datapoint is known as stochastic data complexity. If the researchers ask the model how willing it is to update its belief about a datapoint given contrary evidence, the stochastic data complexity should decrease if the model is confident.

But testing each datapoint using MDL would require an enormous amount of computation.

Speeding up the process

With IF-COMP, the researchers developed an approximation technique that can accurately estimate stochastic data complexity using a special function, known as an influence function. They also employed a statistical technique called temperature-scaling, which improves the calibration of the model's outputs. This combination of influence functions and temperature-scaling enables high-quality approximations of the stochastic data complexity.

In the end, IF-COMP can efficiently produce well-calibrated uncertainty quantifications that reflect a model's true confidence. The technique can also determine whether the model has mislabeled certain data points or reveal which data points are outliers.

The researchers tested their system on these three tasks and found that it was faster and more accurate than other methods.

"It is really important to have some certainty that a model is well-calibrated, and there is a growing need to detect when a specific prediction doesn't look quite right. Auditing tools are becoming more necessary in machine-learning problems as we use large amounts of unexamined data to make models that will be applied to human-facing problems," Ghassemi says.

IF-COMP is model-agnostic, so it can provide accurate uncertainty quantifications for many types of machine-learning models. This could enable it to be deployed in a wider range of real-world settings, ultimately helping more practitioners make better decisions.

"People need to understand that these systems are very fallible and can make things up as they go. A model may look like it is highly confident, but there are a ton of different things it is willing to believe given evidence to the contrary," Ng says.

In the future, the researchers are interested in applying their approach to large language models and studying other potential use cases for the minimum description length principle.
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AI found to boost individual creativity -- at the expense of less varied content | ScienceDaily
Stories written with AI assistance have been deemed to be more creative, better written and more enjoyable.


						
A new study published in the journal Science Advances finds that AI enhances creativity by boosting the novelty of story ideas as well as the 'usefulness' of stories -- their ability to engage the target audience and potential for publication.

It finds that AI "professionalizes" stories, making them more enjoyable, more likely to have plot twists, better written and less boring.

In a study in which 300 participants were tasked with writing a short, eight-sentence 'micro story' for a target audience of young adults, researchers found that AI made those deemed less creative produce work that was up to 26.6% better written and 15.2% less boring.

However, AI was not judged to enhance the work produced by more creative writers.

The study also warns that while AI may enhance individual creativity it may also result in a loss of collective novelty, as AI-assisted stories were found to contain more similarities to each other and were less varied and diverse.

The researchers, from the University of Exeter Business School and Institute for Data Science and Artificial Intelligence as well as the UCL School of Management, assigned the 300 study participants to three groups: one group was allowed no AI help, a second group could use ChatGPT to provide a single three-sentence starting idea, and writers in the third group could choose from up to five AI-generated ideas for their inspiration.




They then recruited 600 people to judge how good the stories were, assessing them for novelty -- whether the stories did something new or unexpected -- and 'usefulness' -- how appropriate they were for the target audience, and whether the ideas could be developed and potentially published.

They found that writers with the most access to AI experienced the greatest gains to their creativity, their stories scoring 8.1% higher for novelty and 9% higher for novelty compared with stories written without AI.

Writers who used up to five AI-generated ideas also scored higher for emotional characteristics, producing stories that were better written, more enjoyable, less boring and funnier.

The researchers evaluated the writers' inherent creativity using a Divergent Association Task (DAT) and found that more creative writers -- those with the highest DAT scores -- benefitted least from generative AI ideas.

Less creative writers conversely saw a greater increase in creativity: access to five AI ideas improved novelty by 10.7% and usefulness by 11.5% compared with those who used no AI ideas. Their stories were judged to be up to 26.6% better written, up to 22.6%, more enjoyable and up to 15.2% less boring.

These improvements put writers with low DAT scores on a par with those with high DAT scores, effectively equalising creativity across the less and more creative writers.




The researchers also used OpenAI's embeddings application programming interface (API) to calculate how similar the stories were to each other.

They found a 10.7% increase in similarity between writers whose stories used one generative AI-idea, compared with the group that didn't use AI.

Oliver Hauser, Professor of Economics at the University of Exeter Business School and Deputy Director of the Institute for Data Science and Artificial Intelligence, said: "This is a first step in studying a question fundamental to all human behaviour: how does generative AI affect human creativity?

"Our results provide insight into how generative AI can enhance creativity, and removes any disadvantage or advantage based on the writers' inherent creativity."

Anil Doshi, Assistant Professor at the UCL School of Management added: "While these results point to an increase in individual creativity, there is risk of losing collective novelty. Ifthe publishing industry were to embrace more generative AI-inspired stories, our findings suggest that the stories would become less unique in aggregate and moresimilar to each other."

Professor Hauser cautioned: "This downward spiral shows parallels to an emerging social dilemma:if individual writers find out that their generative AI-inspired writing is evaluated as more creative,they have an incentive to use generative AI more in the future, but by doing so the collectivenovelty of stories may be reduced further.

"In short, our results suggest that despite theenhancement effect that generative AI had on individual creativity, there may be a cautionary noteif generative AI were adopted more widely for creative tasks."

'
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Microbeads with adaptable fluorescent colors from visible light to near-infrared | ScienceDaily
A research team at NIMS has successfully developed an environmentally friendly, microspherical fluorescent material primarily made from citric acid. These microbeads emit various colors of light depending on the illuminating light and the size of the beads, which suggests a wide range of applications. Furthermore, the use of plant-derived materials allows for low-cost and energy-efficient synthesis.


						
Conventional luminescent devices commonly utilized thin films of compound semiconductors containing metals or sintered inorganic materials with rare earth elements. However, in a circular economy, there is a demand for fluorescent/luminescent materials that do not use rare earth elements, which have unstable supply chains, or metal elements with significant environmental impact. The microbeads we developed aim to provide low-environmental-impact fluorescent materials using abundant, easily obtainable plant-derived materials as the main ingredients.

The research team, led by the Nano-Photonics Group at the Research Center for Materials Nanoarchitectonics (MANA), developed microbead-type luminescent materials synthesized by heating citric acid and polyamino acids, which are used in soft drinks and food additives. These spheres utilize the fluorescence from soot- or graphite-like nanostructures within the heat-denatured, aggregated polyamino acids to emit red, blue, and yellow light, as well as near-infrared light invisible to the naked eye. By leveraging the light confinement effect of the microbeads, they have demonstrated that a single bead can emit various colors of light (different wavelengths of light).

In addition to emitting various colors of light, the fluorescence wavelength and light intensity distribution (fluorescence spectrum) of these microbeads vary significantly according to their shape and size. These unique fluorescence spectra for each bead can be used like authentication tags or barcodes. This capability allows for identifying individual beads using light, leading to applications such as color-changing paints, anti-counterfeit inks, and fluorescent probes that can identify and track individual beads in biological systems.

This research was conducted by a team consisting of Tadaaki Nagao, Group Leader of the Photonics Nano-Engineering Group at MANA, NIMS Postdoctoral Researcher Barun Kumar Barman (formerly a JSPS Postdoctoral Fellow), JSPS Research Fellow Hiroyuki Yamada, Researcher Keisuke Watanabe, Atsushi Goto, Group Leader of the Solid-State NMR Group at the Center for Basic Research on Materials, Principal Researcher Kenjiro Hashi, Principal Engineer Shinobu Ohki, and Engineer Kenzo Deguchi from the High Magnetic Field Characterization Unit of the Research Network and Facility Services Division at NIMS. This research was supported by a grant from the Japan Society for the Promotion of Science (JSPS).

The results of this research is published in the June 13, 2024, online issue of the journal Advanced Science.
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A chemical claw machine bends and stretches when exposed to vapors | ScienceDaily
Scientists at King Abdullah University of Science and Technology (KAUST) in Saudi Arabia have developed a tiny "claw machine" that is able to pick up and drop a marble-sized ball in response to exposure to chemical vapors.


						
The findings, published July 12 in the journal Chem, point to a technique that can enable soft actuators -- the parts of a machine that make it move -- to perform multiple tasks without the need for additional costly materials. While existing soft actuators can be "one-trick ponies" restricted to one type of movement, this novel composite film contorts itself in different ways depending on the vapor that it is exposed to.

"It can bend and stretch depending on molecular interactions, which is very sophisticated at this size range," says author Niveen M. Khashab, a Chemistry Professor at KAUST. "We hope our findings will be used to develop advanced soft robotic systems capable of precise and adaptable movements in various environments," she says, suggesting the systems could be used in medical devices, industrial automation, and tools used to measure temperature, air quality, and humidity.

To test the claw machine's ability to perform multiple tasks, the researchers first exposed it to acetone. In the presence of this vapor, the device gripped a red cotton ball and stretched so that it could drop it in a box. When the team exposed the machine to ethanol vapor, it grabbed the cotton ball and removed it from the box.

Unlike rigid actuators in "hard robots," which may be made from metal or tough plastic, soft actuators are flexible, enabling them to perform a range of tasks their rigid counterparts cannot. As a result, soft actuators have been the technology of choice for cutting-edge applications such as precision agriculture, deep-sea exploration, and wearable devices.

But soft actuators are still limited -- they can either bend, twist, or stretch, but no one actuator can move in multiple ways, preventing them from performing more complex tasks that would lend them to an even greater range of uses. While researchers have recently experimented with actuator designs to give devices a greater range of motion, many of these strategies involve combining different materials, which makes them costly and difficult to manufacture while increasing their risk for mechanical failure.

To overcome this challenge, Khashab and colleagues developed a claw machine made from a polymer matrix containing molecular cages with the organic compound urea. The researchers chose urea for the cages because the compound can form multiple hydrogen bonds, allowing the urea molecules to rapidly reconfigure when they are exposed to different molecules in vapors. As a result, the material's properties can be precisely controlled, making it easy to customize.




The findings suggest that the material the machine is made from can be "effectively programmed to achieve complex movements by judiciously controlling the type and the concentration of the vapor stimulus," the authors write.

"The most remarkable finding was the unique actuation behavior where the soft actuator performed a complex motion involving 'curvature, stretching, and reverting,' which had not been reported previously," says Khashab.

Next, Khashab and colleagues plan to study the claw machine's energy density and how efficiently it converts energy so that they can enhance its performance, she says. They will also test its ability to produce electrical signals when the soft actuator is combined with materials that generate an electric charge, with the ultimate goal of developing flexible wearable electronic devices, says Khashab.

This work was supported by the King Abdullah University of Science and Technology (KAUST).
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Neutrons give a hot new way to measure the temperature of electronic components | ScienceDaily
From LEDs to batteries, our lives are full of electronics, and there is a constant push to make them more efficient and reliable. But as components become increasingly sophisticated, getting reliable temperature measurements of specific elements inside an object can be a challenge.


						
This is problematic because measuring a device's temperature is vital for monitoring its performance or designing the materials from which it's manufactured. Now, in a new study led by Osaka University, neutrons have been used to measure temperatures quickly and accurately, which could eventually lead to improved performance for all kinds of electronics.

There have been a few ways to estimate the temperature inside an electronic device, but none have been able to give a fast, direct measurement. This new method uses a technique called 'neutron resonance absorption' (NRA): by examining neutrons being absorbed by atomic nuclei at certain energy levels, the properties of the material can be deduced.

The neutrons in this study were generated using high-intensity laser beams. The neutrons are then decelerated to a very low energy level before being passed through a sample. The technique was tested using plates of tantalum and silver, successfully returning details about the materials and temperatures with exceptional speed.

The researchers could determine the temperature of the samples because the temporal signal of the NRA was altered in a predictable manner when the sample material's temperature was changed.

"This technology makes it possible to instantaneously and accurately measure temperature," explains Zechen Lan, lead author. "As our method is non-destructive, it can be used to monitor devices like batteries and semiconductor devices."

As the NRA measurement is performed with a single pulse of neutrons, the newly developed technique can acquire temperature data in a window of 100 nanoseconds, i.e., one ten-millionth of a second. This near-instant result means changes within a material can be measured in close to real time, allowing detailed analysis.

"Using lasers to generate and accelerate ions and neutrons is nothing new, but the techniques we've developed in this study represent an exciting advance," says senior author Akifumi Yogo. "We expect that the high temporal resolution will allow electronics to be examined in greater detail, help us to understand normal operating conditions, and pinpoint abnormalities."

As an additional accomplishment, the measurement device developed by the research team is about a tenth of the size of other similar equipment, meaning that it will be easy for laboratories elsewhere to install their own versions.

Being able to quickly and accurately measure the operating temperatures of devices, and the materials from which they are made, can advance our understanding of how they function and can be further improved in the future.
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A better way to make RNA drugs | ScienceDaily
While the COVID-19 vaccines introduced many people to RNA-based medicines, RNA oligonucleotides have already been on the market for years to treat diseases like Duchenne Muscular Dystrophy and amyloidosis. RNA therapies offer many advantages over traditional small molecule drugs, including their ability to address almost any genetic component within cells and to guide gene editing tools like CRISPR to their targets.


						
However, the promise of RNA is currently limited by the fact that rapidly growing global demand is outpacing the industry's ability to manufacture it. The standard method of chemically synthesizing RNA was invented in the 1980s, and requires specialized equipment and labor-intensive processes. Chemical synthesis methods are also limited in terms of the range of nucleotide building blocks that they can incorporate into RNA molecules, and they produce metric tons of toxic chemical byproducts that create environmental hazards and limit factories' production capacity. These problems will only increase as RNA production ramps up in response to demand.

A team of scientists at the Wyss Institute at Harvard University and Harvard Medical School (HMS) has created a solution to this problem: a new RNA synthesis process that expands the RNA therapeutic design space and unlocks the potential for rapid scale-up that chemical synthesis cannot achieve Their novel method can produce RNA with efficiencies and purities comparable to current industry standards using water and enzymes rather than the toxic solvents and explosive catalysts that plague current manufacturing. It can also incorporate all the common molecular modifications that are found in RNA drugs today, and has the potential to incorporate novel RNA chemistries for new types of therapies. The achievement is described in a paper published today in Nature Biotechnology.

"As demand for RNA drugs continues to grow and additional products come to market, we will exceed the current global supply of acetonitrile, the organic solvent used in chemical RNA synthesis methods," said co-first author Jonathan Rittichier, Ph.D., a former Postdoctoral Fellow at the Wyss and HMS. He and fellow first author and former Wyss Research Scientist Daniel Wiegand, M.S.Ch.E., Wyss Core Faculty member George Church, Ph.D., and others co-founded EnPlusOne Biosciences to commercialize their technology. "Delivering RNA drugs to the world at these scales requires a paradigm shift to a renewable, aqueous synthesis, and we believe our proprietary enzymatic technology will enable that shift."

A better, bio-friendly way

In Church's lab, Rittichier, Wiegand and co-corresponding author Erkin Kuru, Ph.D. recognized that the pharmaceutical industry was in the midst of an RNA revolution. The lab had previously devised a way to synthesize DNA using enzymes, and hypothesized they could do the same for RNA.

The scientists started with an enzyme from a strain of yeast, Schizosaccharomyces pombe, which is known to link nucleotide molecules together to form strands of RNA. They engineered the enzyme to make it more efficient and capable of incorporating non-standard nucleotides into RNA. This was especially important in building a useful drug development platform, as every FDA-approved RNA drug contains nucleotides that have been modified from their original form to increase their stability in the body or endow them with new functions.




They then focused on the nucleotides themselves. In standard chemical RNA synthesis,

nucleotides have "protecting groups" added to them: a sort of chemical bubble-wrap that prevents the molecule from being damaged by the harsh reaction conditions. These protecting groups need to be removed after synthesis in order for the RNA to function, and this process requires an additional round of chemical reactions that can damage the RNA as it's being built. The milder conditions of EnPlusOne's synthesis eliminate the need for any bulky bubble-wrap, ultimately leading to better manufacturing.

But even as it solved one problem, the team's enzyme introduced a different one: its natural activity would string together nucleotides uncontrollably, resulting in inaccurate RNA sequences. To solve this issue, they modified their nucleotides with a "blocker," a chemical group that stalls the enzyme and only allows for the addition of one nucleotide at a time. Once the desired nucleotide has been added, the blocker is removed to allow the next nucleotide in the sequence to bind, resulting in a two-step process that is simpler and less reagent-intensive than the typical four-step chemical synthesis method.

The researchers demonstrated that their new process incorporated nucleotides with 95% efficiency, which is comparable to chemical synthesis. The team then iteratively repeated cycles of enzymatic RNA synthesis to build molecules of 10 nucleotides in length. They are now routinely able to build molecules that are 23 nucleotides long, which is the size of many blockbuster RNA therapeutics.

From molecules to medicines

The key to turning RNA into useful drugs is modifying its naturally existing nucleotides. The team also demonstrated that their enzymatic synthesis method could successfully produce strands of RNA with multiple types of modified nucleotides with the same ability as natural nucleotides. "Natural RNA is made of four letters -- A, U, C, and G -- but we can expand this simple alphabet with synthetic biology," said Kuru, who is a Postdoctoral Fellow at HMS. "Our process essentially increases the number of keys we have on our 'RNA typewriter' to a much richer alphabet that we can use to write RNAs with new functions and properties."

This work formed the basis for a Validation Project at the Wyss Institute in 2019 and 2020, when it was de-risked and prepared for commercialization. Also in 2020, the project became the first to be supported through the Wyss Institute's partnership with Northpond Labs via the Laboratory for Bioengineering Research and Innovation, based upon its potential for significant real-world impact. EnPlusOne Biosciences was launched in 2022 to commercialize the new approach and bring enzymatic RNA synthesis to the world. Funding was led by Northpond Ventures with participation from Breakout Ventures and Coatue.




"Enzymatic nucleotide synthesis technologies offer many advantages as an alternative to chemical-based methods. This platform can help unlock the immense potential of RNA therapeutics in a sustainable way, especially manufacturing high-quality guide RNA molecules for CRISPR/Cas gene editing," said co-corresponding author Church, who is also the Robert Winthrop Professor of Genetics at HMS.

EnPlusOne is also using its platform to manufacture small interfering RNAs (siRNAs) at lab scale that could be used to treat a wide variety of diseases.

"RNA drugs offer a powerful new treatment approach for a huge range of diseases. However, current manufacturing methods for these drugs are limited in terms of the chemical diversity they can produce, the amount of material that can be produced at a reasonable cost, and their negative impact on the environment due to the harsh chemicals they require. EnPlusOne's elegant bioinspired enzyme synthesis alternative offers a way to overcome all these limitations, and could help the RNA therapeutics industry to explode," said Wyss Founding Director Don Ingber, M.D., Ph.D. Ingber 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 Harvard's John A. Paulson School of Engineering and Applied Sciences (SEAS).

Additional authors of the Nature Biotechnology paper include Ella Meyer, Howon Lee, Nicholas J. Conway, Daniel Ahlstedt, Zeynep Yurtsever, and Dominic Rainone. Lee and Ahlstedt are also co-founders of EnPlusOne. This work was supported by the US Department of Energy under Grant DE-FG02-02ER63445 and the Wyss Institute at Harvard University.
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Neural networks made of light | ScienceDaily
Scientists propose a new way of implementing a neural network with an optical system which could make machine learning more sustainable in the future. The researchers at the Max Planck Institute for the Science of Light have published their new method in Nature Physics, demonstrating a method much simpler than previous approaches.


						
Machine learning and artificial intelligence are becoming increasingly widespread with applications ranging from computer vision to text generation, as demonstrated by ChatGPT. However, these complex tasks require increasingly complex neural networks; some with many billion parameters. This rapid growth of neural network size has put the technologies on an unsustainable path due to their exponentially growing energy consumption and training times. For instance, it is estimated that training GPT-3 consumed more than 1,000 MWh of energy, which amounts to the daily electrical energy consumption of a small town. This trend has created a need for faster, more energy- and cost-efficient alternatives, sparking the rapidly developing field of neuromorphic computing. The aim of this field is to replace the neural networks on our digital computers with physical neural networks. These are engineered to perform the required mathematical operations physically in a potentially faster and more energy-efficient way.

Optics and photonics are particularly promising platforms for neuromorphic computing since energy consumption can be kept to a minimum. Computations can be performed in parallel at very high speeds only limited by the speed of light. However, so far, there have been two significant challenges: Firstly, realizing the necessary complex mathematical computations requires high laser powers. Secondly, the lack of an efficient general training method for such physical neural networks.

Both challenges can be overcome with the new method proposed by Clara Wanjura and Florian Marquardt from the Max Planck Institute for the Science of Light in their new article in Nature Physics. "Normally, the data input is imprinted on the light field. However, in our new methods we propose to imprint the input by changing the light transmission," explains Florian Marquardt, Director at the Institute. In this way, the input signal can be processed in an arbitrary fashion. This is true even though the light field itself behaves in the simplest way possible in which waves interfere without otherwise influencing each other. Therefore, their approach allows one to avoid complicated physical interactions to realize the required mathematical functions which would otherwise require high-power light fields. Evaluating and training this physical neural network would then become very straightforward: "It would really be as simple as sending light through the system and observing the transmitted light. This lets us evaluate the output of the network. At the same time, this allows one to measure all relevant information for the training," says Clara Wanjura, the first author of the study. The authors demonstrated in simulations that their approach can be used to perform image classification tasks with the same accuracy as digital neural networks.

In the future, the authors are planning to collaborate with experimental groups to explore the implementation of their method. Since their proposal significantly relaxes the experimental requirements, it can be applied to many physically very different systems. This opens up new possibilities for neuromorphic devices allowing physical training over a broad range of platforms.
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Scientists create computer program that 'paints' the structure of molecules in the style of Piet Mondrian | ScienceDaily
Scientists from Trinity College Dublin have created a computer program that "paints" the structure of molecules in the style of famous Dutch artist, Piet Mondrian, whose beautiful artworks will be instantly recognisable to many.


						
Mondrian's style, whereby he used blocks of primary colours separated by lines of various widths on a white background, has been extensively copied or used as an inspiration in modern culture. But his deceptively simple artworks have also fascinated scientists for decades, finding niche applications in mathematics and statistics.

And now, researchers from the School of Chemistry are opening eyes and minds to the beauty of molecular structure, as well as posing new questions about the form and function of the molecules themselves.

Their computer program, which can be accessed at https://www.sengegroup.eu/nsd, produces a Mondrianesque plot of any molecule. It does so by following an artistic algorithm that marries the laws of chemistry that describe the 3D structure of a molecule based on its components with the 2D style of one of the most influential painters of the Modern era.

For the scientist, it helps to rapidly assess and demonstrate molecular symmetry, allowing for deeper insights than would emerge from traditional representations. And for the artist, it provides a visually pleasing image of contrasting interpretations of symmetry, hopefully providing inspiration for the incorporation of scientific ideas into work.

Mathias O Senge, Professor of Organic Chemistry in Trinity and Hans Fischer Senior Fellow at the Institute for Advanced Study of TU Munich is the senior author of a just-published article in the leading international journal, Angewandte Chemie, in which this creation is shared with the world. He said:

"For some years we have been working on this project, initially for fun, to output the structure of a molecule in an artistically pleasing manner as a painting in the style of Mondrian. The 'paintings' obtained are unique for each molecule and juxtapose what Mondrian and others aimed to do with the De Stijl artistic movement.




"Symmetry and shape are essential aspects of molecular structure and how we interpret molecules and their properties, but very often relationships between chemical structure and derived values are obscured. Taking our inspiration from Mondrian's Compositions, we have depicted the symmetry information encoded within 3D data as blocks of colour, to show clearly how chemical arguments may contribute to symmetry."

Christopher Kingsbury, postdoctoral researcher in TBSI, who conceived the project, is first author of the journal article. He said: "In chemistry, it is useful to have a universal way of displaying molecular structure, so as to help 'blueprint' how a molecule is likely to behave in different environments and how it may react and change shape when in the presence of other molecules. But a certain amount of nuance is inevitably lost.

"This concept of increasing abstraction by removing minor details and trying to present a general form is mimicked by the early work of Mondrian and in some senses this is what scientists intuitively do when reducing complex phenomena to a 'simpler truth'. Thanks to our new approach very complex science is fed through an artistic lens, which might make it more accessible to a wider range of people."

In recent years Professor Senge and his team have greatly enhanced our understanding of porphyrins, a unique class of intensely coloured pigments -- also known as the "colours of life." In one piece of work they created a suite of new biological sensors by chemically re-engineering these pigments to act like tiny Venus flytraps and grab specific molecules, such as pollutants. And now the new direction, in which science and art collide, may further develop our understanding of how porphyrins work.

"Great art gives us a new perspective on the world," added Prof. Senge. "As a pastiche, this art may allow us to look at familiar molecules, such as porphyrins, in a new light, and help us to better understand how their shape and properties are intertwined. More generally, we believe that contemporary initiatives in 'Art and Science' require a transformative break of discipline boundaries and merger to 'ArtScience'. There is a subtle interplay between science and art and mixing of both aspects in our respective fields of endeavour and this should be a focus for future developments in both areas."
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How the 'heart and lungs' of a galaxy extend its life | ScienceDaily
Galaxies avoid an early death because they have a "heart and lungs" which effectively regulate their "breathing" and prevent them growing out of control, a new study suggests.


						
If they didn't, the Universe would have aged much faster than it has and all we would see today is huge "zombie" galaxies teeming with dead and dying stars.

That's according to a new study published in the Monthly Notices of the Royal Astronomical Society, which investigates one of the great mysteries of the Universe -- why galaxies are not as large as astronomers would expect.

Something appears to be stifling their enormous potential by limiting the amount of gas they absorb to convert into stars, meaning that instead of endlessly growing, something inside resists what was thought to be the inevitable pull of gravity.

Now, astrophysicists at the University of Kent think they may have uncovered the secret. They suggest that galaxies could in fact control the rate at which they grow through how they "breathe."

In their analogy, the researchers compared the supermassive black hole at the centre of a galaxy to its heart and the two bi-polar supersonic jets of gas and radiation they emit to airways feeding a pair of lungs.

Pulses from the black hole -- or "heart" -- can lead to jet shock fronts oscillating back and forth along both jet axes, much like the thoracic diaphragm in the human body moves up and down inside a chest cavity to inflate and deflate both lungs.




This can result in jet energy being transmitted widely into the surrounding medium, just as we breathe out warm air, resulting in slowing galaxy gas-accretion and growth.

PhD student Carl Richards came up with the theory after creating new, never-before-tried simulations to investigate the role supersonic jets might play in inhibiting galaxy growth.

These involved allowing the black hole "heart" to pulse and the jets to be at high pressure -- much like a form of hypertension, if extending the comparison to the human body.

This caused the jets to "act like bellows," he said, by sending out sound waves "like ripples on a pond surface."

The phenomena is similar to the terrestrial equivalent of sound and shock waves being produced when opening a bottle of champagne, the screech of a car, rocket exhausts and the puncture of pressurised enclosures.

"We realised that there would have to be some means for the jets to support the body -- the galaxy's surrounding ambient gas -- and that is what we discovered in our computer simulations," Richards said.




"The unexpected behaviour was revealed when we analysed the computer simulations of high pressure and allowed the heart to pulse.

"This sent a stream of pulses into the high-pressure jets, causing them to change shape as a result of the bellows-like action of the oscillating jet shock fronts."

These overpressured jets effectively expanded "like air-filled lungs," the researchers said.

In doing so, they transmitted sound waves into the surrounding galaxy in the form of a series of pressure ripples, which were then shown to suppress the galaxy's growth.

There is some evidence of ripples in extra-galactic media, such as those observed in the nearby Perseus galaxy cluster associated with enormous hot gas bubbles, which are believed to be examples of sound waves.

These ripples were already thought to be responsible for sustaining the ambient environment surrounding a galaxy, although a mechanism to generate them was missing.

Conventional cosmological simulations are therefore unable to account for the flows of gas into galaxies, leading to one of the great mysteries of the Universe, so it relies on the highly-active black hole at a galaxy's heart to provide some resistance.

"To do this is not easy, however, and we have constraints on the type of pulsation, the size of the black hole and the quality of the lungs," said co-author Professor Michael Smith.

"Breathing too fast or too slow will not provide the life-giving tremors needed to maintain the galaxy medium and, at the same time, keep the heart supplied with fuel."

The researchers concluded that a galaxy's lifespan can be extended with the help of its "heart and lungs," where the supermassive black hole engine at its core helps inhibit growth by limiting the amount of gas collapsing into stars from an early stage.

This, they say, has helped create the galaxies we see today.

Without such a mechanism, galaxies would have exhausted their fuel by now and fizzled out, as some do in the form of "red and dead" or "zombie" galaxies.

The paper 'Simulations of Pulsed Overpressure Jets: Formation of Bellows and Ripples in Galactic Environments', Carl Richards and Michael Smith, has been published in Monthly Notices of the Royal Astronomical Society.
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A comprehensive derivative synthesis method for development of new antimicrobial drugs | ScienceDaily
A method to screen a wide variety of drug candidates without laborious purification steps could advance the fight against drug-resistant bacteria.


						
Efforts to combat the increasing threat of drug-resistant bacteria are being assisted by a new approach for streamlining the search for antimicrobial drug candidates, pioneered by researchers at Hokkaido University, led by Assistant Professor Kazuki Yamamoto and Professor Satoshi Ichikawa of the Faculty of Pharmaceutical Sciences. Their methods, developed together with researchers elsewhere in Japan and in the USA, are discussed in an article in the journal Nature Communications.

Antimicrobial resistance (AMR) in bacteria poses a major and ever-increasing challenge to healthcare worldwide, leaving clinicians struggling to treat a wide range of serious and potentially fatal infections.

One promising target for new drugs against a variety of AMR bacteria is an enzyme embedded in bacterial cell membranes called phospho-N-acetylmuramoyl-pentapeptide-transferase (MraY). This enzyme catalyzes formation of a specific lipid molecule, called lipid I, that is essential for bacteria to survive. Several inhibitors of MraY activity are already known, but improved versions are urgently required.

"In this study, we used four known classes of MraY inhibitors that are used as antibiotics," explains Yamamoto. "We developed a drug discovery platform (in situ build-up library method) that combines a comprehensive synthesis method for natural product derivatives and direct biological activity evaluation."

The team split known inhibitors into MraY binding regions (cores) and activity modulating regions (accessories). From 7 cores and 98 accessories, they generated a library of 686 MraY inhibitor analogs. These analogs were tested against MraY, and eight analogs possessing strong MraY inhibitory and antibacterial activity were identified.

"After splitting the natural products, we attached aldehyde groups to the cores and hydrazine groups to the accessories. These groups react with each other to produce a hydrazone bond -- allowing us to create the analog library in a straightforward manner," Yamamoto elaborates.




The eight analogs were resynthesized in stable forms and their effectiveness was verified. Analog 2 had the highest effectiveness against drug-resistant strains followed by analogs 3 and 6. Additionally, analog 2 was effective in mouse infection models -- a very promising feature, as demonstrating efficacy in live animals is a key step towards developing successful new drugs.

Early indications also suggest the candidate drugs currently identified have low toxicity against cells other than the targeted bacteria, raising hopes that they could lead to a range of antimicrobials that could safely be used in patients.

"We have also demonstrated the wider potential of our drug discovery approach by applying it to identifying useful activity in the tubulin-binding natural products epothilone B, paclitaxel, and vinblastine (anti-cancer drugs)," adds Ichikawa. "We were able to construct a library of 588 analogs within just one month."

By showing that their method can be applied to other classes of medication, the researchers have opened a significantly more general new avenue in drug development.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240711215634.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Technology News
          
          	
            Sections
          
          	
            Society News
          
        

      

      Environment News

      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Although tiny, peatland microorganisms have a big impact on climate
        Polyphenols are generally toxic to microorganisms. In peatlands, scientists thought microorganisms avoided this toxicity by degrading polyphenols using an oxygen-dependent enzyme, and thus that low-oxygen conditions inhibit microbes' carbon cycling. However, a new study found that Arctic peatland microorganisms used alternative enzymes, with and without oxygen, to break down polyphenols. This suggests carbon stored in these ecosystems is more at risk than previously thought.

      

      
        Microbes found to destroy certain 'forever chemicals'
        An environmental engineering team has discovered that specific bacterial species can cleave the strong fluorine-to-carbon bond certain kinds of 'forever chemical' water pollutants, offering promise for low-cost treatments of contaminated drinking water.

      

      
        Sea ice's cooling power is waning faster than its area of extent
        As sea ice disappears and grows less reflective, the Arctic has lost around a quarter of its cooling power since 1980, and the world has lost up to 15%, according to new research.

      

      
        Evidence for butchery of giant armadillo-like mammals in Argentina 21,000 years ago
        Cut marks on fossils could be evidence of humans exploiting large mammals in Argentina more than 20,000 years ago, according to a new study.

      

      
        The most endangered fish are the least studied
        The most threatened reef fishes are also the most overlooked by scientists and the general public. Scientists measured the level of human interest in 2,408 species of marine reef fish and found that the attention of the scientific community is attracted by the commercial value more than the ecological value of the fishes. The public, on the other hand, is primarily influenced by the aesthetic characteristics of certain species, such as the red lionfish (Pterois volitans) and the mandarinfish (Syn...

      

      
        Ancient viruses fuel modern-day cancers
        The human genome is filled with flecks of DNA left behind by viruses that infected primate ancestors tens of millions of years ago. Scientists used to think they were harmless, but new research shows that, when reawakened, they help cancer survive and thrive.

      

      
        Reef pest feasts on 'sea sawdust'
        Researchers have uncovered an under the sea phenomenon where coral-destroying crown-of-thorns starfish larvae have been feasting on blue-green algae bacteria known as 'sea sawdust'.

      

      
        Diatom surprise could rewrite the global carbon cycle
        When it comes to diatoms that live in the ocean, new research suggests that photosynthesis is not the only strategy for accumulating carbon. Instead, these single-celled plankton are also building biomass by feeding directly on organic carbon in wide swaths of the ocean. These new findings could lead to reduced estimates regarding how much carbon dioxide diatoms pull out of the air via photosynthesis, which in turn, could alter our understanding of the global carbon cycle, which is especially rel...

      

      
        Discovery of a hybrid lineage offers clues to how trees adapt to climate change
        The discovery of a hybrid population of poplar trees in western Wyoming has provided insight into how natural hybridization informs the evolution of many plant species, according to researchers. They also said their discovery suggests that genetic exchange between species may be critical for adaptation to environmental change.

      

      
        Research tracks 66 million years of mammalian diversity
        New research has examined the fossil record going back 66 million years and tracked changes to mammalian ecosystems and species diversity on the North American continent.

      

      
        Ultra-processed food makes up almost two-thirds of calorie intake of UK adolescents, study finds
        Adolescents consume around two-thirds of their daily calories from ultra-processed foods (UPFs) new research has found. The study found that UPF consumption was highest among adolescents from deprived backgrounds, those of white ethnicity, and younger adolescents.

      

      
        Aussie innovation spearheads cheaper seafloor test for offshore wind farms
        Australian engineers have unveiled a clever new device -- based on a modified speargun -- as a cheap and efficient way to test seabed soil when designing offshore wind farms.

      

      
        A hydrogel implant to treat endometriosis
        Researchers have developed a hydrogel implant that can help prevent endometriosis, a condition that affects a great many women. This innovation also acts as a contraceptive.

      

      
        Paleolithic diets are not without risks
        High-protein diets, known as 'Paleolithic diets', are popular. Using mouse models, scientists have studied their impact. While effective in regulating weight and stabilizing diabetes, these diets are not without risks. Excess protein greatly increases ammonium production, overwhelming the liver. Excess ammonium can cause neurological disorders and, in severe cases, lead to coma. These results suggest caution when following these diets.

      

      
        Children living in greener neighborhoods show better lung function
        A large study of 35,000 children from eight countries has found a 'robust' link between exposure to green spaces in early childhood and better lung function. The study used data from 10 European birth cohorts from 8 countries to conduct a meta-analysis. This assessment of the data was done at the individual level for each participant.

      

      
        What fat cats on a diet may tell us about obesity in humans
        Pet cats may be excellent animal models for the study of obesity origins and treatment in humans, a new study of feline gut microbes suggests -- and both species would likely get healthier in the research process, scientists say.

      

      
        Researchers predict fewer, pricier strawberries as temperatures warm
        Strawberries could be fewer and more expensive because of higher temperatures caused by climate change, according to new research.

      

      
        Smart soil can water and feed itself
        A newly engineered type of soil can capture water out of thin air to keep plants hydrated and manage controlled release of fertilizer for a constant supply of nutrients.

      

      
        Cuttlefish can form false memories, too
        During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers have evidence that the common cuttlefish may create false memories, too.

      

      
        Bridging the 'Valley of Death' in carbon capture
        PrISMa is a new platform that uses advanced simulations and machine learning to streamline carbon capture technologies, by taking into account the perspectives of diverse stakeholders early in the research process.

      

      
        Forests endure as carbon sink despite regional pressures
        Despite facing regional threats like deforestation and wildfires, the world's forests continue to be a powerful weapon in the fight against climate change. A new study reveals these vital ecosystems have consistently absorbed carbon dioxide for the past three decades, even as disruptions chip away at their capacity. The study, based on long-term ground measurements combined with remote sensing data, found that forests take up an average of 3.5 0.4 billion metric tons of carbon per year, which is ...

      

      
        Logged forests can still have ecological value -- if not pushed too far
        Researchers have analysed data from 127 studies to reveal 'thresholds' for when logged rainforests lose the ability to sustain themselves. The results could widen the scope of which forests are considered 'worth' conserving, but also show how much logging degrades forests beyond the point of no return.

      

      
        Genome recording makes living cells their own historians
        Genomes can now be used to store information about a variety of transient biological events inside of living cells, as they happen, like a flight recorder collecting data from an aircraft. The method, called ENGRAM, aims to turn cells into their own historians. ENGRAM couples each kind of biological signal or event inside a cell to a symbolic barcode. This new strategy traces and archives the type and timing of biological signals inside the cell by inserting this information into the genome. For ...

      

      
        Llama nanobodies: A breakthrough in building HIV immunity
        Biology researchers have developed a new antibody therapy that can neutralize a wide variety of HIV-1 strains. They found success in an unlikely source -- llamas.

      

      
        A new addition to the CRISPR toolbox: Teaching the gene scissors to detect RNA
        CRISPR-Cas systems, defense systems in bacteria, have become a plentiful source of technologies for molecular diagnostics. Researchers have now expanded this extensive toolbox further. Their novel method, called PUMA, enables the detection of RNA with Cas12 nucleases, which naturally target DNA. PUMA promises a wide range of applications and high accuracy.

      

      
        Could intensive farming raise risk of new pandemics?
        Industrialized farming is often thought to reduce the risk of zoonotic diseases because of better control, biosecurity and separation of livestock. A new study examines the effect of social and economic factors -- which are often overlooked in traditional assessments.

      

      
        Nature-based solutions to disaster risk from climate change are cost effective
        A new global assessment of scientific literature finds that nature-based solutions (NbS) are an economically effective method to mitigate risks from a range of disasters -- from floods and hurricanes to heatwaves and landslides -- which are only expected to intensify as Earth continues to warm.

      

      
        Scientists use machine learning to predict diversity of tree species in forests
        Researchers used machine learning to generate highly detailed maps of over 100 million individual trees from 24 sites across the U.S. These maps provide information about individual tree species and conditions, which can greatly aid conservation efforts and other ecological projects.

      

      
        Microplastic pollution increases sea foam height and stability
        Researchers examine the specific impacts of microplastics on the geophysics of sea foam formation in the critical zone where water meets air in the top layer of the ocean. They devised two simulations for their work -- a column filled with sea water injected with air and a laboratory-scale breaking wave channel to test the impacts of wave height on sea foam in the surface microlayer -- and tested their effects on sea foam formation, stability, and duration.

      

      
        Immune system in the spotlight
        Our immune system is always on alert, detecting and eliminating pathogens and cancer cells. Cellular control mechanisms cause diseased cells to present antigens on their surface like signs for the immune system. For analysis of the necessary complex antigen processing and transport processes in real time, researchers have developed a 'cage' that is opened with light to release trapped antigens at a specific place and time.

      

      
        Additional taxes vs. water quotas: Study compares the most effective system to manage water consumption in agriculture
        A new study finds that the proportional allocation of water, and not additional taxes on the resource, is more effective from the point of view of those engaged in agriculture.

      

      
        Capturing carbon with energy-efficient sodium carbonate-nanocarbon hybrid material
        Carbon capture is a promising approach for mitigating carbon dioxide (CO2) emissions. Different materials have been used to capture CO2 from industrial exhaust gases. Scientists developed hybrid CO2 capture materials containing sodium carbonate and nanocarbon prepared at different temperatures, tested their performance, and identified the optimal calcination temperature condition. They found that the hybrid material exhibits and maintains high CO2 capture capacity for multiple regeneration cycles...

      

      
        Harnessing big data helps scientists home in on new antimicrobials
        Researchers have developed a strategy to identify new antimicrobial drugs with therapeutic promise from bacterial datasets, providing clues for discovering alternatives to traditional antibiotics.

      

      
        E. coli variant may cause antimicrobial resistance in dogs, humans
        Researchers studying antimicrobial-resistant E. coli -- the leading cause of human death due to antimicrobial resistance worldwide -- have identified a mechanism in dogs that may render multiple antibiotic classes ineffective.

      

      
        Local dragonflies expose mercury pollution patterns
        A new study has unveiled surprising findings about mercury pollution: where it comes from and how it moves through the environment vary significantly depending on the ecosystem. In drier regions, most mercury is deposited through rain and snow. In wetter, forested areas, gaseous mercury from the air sticks to leaves, which then fall and carry the toxin into the ground.

      

      
        Unlocking the mystery of preexisting drug resistance: New study sheds light on cancer evolution
        The evolution of resistance to diseases, from infectious illnesses to cancers, poses a formidable challenge. Despite the expectation that resistance-conferring mutations would dwindle in the absence of treatment due to a reduced growth rate, preexisting resistance is pervasive across diseases that evolve -- like cancer and pathogens -- defying conventional wisdom.

      

      
        American diets got briefly healthier, more diverse during COVID-19 pandemic, study finds
        American diets may have gotten healthier and more diverse in the months following the start of the COVID-19 pandemic, according to a new study.

      

      
        Scientists discover missing piece in climate models
        As the planet continues to warm due to human-driven climate change, accurate computer climate models will be key in helping illuminate exactly how the climate will continue to be altered in the years ahead.

      

      
        Producing hydrogen and fertilizer at the same time
        This new concept could allow the needs of previously separate industries to be combined: the production of hydrogen and the production of fertilizer.

      

      
        History shows that humans are good for biodiversity... sometimes
        Humans have been an important driver of vegetation change over thousands of years, and, in some places, had positive impacts on biodiversity, according to a new study.

      

      
        New geological datings place the first European hominids in the south of the Iberian Peninsula 1.3 million years ago
        One of the most important controversies about human evolution and expansion is when and by what route the first hominids arrived in Europe from the African continent. Now, geological dating techniques at the Orce sites (Baza basin, Granada, Spain) place the human remains found in this area as the oldest in Europe, at approximately 1.3 million years old. These results reinforce the hypothesis that humans arrived in Europe through the south of the Iberian Peninsula, through the Strait of Gibraltar,...

      

      
        Loss of oxygen in lakes and oceans a major threat to ecosystems, society, and planet
        Oxygen is a fundamental requirement of life, and the loss of oxygen in water, referred to as aquatic deoxygenation, is a threat to life at all levels. In fact, researchers describe how ongoing deoxygenation presents a major threat to the stability of the planet as a whole.

      

      
        Building a roadmap to bioengineer plants that produce their own nitrogen fertilizer
        Nitrogen fertilizers make it possible to feed the world's growing population, but they are also costly adn harm ecosystems. However, a few plants have evolved the ability to acquire their own nitrogen with the help of bacteria, and a new study helps explain how they did it, not once, but multiple times.

      

      
        Receptors make dairy cows a prime target for influenza
        A study helps explain why dairy cows infected by highly pathogenic avian influenza are shedding the virus in their milk. Their findings could help develop biosecurity measures aimed at slowing the spread of the illness.

      

      
        Wildfire smoke has a silver lining: It can help protect vulnerable tree seedlings
        Forest scientists studying tree regeneration have found that wildfire smoke comes with an unexpected benefit: It has a cooling capacity that can make life easier for vulnerable seedlings.

      

      
        Widespread practice among athletes harms both performance and health
        Drastically cutting back on caloric intake to lose weight ahead of competition is commonplace among athletes. However, this type of 'dieting' doesn't just diminish performances, it can also compromise their immune systems.

      

      
        Wildlife tracking technology that adheres to fur delivers promising results from trials on wild polar bears
        Studying polar bears just became a lot easier with new 'burr on fur' trackers which confirmed scientists' belief that subadult and adult males spend most of their time on land lazing around, conserving energy until the ice returns. A team used three different 'burr on fur' prototypes to study their effectiveness.

      

      
        Big boost for new epigenetics paradigm: CoRSIVs, first discovered in humans, now found in cattle
        A study opens new possibilities to improve production efficiency in the cattle industry and potentially animal agriculture more broadly.

      

      
        Study examines urban forests across the United States
        Tree-planting campaigns have been underway in the United States, especially in cities, as part of climate mitigation efforts given the many environmental benefits of urban forests. But a new study finds that some areas within urban forests in the U.S., may be more capable than trees growing around city home lawns in adapting to a warmer climate.

      

      
        How domestic rabbits become feral in the wild
        After sequencing the genomes of nearly 300 rabbits from Europe, South America, and Oceania, researchers found that all of them had a mix of feral and domestic DNA. They say this was not what they had expected to find.
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Although tiny, peatland microorganisms have a big impact on climate | ScienceDaily
Polyphenols are a diverse group of organic compounds produced by plants. These compounds are often toxic to microorganisms. In peatlands, scientists thought that microorganisms avoided this toxicity by degrading polyphenols using an enzyme that requires oxygen. However, when there is little or no oxygen, like after flooding due to climate induced thawing, the enzyme is inactive, and polyphenols accumulate. This inhibits microbes' carbon cycling. In this study, scientists mined data for thousands of microbial genomes recovered from Stordalen Mire, an Arctic peatland in Sweden. They discovered that these microorganisms used alternative polyphenol-active enzymes, with and without oxygen. The study underscores the significance of polyphenols in peatland carbon dynamics. It also suggests that the carbon stored in these ecosystems is at greater risk to be released into the atmosphere by climate change than previously thought.


						
Arctic peatlands store vast amounts of carbon. As global temperatures increase and environments change in response, the stability of the carbon stored in these habitats has emerged as a pressing concern. Researchers delved deep into the soil microbiome, scrutinizing the functions of thousands of microorganisms in an Arctic peatland ecosystem. Contrary to previous assumptions, the study revealed that many microorganisms metabolize polyphenols. Scientists had believed that this complex class of carbon compounds was inert and an important part of carbon storage. Armed with this new insight, scientists are better equipped to forecast the impacts of climate change on Arctic ecosystems and devise targeted strategies for mitigating these effects.

Peatlands have long intrigued scientists as reservoirs of terrestrial carbon, yet the role of microorganisms in carbon cycling has remained enigmatic. Contrary to past assumptions, this new research challenges the notion that peatland microorganisms exclusively degrade polyphenols under oxygenated conditions using phenol oxidase. Drawing from insights derived from other oxygen-limited environments like the human gut and rumen, where alternative enzymes and pathways metabolize polyphenols, the research team developed a novel computational tool to rapidly profile polyphenol metabolisms in microbial genomes. This software, applied to thousands of microbial genomes sampled from an Arctic peatland, unveiled a surprising diversity of polyphenol-transforming biochemical pathways. Remarkably, certain microorganisms encoded a profusion of these genes, signifying a polyphenol degradation prowess. Furthermore, the findings highlight the adaptability of microbial gene expression to shifts in soil redox conditions across the landscape.

By uncovering this hidden biochemistry, this research pioneers a new understanding of carbon cycling in these climate critical ecosystems. These insights not only expand knowledge of microbial metabolism but also underscore the intricate interplay between microorganisms and carbon dynamics in the face of climate change.

This material was based on work supported by the Department of Energy (DOE) Office of Science, Biological and Environmental Research Program, as well as the National Sciences Foundation Biological Integration Institute. A portion of this research was performed under the DOE Facilities Integrating Collaborations for User Science program and used resources at the Joint Genome Institute and the Environmental Molecular Sciences Laboratory, both DOE Office of Science user facilities.
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Microbes found to destroy certain 'forever chemicals' | ScienceDaily
UC Riverside environmental engineering team has discovered specific bacterial species that can destroy certain kinds of "forever chemicals," a step further toward low-cost treatments of contaminated drinking water sources.


						
The microorganisms belong to the genus Acetobacterium and they are commonly found in wastewater environments throughout the world.

Forever chemicals, also known as per- and polyfluoroalkyl substances or PFAS, are so named because they have stubbornly strong carbon-fluorine chemical bonds, which make them persistent in the environment.

The microorganisms discovered by UCR scientists and their collaborators can cleave those stubborn fluorine-to-carbon bonds, they reported Wednesday, July 17, in the journal Science Advances.

"This is the first discovery of a bacterium that can do reductive defluorination of PFAS structures," said Yujie Men, corresponding author of the study and an associate professor at UCR's Bourns College of Engineering in the Department of Chemical and Environmental Engineering.

Men cautioned that the bacteria were effective only on unsaturated PFAS compounds, which have double carbon-to-carbon bonds in their chemical structures.

But importantly, the scientists also identified the specific enzymes in these bacteria essential for cleaving the carbon-fluorine bonds. This discovery opens the door for bioengineers to improve these enzymes so they can be effective on other PFAS compounds. (Enzymes are proteins that act as catalysts for biochemical reactions.)

"If we can understand the mechanism, maybe we can find similar enzymes based on the identified molecular traits and screen out more effective ones," Men said. "Also, if we can design some new enzyme or alter this known enzyme based on the mechanistic understanding, we could be able to make it more efficient and work with a broader range of PFAS molecules ."




Last year, Men published a paper that identified other microorganisms that cleave the carbon-chlorine bond in chlorinated PFAS compounds, which triggers substantial spontaneous defluorination and destroys this group of pollutants. The most recent discovery greatly expands the number of PFAS compounds that can be destroyed biologically. Using bacteria to treat groundwater is cost effective because the microorganisms destroy pollutants before the water reaches wells. The process involves injecting the groundwater with the preferred bacteria species along with nutrients to increase their numbers.

Because PFAS compounds are linked to cancer and other human health maladies, the U.S. Environmental Protection Agency, or EPA, imposed water-quality limits earlier this year that restrict certain forever chemicals to only four parts per trillion in the nation's tap water, spurring water providers to find PFAS cleanup solutions.

PFAS compounds came into widespread use in thousands of consumer products starting in the 1940s because of their ability to resist heat, water, and lipids. Examples of PFAS-containing products include fire suppressant foams, grease-resistant paper wrappers and containers such as microwave popcorn bags, pizza boxes, and candy wrappers; also, stain and water repellents used on carpets, upholstery, clothing, and other fabrics; according to the EPA.

The paper's title is "Electron-bifurcation and fluoride efflux systems in Acetobacterium spp. Drive defluorination of perfluorinated unsaturated carboxylic acids." Yaochun Yu is the lead author. He was a visiting student scientist and a UCR post-doctoral scientist at UCR before joining the Swiss Federal Institute of Aquatic Science and Technology, or Eawag, in 2022.

In addition to Yu and Men, the co-authors authors are Fengjun Xu, Weiyang Zhao, Calvin Thoma, Shun Che, Jack E. Richman, Bosen Jin, Yiwen Zhu, Yue Xing, and Lawrence Wackett.
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Sea ice's cooling power is waning faster than its area of extent | ScienceDaily
As sea ice disappears and grows less reflective, the Arctic has lost around a quarter of its cooling power since 1980, and the world has lost up to 15%, according to new research led by University of Michigan scientists.


						
Using satellite measurements of cloud cover and the solar radiation reflected by sea ice between 1980 and 2023, the researchers found that the percent decrease in sea ice's cooling power is about twice as high as the percent decrease in annual average sea ice area in both the Arctic and Antarctic. The added warming impact from this change to sea ice cooling power is toward the higher end of climate model estimates.

"When we use climate simulations to quantify how melting sea ice affects climate, we typically simulate a full century before we have an answer," said Mark Flanner, professor of climate and space sciences and engineering and the corresponding author of the study published in Geophysical Research Letters.

"We're now reaching the point where we have a long enough record of satellite data to estimate the sea ice climate feedback with measurements."

The Arctic has seen the largest and most steady declines in sea ice cooling power since 1980, but until recently, the south pole had appeared more resilient to the changing climate. Its sea ice cover had remained relatively stable from 2007 into the 2010s, and the cooling power of the Antarctic's sea ice was actually trending up at that time.

That view abruptly changed in 2016, when an area larger than Texas melted on one of the continent's largest ice shelves.The Antarctic lost sea ice then too, and its cooling power hasn't recovered, according to the new study. As a result, 2016 and the following seven years have had the weakest global sea ice cooling effect since the early 1980s.

Beyond disappearing ice cover, the remaining ice is also growing less reflective as warming temperatures and increased rainfall create thinner, wetter ice and more melt ponds that reflect less solar radiation. This effect has been most pronounced in the Arctic, where sea ice has become less reflective in the sunniest parts of the year, and the new study raises the possibility that it could be an important factor in the Antarctic, too -- in addition to lost sea ice cover.




"The changes to Antarctic sea ice since 2016 boost the warming feedback from sea ice loss by 40%. By not accounting for this change in the radiative effect of sea ice in Antarctica, we could be missing a considerable part of the total global energy absorption," said Alisher Duspayev, doctoral student in physics and the study's first author.

The research team hopes to provide their updated estimates of sea ice's cooling power and climate feedback from less reflective ice to the climate science community via a website that is updated whenever new satellite data is available.

"Climate change adaptation plans should bring aboard these new numbers as part of the overall calculus on how rapidly and how widely the impacts of cryospheric radiative cooling loss will manifest on the global climate system," said Aku Riihela, research professor at the Finnish Meteorological Institute and co-author of the study.

The research was funded by the University of Michigan Rackham Graduate School and the Research Council of Finland.

Mark Flanner is also a professor of earth and environmental sciences at the College of Literature, Science, and the Arts.
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Evidence for butchery of giant armadillo-like mammals in Argentina 21,000 years ago | ScienceDaily
Cut marks on fossils could be evidence of humans exploiting large mammals in Argentina more than 20,000 years ago, according to a study published July 17, 2024 in the open-access journal PLOS ONE by Mariano Del Papa of National University of La Plata, Argentina and colleagues.


						
The timing of early human occupation of South America is a topic of intense debate, highly relevant to a study of early human dispersal across the Americas and of humans' potential role in the extinction of large mammals at the end of the Pleistocene Epoch. This discussion is hampered by a general scarcity of direct archaeological evidence of early human presence and human-animal interactions.

In this study, researchers present evidence of butchery on Pleistocene mammal fossils from the banks of the Reconquista River, northeast of the Pampean region in Argentina. The fossils are those of a glyptodont, a giant relative of armadillos, named Neosclerocalyptus. Statistical analysis finds that cut marks on parts of the pelvis, tail, and body armor are consistent with known marks made by stone tools, and the placement of these marks is consistent with a butchering sequence targeting areas of dense flesh. Radiocarbon dating indicates these fossils are around 21,000 years old, nearly six thousand years older than other known archaeological evidence in southern South America.

These results fit with other recent findings that indicate early human presence in the Americas over 20,000 years ago. These fossils are also among the oldest evidence of human interaction with large mammals shortly before many of those mammals became extinct. The authors suggest that these findings might be further supported by additional excavation at this site, further analysis of the cut marks, and more extensive radiocarbon dating of the fossils.

Miguel Delgado, the corresponding author, adds: "The study's evidence puts into question the time frame for the first human peopling of the Americas 16,000 years ago"
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The most endangered fish are the least studied | ScienceDaily
The most threatened reef fishes are also the most overlooked by scientists and the general public. That is the startling finding of a team of scientists led by a CNRS researcher.1 In a study to be published in Science Advances on July 17, they measured the level of human interest in 2,408 species of marine reef fish and found that the attention of the scientific community is attracted by the commercial value more than the ecological value of the fishes. The public, on the other hand, is primarily influenced by the aesthetic characteristics of certain species, such as the red lionfish (Pterois volitans) and the mandarinfish (Synchiropus splendidus).


						
Consider blennies (Blenniidae) and gobies (Gobiidae). These two fish families largely swim under the radar of both researchers and members of the public yet, as cleaners, they play a key role in the functioning of reefs. Small in size, they are essential to transfer of energy and matter from tiny prey to bigger consumers in reefs (trophodynamics).2

To reach their conclusions, the research team relied on big data compiled from scientific databases, social media, and Wikipedia page view statistics for the different fish species. They found that, though the 2,408 species studied accumulated more than 17 million views on Wikipedia, but that over 50% of those views were for only 7% of the species, and that 20% of the views were for only 1%. In addition, nearly 50% of the scientific publications for the fishes studied only concerned a subset of 1% of the species.

The research team's work brings to light a bias that directly threatens the conservation of marine reef fish, a bias of such magnitude that it compels them to sound the alarm. They emphasize the importance of aligning human interest in biodiversity with conservation needs and priorities for healthy ecosystems. They suggest launching campaigns to raise public awareness of threatened and neglected species. Finally, they advocate the establishment of research programs that take into account all ecosystem components, for a global conservation strategy that is no longer driven by commercial imperatives.

Notes
    	This research was a collaboration between scientists from the Marine Biodiversity, Exploitation and Conservation (CNRS / IFREMER / IRD / University of Montpellier) and Ecologie Marine Tropicale des Oceans Pacifique et Indien (IFREMER / IRD / University of Reunion / University of New Caledonia) research units and the Foundation for Biodiversity Research.
    	The trophodynamic chain is a set of interconnected food chains within an ecosystem.
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Ancient viruses fuel modern-day cancers | ScienceDaily
Peek inside the human genome and, among the 20,000 or so genes that serve as building blocks of life, you'll also find flecks of DNA left behind by viruses that infected primate ancestors tens of millions of years ago.


						
These ancient hitchhikers, known as endogenous retroviruses, were long considered inert or 'junk' DNA, defanged of any ability to do damage. New CU Boulder research published July 17 in the journal Science Advances shows that, when reawakened, they can play a critical role in helping cancer survive and thrive. The study also suggests that silencing certain endogenous retroviruses can make cancer treatments work better.

"Our study shows that diseases today can be significantly influenced by these ancient viral infections that until recently very few researchers were paying attention to," said senior author Edward Chuong, an assistant professor of molecular, cellular and developmental biology at CU's BioFrontiers Institute.

Part human, part virus

Studies show about 8% of the human genome is made up of endogenous retroviruses that slipped into the cells of our evolutionary ancestors, coaxing their hosts to copy and carry their genetic material. Over time, they infiltrated sperm, eggs and embryos, baking their DNA like a fossil record into generations to come -- and shaping evolution along the way.

Even though they can no longer produce functional viruses, Chuong's own research has shown that endogenous retroviruses can act as "switches" that turn on nearby genes. Some have contributed to the development of the placenta, a critical milestone in human evolution, as well as our immune response to modern-day viruses like COVID.

"There's been a lot of work showing these endogenous retroviruses can be domesticated for our benefit, but not a lot showing how they might hurt us," he said.




To explore their role in cancer, Chuong and first author Atma Ivancevic, a research associate in his lab, analyzed genomic data from 21 human cancer types from publicly available datasets.

They found that a specific lineage of endogenous retrovirus known as LTR10, which infected some primates about 30 million years ago, showed surprisingly high levels of activity in several types of cancer, including lung and colon cancer. Further analysis of tumors from dozens of colorectal cancer patients revealed that LTR10 was active in about a third of them.

When the team used the CRISPR gene editing tool to snip out or silence sequences where it was present, they discovered that critical genes known to promote cancer development and growth also went dark.

"We saw that when you silence this retrovirus in cancer cells, it turns off nearby gene expression," said Ivancevic.

Experiments in mice yielded similar results: When an LTR10 "switch" was removed from tumor cells, key cancer-promoting genes, including one called XRCC4, switched off too, and treatments to shrink tumors worked better.

"We know that cancer cells express a lot of genes that are not supposed to be on, but no one really knows what is turning them on," said Chuong. "It turns out many of the switches turning them on are derived from these ancient viruses."

Insight into how existing therapies work




Notably, the endogenous retrovirus they studied appears to switch on genes in what is known as the MAP-kinase pathway, a famed cellular pathway that is adversely rewired in many cancers. Existing drugs, known as MAP-kinase inhibitors, likely work, in part, by disabling the endogenous retrovirus switch, the study suggests.

The authors note that just this one family of retrovirus regulates as many as 70 cancer-associated genes in this pathway. Different lineages likely influence different pathways that promote different cancers.

Chuong suspects that as people age, their genomic defenses break down, enabling ancient viruses to reawaken and contribute to other health problems too.

"The origins of how diseases manifest themselves in the cell have always been a mystery," said Chuong. "Endogenous retroviruses are not the whole story, but they could be a big part of it."
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Reef pest feasts on 'sea sawdust' | ScienceDaily
Researchers have uncovered an under-the-sea phenomenon where coral-destroying crown-of-thorns starfish larvae have been feasting on blue-green algae bacteria known as 'sea sawdust'.


						
The team of marine scientists from The University of Queensland and Southern Cross University found crown-of-thorns starfish (COTS) larvae grow and thrive when raised on an exclusive diet of Trichodesmium -- a bacteria that often floats on the ocean's surface in large slicks.

UQ's Dr Benjamin Mos from the School of Environment said scientists had thought almost nothing touched this threadlike bacteria because of its toxicity and poor nutritional content.

"Until now, not much has been known about sea sawdust as a food source, so we were certainly surprised to say the least," Dr Mos said.

"Blue-green algae blooms can extend hundreds to thousands of kilometres across the ocean and often float on the surface in large rafts like sawdust -- hence the name.

"It plays a crucial role in marine ecosystems by making nitrogen from the atmosphere available to other sea life, but now we know it is also a food source.

"By knowing how sea sawdust helps COTS thrive, we can potentially change the way we combat this very damaging coral predator."

By tracing atoms from bacteria to COTS larvae, researchers found the larvae digested nitrogen from sea sawdust, with the nitrogen moving into their tissues for sustenance.




"With sea sawdust blooms on the rise in recent years, our findings suggest this could help explain the increase in COTS populations, which have devastated our coral reefs for decades," Dr Mos said.

These findings build on earlier research that suggests human activities, such as fertiliser use, sewage treatment, and stormwater runoff, may be responsible for the increase in blue-green algae blooms.

"It's important we understand the flow-on effect of how human impacts in one ecosystem might flow on to other seemingly unrelated ecosystems," Dr Mos said.

Professor Symon Dworjanyn from Southern Cross University's National Marine Science Centre said further work was needed to investigate the potential connection between sea sawdust blooms and the number of coral-eating COTS.

"If we can figure out how to reduce the impact of COTS, we might give coral reefs a little more time," Professor Dworjanyn said.

"We don't yet know if sea sawdust blooms result in more adult COTS on coral reefs, so this research needs more work.

"However, our findings could be an important part of cracking that puzzle."

This research is published in Science Advances.
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Diatom surprise could rewrite the global carbon cycle | ScienceDaily
When it comes to diatoms that live in the ocean, new research suggests that photosynthesis is not the only strategy for accumulating carbon. Instead, these single-celled plankton are also building biomass by feeding directly on organic carbon in wide swaths of the ocean. These new findings could lead researchers to reduce their estimate of how much carbon dioxide diatoms pull out of the air via photosynthesis, which in turn, could alter our understanding of the global carbon cycle, which is especially relevant given the changing climate.


						
This research is led by bioengineers, bioinformatics experts and other genomics researchers at the University of California San Diego. The new findings are published in Science Advances on July 17, 2024.

The team showed that the diatom Cylindrotheca closterium, which is found in oceans around the world, regularly performs a simultaneous mix of both photosynthesis and direct eating of carbon from organic sources such as plankton. In more than 70% of the water samples the researchers analyzed from oceans around the world, the team found signs of simultaneous photosynthesis and direct organic carbon consumption from Cylindrotheca closterium.

The team also showed that this diatom species can grow much faster when consuming organic carbon in addition to photosynthesis.

Furthermore, the new research hints at the tantalizing possibility that specific species of bacteria are feeding organic carbon directly to a large percentage of these diatoms living all across the global ocean.

This work is based on a genome-scale metabolic modeling approach that the team used to unravel the metabolism of the diatom Cylindrotheca closterium. The researchers constrained their genome-scale metabolic model with global gene expression data obtained from the TARA ocean expedition. The researchers believe this is the first time genome-scale models have been used at a global scale.

The team's new metabolic modeling data support recent lab experiments suggesting that some diatoms may rely on strategies other than photosynthesis to intake the carbon they need to survive, thrive and build biomass.




The UC San Diego led team is in the process of expanding the scope of the project to determine how widespread this non-photosynthetic activity is among other diatom species.

Are ocean bacteria feeding diatoms?

When the team looked at the physical and chemical parameters measured in their ocean water samples -- including temperature, pH, salinity, light, nitrogen and carbon availability -- they did not find any correlation between those parameters and a tendency by the diatoms to steer away from photosynthesis-only strategies.

However, the team found a clear signal when exploring specific bacterial populations co-existing with the diatom Cylindrotheca closterium in the ocean water samples. This finding hints at bacteria-diatom interactions that drive the simultaneous mix of photosynthesis and direct consumption of organic carbon -- a phenomenon known as "mixotrophy."

The team believes that specific bacteria may be feeding the diatoms directly, helping these diatoms to be one of the most successful and important microbes on the planet, in terms of oxygen production, carbon sequestration, and as a foundation of food webs that support nearly all life in the ocean.

"Diatoms are major contributors to marine food chains and key drivers of the global carbon cycle. Previously, we have estimated all carbon cycling models on the assumption that the only role that diatoms play is in carbon dioxide fixation. Our findings demonstrate that this is not the case, but that diatoms simultaneously also eat organic carbon. In other words, we have shown that diatoms do not rely exclusively on carbon dioxide fixation for their growth and biomass production. We believe these results will have major implications for our understanding of global carbon cycling," said UC San Diego Professor Karsten Zengler, professor in the Departments of Pediatrics and Bioengineering and researcher in the Center for Microbiome Innovation at the Jacobs School of Engineering.

"While there have been curious observations in the laboratory regarding diatoms deviating from photosynthesis, it has been impossible to test what kind of metabolism these diatoms perform in the ocean -- until now. This is because there are many, many genes involved in this process, and it's very difficult to delineate what process is active from gene expression data alone. Our approach gets around this challenge."

The research team hopes this work will stimulate interest in taking a much closer look at our understanding of the global carbon cycle, taking into consideration this new broader understanding of how ocean diatoms get their carbon.

What the bacteria feeding the diatoms may be getting out of the relationship is another question for further research.
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Discovery of a hybrid lineage offers clues to how trees adapt to climate change | ScienceDaily
The discovery of a hybrid population of poplar trees in western Wyoming has provided insight into how natural hybridization informs the evolution of many plant species, according to a team led by Penn State researchers. They also said their discovery suggests that genetic exchange between species may be critical for adaptation to environmental change.


						
The research -- which described a novel lineage of hybrid black cottonwood, or Populus trichocarpa, and balsam poplar, Populus balsamifera, -- was recently published in Molecular Ecology. It is just the latest study to suggest that natural hybridization has played an important role in the evolution of many plant species, according to team leader Jill Hamilton, associate professor in Penn State's College of Agricultural Sciences.

"Hybridization between different species is occurring in nature far more frequently than we might have thought -- particularly in forest trees. This is not necessarily a bad thing, because it may be a natural mechanism to facilitate adaptation in a changing climate," said Hamilton, who is director of the Schatz Center for Tree Molecular Genetics at Penn State. "Studies like this one are critical to begin teasing apart how demographic history, gene flow and interaction across varying genomic ancestries have shaped natural hybrid zones to make better predictions for movement of germplasm and climate-assisted forest management in the future."

Most black cottonwood tree populations exist in wet coastal regions. However, the trees began appearing in arid environments inland and eastward about 800,000 years ago, noted Constance Bolte, postdoctoral researcher for the Schatz Center who spearheaded latter stages of the research. She hypothesized that this movement was likely facilitated by acquiring genetic variation from hybridizing with the balsam poplar trees that allowed them to survive hot, dry conditions.

The hybrid lineage described in the study have "some very interesting genetic combinations," Bolte pointed out, enabling the trees to thrive in arid habitats.

"Those coastal populations have specific adaptations to wet conditions," she said. "But climate has been changing, and so their distribution is very limited right now, potentially because that region is drier. And so, those hybrids have been doing better because they have the genetic tools to survive in that drier climate."

Hybridization between sister species occurs frequently in forest trees, said Bolte, adding that this study shows the value in leveraging that history of natural hybridization for forest tree breeding and management.




"Our data indicates that stable lineage formation can result from hybridization," she said. "Historically, hybrids have not been considered in conservation efforts, and yet, if these hybrids happen to be fit for survival in arid or other extreme climates, it may be crucial to conserve and manage the natural genetic resources in these populations, especially under rapidly changing climate conditions."

The team found the black cottonwood-balsam poplar stable hybrid lineage after analyzing the genetic makeup of 546 poplar tree cuttings collected along seven transects -- or narrow swaths of territory arranged from north to south -- ranging from Alaska to Wyoming, with collections in British Columbia and Alberta, Canada, in between. Such analysis, according to Hamilton, is only possible using big-data-handing techniques and enormous computing power available at facilities such as the ROAR Collaborative Cluster, available through Penn State's Institute for Computational and Data Sciences.

Contributing to the research at Penn State were Michelle Zavala-Paez, doctoral student in ecology, and Brianna Sutara, undergraduate student majoring in biology and psychology; and Muhammed Can, faculty of Forestry, Duzce University, Turkey; Matthew Fitzpatrick, professor, University of Maryland Center for Environmental Science; Jason Holliday, professor at Virginia Tech; Stephen Keller, associate professor Department of Plant Biology, University of Vermont; and Tommy Phannareth, graduate student at Virginia Tech.

The U.S. National Science Foundation and the U.S. Department of Agriculture's National Institute of Food and Agriculture funded this research.
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Research tracks 66 million years of mammalian diversity | ScienceDaily
When trying to understand the present, it's helpful to look to history. New research from the University of Nebraska-Lincoln examined the fossil record going back 66 million years and tracked changes to mammalian ecosystems and species diversity on the North American continent.


						
The study, led by Alex Shupinski, who earned her doctorate in May, and co-authored by Kate Lyons, associate professor in the School of Biological Sciences, provides a large-scale view of how species diversity changed over the first 65 million years of the Cenozoic era -- up until the arrival of humans -- and how climate and other environmental factors, including changing landscapes, affected animal life on the continent.

The findings published in Proceedings of the Royal Society B also provide a glimpse into how mammals rebounded following the last mass extinction event -- the eradication of non-avian dinosaurs.

"Beginning 66 million years ago, we go from a completely sub-tropical environment across North America to grasslands to a frozen savanna, and finally, reaching the Ice Age," Shupinski said. "It's showing how species changed through time, through many ecological, environmental and climatic changes and it allows us to compare across those events and at different spatial scales."

The researchers sliced the fossil record of the Cenozoic era into million-year increments and used three indices of functional diversity -- which quantifies changes in community structures using mammalian traits -- to examine mammalian communities on both a local and continental scale.

For most of the Cenozoic era, local and continental measures of functional diversity differed, but surprisingly, during the first 10 million years of the era, immediately following the extinction of non-avian dinosaurs, all measures of functional diversity, both locally and across the continent, increased.

"That was fascinating to see, that for most of the Cenozoic, functional diversity was uncoupled across time and spatial scales, except this one time," Shupinski said. "For 10 million years, all the measures are changing in the same way. Then, around 56 million years ago, we get this massive immigration of mammals into North America from other continents, and at that point, we see a divergence of functional diversity.




"Communities are changing at different times, at different rates and in different directions," she said. "We might see locally, the diversity of roles increasing, but continentally, they're decreasing."

Lyons said that some of the changes among mammalian species can be explained by environmental changes, including cooling and warming periods or when heavily forested areas were usurped by grasslands, but that the large-scale environmental changes did not rise to the level of disruption caused by the mass extinction of dinosaurs.

"That is why this could potentially be a way to pinpoint areas of the globe or communities that are under particular stress," Lyons said. "We may be entering a sixth mass extinction event, and if so, we might expect to see communities that are on the vanguard of that extinction respond in a similar way, based on the patterns we see after the extinction of the non-avian dinosaurs."

In the field of conservation paleobiology, tracking past changes in ecosystems over long periods of time helps scientists and the public better understand biodiversity crises happening today, and this current study offers a thorough analysis of the age of mammals and hints at what may come next.

"If we are looking at the modern (crises) and we see a similar response in the functional diversity of modern community structures, it may be a conservation tool as we can highlight some of these communities that are experiencing the most disturbance and that are at highest risk of change and disturbance in their ecological services and function," Shupinski said.

Additional authors on the study are Peter Wagner, professor of Earth and atmospheric sciences at Nebraska, and Felisa Smith of the University of New Mexico, Albuquerque.
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Ultra-processed food makes up almost two-thirds of calorie intake of UK adolescents, study finds | ScienceDaily
Adolescents consume around two-thirds of their daily calories from ultra-processed foods (UPFs) new research from the Universities of Cambridge and Bristol has found.


						
The study found that UPF consumption was highest among adolescents from deprived backgrounds, those of white ethnicity, and younger adolescents.

UPFs are food items that are manufactured from industrial substances and contain additives such as preservatives, sweeteners, colourings, flavourings, and emulsifiers. UPFs vary greatly, but tend to indicate poor dietary quality, with higher levels of added sugars, saturated fat, and sodium, as well as decreased fibre, protein, and micronutrient content. They have been suggested as one of the key drivers of the global rise in diseases such as obesity, type 2 diabetes, and cancer.

Globally, the availability and sales of UPFs have increased over time and previous evidence suggests that this has led to increased consumption among adolescents. To look at trends within the UK, researchers from Cambridge and Bristol analysed data from four-day food diaries of almost 3,000 adolescents in the UK National Diet and Nutrition Survey between 2008/09 and 2018/19.

In research published today in the European Journal of Nutrition, the researchers found that a mean of 66% of adolescents' energy intake came from UPF consumption during this period, though there was a slight fall from 68% to 63% between 2008/09 and 2018/2019.

Parents' occupation, ethnic group and UK region all influenced the proportion of calorie intake from UPFs:
    	Adolescents from disadvantaged backgrounds consumed a higher proportion of their calorie intake from UPFs compared to adolescents from less disadvantaged backgrounds (68.4% compared with 63.8%).
    	Adolescents from a non-white ethnicity consumed a lower proportion of their calorie intake from UPFs (59.0% compared with 67.3%).
    	Adolescents living in the North of England consumed a higher proportion of their calorie intake from UPFs compared with those living in the South of England and London (67.4% compared with 64.1%).
    	18-year-olds consumed a lower proportion of their calorie intake from UPFs compared with 11-year-olds (63.4% compared with 65.6%).

Dr Yanaina Chavez-Ugalde from the Medical Research Council (MRC) Epidemiology Unit at the University of Cambridge, the study's first author, said: "Adolescents' food patterns and practices are influenced by many factors, including their home environment, the marketing they are exposed to and the influence of their friends and peers. But adolescence is also an important time in our lives where behaviours begin to become ingrained.




"It's clear from our findings that ultra-processed foods make up the majority of adolescents' diets, and their consumption is at a much higher level than is ideal, given their potential negative health impacts."

The researchers argue that the observed reduction in UPF intake pre-pandemic could be partly explained by an increased public awareness and health concerns associated with sugar consumption, government-led campaigns, sugar-taxes in other countries and the reformulation of sugary drinks to reduce their sugar content.

Dr Esther van Sluijs from the MRC Epidemiology Unit at Cambridge, joint senior author, said: "Ultra-processed foods offer convenient and often cheaper solutions to time- and income-poor families, but unfortunately many of these foods also offer poor nutritional value. This could be contributing to the inequalities in health we see emerging across childhood and adolescence."

Dr Zoi Toumpakari from the Centre for Exercise, Nutrition and Health Sciences at the University of Bristol, joint senior author, added: "Our findings suggest that disparities in consumption of ultra-processed foods are not just down to individual choices. We hope this evidence can help guide policymakers in designing more effective policies to combat the negative effects of ultra-processed food consumption among youth and the ripple effects this has on public health."

This study was largely funded by the National Institute for Health and Care Research School for Public Health Research.
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Aussie innovation spearheads cheaper seafloor test for offshore wind farms | ScienceDaily
Australian engineers have unveiled a clever new device -- based on a modified speargun -- as a cheap and efficient way to test seabed soil when designing offshore wind farms.


						
The RMIT University invention launches a probe into the seabed to provide valuable data on what lies beneath.

This testing is normally done by winching or dropping probes -- known as penetrometers -- from the deck of a support vessel.

But for wind farm projects is shallower water these lightweight probes are less effective in penetrating the sandy seabed, while heavy-duty probes that do work can cost up to AU$200,000 a day.

The RMIT researchers tested their launching device with various probe tips in different sand mixes within a water tank, using an array of sensors and high-speed cameras to capture results.

Results now published in the Canadian Geotechnical Journal indicate the device could be twice as effective in penetrating the seafloor compared to existing lightweight free-fall soil testers, and much more cost-effective than heavy-duty probes.

RMIT PhD candidate and study lead author Junlin Rong said these results showed the device's significant potential.




"In laboratory environments, the device showed considerably greater penetration potential compared to free-falling probes on soil. Notably, in high-density sandy material, the penetration depth was twice that of previously reported values achieved by freely falling probes," Rong said.

"This breakthrough technique has the potential to revolutionise site investigations for wind farm projects, offering significant time and cost savings while outperforming the embedment achieved by other dynamic penetrometers."

The device is designed with environmental friendliness in mind, as probes can be retrieved and reused after data collection, allowing 'probe and go' testing that minimizes disturbance to the seabed.

It can also be adapted to existing probes, allowing engineers to retrofit their current devices with minimal investment.

Rong added that while existing cone penetration testing methods would remain dominant, their launching system could reduce the number of these expensive tests needed, resulting in substantial savings.

RMIT Professor of Geotechnical Engineering Majid Nazem said the device was now ready for field trials.

"Now that our experiments have demonstrated the device's ability to achieve considerable embedment depth in dense sand, we are keen to conduct field trials and collaborate with our potential industrial partners to further test its performance for offshore geotechnical engineering applications," Nazem said.

This research was conducted with colleagues at the University of Melbourne in RMIT's Heavy Structures Laboratory and supported by the Australian Research Council through the Discovery Project scheme (DP200100549).
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A hydrogel implant to treat endometriosis | ScienceDaily
Researchers from ETH Zurich and Empa have developed a hydrogel implant that can help prevent endometriosis, a condition that affects a great many women. This innovation also acts as a contraceptive.


						
Hydrogels have a variety of use cases, including contact lenses, delivering doses of medication within the body, moisturisers, water storage in soil, cleaning polluted water and as gelling and thickening agents. A hydrogel is a gel made of a type of plastic that can bind water. Researchers at ETH Zurich and Empa have now developed the first hydrogel implant designed for use in fallopian tubes. This innovation performs two functions: one is to act as a contraceptive, the other is to prevent the recipient from developing endometriosis in the first place or to halt the spread if they do.

Around four years ago, Inge Herrmann made a new addition to her research group at the Department of Mechanical and Process Engineering at ETH and Empa. The new member was a senior physician specialising in gynaecology who was keen to pursue clinically-inspired research. This kind of interdisciplinary collaboration was an experiment for the whole team. Their initial goal had been to turn a hydrogel into a new kind of contraceptive for women. However, after the research team began talking to the gynaecologist, they realised that implanting a hydrogel to occlude the fallopian tubes could also help prevent endometriosis.

Preventing endometriosis by occluding the fallopian tubes

Around 10 percent of women suffer from endometriosis. However, it is still unclear exactly what causes this condition. The assumption is that during menstruation, blood flows back along the fallopian tubes and into the abdominal cavity. This blood contains cells from the uterine lining (endometrium), which settle in the abdominal cavity and as a result can cause inflammation, pain and the formation of scar tissue.

The researchers found a way to create a hydrogel implant capable of successfully occluding the fallopian tubes and thus preventing retrograde menstruation. They describe their findings in a study that was recently published in the journal Advanced Materials. "We discovered that the implant had to be made of an extremely soft gel -- similar in consistency to a jelly baby -- that does not impact native tissue and is not treated and rejected as a foreign body," explains Alexandre Anthis, lead author of the study.

An advantage of hydrogels is that they swell when brought into contact with liquid. As a result, this new implant starts off at approximately two millimetres in length. But once implanted in the fallopian tubes as part of a non-surgical procedure using a hysteroscope -- an instrument for inspecting the uterine cavity -- the implant swells to more than double its original size. The hydrogel then acts as a barrier to both sperm and blood. "Our hydrogel implant can be easily and quickly destroyed, either with UV light or a special solution, so that recipients don't have to have an invasive and risky operation should they decide to reverse the procedure," Herrmann says.




Innovation through interdisciplinary collaboration

Anthis says that one of the biggest challenges was achieving the right balance between stability and degradability. "We wanted to ensure that the implant was compatible as well as stable." To this end, the researchers first conducted ex-vivo experiments on human (and animal) fallopian tubes that had for instance been removed in the course of treating ovarian cancer. Next, they tested their innovation in a live pig; after three weeks, the hydrogel implant was still in position and there was no sign of any foreign-body reactions.

Together with ETH and the Swiss Federal Laboratories for Materials Science and Technology (Empa), the researchers submitted a patent. But there's still a way to go before the implant will be ready to market. Since endometriosis is a human disease, it is challenging to tell how the hydrogel implant will behave long-term once in position in fallopian tubes, especially when recipients engage in strenuous physical activities like sport. Moreover, it is as yet unclear whether blocking the fallopian tubes alone is enough to prevent endometriosis. "We've trawled through databases to find data relating to endometriosis patients who have had their fallopian tubes removed," Herrmann says. Such cases could reveal whether that measure actually stops endometriosis from developing in the abdominal cavity, she adds.

"So far, very little research has been done at the point where materials science, process engineering and gynaecology meet. But this is a vitally important area of research. We hope that our work will count as a meaningful step in the right direction," says Herrmann, who recently opened the Ingenuity Lab at the University Hospital Balgrist, aiming to translate innovative materials technologies to clinics.
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Paleolithic diets are not without risks | ScienceDaily
High-protein diets, known as ''Paleolithic diets'', are popular. Using mouse models, scientists at the University of Geneva (UNIGE) have studied their impact. While effective in regulating weight and stabilizing diabetes, these diets are not without risks. Excess protein greatly increases ammonium production, overwhelming the liver. Excess ammonium can cause neurological disorders and, in severe cases, lead to coma. These results, published in the Journal of Biological Chemistry, suggest caution when following these diets.


						
Type 2 diabetes is a metabolic disease that is constantly increasing. Due to a sedentary lifestyle and an excessively rich diet, the damaged pancreas struggles to regulate blood sugar levels. While current treatments help control the progression of the disease, they do not cure diabetes. Losing weight is often an essential part of the treatment.

''Diets rich in animal and/or plant proteins, known as Paleolithic diets, can be used to stabilize type 2 diabetes and regulate weight,'' explains Pierre Maechler, full professor at the Department of Cell Physiology and Metabolism at the UNIGE Faculty of Medicine, who led this research. These diets are inspired by the meat-based diets of pre-agricultural time. ''But what impact do they have on the body? Are they harmless? That's what we set out to find out.''

Liver under Pressure

Ammonium is a normal waste product of protein breakdown, essentially eliminated in the liver by the enzyme glutamate dehydrogenase (GDH). In the event of protein overload, the GDH enzyme comes under pressure. To study the impact of high-protein diets, Pierre Maechler's team fed healthy mice and mice lacking the GDH enzyme in their liver a diet with a protein content mimicking the so-called Paleolithic diet.

Scientists observed that in healthy mice, although excess protein increased ammonium production, the liver managed this excess due to the action of the GDH enzyme, which detoxifies ammonium before it can cause damage. ''In contrast, in mice lacking the GDH enzyme, the liver is unable to eliminate the excess of toxic ammonium derived from proteins. No need to wait for weeks or months; a change of diet lasting a few days is enough to observe major consequences,'' explains Karolina Luczkowska, a former PhD student at the Department of Cell Physiology and Metabolism at the UNIGE Faculty of Medicine, and the study's first author.

Caution is Advised

These results suggest that in case of dysfunctional GDH enzyme, high-protein diets may cause a harmful excess of ammonium. Ammonium not eliminated by the liver can cause severe disorders, particularly neurological ones. A blood test could assess GDH activity to avoid overloading the metabolism with proteins in people whose GDH enzyme is deficient. ''It is therefore important to be well informed before following a high-protein diet,'' concludes Pierre Maechler.
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Children living in greener neighborhoods show better lung function | ScienceDaily
A large study of 35,000 children from eight countries has found a "robust" link between exposure to green spaces in early childhood and better lung function. The study, led by the Barcelona Institute for Global Health (ISGlobal), has been published in Environment International.


						
The research used data from 10 European birth cohorts from 8 countries (Denmark, France, Italy, Lithuania, Norway, the Netherlands, Spain and the UK) to conduct a meta-analysis. This assessment of the data was done at the individual level for each participant.

Data on exposure to green spaces were available from two different points in time: pregnancy and childhood (from 3 to 12 years of age). As a proxy for residential green space, the research team used the Normalised Difference Vegetation Index (NDVI) in a 300m buffer around the participant's address. NDVI is an index that uses satellite images to estimate the amount of vegetation at a given point.

Lung function was measured using spirometry tests. To assess lung volume, the researchers measured forced vital capacity (FVC), which is the maximum amount of air a person can breathe out without a time limit after taking a deep breath. And as an indicator of how open the airways are, forced expiratory volume in one second (FEV1) was taken. FEV1 is the volume of air exhaled in the first second of forced breathing after a deep inhalation.

Statistical analysis showed that children living in greener neighbourhoods had better lung function, specifically higher FVC and FEV1. On the contrary, those who lived further away from green spaces had a lower lung volume (FVC).

While the positive association of living in greener neighbourhoods with lung function was observed regardless of socioeconomic status, the effect was stronger in children from higher socioeconomic backgrounds. "One possible explanation could be that families with higher education or income may have access to higher-quality, safer, and better-maintained green areas" says Amanda Fernandes, first author and ISGlobal researcher at the time of the study.

Possible mechanisms

The researchers also looked at the mothers' home address during pregnancy, but in this case residential greenness was not associated with any of the indicators of respiratory health, suggesting that the link between green spaces and improved lung function has to do with something that happens in childhood.




"Our understanding of how green spaces affect lung function is still incomplete. We know that green spaces reduce air pollution, which in turn affects respiratory health. We also believe that green spaces may expose children to beneficial microbiota, which may contribute to the development of the immune system and indirectly influence lung function. Finally, green spaces close to home are likely to reflect the presence of play areas that encourage physical activity at an age when the lungs are still developing," says Amanda Fernandes.

"Our findings highlight the importance of integrating green spaces into urban environments for better respiratory health, also in children. If the way cities are configured is a factor that contributes to inequality, urban planning that consciously contributes to alleviating inequity is important," says Martine Vrijheid, lead author of the study and co-director of the Environment and Health over the Lifecourse programme at ISGlobal.

Health outcomes unrelated to green spaces

The study also looked at whether green spaces near the home during pregnancy and childhood were associated with other respiratory, cardiometabolic and neurodevelopmental outcomes, but found no other associations.

The research was conducted within the EU Child Cohort Network as part of the European Union-funded LifeCycle, EUCAN-Connect and ATHLETE projects, which built a fully harmonised data analysis platform. The cohorts involved in the study are Amsterdam Born Children and their Development, Netherlands (ABCD), Avon Longitudinal Study of Parents and Children, United Kingdom (ALSPAC), Born in Bradford, United Kingdom (BiB), Copenhagen subset of the Danish National Birth Cohort, Denmark (DNBC), Etude des Determinants du developpement et de la sante de l'Enfant, France (EDEN), Generation R Study, Netherlands (GenR) , Infancia y Medio Ambiente, Spain, (INMA), Kaunas Birth Cohort, Lithuania (KANC), Norwegian Mother, Father and Child Cohort Study, Norway (MoBa), and Nascita e INFanzia: gli Effetti dell'Ambiente, Italy (NINFEA).
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What fat cats on a diet may tell us about obesity in humans | ScienceDaily
Pet cats may be excellent animal models for the study of obesity origins and treatment in humans, a new study of feline gut microbes suggests -- and both species would likely get healthier in the research process, scientists say.


						
Veterinary researchers analyzed fecal samples from fat cats as the animals lost and maintained weight over the course of four dietary changes, including strict calorie reduction. The team found that food-related changes to the cats' gut microbiome -- the assortment of bacteria and molecules those bacteria produce and consume -- have striking similarities to dietary effects on the gut previously seen in humans.

Though there is still a lot to learn, the findings place pet cats at the top of the list of animals whose gut bacteria may tell us a lot about our own -- and whether gut microbe-based therapy could be one way to battle obesity.

"Animals share our beds. They share our ice cream. There are all these things that people do with their pets that highlight they are a naturally occurring disease model with similar environmental exposures as humans," said lead study author Jenessa Winston, assistant professor of veterinary clinical sciences at The Ohio State University.

"Being able to see changes in cats that come up in the context of obesity and type 2 diabetes in people makes them a really good model to start looking at more microbiome-directed therapeutics for obesity in humans if we're seeing a similar shift," she said. "Microbes we saw in this study also come up again and again in human studies -- and clearly, people aren't eating cat chow, right?"

The study was published recently in the journal Scientific Reports.

An estimated 60% of cats are obese or overweight in developed countries, and more than 2 in 5 adults in the United States have obesity, according to the Centers for Disease Control and Prevention.




At Ohio State, Winston oversees two large clinical trials exploring the potential for fecal transplants from lean dogs and cats to help their overweight pet peers lose weight.

"My lab is focused on how we can harness the therapeutic power of microbes," she said. "In order to do that, we have to understand how disease states may be different from health so that we can better try and figure out and target, mechanistically, changes that occur in the microbiome."

In this study, researchers fed seven obese cats a four-phase diet over 16 weeks: free-feeding of commercial cat food for two weeks, free-feeding of a specially formulated weight-loss diet for one week, calorie-restricted feeding of the weight-loss diet to achieve 1-2% body weight reduction per week for 11 weeks, and a return to the original maintenance diet.

The analysis of fecal samples taken during the different diet phases focused on changes in the presence of short-chain fatty acids metabolites, molecules produced by bacteria during digestion. Fatty acids are of interest because they prompt specific types of communication between gut microbes and tissue in the rest of the body -- including hormonal signals that can relate to inflammation and insulin resistance.

The team found that the abundance of a short-chain fatty acid called propionic acid -- shown in other mammals to regulate appetite, reduce fat accumulation and protect against obesity and diabetes -- was increased in feces when the cats were losing weight on the calorie-restricted diet. Greater propionic acid composition was associated with an increase in the bacterium Prevotella 9 copri. Though direct production of propionic acid by Prevotella couldn't be determined in this study, the finding that these increases occurred at the same time, when cats were dropping weight, was intriguing. Previous research has linked Prevotella 9 copri in the human gut to weight loss and better blood sugar control.

"When the cats are on the special diet formulated for weight loss, propionic acid goes up and stays high, and then goes back down when they're put back on the maintenance diet. So it really is a dietary change," Winston said. "This paper highlights that when we calorie-restrict cats that are obese, we can alter their microbial ecosystem -- and those community shifts that we see likely correlate with some metabolic outcomes.




"I think that those parallels that we're seeing in how the ecosystems change in a similar way is helpful," she said.

The gut microbiome's precise role in mammal obesity remains a mystery, but Winston said decades of evidence suggests these organisms and molecules they produce are part of the problem behind what is now known to be a very complex disease. This study's findings in felines suggest the pet cat gut profile could provide meaningful answers for both species, she said.

The weight-loss diet in the study was provided by Nestle Purina, which also provided funding for the project. Winston and some co-authors are paid speakers for Nestle Purina.

Co-authors include John Rowe, Valerie Parker and Adam Rudinsky of Ohio State; Katie McCool of North Carolina State University; Jan Suchodolski, Rosana Lopes and Jorg Steiner of Texas A&M University; and Chen Gilor of the University of Florida.
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Researchers predict fewer, pricier strawberries as temperatures warm | ScienceDaily
Strawberries could be fewer and more expensive because of higher temperatures caused by climate change, according to research from the University of Waterloo.


						
Using a new method of analysis, the researchers found that a rise in temperature of 3 degrees Fahrenheit could reduce strawberry yields by up to 40 per cent. Strawberries are one of the most lucrative commodities for the economies of California and the United States. The 2022 market for strawberries alone was worth more than US$3 billion.

"This research shows how climate change can directly impact the foods we love, emphasizing the importance of sustainable farming practices to maintain a stable food supply for everyone," said Dr. Poornima Unnikrishnan, a postdoctoral fellow in the Department of Systems Design Engineering at Waterloo.

Sustainable farming practices could include optimizing irrigation to ensure adequate water supply during heatwaves, using drip irrigation and scheduling operations to avoid peak periods of hot weather as well as using shading plants and installing shade structures to mitigate heat stress.

The research team included Unnikrishnan, Dr. Kumaraswamy Ponnambalam, who is also from Systems Design Engineering at Waterloo, and Dr. Fakhri Karray, from the Mohamed bin Zayed University of Artificial Intelligence in Abu Dhabi. They started their analysis with strawberries because of their popularity and notoriously short shelf life. They say these results suggest potential implications for the availability of all produce imported from California.

The researchers used a model that predicts probability of yield loss by linking air temperature anomalies and strawberry yield. This process allowed for the measurement of greater variability over time and the most accurate findings to date.

"We hope the better understanding of the influence of rising temperatures on crop yield will help in the development of sustainable agriculture responses from the government and farmers," Ponnambalam said. "There is an urgent need for farmers to adopt new strategies to cope with global warming."

Canada is a major importer of strawberries from California. In 2022, Canadian imports of strawberries from California were worth US$322.8 million.

The paper, Influence of Regional Temperature Anomalies on Strawberry Yield: A Study Using Multivariate Copula Analysis, appears in the journal Sustainability.
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Smart soil can water and feed itself | ScienceDaily
A newly engineered type of soil can capture water out of thin air to keep plants hydrated and manage controlled release of fertilizer for a constant supply of nutrients.


						
Underpinning this exciting smart soil system is a hydrogel material developed by researchers at The University of Texas at Austin. In experiments, the hydrogel-infused soil led to the growth of larger, healthier plants, compared to regular soil, all while using less water and fertilizer.

"This new gel technology can reduce the burden on farmers by decreasing the need for frequent irrigation and fertilization," said Jungjoon Park, a graduate student in the Walker Department of Mechanical Engineering and who led the research. "The technology is also versatile enough to be adopted across a wide range of climates, from arid regions to temperate areas."

The research was published recently in ACS Materials Letters.

Agriculture today accounts for 70% of global freshwater withdrawals and up to 95% in some developing countries as our global population continues to rise. The U.N. Food and Agriculture Organization emphasizes the importance of improving irrigation efficiency, adopting water-saving technologies and promoting crops with lower water footprints to ensure sustainable food production and water resource management.

Meanwhile, traditional farming methods, especially irrigation and fertilizing, face significant challenges, including inefficient water usage and environmental land degradation. As climate change intensifies and water resources become increasingly scarce, the need for more efficient and sustainable irrigation practices has never been more urgent. Additionally, conventional fertilization techniques often result in excessive nutrient exposure, reducing nutrient uptake efficiency and causing environmental pollution, and farmable land degradation.

"The global water scarcity coupled with a growing population has an immediate impact on food security," said Yu, professor of materials science in the Cockrell School of Engineering's Walker Department of Mechanical Engineering and Texas Materials Institute. "This new class of hydrogels offers a promising solution to meet the pressing needs of water scarcity and efficient nutrient uptake in modern sustainable agriculture."

In experiments, plants rooted in the hydrogel soil saw a 138% increase in stem length compared to a control group in regular soil. And the modified soil can achieve approximately 40% water savings, significantly reducing the need for frequent irrigation and ensuring robust crop development.




This research builds on previous discoveries involving hydrogels that can pull water from the atmosphere and make farming more efficient. It is part of Yu's overall mission that dates back to his childhood: to expand access to clean water to people around the globe.

This work mainly focused on calcium-based fertilizers. The project will continue, and the researchers' next moves involve integrating different types of fertilizers and longer field tests.

Joining Yu and Park on the project are Weixin Guan and Chuxin Lei, who are also graduate students in the materials science and engineering program and Texas Materials Institute.
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Cuttlefish can form false memories, too | ScienceDaily
During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers reporting in the journal iScience on July 17 have evidence that the common cuttlefish may create false memories, too.


						
"Forming false memories is different from making memory errors," said Christelle Jozet-Alves of the University of Caen in Normandy, France. The results suggest that cuttlefish do not encode events as filmstrips but rather mentally reconstruct the event by associating different features that were present during the original event, says Jozet-Alves.

Cuttlefish have been recognized as the only invertebrates possessing episodic-like memory. In other words, they can remember and recall what happened to them in the past. But the underlying mechanisms involved in their ability to recall previous events wasn't known. Does a cuttlefish's memory for past events depend on a reconstruction process?

To find out, Jozet-Alves and colleagues decided to try and induce false memories in cuttlefish. If the animals rely on a reconstructive process for their episodic-like memories, they reasoned, then they should be susceptible to forming false memories.

To encourage false memories, the researchers exposed cuttlefish to successive events sharing many common features. They wanted to see if they could make cuttlefish remember seeing their favorite food -- shrimp -- in a particular tube even when they hadn't. First, they showed cuttlefish different tubes, one with shrimp, one with a less-preferred crab, and one empty. Each tube had a specific visual pattern.

Next, they showed two of the three tubes previously encountered: the shrimp tube and the empty tube, but this time the content of the tubes was not visible. They attempted to mislead the animals with the visual patterns and odors, creating overlapping features. The question was whether the cuttlefish would falsely remember there being shrimp in a tube that was in fact empty because they saw this tube a second time in the presence of the shrimp tube.

To test it out, they let the cuttlefish choose between the empty tube and the crab tube with the contents not visible. And their choices suggested that the misleading information in those past events had altered their memories. Rather than choosing a tube containing their less preferred crab, the cuttlefish more often than otherwise expected sometimes chose an empty tube, suggesting they thought they remembered it contained shrimp.

While more study is needed, the findings suggest that cuttlefish can form false memories for visual information but not for scents. The researchers suggest this memory strategy might reduce the cost of memory. If cuttlefish can store smaller building blocks of memories and then reconstruct them, it might optimize memory while allowing them to imagine different combinations of features in the future, the researchers suggest. However, they also noted an unexpected amount of variation among individuals.

"What was surprising was that the susceptibility to form false memories seems different between individuals," Jozet-Alves said. "Some appeared unaffected when exposed to a misleading event while other did form false memories. This phenomenon is commonly found in our own species in which this susceptibility varies among individuals and within individuals."

In future studies, they say it will be important to "better understand why all individuals are not as sensitive to the formation of false memory and whether it could change within an individual depending on its age, its level of attention to the task, or even its emotional state."
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Bridging the 'Valley of Death' in carbon capture | ScienceDaily
Mitigating theeffects of climate change has become a major focus worldwide, with countries and international organizations developing various strategies to address the problem. Lowering CO2 emissions is at the top, with carbon capture technologies being a promising way forward.


						
Nonetheless, bridging the gap between research and practical implementation of carbon capture solutions has proven so difficult, it has an actual name: "Valley of Death." The challenge is compounded by the need to take into account the perspectives and priorities of different stakeholders along the process.

Traditionally, carbon capture tech development begins with chemists designing materials and engineers developing processes, while economic and environmental impacts are assessed later. The results are often suboptimal and only delay the implementation of real-world solutions.

In response to this,scientists led by Berend Smit at EPFL and Susana Garcia at Heriot-Watt University have developed the PrISMa (Process-Informed design of tailormade Sorbent Materials) platform: an innovative tool that seamlessly connects materials science, process design, techno-economics, and life-cycle assessment by taking into account multiple stakeholder perspectives from the outset.

Using advanced simulations and machine learning, PrISMa can identify the most effective and sustainable solutions, and predict the performance of new materials, which sets it apart as a powerful tool in the fight against climate change.

Assessing KPIs

PrISMa evaluates four Key Performance Indicators (KPIs), or "layers," to assess the viability of a carbon capture material from its initial development to its implementation into a complete carbon capturing plant.
    	Materials Layer: Using experimental data and molecular simulations, the platform predicts the adsorption properties of potential sorbent materials.
    	Process Layer: PrISMa computes process performance parameters, such as purity, recovery, and energy requirements.
    	Techno-Economic Analysis Layer: PrISMa assesses the economic and technical viability of a carbon capture plant.
    	Life-Cycle AssessmentLayer: PrISMa evaluates the environmental impacts over the plant's entire life cycle, ensuring comprehensive sustainability.




Testing PrISMa on case studies

The scientists used PrISMa to compare over sixty real-world case studies, in which CO2 is captured from different sources in five world regions with different technologies. By taking into account multiple stakeholder perspectives, PrISMa helped identify the most effective and sustainable solutions.

"One of the unique features of the PrISMa platform is its ability to predict the performance of new materials using advanced simulations and machine learning," says Berend Smit. "This innovative approach accelerates the discovery of top-performing materials for carbon capture, surpassing traditional trial-and-error methods."

Molecular simulations

The platform integrates density functional theory (DFT) and molecular simulation to predict material properties needed for process design. The team tested this approach on a CO2 capture plant looking at the indirect emissions over 30 years of the plant's operation, and coupled this with a techno-economic assessment, which evaluated the cost of the process.

"We succeeded in connecting the movement of electrons at the DFT level to calculate the total amount of CO2 captured over the 30-year lifetime of a capture plant, and at which costs," says Berend Smit.




The stakeholders' point of view 

PrISMa provides invaluable insights for various stakeholders, offering engineers the tools to design the most efficient and cost-effective carbon capture processes, and guiding chemists on the molecular characteristics that enhance material performance.

Environmental managers gain access to comprehensive evaluations of environmental impacts, enabling more informed decision-making, while investors benefit from detailed economic analyses that reduce the risks and uncertainties associated with investing in new technologies.

Discovering new materials

PrISMa can accelerate the discovery of top-performing materials for carbon capture, surpassing traditional trial-and-error methods. Its interactive tools allow users to explore over 1,200 materials, understanding the trade-offs between cost, environmental impact, and technical performance.

This comprehensive approach ensures that chosen solutions capture CO2 efficiently while minimizing overall environmental impacts.

One way that Smit envisions PrISMa being used is in the discovery of metal-organic frameworks (MOFs), porous materials with a wide range of applications, including carbon capture. "The idea is that chemists can upload the crystal structures of their MOFs, and the platform ranks these materials for all kinds of capture processes," he says. "So, even chemists who do not have detailed knowledge of carbon capture technologies can get feedback on which MOF is the best performing and why."

PrISMa can accelerate the development of carbon capture technologies, helping achieve net-zero emissions by uniting all relevant stakeholders early in the research process. By providing a comprehensive evaluation of materials and processes, PrISMa enables more informed decision-making, leading to the development of more effective and sustainable carbon capture solutions.
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Forests endure as carbon sink despite regional pressures | ScienceDaily
Despite facing regional threats like deforestation and wildfires, the world's forests continue to be a powerful weapon in the fight against climate change. A new study reveals these vital ecosystems have consistently absorbed carbon dioxide for the past three decades, even as disruptions chip away at their capacity. The study, based on long-term ground measurements combined with remote sensing data, found that forests take up an average of 3.5 +- 0.4 billion metric tons of carbon per year, which is nearly half of the carbon dioxide emissions from burning fossil fuels between 1990 and 2019.


						
The study titled "The enduring world forest carbon sink," published in the 18-July-2024 issue of the journal Nature, highlights the critical role of forests in mitigating climate change. The study further shows that deforestation and disturbances like wildfires are threatening this vital carbon sink.

The research is co-led by USDA Forest Service Northern Research Station Senior Research Scientist Yude Pan and Senior Scientist Richard Birdsey from Woodwell Climate Research Center, and includes 15 additional coauthors from 11 countries.

Key Findings:
    	Boreal forests in the Northern Hemisphere, spanning regions like Alaska, Canada, and Russia, have experienced a significant decline in their carbon sink capacity, dropping by 36%. This decrease is attributed to factors including increased disturbances from wildfires, insect outbreaks, and soil warming.
    	Tropical forests have also seen a decline, with deforestation causing a 31% decrease in their ability to absorb carbon. However, regrowth in previously abandoned agricultural lands and logged areas has partially offset these losses, keeping the net carbon flux in the tropics close to neutral.
    	Temperate forests, on the other hand, have shown a 30% increase in their carbon sink capacity. This rise is largely due to extensive reforestation efforts, particularly in China.

"Our research team analyzed data from millions of forest plots around the globe," Dr. Pan explained. "What sets this study apart is its foundation in extensive ground measurements -- essentially, a tree-by-tree assessment of size, species, and biomass. While the study also incorporates remote sensing data, a common tool in national forest inventories and land surveys, our unique strength lies in the detailed on-the-ground data collection."

"The persistence of the global forest carbon sink was a surprise given global increases in wildfire, drought, logging, and other stressors," according to Dr. Birdsey. "But it turns out that increasing emissions in some regions were balanced by increasing accumulation in other regions, mainly re-growing tropical forests and reforestation of temperate forests. These findings support the potential for improving protection and management of forests as effective natural climate solutions."

The study describes how certain land management policies and practices can help preserve this global carbon sink. Findings support a focus on curtailing deforestation across all forest biomes, for example, promoting forest restoration on lands that may be unsuitable for agriculture, and improving timber harvesting practices to minimize emissions from logging and related activities.

The research also highlights the limitations in data collection, particularly in tropical regions. The study calls for increased research and establishment of more ground sampling plots in these areas to reduce uncertainties in carbon estimates and improve understanding of the global carbon budget.

Forests play a critical role in combating climate change. Protecting and restoring these ecosystems is essential to mitigate climate impacts and achieve greenhouse gas reduction targets.
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Logged forests can still have ecological value -- if not pushed too far | ScienceDaily
Researchers have analysed data from 127 studies to reveal 'thresholds' for when logged rainforests lose the ability to sustain themselves.


						
The results could widen the scope of which forests are considered 'worth' conserving, but also show how much logging degrades forests beyond the point of no return.

The first-of-its-kind study, led by researchers from the Department of Life Sciences at Imperial College London with collaborators from around the world, is published today in Nature. The team looked at data from 127 plant and animal surveys covering more than 10 years in the same site in Sabah, Malaysia.

The site, named the Stability of Altered Forest Ecosystems (SAFE) Project, includes a full gradient of landscapes, including unlogged primary forests, selectively logged forests, protected riverside 'buffer' forests, and forests converted into oil palm plantations that represent 99% of forest removal.

While no level of forest degradation through logging was too low to have an impact on the ecosystem, the results showed that forests that had lost less than 29% of 'biomass' (total weight of organic matter) retained relatively high biodiversity and ecological value, and, if left alone, were likely to recover.

Preventing extinction

Above 68% biomass removal, however, many types of plants and animals formed communities that were effectively 'scrambled' by extinctions and invasive species. In these areas, serious proactive conservation would be needed to maintain biodiversity. Beyond this, the forests rapidly lost the ability to sustain themselves -- to act as complete, functioning ecosystems.




Lead researcher Professor Robert Ewers, from the Department of Life Sciences at Imperial College London, said: "There has been a tendency in conservation to think of pristine forests as the only ones worth investing in -- that logged forests were not worth looking at.

"What we've shown is that the potential 'conservation estate' is much larger than we thought, and while pristine forests are shrinking worldwide, this doesn't mean all hope is lost, and there are other forests we can protect to preserve biodiversity."

Co-author Dr Will Pearse, from the Department of Life Sciences at Imperial College London, said: "Pristine forests will always be the ideal, but there shouldn't be a binary view of what's worth preserving and what's not. Some degree of logging may always be necessary, and while these forests are not the same as pristine ones, at certain thresholds they can still sustain themselves as functioning ecosystems."

While the exact figures for forest destruction thresholds may vary across different environments, the study shows these can be found, with the right data.

Professor Ewers added: "A study like this has never been done, where so much data across landscapes, species and time have been collected together to determine critical thresholds. We now have a framework for assessing where these change points might be in other ecosystems.

"This is hopeful for conservation, giving us the tools to plot a course out of the extinction crisis more quickly."

Nature worth preserving 




Governments and policymakers in different countries use various measures to assess the likelihood of logging causing serious harm to local ecosystems. However, these can be imprecise as there isn't a universal definition for which environments can be classified as forests.

Every environment is different, but the researchers think their results should be broadly applicable across the tropical rainforests of South-East Asia.

The Malaysian SAFE Project surveys counted the occurrences of 590 plants (including grasses, herbs, and woody trees), 88 mammals (including bats), 161 birds, 9 reptiles, 42 amphibians, 26 fish, and 635 invertebrates (including 263 beetles, 199 moths and butterflies, 130 ants, and 33 spiders), noting the impacts on each of the extent of logging damage.

Co-author Dr David Orme, from the Department of Life Sciences at Imperial College London, said: "Of course, we've known about the impacts of logging on biodiversity for a long time, but it's has been hard to pin down when that damage starts to bite. That's partly because earlier studies have tended to look at different taxa, such as trees or birds, but here we have been able to include much wider data from across the tree of life."

Dr Pearse added: "Hundreds of person-hours have gone into getting this result, but it goes to show it was worth it. There's been a self-sustaining myth that certain species and organisms would only be found in pristine forests, so nobody looked for them in logged forests. But now we have looked, we have found a lot of these 'trashed' forests host a surprising amount of biodiversity."

Co-author Dr Cristina Banks-Leite, from the Department of Life Sciences at Imperial College London, said: "Ecological thresholds are great tools that can be easily applied in conservation and management. For instance, thresholds found elsewhere have been used for deciding how much area needs to be reforested or preserved.

"The thresholds we identified in our study can also point to where restoration projects would get the best return to investment -- changes in biodiversity are faster below 30% and above 70% biomass loss, which suggests that any improvement on habitat in these areas would lead to dramatic changes in biodiversity."

Virtual ecosystem

The team are now constructing a 'Virtual Ecosystem' that can track the birth, growth, reproduction and death of organisms within a changing ecosystem, and are planning to use the data from this study to generate a virtual model of a Bornean rainforest.

This will allow researchers to address ecological questions that cannot be answered through field observations, such as how to optimize the ecological recovery of degraded tropical forests.
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Genome recording makes living cells their own historians | ScienceDaily
Genomes can now be entrusted to store information about a variety of transient biological events inside of living cells, as they happen, like a flight recorder collecting data from an aircraft.


						
"Our method, which goes by the acronym ENGRAM, aims to turn cells into their own historians," said Dr. Jay Shendure, a professor of genome sciences at the University of Washington School of Medicine and scientific director of the Brotman Baty Institute for Precision Medicine. Shendure led the effort, together with Wei Chen, a former graduate student, and Junhong Choi, a former postdoctoral fellow. Junhong Choi is now an assistant investigator at Memorial Sloan Kettering Cancer Center in New York.

ENGRAM stands for enhancer-driven genomic recording of transcriptional activity in multiplex. The acronym was inspired by a neuroscience term that refers to the physical basis for a memory.

A proof-of-concept report demonstrating some of the capabilities of ENGRAM is published today, July 17, in Nature.

"ENGRAM couples each kind of biological signal or event to a symbolic barcode. This approach offers a novel method for recording and complements previously developed molecular recording techniques." said Wei Chen, who is now a postdoctoral fellow at the UW Medicine Institute for Protein Design.

This new strategy traces and archives the type and timing of biological signals by inserting this information into the genome. For example, this can include keeping tabs on the commands that turn genes on or off. Such recordings might hold clues to what occurs within stem cells to spur them into becoming different cell types. It might also offer insights into other questions about how cells operate, and how their past influences their future.

Shendure said that creating a biological record of cellular activities is an old idea. However, researchers had run into difficulties measuring more than a handful of signals in the same system, as well as in recording the order in which multiple signals occurred.




A few years ago, Choi, Shendure and their colleagues overcame some of these obstacles with a method called DNA Typewriter. With this system, researchers could write many symbols to DNA in an ordered fashion. However, the challenge remained of how to encode biological meaning to each symbol.

"DNA Typewriter is analogous to a keyboard with many symbols. With ENGRAM, we make those symbols specific to various biological signals of interest," Shendure said.

In today's Nature paper, Shendure and his team described how symbolic recording can follow the actions of non-coding DNA regions that control the protein production of neighboring genes. They also demonstrated how ENGRAM and DNA Typewriter can be combined. The scientists were able to record cell-type specific activities of dozens to hundreds of these sorts of gene-regulatory elements.

Some regions they tracked are part of gene regulatory networks behind several aspects of embryonic development. Other signals they traced mediate cell responses to stress, immune reactions to infection and cell survival.

They also applied ENGRAM to make daily recordings of mouse stem cells as they aggregated into embryonic organoids, a laboratory model of prenatal mouse development. ENGRAM might eventually help answer how, for example, a history of cell signaling events shaped the individual characteristics of a mouse embryo.

"As we were inspired by new advances in the CRISPR field for developing both the ENGRAM and DNA Typewriter systems, I imagine that these papers will inspire others to further improve genomic recording technologies -- such that maybe one day we will record the entire history of cells," said Junhong Choi.




The researchers developing ENGRAM say that work is still needed to realize what it and related genome-based recording technologies can potentially do.

"This is a strategy for capturing biological information in living systems. It is not specific to a particular field like cancer or neuroscience and hopefully will be useful across the board," Shendure said.

Shendure noted the research covered in the paper played an important role in the development of the Seattle Hub for Synthetic Biology, a collaboration launched this past December among the Allen Institute, the Chan Zuckerberg Initiative, and the University of Washington. The project, of which Shendure serves as lead scientific director, is designing new technologies to record the history of cells over time.

The work reported today in Nature was supported by grants from the Paul G. Allen Frontiers Group, Alex's Lemonade Stand Foundation, and the National Human Genome Research Institute (UM1HG011586, K99HG012973), as well as the Brotman Baty Institute for Precision Medicine. Shendure is an investigator of the Howard Hughes Medical Institute.
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Llama nanobodies: A breakthrough in building HIV immunity | ScienceDaily
A research team at Georgia State University has developed tiny, potent molecules that are capable of targeting hidden strains of HIV. The source? Antibody genes from llama DNA.


						
The research, led by Assistant Professor of Biology Jianliang Xu, uses llama-derived nanobodies to broadly neutralize numerous strains of HIV-1, the most common form of the virus. A new study from this team has been published in the journal Advanced Science.

"This virus has evolved a way to escape our immune system. Conventional antibodies are bulky, so it's difficult for them to find and attack the virus' surface," Xu explained. "These new antibodies can do this in an easier way."

Scientists in pursuit of effective HIV treatment and prevention have been working with animals in the camelid family -- like llamas -- for about 15 years. That's because the shape and features of their antibodies make them nimbler and more effective at identifying and neutralizing foreign objects, like the HIV virus.

This new research presents a widely applicable method to enhance the performance of nanobodies. Nanobodies are engineered antibody fragments that are about one-tenth the size of a conventional antibody. They are derived from flexible, Y-shaped heavy chain-only antibodies -- made up of two heavy chains -- which are more effective at fighting certain viruses than conventional antibodies with light chains.

The nanobodies are derived from flexible, Y-shaped antibodies made up of heavy-chain peptides which may be more effective at fighting certain viruses.

For the study, researchers immunized llamas with a specially designed protein which results in the production of neutralizing nanobodies. Xu and his team then identified nanobodies that can target vulnerable sites on the virus. When the team engineered the nanobodies into a triple tandem format -- by repeating short lengths of DNA -- the resulting nanobodies demonstrated remarkable effectiveness, neutralizing 96 percent of a diverse panel of HIV-1 strains.




Further analysis uncovered that these nanobodies mimic the recognition of the CD4 receptor -- a key player in HIV infection. To enhance their potency, the nanobodies were fused with a broadly neutralizing antibody (bNAb), resulting in a new antibody with unprecedented neutralizing abilities.

"Instead of developing a cocktail of antibodies, now we can make a single molecule that can neutralize HIV," Xu said. "We are working with a broadly neutralizing nanobody that can neutralize over 90 percent of the circulating HIV strains, and when we combine that with another bNAb which also neutralizes some 90 percent, together, they can neutralize close to 100 percent."

Xu began this research at the National Institutes of Health Vaccine Research Center in Bethesda, Md., where he collaborated with a team of more than 30 scientists. The team included Peter Kwong, professor of biochemistry and molecular biophysics at Columbia University and co-author of the study. Since coming to Georgia State in 2023, Xu has been mentoring Payton Chan, a Ph.D. candidate at Georgia State. Together, they are working to expand these potential remedies.

Chan said she is excited about the prospects of the innovative research.

"These nanobodies are the best and most potently neutralizing antibodies to date, which I think is very promising for the future of HIV therapeutics and antibody research," Chan said. "I hope one day there will be approval of these nanobodies for the treatment of HIV."

According to Xu, future efforts will explore the possibility of combining llama nanobodies with other existing bNAbs to determine if some of these combinations can achieve 100 percent neutralization to offer new treatment options in the fight against HIV.
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A new addition to the CRISPR toolbox: Teaching the gene scissors to detect RNA | ScienceDaily
CRISPR-Cas systems, defense systems in bacteria, have become a plentiful source of technologies for molecular diagnostics. Researchers at the Helmholtz Institute for RNA-based Infection Research (HIRI) in Wurzburg have expanded this extensive toolbox. Their novel method, called PUMA, enables the detection of RNA with Cas12 nucleases, which naturally target DNA. PUMA promises a wide range of applications and high accuracy. The team published its results in the journal Nature Communications.


						
Bacteria have developed special defense mechanisms to protect themselves against viruses, which by no means infect only humans. As part of these so-called CRISPR-Cas systems, a CRISPR ribonucleic acid (crRNA), which serves as a "guide RNA," recognizes regions of a foreign genome, such as viral DNA. The CRISPR-associated (Cas) nuclease, directed by a crRNA, then renders it harmless by cutting it like a pair of scissors. Humans have exploited this strategy: "CRISPR, often referred to as 'gene scissors', is the basis of many molecular technologies," says Chase Beisel, head of the RNA Synthetic Biology department at the Helmholtz Institute for RNA-based Infection Research (HIRI) in Wurzburg. The institute is a site of the Braunschweig Helmholtz Centre for Infection Research (HZI) in cooperation with the Julius-Maximilians-Universitat (JMU) of Wurzburg, where Beisel holds a professorship.

The diagnostic platform LEOPARD, developed by Beisel's lab in cooperation with JMU in 2021, also leverages CRISPR as a technology. LEOPARD has the potential to detect a variety of disease-related biomarkers in just one test. The approach is based on reprogramming RNA factors, so-called tracrRNAs. Those RNAs are naturally involved in helping produce guide RNAs used by Cas9 and different Cas12 nucleases. "LEOPARD focused on Cas9. However, CRISPR-Cas systems also include another diverse set of nucleases, called Cas12," explains Beisel. While both Cas9 and Cas12 cut DNA targets, Cas12 can increase the output signal by performing cuts on "collateral" DNA. This can make detection technologies more sensitive and, therefore, more efficient.

The team led by Chase Beisel has now extended the unique features of LEOPARD to Cas12. The researchers have named the resulting method PUMA (Programmable tracrRNAs Unlock protospacer-adjacent Motif-independent detection of ribonucleic Acids by Cas12 nucleases). The details of their findings are the subject of a paper in the journal Nature Communications.

Overcoming hurdles

Although Cas12 nucleases are widely used in molecular diagnostics, two major limitations have persisted: Cas12-based technologies have been restricted to DNA targets, and a specific recognition sequence called a PAM, short for protospacer-adjacent motif, is required to identify the target molecule.

PUMA elegantly addresses these challenges. Like LEOPARD, this new method also relies on tracrRNAs. "Using PUMA, we can reprogram the tracrRNAs. This allows us to decide which RNA biomarker becomes a guide RNA. This guide RNA, in turn, directs Cas12 to a DNA molecule that we provide and activates the gene scissors," explains the study's first author, Chunlei Jiao. Chunlei Jiao, a former graduate student and postdoctoral researcher in the Beisel lab, was also involved in the development of LEOPARD. He recently started a professorship at the National University of Singapore. "DNA cutting then tells us which biomarker was present in the sample, such as biomarkers specific to different pathogens," adds Beisel.




The novel method therefore enables the detection of RNA biomarkers using CRISPR nucleases that can normally only recognize DNA. "This is particularly important for molecular biomarkers that can only be found at the RNA level. This includes RNA viruses, for example," says Beisel. And yet, PUMA does not require a specific recognition sequence: The PAM is contained in the DNA target molecule provided. Since the researchers provide the target molecule, they can also introduce truncated DNA. As a result, they were able to significantly increase the speed of the method.

Several birds, one stone

"PUMA has the potential to become a flexible and precise tool for RNA detection," concludes Beisel. Finally, the team demonstrated the potential of the method by identifying five bacterial pathogens associated with acute sepsis. Their detection relied on a single universal, reprogrammed tracrRNA, which provides a simplified means of differentiating between various types of bacteria. This opens up a wide range of potential applications in medicine: "The new technology represents a novel form of CRISPR diagnostics that enables reliable molecular testing at the point of care -- whether for the identification of viral or bacterial pathogens or the detection of cancer biomarkers," says Jiao.

The research team is already planning its next steps: "Our goal is to achieve a multiplexed readout similar to that of LEOPARD and to expand the range of applications for the technology," says Beisel, who also anticipates broad use in the research community: "We hope that our study will spur further exploration of tracrRNA reprogramming."
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Could intensive farming raise risk of new pandemics? | ScienceDaily
Intensive livestock farming could raise the risk of new pandemics, researchers have warned.


						
Industrialised farming is often thought to reduce the risk of zoonotic diseases (those transmitted from animals to humans) because of better control, biosecurity and separation of livestock.

The new study, led by the University of Exeter, examines the effect of social and economic factors -- which are often overlooked in traditional assessments.

It finds that the effects of intensifying agriculture "are at best uncertain and at worst may contribute to EID (emerging infectious disease) risk."

Lead author Professor Steve Hinchliffe, from the University of Exeter, said: "The COVID-19 pandemic reignited interest in EIDs, especially zoonotic viruses.

"The risks of emergence and transmission depend on multiple factors, including contact between humans and animals, and how we use land.

"Livestock farming plays a potentially significant role in those risks, shaping landscapes and providing hosts that can act as the source or amplifiers of emerging pathogens."

While such risks are usually assessed in terms of microbiological, ecological and veterinary sciences, the new study highlights the need to consider social, economic and political factors.




"Disease is always more than a matter of pathogen transmission, contact and contagion," Professor Hinchliffe said.

"The founding myth in intensive farming is that we separate livestock from wildlife and thereby shut off the risk of diseases passing between them.

"But these farms exist in the real world -- so buildings and fences can get damaged, wildlife like rats or wild birds can get in, and workers move around. In short, there will always be accidents.

"Once social, economic and political factors are taken into account, the pandemic risk posed by intensive farming is concerning."

The paper highlights the expansion of intensive farming and the resulting environmental degradation as factors which can raise EID risks.

It also says intensification leads to a "mixed landscape" -- with a variety of farming practices and types -- which creates the "worst of all possible worlds in terms of EID risk."

On biosecurity, the paper says some farm businesses find the costs "debilitating," while regional variations also have an impact.




For example, European farm buildings can be old and costly to maintain, large US farms tend to be open-air concrete structures with netting (to avoid the need for air conditioning), and in subtropical areas biosecurity is balanced against the need to reduce overheating of animals.

"The result is a far from bio-contained environment," the authors write.

They also note the close ties between large food companies and national authorities -- which suggest "regulatory capture... and the difficulty of decoupling interests."

Co-author Dr Kin Wing (Ray) Chan said: "Increasing on-farm biosecurity, standardisation, and efficiency in farm animal production is not the panacea for achieving a disease-free environment.

"Rather we need to reconsider the socio-cultural impacts of intensifying farm animal production on planetary health, environmental sustainability and animal welfare issues."

The research team included Tufts University, Royal Agricultural University, University of Wollongong, Clark University, Cambridge Conservation Initiative and the Institute of Development Studies.

Funders included the Wellcome Centre for Cultures and Environments of Health and the Wellcome Trust.

The paper, published in the journal Royal Society Open Science, is entitled: "Understanding the roles of economy and society in the relative risks of zoonosis emergence from livestock."
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Nature-based solutions to disaster risk from climate change are cost effective | ScienceDaily
A new global assessment of scientific literature led by researchers at the University of Massachusetts Amherst finds that nature-based solutions (NbS) are an economically effective method to mitigate risks from a range of disasters -- from floods and hurricanes to heatwaves and landslides -- which are only expected to intensify as Earth continues to warm.


						
NbS are interventions where an ecosystem is either preserved, sustainably managed or restored to provide benefits to society and to nature. For instance, they can mitigate risk from a natural disaster, or facilitate climate mitigation and adaptation. NbS have emerged in combination with or as an alternative to engineering-based solutions. A classic example is restoring wetlands to address coastal flooding rather than constructing a seawall.

"Nature-based solutions are now recognized by major national policies and international global framework agreements to combat climate change, including those drafted by the U.N. and the White House. However, there has been limited scientific knowledge about the cost-effectiveness and equity outcomes of NbS," says Marta Vicarelli, assistant professor of economics and public policy at UMass Amherst and the study's lead author. "Our results indicate that not only are NbS economically effective in mitigating hazards, but that their benefits are still underestimated."

NbS were proven to be a consistently cost-effective approach to mitigating hazards in 71% of the more than 20,000 English-language peer-reviewed studies that researchers examined for the article, which is published in Science of the Total Environment. Another 24% of the studies found NbS to be cost effective under certain conditions. The ecosystem-based interventions most frequently found effective in mitigating hazards are associated with mangroves (80%), forests (77%) and coastal ecosystems (73%).

Of the studies that compared NbS with engineering-based solutions, 65% found the former always to be more effective at mitigating hazards and 24% partially more effective. No study found NbS consistently less effective than engineering solutions.

While every study reviewed for the article examined the hazard-mitigation benefits of NbS, many did not consider added environmental and socioeconomic benefits, such as maintaining biodiversity, climate mitigation and supporting underserved communities.

"The other benefits of NbS are vastly underestimated because they are difficult to quantify," Vicarelli explains. "How should we value improvements in air quality or in soil quality? How should we value the protection of an endangered species or the overall increase in biodiversity after the implementation of an NbS? And how about estimating the cultural or even spiritual value of an environmental asset? These assessments require complex and potentially expensive valuation techniques. For this reason, the additional benefits of NbS are often understudied and underestimated."

Another key finding of the research is that NbS have been financed mainly by the public sector, even when the interventions involve private property. For these solutions to have a truly global impact, additional funding is required, and a significant share must come from the private sector, Vicarelli says.

"A transformative upscaling of Nature-based Solutions requires both public and private financing," she adds. "The next step is developing innovative nature-based insurance and investment solutions."

The research was supported by funding from UMass Amherst and the European Union's Horizon Europe -- the Framework Programme for Research and Innovation.
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Scientists use machine learning to predict diversity of tree species in forests | ScienceDaily
A collaborative team of researchers led by Ben Weinstein of the University of Florida, Oregon, US, used machine learning to generate highly detailed maps of over 100 million individual trees from 24 sites across the U.S., publishing their findings July 16th in the open-access journal PLOS Biology. These maps provide information about individual tree species and conditions, which can greatly aid conservation efforts and other ecological projects.


						
Ecologists have long collected data on tree species to better understand a forest's unique ecosystem. Historically, this has been done by surveying small plots of land and extrapolating those findings, though this cannot account for the variability across the whole forest. Other methods can cover broader areas, but often struggle to categorize individual trees.

To generate large and highly detailed forest maps, the researchers trained a type of machine learning algorithm called a deep neural network using images of the tree canopy and other sensor data taken by plane. These training data covered 40,000 individual trees and, like all the data used in this study, were provided by the National Ecological Observatory Network.

The deep neural network was able to classify most common tree species with 75 to 85 percent accuracy. Additionally, the algorithm could also provide other important analyses, such as reporting which trees are alive or dead.

The researchers found that the deep neural network had the highest accuracy in areas with more open space in the tree canopy and performed best when categorizing conifer tree species, such as pines, cedars, and redwoods. The network also performed best in areas with lower species diversity. Understanding the strengths of the algorithm can be useful for applying these methods in a variety of forest ecosystems.

The researchers also uploaded their models' predictions to Google Earth Engine so that their findings can aid other ecological research. The researchers add, "The diversity of overlapping datasets will foster richer areas of understanding for forest ecology and ecosystem functioning."

The authors add, "Our aim is to provide researchers with the first broad scale maps of tree species diversity from ecosystems across the United States. These canopy tree maps can be updated with new data collected at each site. By collaborating with researchers across NEON sites we can build better and better predictions over time."
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Microplastic pollution increases sea foam height and stability | ScienceDaily
From cloud formation to sea temperatures, sea foam plays many roles in the dynamic interactions that occur at the surface level of the world's oceans.


						
In an article published this week in Physics of Fluids, by AIP Publishing, researchers from ETH Zurich and The Ocean Cleanup, based in New Zealand, examined the specific impacts of microplastics on the geophysics of sea foam formation in the critical zone where water meets air in the top layer of the ocean.

"The surface microlayer is the first area of contact between the atmosphere and a water body, lake, or ocean," author Peter Fischer said. "All exchanges of materials, whether gases, water, or particles, pass through the surface microlayer before they are distributed deeper into the water column or upper layers of the atmosphere through evaporation and cloud formation."

Fischer and his colleagues devised two simulations for their work: a column filled with sea water injected with air and a laboratory-scale breaking wave channel to test the impacts of wave height on sea foam in the surface microlayer. Using microplastics collected from the North Pacific by The Ocean Cleanup, along with naturally occurring compounds, they tested their effects on sea foam formation, stability, and duration.

The team closely examined the interplay between air, water, and suspended materials that affect the water surface tension, including microplastics and naturally occurring surface active materials. They found that the addition of microplastics increased the height and stability of sea foam, particularly when part of smaller breaking waves.

"Surface active materials such as plankton, proteins, and other byproducts of marine life already influence sea foam formation even without human input," Fischer said. "Microplastic pollution adds a notable, but smaller, contribution to the formation of sea foam and actually leads to some positive effects like reflecting more UV light."

Sea foam has several positive effects on the ocean and climate, so more of it might be one of the few positives stemming from microplastic pollution in our oceans. Sea foam drives an exchange of air and water at the ocean's surface, resulting in more cloud formation and more oxygen in the water. The brighter foam also reflects sunlight, potentially lowering ocean temperature.

In future studies, the team is planning to refine the experiments to more closely mimic natural conditions and explore the effects of biofilms and photochemical degradation.
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Immune system in the spotlight | ScienceDaily
Our immune system is always on alert, detecting and eliminating pathogens and cancer cells. Cellular control mechanisms cause diseased cells to present antigens on their surface like signs for the immune system. For analysis of the necessary complex antigen processing and transport processes in real time, a German team has developed a "cage" that is opened with light to release trapped antigens at a specific place and time, as reported in the journal Angewandte Chemie.


						
In our cells, both endogenous and foreign proteins are constantly broken into tiny pieces and transported into the endoplasmic reticulum (ER), a branched system of channels enclosed by a membrane, by the transporter associated with antigen processing (TAP). There, the supramolecular peptide loading complex PLC controls the loading of MHC I (major histocompatibility complex class I) with antigenic peptides. Certain peptides are preferentially loaded onto MHC I, further processed for immune surveillance (antigen processing) and presented on the cell surface. Peptides that come from normal endogenous proteins remain immunologically inconspicuous (barring misdirected autoimmune reactions).

Despite many new insights, the mechanistic principles of antigen translocation, dynamic PLC assembly, and the interaction between different PLC subunits in the "quality control" of peptide-MHC complexes remain generally unknown. To further analyze antigen processing, Ralph Wieneke, Robert Tampe, and their team at the University of Frankfurt am Main (Germany) have now developed a photostimulated antigen release system that can be used to precisely study antigen flux. The antigens are released (antigen burst) on command from a "caged" inactive state by the application of light. The advantage of light stimulation is that it can be precisely dosed at limited times and locations and is noninvasive, which allows for experiments in living cells.

The team used a peptide derived from an HIV antigen as their model. They used a linker to bind the epitope (section of an antigen) to biotin and then the biotin to a voluminous protein called streptavidin. In this state, the epitope is shielded to the extent that it can no longer be recognized by the antigen processing transporter (TAP). The linker contains a group that can be split apart by light. When irradiated with UV light, the peptide epitope is immediately released from its "cage." It is then recognized by TAP and transported across the ER membrane and loaded onto MHC I by way of the PLC.

This method is versatile, as demonstrated by a variety of scenarios, such as tracing antigen transport by the TAP of native human PLC in the ER membrane of a human lymphoma cell line. According to Wieneke and Tampe, "it is our aim to use the light-activated system to follow the antigen processing pathway through different cellular compartments and gain an understanding of the kinetics of various immunological processes in vivo."
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Additional taxes vs. water quotas: Study compares the most effective system to manage water consumption in agriculture | ScienceDaily
Based on a mathematical programming model, the study finds that the proportional allocation of water, and not additional taxes on the resource, is more effective from the point of view of those engaged in agriculture


						
Climate change, increasing drought, population growth and consumption habits have spotlighted the scarcity of water available for agriculture. In Spain reservoirs destined for human consumption and agriculture are at 52% of their capacity, a figure higher than in previous years, but one that does not dispel concern about future shortages. The Guadalquivir River Basin, whose reservoirs are at 41%, on average, has been limiting the amount of water earmarked for irrigation for several years. This situation makes it necessary to adopt measures that help reduce consumption and better manage water for crops. Compared to imposing an additional tax on water, as proposed by an EU directive, a study by the WEARE group at the University of Cordoba has found that the most effective system is still the one currently being applied: the proportional reduction of the water made available to users.

The study, part of Angela Valle Garcia's doctoral thesis, which featured participation by her advisors, Carlos Gutierrez Martin and Nazaret M. Montilla Lopez, studied the best way to manage the water available for agriculture in the Guadalquivir basin by comparing two management policies: allocation based on quotas (the proportional reduction of water allocations) vs.tariffication; and from two points of view: social and private. For this they used a model based on Positive Mathematical Programming (PMP), which, with data on revenue, costs and arable area, reproduces the farmer's behavior. "The objective of this model," Gutierrez Martin explains, "is not so much an optimization of what should be done, but to try to reproduce reality and, from there, the farmer's behavior, applying a management policy to see what effect it would have before it is implemented.The model allows us to know, depending on the amount of water available, what the cultivation plan will be that we will apply next year," added Montilla Lopez.

Thus, from a social point of view, placing an additional tax on water beyond the price that is already paid for the use made of it to irrigate crops, has an impact on society, as that money could be allocated for other purposes. The tax will work, but, according to the model, it is more detrimental than the allocation of a quantity of water, since, in addition to the difficulty of being able to establish an adequate price, from a private perspective those who manage agriculture suffer more economic losses with the additional tax on water than with the allocation of a quota.

As Gutierrez Martin argues, "with the water tax, more is lost than is achieved. It is more effective to implement a quota because, by including a tax, the farmer ends up losing more." This is an idea, the research team argues, that can be taken into account by political authorities when making real-world decisions.

The study has been published in the Water Resources Management journal, and is funded through the e-MOHICAN project (TED2021-131066B-I00), with funds from the Ecological and Digital Transition, the National Research Plan (MCIN/AEI/10.13039/501100011033 and the European Union "NextGenerationEU"/PRTR).
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Capturing carbon with energy-efficient sodium carbonate-nanocarbon hybrid material | ScienceDaily
Industrial emissions are one of the main sources of climate change-inducing carbon dioxide (CO2). While adopting renewable and clean energy alternatives is one option for mitigating these carbon emissions, carbon capture technology is another solution to control CO2 emissions. In big CO2-emitting industries, such as cement, oil refineries, and thermal power plants, carbon capture technology can be easily applied to remove CO2 emissions directly at the source at a feasible cost and with low energy consumption. Different materials have been explored for CO2 capture in factories, including zeolites, metal[?]organic frameworks, natural minerals, alkalis, and alkali metal salts. Among them, alkali metal carbonates, such as sodium carbonate (Na2CO3), are considered effective and inexpensive materials with stable properties and easy procurement.


						
Theoretically, Na2CO3 has a decent CO2 capture capacity and can be easily regenerated for successive uses. However, directly applying Na2CO3 to capture CO2 causes crystal agglomeration, leading to poor efficiency and shorter longevity. This issue can be eliminated by using a carbon skeleton for Na2CO3. Porous carbon materials with good pore connectivity provide low density, structural stability, hydrophobicity, and a large surface area that can stabilize Na2CO3. Previous studies report that Na2CO3[?]carbon nanocomposites have a CO2 capture capacity of 5.2 mmol/g. However, these studies do not inspect the effect of the carbonization temperatures on the overall performance of the material.

Therefore, in a new study published in Energy & Fuels on June 12, 2024, Professor Hirofumi Kanoh and Bo Zhang from the Graduate School of Science, Chiba University, synthesized a hybrid CO2 capture material consisting of Na2CO3 wrapped with porous nanocarbon. They further evaluated its CO2 capture and regeneration efficiencies at different carbonization temperatures. The Na2CO3[?]carbon hybrids (NaCH) were derived by carbonization of disodium terephthalate at temperatures ranging from 873K to 973 K in the presence of nitrogen as a protective gas. "Reducing CO2 emissions is an urgent issue, but research on the methods and material systems for CO2 capture are still lacking. This Na2CO3[?]carbon hybrid system proved promising in our initial investigations, prompting us to explore it further," states Prof. Kanoh.

The team measured the hybrid materials' CO2 capture capacity under humid conditions to mimic the conditions of factory waste exhaust gases. They found that the NaCH hybrids prepared at carbonization temperatures near 913-943 K demonstrated higher CO2 capture capacities. Among them, NaCH-923 had the highest CO2 capture capacity of 6.25 mmol/g and a high carbon content of over 40%, which resulted in a larger surface area, enabling a more uniform distribution of Na2CO3 on the nanocarbon surface. This reduced the rate of Na2CO3 crystal agglomeration and led to faster reaction rates.

After NaCH-923 effectively captured CO2, the scientists again heated the resultant NaCH-923-CO2 in the presence of nitrogen to test its regeneration performance. They found that NaCH-923 could be regenerated and used for CO2 capture for 10 cycles, while retaining over 95% of its initial CO2 capture capacity. These results indicate that NaCH-923 exhibits good structural strength, durability, and regeneration, which makes it an excellent material for CO2 capture under humid conditions.

Further experiments on the NaCH-923-CO2 showed that the sample underwent a steep mass change at 326[?]373 K (around 80 degC on average). Since the temperature of the exhaust gas from thermal power plants is also typically in that range, the waste heat from factories and power plants can easily be used as a heat source for regenerating NaCH-923, thereby effectively reducing energy consumption.

These findings show that the carbonization temperature significantly influences the CO2 capture performance and carbon content of NaCH hybrids, with NaCH-923 exhibiting the best characteristics. NaCH-923, being a solid adsorbent, can efficiently capture CO2 at ambient temperature and pressure with high selectivity for CO2 and without the problem of equipment corrosion that exists with liquid adsorbents currently used in industries. Moreover, these characteristics allow for its widespread application in various configurations, environments, and diverse industrial settings.

"By transforming Na2CO3, which already has a good CO2 capture capacity, into a nanocomposite, it became possible to improve the reaction rate and reduce the decomposition and regeneration temperature. This enables the use of factory waste heat for regeneration at around 80 degC, giving us an energy-cost efficient CO2 capture system," concludes Prof. Kanoh.

About Professor Hirofumi Kanoh

Hirofumi Kanoh is a Professor at the Graduate School of Science, Chiba University, Japan. He heads the 'Kanoh Lab' or the Molecular Chemistry Lab at the Department of Chemistry. His core research specialization is in physical chemistry with a focus on the creation and characterization of novel nanoporous solids. His research aims to develop new molecular science that can help protect the Earth's environment by utilizing nanospace in solids, and to create basic science aimed at understanding and applying new functions of nanospace and nanostructured materials. He has over 300 publications and over 45 patents in the field of nanochemistry.
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Harnessing big data helps scientists home in on new antimicrobials | ScienceDaily
Researchers have developed a strategy to identify new antimicrobial drugs with therapeutic promise from bacterial datasets, providing clues for discovering alternatives to traditional antibiotics.


						
The study, published today as a Reviewed Preprint in eLife, represents a valuable new strategy for identifying novel lysins (enzymes produced by phages during infection) with antimicrobial activity, according to the editors. They describe the strength of evidence as solid for the therapeutic potential of two such lysins discovered during the study -- PHAb10 and PHAb11. They add that the findings will be of general interest to microbiologists to explore in more detail.

Antibiotic resistance, where microorganisms that cause disease evolve to survive the treatments that once killed them, represents a global public health concern. The overuse of antimicrobial agents in humans, livestock and industrial agriculture is the main reason for the spread and accumulation of this resistance.

"Lysins, which are derived from phages -- viruses that infect and replicate within bacteria -- have antimicrobial effects and are considered to be a promising alternative to antibiotics, due to their low risk of resistance and the unique way in which they work," says lead author Li Zhang, a PhD candidate at the National Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan, China. "However, the discovery of lysins to treat infections is hampered by a limited amount of published phage genome data."

Recent studies on lysins have linked their antimicrobial activity to their internal peptides -- short chains of up to 50 amino acids with antimicrobial peptide-like architecture. This led Zhang and colleagues to see if they could identify new lysins with antimicrobial activity by scanning datasets of bacterial proteomes -- that is, the entire set of proteins expressed by the genome in bacteria -- rather than the genomes themselves.

The team used P307, a well-documented antimicrobial peptide, as a template to search for new antimicrobial lysins in the proteome database for the bacteria Acinetobacter baumannii (A. baumannii). This database is publicly available from the National Center for Biotechnology Information. The work uncovered five new lysins with antimicrobial potential: PHAb7-11. In particular, PHAb10 and PHAb11 showed the most promise from the team's initial tests.

To evaluate the antimicrobial activity of the five lysins, the team chemically synthesised their gene-coding sequences and expressed them in Escherichia coli (E. coli)cells. They then tested their activity against three species of bacteria: A. baumannii, P. aeruginosa and E. coli. This revealed that, even at low concentrations, the lysins had high antibacterial activity.




The next step was to evaluate the antibacterial activity of PHAb10 and PHAb11 under different conditions. Previous reports have shown that lysins perform differently against bacteria in the exponential and stationary life phase. In the stationary phase, bacterial reproduction and growth levels off as resources become limited, while in the exponential phase, bacteria rapidly multiply when there are plenty of resources and optimal conditions. For PHAb10 and PHAb11, the team observed robust antibacterial activity against six different cultures of bacteria, in both the stationary and exponential phases. Importantly, these lysins were effective regardless of whether the bacterial cultures were resistant to traditional antibiotics or not.

The team also discovered that both PHAb10 and PHAb11 retained significant antibacterial activity after heat treatment at 100? for one hour, unlike PHAb7, PHAb8 and PHAb9, which lost their effect under these conditions. To understand the thermostability of PHAb10, the team used X-ray crystallography to glean an insight into its crystal structure. They discovered that PHAb10 underwent a folding-refolding process during heat treatment, where dimeric units of its structure pair off under heat stress to increase stability and return to dimeric units when cooling. This switching is mediated by seven pairs of intermolecular interactions and is somewhat similar to the opening and closing of a zipper. Finally, the team tested PHAb10 against two mouse models of bacterial infection, finding that it safely and efficiently cleared the bacterial infection and therefore demonstrated its therapeutic potential.

eLife's reviewers have emphasised the need for further tests to improve the robustness of the team's findings, such as a live/dead assay -- a method that uses fluorescent dyes to differentiate between live and dead bacterial cells. This would provide greater insight into how effectively the lysins kill bacteria.

"Our work demonstrates that daily updated big data, such as bacterial genomes and proteomes, could be a crucial tool in the fight against antibiotic resistance," says senior author Hang Yang, a professor at the Key Laboratory of Virology and Biosafety, Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan, China. "We used our screening strategy to successfully identify new antimicrobial lysins with therapeutic promise. PHAb10 and PHAb11 are highly thermostable lysins, with a broad spectrum of antimicrobial action. If future studies validate our findings, these lysins could be explored further as potential therapeutic treatments."
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E. coli variant may cause antimicrobial resistance in dogs, humans | ScienceDaily
Researchers studying antimicrobial-resistant E. coli -- the leading cause of human death due to antimicrobial resistance worldwide -- have identified a mechanism in dogs that may render multiple antibiotic classes ineffective.


						
The paper, which will publish July 16 in the journal Applied and Environmental Microbiology, opens up new avenues for therapies to treat both animals and humans -- and establishes clinical infections in dogs as a surveillance approach for public health.

The research team analyzed more than 1,000 genomes of the resistant E. coli pathogen isolated from sick dogs and identified a set of genes that evolutionary selection tests revealed were becoming obsolete in the genome and were losing function. But in an unusual twist, the loss of function may have repurposed this set of genes to create conditions that trap antibiotics in E. coli's cell membrane, preventing them from entering the bacteria.

"I like to think of it as a serendipitous event of evolution, because it appears that these capsule proteins have been repurposed to trap antibiotics," said Laura Goodman, assistant professor at Cornell University and the paper's senior author.

"What appears to be happening is that we're looking at a loss of function mutation that is potentially conferring a new phenotype unrelated to its original purpose," she said.

This study may not only help improve canine health but is also an example of how dogs serve as an important model for human health.

Dogs tend to share similar E. coli strains as their owners and are treated with similar antibiotics. Two particular classes of antibiotics -- third generation cephalosporins and quinolones -- are considered critically important by the World Health Organization. Clinicians and public health experts are particularly concerned about overuse of these drugs in veterinary medicine; although there are no legal restrictions on using these drugs in dogs, big efforts have been made to promote good stewardship of these treatments.




The researchers hypothesized that mechanisms affecting those classes of drugs identified in dogs would also be important for humans, Goodman said. "When we looked for this genetic variant in human infections, we found many of them in hospital and public surveillance data of E. coli and Klebsiella infections in people," she said.

Researchers may now explore potential new drug targets that would prevent the pore in the E. coli membrane channel from closing, allowing antibiotics to freely move inside the cell.

The study is unique in that it provides a mechanistic understanding of antibiotic resistance and fills important gaps in surveillance for human E. coli infections using leftover clinical samples from dogs that were collected as part of routine care, Goodman said.

The study was supported and performed in collaboration with the U.S. Food and Drug Administration's Veterinary Laboratory and Response Network.
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Local dragonflies expose mercury pollution patterns | ScienceDaily
A new study has unveiled surprising findings about mercury pollution: where it comes from and how it moves through the environment vary significantly depending on the ecosystem. In drier regions, most mercury is deposited through rain and snow. In wetter, forested areas, gaseous mercury from the air sticks to leaves, which then fall and carry the toxin into the ground.


						
Scientists from the U.S. Geological Survey, National Park Service, the Appalachian Mountain Club and public participants made this discovery by examining an unexpected indicator: dragonflies. Their findings were published today in the journal Environmental Science & Technology.

Mercury contamination is a global concern, coming from both natural sources and human activities. Mercury accumulates in living organisms, becoming more concentrated as it moves up the food chain from smaller to larger animals. The toxin can harm both humans and animals, damaging brain development in the young, affecting adult health and interfering with reproduction.

The study used the Dragonfly Mercury Project, a nationwide program that works with public participants to collect dragonfly larvae for mercury analysis. Citizen scientists and community volunteers in 150 National Parks helped collect and measure dragonfly larvae from more than 750 sites, turning a fun outdoor activity into valuable scientific data. Samples were analyzed using a state-of-the-art instrument capable of detecting different types of mercury in dragonfly larvae. The chemical signature of mercury from different sources is as unique as a fingerprint and can be used to reveal how mercury reached the area. This collaborative effort can help to inform resource management decisions while improving public awareness of environmental issues.

Sarah Janssen, USGS scientist and lead author of the study, said: "These groundbreaking findings have reshaped our understanding of mercury delivery within protected lands, particularly in dry ecosystems. By using cutting-edge technology and working with public participants, we were able to uncover surprising results that have the potential to change how mercury is monitored and managed at a global scale."

While previous studies have focused on measuring mercury levels in fish and birds, recent research demonstrates that dragonfly larvae are a more cost-effective, accessible and widespread accurate indicator of mercury contamination. As larvae, dragonflies are found in nearly every aquatic habitat, including areas where fish are rare, such as deserts. Understanding how the mercury moves through different ecosystems is critical in predicting how concentrations in organisms will respond to declining mercury emissions.

Richard Haeuber, a scientist at the U.S. Environmental Protection Agency's clean air and power division, said: "This study significantly enhances our understanding of how various ecosystems receive atmospheric mercury. It provides resource management agencies with new insights to better align and optimize their monitoring methods based on the primary sources and pathways of mercury in specific locations."

The implications of this study extend beyond the borders of the United States, as findings can inform global efforts to address mercury pollution under the Minamata Convention. This international treaty aims to protect human health and the environment from mercury's harmful effects and could benefit from insights on ecosystem-specific mercury deposition and using dragonflies as global monitoring tools.




Complementing these findings, scientists recently discovered surprisingly high mercury levels in desert dragonflies, challenging previous assumptions that arid regions were low-risk for mercury contamination. This highlights the importance of further studying arid regions for mercury and contaminant cycling.

Colleen Flanagan Pritz, NPS ecologist and co-author of the study, emphasized the broader implications of these findings for park lands: "National parks are not only iconic symbols of our natural heritage but also critical refuges for biodiversity. By engaging the public in data collection for this novel study in parks, we have gained invaluable insights into the impacts of mercury pollution on these ecosystems and the tools to protect them. This is a shining example of how citizen science can drive meaningful conservation outcomes and inform park management."

As scientists continue to unravel the complexities of mercury pollution in our environment, the unexpected insights provided by dragonflies highlight the importance of collaborative research and the power of public participation in protecting our planet's ecosystems.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240716122715.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Unlocking the mystery of preexisting drug resistance: New study sheds light on cancer evolution | ScienceDaily
The evolution of resistance to diseases, from infectious illnesses to cancers, poses a formidable challenge.


						
Despite the expectation that resistance-conferring mutations would dwindle in the absence of treatment due to a reduced growth rate, preexisting resistance is pervasive across diseases that evolve -- like cancer and pathogens -- defying conventional wisdom.

In cancer, it is well known that small numbers of drug-resistant cells likely exist in tumors even before they're treated. In something of a paradox, before treatment, these mutants have been repeatedly shown to have lower fitness than the surrounding ancestor cells from which they arose. It leads to a scenario that seems to break Darwin's rules: Why do these least fit cells survive?

In a new study, researchers at Case Western Reserve University and Cleveland Clinic reveal a fascinating discovery: Interactions between these mutants and their ancestors, like two species in an ecosystem, may hold the key to understanding this paradox.

Their findings suggest these ecological interactions play a pivotal role in reducing the costs of resistance, providing a path to survival for preexisting resistance. And not just in lung cancer, but across various biomedical contexts where drug resistance is a challenge, including other cancers, pathogens and even parasites.

The study

Combining computer simulations and analytical results, the study establishes a mathematical framework to examine the impact of these ecological interactions on the evolutionary dynamics of resistance.




"This is a really exciting finding because it settles some fundamental disagreements between classical population genetics and theoretical ecology," said the study's principal investigator Jacob Scott, staff physician-scientist at Cleveland Clinic and an associate professor of physics and medicine at Case Western Reserve. Scott is also associate director for data science at the Case Comprehensive Cancer Center.

The study also highlights the clinical relevance of these findings by genetically engineering common resistance mechanisms observed in non-small-cell lung cancer, a disease notorious for preexisting resistance to targeted therapies, and the leading cause of cancer death in the United States.

Each genetically engineered cancer cell line experienced a benefit from being with its ancestor, in the group's evolutionary game assay when cultured with their treatment sensitive ancestor, just as the new theory predicted -- bringing closure to the paradox.

"Our findings offer an attractive new hypothesis for why treatment resistance is so common: The resistant cells are saved from extinction by the other cells surrounding them through an ecological mechanism," said Jeff Maltas, the study's lead author and a post-doctoral fellow at Case Western Reserve. "These results provide a novel treatment strategy: designing treatments that disrupt the ecological interaction that allows resistance to gain a foothold in the first place, rather than developing new drugs for increasingly resistant populations."

This multidisciplinary research, including physics, genetics, theoretical ecology and mathematical oncology, published in PRX Life, represents a significant step toward understanding resistance evolution. The hope is it may lead to innovative approaches to fighting cancer and infectious diseases, the researchers said.
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American diets got briefly healthier, more diverse during COVID-19 pandemic, study finds | ScienceDaily
American diets may have gotten healthier and more diverse in the months following the start of the COVID-19 pandemic, according to a new study led by Penn State researchers.


						
The study -- published in PLOS ONE -- found that as states responded to the pandemic with school closures and other lockdown measures, citizens' diet quality improved by up to 8.5% and food diversity improved by up to 2.6%.

Co-author Edward Jaenicke, professor of agricultural economics in the College of Agricultural Sciences, said the findings provide a snapshot of what Americans' diet and eating habits might look like in the nearly complete absence of restaurant and cafeteria eating.

"When dine-in restaurants closed, our diets got a little more diverse and a little healthier," Jaenicke said. "One post-pandemic lesson is that we now have some evidence that any future shifts away from restaurant expenditures, even those not caused by the pandemic, could improve Americans' food diversity and healthfulness."

Prior to the pandemic, the researchers said, the average U.S. diet was considered generally unhealthy. According to the Dietary Guidelines for Americans, eating patterns in the U.S. have remained far below the guidelines' recommendations, with only slight improvements in the population's average Healthy Eating Index score between 2005 and 2016.

Also, before the pandemic, the research team was in the midst of a grant-funded project that asked how people would feed themselves after a giant global catastrophe, such as an asteroid strike or nuclear war. In particular, Jaenicke's team was tasked with investigating how consumers and food retailers might behave during such a disaster.

"At first, the most impactful events we could study using actual, real-world data were hurricanes and other natural disasters," Jaenicke said. "But then, along came the COVID-19 pandemic, and we realized that this event was an opportunity to study the closest thing we had to a true global catastrophe."

For the study, the researchers analyzed data from the NielsenIQ Homescan Consumer Panel on grocery purchases, which includes 41,570 nationally representative U.S. households. Data consisted of the quantity and price paid for every universal product code each family purchased during the study period.




Data was gathered from both before the pandemic hit and after the pandemic led to schools, restaurants and other establishments temporarily closing. Because states did not respond to the pandemic simultaneously, the researchers designated each household's post-pandemic period as the weeks following the date that their county of residence closed schools in 2020.

Jaenicke noted that this allowed the team to show a true causal effect of the pandemic school closures, which generally occurred around the same time that restaurants and other eateries also closed.

"To establish causality, an individual household's pre- and post-pandemic food purchases were first compared to the same household's food purchases from one year earlier," Jaenicke said. "This way, we controlled for the food-purchasing habits, preferences and idiosyncrasies of individual households."

The researchers found that in the two to three months following pandemic-based school closures -- spanning March to June 2020, depending on the specific U.S. state -- there were modest increases in Americans' food diversity, defined as how many different categories of food a person eats over a period of time.

They also found larger, temporary increases in diet quality, meaning the foods purchased were healthier. This was measured by how closely a household's purchases adhered to the U.S. Department of Agriculture's (USDA) Thrifty Food Plan, which was designed to meet the requirements of the recommended healthy diet according to the Dietary Guidelines for Americans.

These patterns were found across households with many different demographics; however, those households with young children, lower incomes and without a car exhibited smaller increases in these measures.




"During the COVID-19 pandemic, dine-in restaurants closed, schools and school cafeterias closed, and many supermarket shelves were empty," Jaenicke said. "Since about 50% of Americans' food dollars are spent on 'away from home' food from restaurants and cafeterias, the pandemic was a major shock to the food system."

The researchers said there are several possible explanations for these findings. First, because other studies have found that food from restaurants is often less healthy than food made at home, the dramatic decrease of meals eaten at and purchased from restaurants during the pandemic could have contributed to an increase of food diversity and healthfulness at home.

Second, they said it was possible that a global pandemic triggered some consumers to become more health conscious and contributed to them buying healthier, more diverse groceries. Third, because the pandemic caused widespread disruptions to the supply chain, it's possible that when familiar products were sold out, consumers shifted to newer ones that led to increased diversity and healthfulness.

Finally, school and business closures may have led to many households having more time to cook and prepare foods than they had before, while others -- like those with small children -- may have had less free time than pre-pandemic.

Jaenicke said that in the future, additional studies could continue to explore how different disasters affect purchasing and eating habits.

Douglas Wrenn, associate professor of environmental and resource economics at Penn State, and Daniel Simandjuntak, research associate at Newcastle University, were also co-authors on the study.

Open Philanthropy helped support this research.
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Scientists discover missing piece in climate models | ScienceDaily
As the planet continues to warm due to human-driven climate change, accurate computer climate models will be key in helping illuminate exactly how the climate will continue to be altered in the years ahead.


						
In a study published in the Journal of Geophysical Research: Atmospheres, a team led by researchers from the UC Irvine Department of Earth System Science and the University of Michigan Department of Climate and Space Sciences and Engineering reveal how a climate model commonly used by geoscientists currently overestimates a key physical property of Earth's climate system called albedo, which is the degree to which ice reflects planet-warming sunlight into space.

"We found that with old model versions, the ice is too reflective by about five percent," said Chloe Clarke, a project scientist in UC Irvine professor Charlie Zender's group. "Ice reflectivity was much too high."

The amount of sunlight the planet receives and reflects is important for estimating just how much the planet will warm in the coming years. Previous versions of the model, called the Energy Exascale Earth System Model (E3SM), overestimated albedo because they did not account for what Clarke described as the microphysical properties of ice in a warming world.

Those properties include the effects things like algae and dust have on albedo. Dark-colored algae and dust can make snow and ice less reflective and less able to reflect sunlight.

To do the analysis, Clarke and her team studied satellite data to track the albedo of the Greenland Ice Sheet. They found that E3SM reflectivity overestimates the reflectivity of the ice sheet, "meaning the model estimates less melt than what would be expected from the ice microphysical properties," said Clarke.

But with the new ice reflectivity incorporated into the model, the Greenland Ice Sheet is melting at a rate of about six gigatons more than in older model versions. This is based on albedo measurements that are more consistent with satellite observations.

Clarke hopes her team's study stresses the importance of the seemingly minuscule properties that can have far-reaching consequences for the overall climate. "I think our work is going to help models do a much better job of helping us capture snow and ice-related climate feedbacks," she said.

Next, Clarke wants to study different icy parts of the planet to gauge how widespread the albedo discrepancy is in E3SM. "Our next steps are to get it so it is functional globally and not just valid over Greenland," said Clarke, who also intends to compare the new Greenland Ice Sheet melt rates to observations to measure how much more accurate the new ice albedo is. "It would be useful to apply it to glaciers in places like the Andes and Alaska."

Additional authors include Raf Antwerpen (Lamont-Doherty Earth Observatory), Mark G. Flanner (University of Michigan), Adam Schneider (National Oceanic and Atmospheric Administration), Marco Tedesco (Lamont-Doherty Earth Observatory) and Charlie S. Zender (UC Irvine). Funding information is listed in the study.
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Producing hydrogen and fertilizer at the same time | ScienceDaily
A research team from the University Alliance Ruhr, Germany, has found a catalyst that can be used to convert ammonia into the energy carrier hydrogen and the fertilizer precursor nitrite. The production of hydrogen and the production of fertilizer have so far been separate chemical processes. With the new approach, the team from Ruhr University Bochum and the University of Duisburg-Essen is demonstrating that the two can be combined on a laboratory scale. The Bochum-based group led by Ieva Cechanaviciute and Professor Wolfgang Schuhmann reports on the results together with Bhawana Kumari and Professor Corina Andronescu from the University of Duisburg-Essen in the journal Angewandte Chemie International Edition from 23 June 2024.


						
Hydrogen can be produced by splitting water (H2O) into hydrogen (H2) and oxygen (O2) using electrical energy. To make this process sustainable, the energy should come from renewable sources. "This can only be done in a country where there is plenty of space for wind power and lots of sun for photovoltaics, for example in Namibia," explains Wolfgang Schuhmann. In order to build an economy based on hydrogen in Germany, it must therefore be imported from distant countries. The crux of the matter is that a lot of energy is needed to liquefy hydrogen for transport, as it only becomes liquid at extremely low temperatures of minus 253 degrees Celsius or high pressures.

Ammonia is easier to transport than hydrogen

Alternative concepts therefore envisage converting hydrogen into ammonia at the production site, as this becomes liquid at minus 33 degrees Celsius. It also has a higher energy density. "A tanker full of liquid ammonia would transport around 2.5 times more energy than a tanker full of liquid hydrogen," explains Schuhmann. Finally, ammonia would have to be converted back into hydrogen at the point of use. This is usually done using the reverse Haber-Bosch reaction, in which ammonia (NH3) is converted into nitrogen (N2) and hydrogen (H2). Of the two products, however, only the hydrogen can be utilized profitably.

Double the hydrogen yield

"We therefore had the idea of combining the reverse Haber-Bosch reaction with a second electrolysis of water to produce a product that can easily be used for the production of fertilizer, such as nitrite or nitrate, instead of nitrogen," explains Ieva Cechanaviciute. In this reaction, ammonia (NH3) and water (H2O) are consumed to produce nitrite (NO2-) and hydrogen (H2). In contrast to the reverse Haber-Bosch reaction, the hydrogen output is doubled and instead of non usable nitrogen, mainly nitrite is produced, which can be further processed into fertilizer.

For the reaction, the team used gas diffusion electrodes into which ammonia can be fed as a gas. "This had never been done before," explains Wolfgang Schuhmann. "Ammonia was always used in dissolved form."

Overcoming the thermodynamic canyon

One challenge for the researchers was to find a suitable catalyst with which their idea could be realized. This is because the starting material NH3 tends to convert into nitrogen due to the very strong nitrogen-nitrogen triple bond and not into nitrite. "We first had to bridge this thermodynamic Grand Canyon," explains Cechanaviciute. In earlier work, the team had already experimented with multi-metal catalysts, which proved to be suitable for this purpose. They were able to convert 87 per cent of the transferred electrons into nitrite. The team also managed to avoid oxygen as an undesirable by-product of water electrolysis.

"Our work shows that our Gedanken-experiment can work in principle," summarizes Wolfgang Schuhmann. "But we are still a long way from technical implementation on an industrial scale."
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History shows that humans are good for biodiversity... sometimes | ScienceDaily
Humans have been an important driver of vegetation change over thousands of years, and, in some places, had positive impacts on biodiversity, according to a new study.


						
Researchers at the University of York utilised a global pollen dataset to help understand the variety of plant communities dating back to around 12,000 years ago, the beginning of the period known as the Holocene. 

Over this time period up until the start of the Industrial Revolution, the speed that different types of plants changed within a community accelerated with increased human land use in all continents, suggesting that humans have been an important driver of vegetation change.

However, the team's analysis of data from pollen records revealed that the nature of these changes varied geographically. 

Plant communities became increasingly diverse across most of the northern hemisphere, linked to human activity over the period, but in Africa, South America and some parts of North America, increased human land use saw a fall in plant diversity, whilst locations with more limited human land use saw increases in diversity.

Jonathan Gordon, postdoctoral researcher at the University of York's Leverhulme Centre for Anthropocene Biodiversity, who led the study along with experts from the Department of Archaeology and the Department of Mathematics, said: "When we read headlines about threats of extinction to animal or plant life, human activity is often cited as one of the main reasons for the decline. 

"While it is absolutely true that the vast majority of extinctions taking place since 1500 have been driven by humans, over longer time periods the effects of humans on local and regional biodiversity are positive in many areas."

The study showed that farming and forestry practices interacting with regionally-specific plant communities resulted in increased diversity in many of the once-forested areas of the northern hemisphere, where partial clearing of trees to make way for animals, crops and homesteads increased the diversity of habitats and made space for light-loving plants. 




Jonathan said: "We see a slightly different picture in open grasslands and savannas, compared to forested areas, however, and this could be because it is more challenging for humans to diversify plant life by planting trees, compared with chopping trees down in forested regions. In these areas, biodiversity only benefited with less intense forms of human use."

The research calls for a more varied approach to increasing biodiversity across the globe, with evidence from thousands of years of human interactions with the Earth's ecosystems being taken into account in new and future environmental policy.

Professor Chris Thomas, from the Leverhulme Centre for Anthropocene Biodiversity, said: "The common assumption when tackling biodiversity issues is that human influence needs to be removed in order for the environment to thrive as nature intended it to.

"In many places biodiversity thrives because of many thousands of years of human activities, and in others it can suffer, and so it is important to know the differences in order to develop appropriate conservation policies." 

Jonathan added: "In a European context, for example, this work suggests that low-intensity, traditional farming methods practised over multiple millennia resulted in elevated biodiversity levels. Encouraging traditional methods and reintroducing them in locations where they have now been abandoned, could be part of future conservation strategies that seek to include, rather than reject out of hand, humans from diverse ecological systems."

The research is published in the journal Nature Ecology and Evolution.
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New geological datings place the first European hominids in the south of the Iberian Peninsula 1.3 million years ago | ScienceDaily
One of the most important controversies about human evolution and expansion is when and by what route the first hominids arrived in Europe from the African continent. Now, geological dating techniques at the Orce sites (Baza basin, Granada, Spain) place the human remains found in this area as the oldest in Europe, at approximately 1.3 million years old. These results reinforce the hypothesis that humans arrived in Europe through the south of the Iberian Peninsula, through the Strait of Gibraltar, instead of returning to the Mediterranean via the Asian route. The study, led by Lluis Gibert, researcher and lecturer at the University of Barcelona's Faculty of Earth Sciences, has involved the participation of researchers from the Berkeley Geochronology Centre and Murray State University (United States).


						
Analysis of a new sampling area

The new dating has been based on the analysis of the paleomagnetism of an area of the Orce region, which has never been sampled before and which has been protected from the erosion that this basin has suffered over the years. This technique is a relative dating method based on the study of the inversion of the magnetic poles of the planet due to the internal dynamics of the Earth. These changes do not have a specific periodicity, but they are recorded in the minerals and make it possible to establish time periods from the different magnetic events.

These new data are very precise thanks to the long sedimentary sequence that outcrops in Orce. "The uniqueness of these sites is that they are stratified and within a very long sedimentary sequence, more than eighty metres long. Normally, the sites are found in caves or within very short stratigraphic sequences, which do not allow you to develop long palaeomagnetic sequences in which you can find different magnetic reversals," says Lluis Gibert.

The researchers have been able to identify a magnetic polarity sequence "with five magnetic events that allow them to place the three Orce sites with human presence between the Olduvai and Jaramillo subchron, that is, between 1.77 and 1.07 million years ago (Ma)," says the researcher. Subsequently, they have applied a statistical age model to accurately refine the chronology of the different stratigraphic levels with a margin of error of only 70,000 years. The result of this innovative methodology is that the oldest site with human presence in Europe would be Venta Micena with an age of 1.32 Ma, followed by Barranco Leon, with an age of 1.28 and finally Fuente Nueva 3, with an age of 1.23 Ma. "With these data, the other major site on the peninsula, the Sima del Elefante in Atapuerca, would be relegated to second place, far behind Orce, between 0.2 and 0.4 Ma more modern," adds the researcher.

Fauna underpins the antiquity of the site

To complete the dating, the study has also analyzed the fauna found at the different sites in Orce, as this is different depending on the period, and compared it with that found at other Early Pleistocene sites in other parts of Europe.




In this sense, the paper presents a detailed analysis of the micromammals and large mammals from all the Orce sites, carried out by the expert Robert Martin, based on the palaeontological collections stored at the Museum of the Catalan Institute of Palaeontology Miguel Crusafont (IPS) in Sabadell. "The results indicate that the small and large fauna of Orce is more primitive than, for example, that of the Sima del Elefante, where the evidence shows that the rodent Allophaiomys lavocati is more evolved than the Allophaiomys recovered from the Orce sites," Gibert explains.

Another relevant indicator of the age of the Orce sites is the absence of the ancestors of the pigs. "These animals are considered to be Asian immigrants and have not been found in any European site between 1 and 1.5 Ma, while they have been found in the Sima del Elefante, supporting that the Orce fauna is older," explains the researcher.

Evidence pointing to passage through Gibraltar

This new dating would be added, according to the researcher, to other evidence that would tip the balance in favour of the colonization of Europe through the Strait of Gibraltar, rather than the alternative route: the return to the Mediterranean via Asia, such as "the existence of a lithic industry with similarities to that found in the north of the African continent and also the presence of remains of African fauna in the south of the peninsula, such as those of Hippopotamus, found in the sites of Orce, and those of Theropithecus oswaldi, an African primate similar to a baboon, found in the Victoria cave, a site near Cartagena (Murcia), non-existent anywhere else in Europe."

"We also defend the hypothesis -- adds the researcher -- that they arrived from Gibraltar because no older evidence has been found at any other site along the alternative route."

These new data are very precise thanks to the long sedimentary sequence that outcrops in Orce.




Similarity with hominids from the island of Flores

With these results, the researchers point to a "diachronism" between the oldest occupation of Asia, measuring 1.8 Ma, and the oldest occupation of Europe, which would be 1.3 Ma ago, so that African hominids would have arrived in southwestern Europe more than 0.5 Ma after leaving Africa for the first time about 2 Ma ago. "These differences in human expansion can be explained by the fact that Europe is isolated from Asia and Africa by biogeographical barriers that are difficult to overcome, both to the east (Bosphorus Strait, Dardanelles, Sea of Marmara) and to the west (Strait of Gibraltar). Humanity arrived in Europe when it had the necessary technology to cross maritime barriers, as happened before a million years ago on the island of Flores (Indonesia)," says Gibert. In this sense, the researcher adds that the Gibraltar route currently requires crossing up to fourteen kilometres of sea route, but "perhaps in the past this distance was shorter at certain times due to the high tectonic activity in this region and the fluctuations in sea level that favoured migrations."

"As cited in the paper -- he adds -- , we have identified other migrations of African fauna through Gibraltar at earlier times, 6.2 and 5.5 Ma ago when the Strait of Gibraltar was very narrow."

Human remains in Orce

A total of five human remains were found at the Orce sites since excavations began in 1982 by the palaeoanthropologist Josep Gibert. Firstly, two fragments of humerus bitten by hyenas were found at Venta Micena, as well as parts of a cranial fragment consisting of two parietals and an occipital, associated with an abundant Early Pleistocene fauna. The human provenance of these remains generated great controversy for years, although independent palaeoproteomic studies by the universities of Granada and San Francisco identified human proteins in the remains.

The subsequent discovery at the nearby sites of Barranco Leon and Fuente Nueva 3 of two human molar teeth and thousands of Olduvayan lithic tools -- one of the first human lithic industries -- as well as cut marks on bones "served to consolidate the evidence of the presence of hominids in the Early Pleistocene at Orce," concludes Lluis Gibert.
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Loss of oxygen in lakes and oceans a major threat to ecosystems, society, and planet | ScienceDaily
Oxygen is a fundamental requirement of life, and the loss of oxygen in water, referred to as aquatic deoxygenation, is a threat to life at all levels. In fact, in research recently published in Nature Ecology and Evolution, Rensselaer Polytechnic Institute's Associate Professor Kevin Rose, Ph.D. and his collaborators describe how ongoing deoxygenation presents a major threat to the stability of the planet as a whole.


						
Previous research has identified a suite of global scale processes, referred to as Planetary Boundaries, that regulate the overall habitability and stability of the planet. These processes include things such as climate change, land use change, and biodiversity loss. It has been argued that if critical thresholds in these processes are passed, then major ecological, economic, and social challenges are likely to result. Importantly, Rose and collaborators argue that aquatic deoxygenation both responds to, and regulates, other Planetary Boundary processes.

"It's important that aquatic deoxygenation be added to the list of Planetary Boundaries," said Rose. "This will help support and focus global monitoring, research, and policy efforts to help our aquatic ecosystems and, in turn, society at large."

Across all aquatic ecosystems, from streams and rivers, lakes, reservoirs, and ponds to estuaries, coasts, and the open ocean, dissolved oxygen (DO) concentrations have rapidly and substantially declined in recent decades. Lakes and reservoirs have experienced oxygen losses of 5.5% and 18.6% respectively since 1980. The oceans have experienced oxygen losses of around 2% since 1960 and, although that number is smaller, it represents a more geographically and volumetrically extensive mass. Marine ecosystems have also experienced substantial variability in oxygen depletion. For example, the midwaters off of Central California have lost 40% of their oxygen in the last few decades. The volumes of aquatic ecosystems affected by oxygen depletion have increased dramatically across all types.

"Aquatic deoxygenation is closely linked to changes in climate and land use," said Rose. "It is caused by decreases in the solubility of oxygen in water resulting from increasing temperatures, reduced deep-water ventilation due to stronger and longer stratification, and increases in oxygen-consuming respiration linked to both elevated temperature and enhanced inputs of nutrients and organic matter. Global warming and pollutants are disrupting biogeochemical processes in aquatic ecosystems and it is adversely affecting both freshwater and marine organisms."

Species experience physiological effects and entire food-webs can be transformed when deoxygenation occurs. Individual organisms often experience reduced sensory abilities, growth, body size, and reproduction. Low oxygen can also lead to widespread death and ecological impairment. Aquatic habitats with low oxygen levels are commonly referred to as "dead zones" because of their loss of life, which threatens ecosystem services like fishing, aquaculture, tourism, and cultural practices. Deoxygenation can also induce aquatic ecosystems to transition to alternative and undesirable states, characterized by harmful algal blooms and widespread anoxia, or lack of oxygen.

"We are approaching critical thresholds of aquatic deoxygenation that will ultimately affect several other Planetary Boundaries," said Rose, "DO regulates the role of marine and freshwater in modulating Earth's climate. Improving DO concentrations depends on addressing the root causes, including climate warming and runoff from developed landscapes. Failure to address aquatic deoxygenation will, ultimately, not only affect ecosystems but also economic activity, and society at a global level."

"Aquatic deoxygenation trends represent a clear warning and call to action that should inspire changes to slow or even mitigate this Planetary Boundary," said Curt Breneman, Ph.D., Dean of Rensselaer's School of Science. "Professor Rose's work will pave the way for further research and open the door to new regulatory actions."
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Building a roadmap to bioengineer plants that produce their own nitrogen fertilizer | ScienceDaily
Nitrogen fertilizers make it possible to feed the world's growing population, but they are also costly, harm ecosystems and require a lot of energy to manufacture. However, a few plants have evolved the ability to make their own nitrogen with the help of bacteria. A new study helps explain how they did it, not once, but multiple times.


						
According to lead author Heather Rose Kates, who conducted the research while working as a postdoctoral associate at the Florida Museum of Natural History, this is crucial information for researchers hoping to breed new plants that can obtain their own nitrogen.

"Breeding and crop improvement efforts often focus on a single model species, which can overlook the evolutionary context of traits," she said. Rather than learning everything we can about how one species produces nitrogen for the sake of expediency, this study suggests there may be several different genetic pathways that should be tested. "Only looking at what you could think of as one version of the trait could limit the effectiveness of engineering that trait in other plants."

Nitrogen is essential for all life on Earth, which can make it hard to come by. Stiff competition for the element in natural environments often means there isn't enough to go around, despite nitrogen being abundant in the atmosphere. Up to 78% of the air we breathe is composed of nitrogen that's locked away in a molecular form very few living organisms can directly use. The only cells on Earth capable of "fixing" atmospheric nitrogen are microbes known as diazotrophs.

Some plants have used that to their advantage. Around 17,000 plant species form a mutualistic relationship with diazotrophs. When these microbes infect roots, the plant forms knob-like structures, called nodules, around them. Inside, the bacteria receive sugar to grow, and in return they provide their host plant with nitrogen in a usable form.

This mutualistic relationship is primarily limited to one group of closely related plants known as the nitrogen-fixing clade -- but even among these related species, the trait is only intermittently present. Most plants with nitrogen-fixing symbiosis are legumes, or members of the bean family, a group that includes crops like soybeans, peanuts and clover. The few examples of non-legumes that can form nodules include members of the birch family, rose family and relatives of the gourd family.

Producing nodules is a genetically complex process, which has led many researchers to theorize the trait evolved only once in this group of closely related plants. If that's true, it could mean there's a single switch in the plants' genetic code, which could also turn on the ability to nodulate in species that lack this trait, such as many agricultural crops.




"When a trait involves a lot of genes and also has a high cost to the plant in terms of energy, which we know forming root nodules does, we expect there to be a strong selective pressure against evolving that trait. So, in that context, a single origin hypothesis makes sense," Kates said.

Kates and her colleagues tested this idea by recreating the evolutionary history of nodulating plants and their close relatives with genetic data. They analyzed DNA sequences from nearly 15,000 species and generated, to date, the largest tree of life constructed from scratch for this or any group.

Previous efforts to determine the number of times nodulation evolved were stymied by the sheer amount of data that needed to be analyzed. The team worked with so many herbarium specimens that they ended up developing an entirely new method to organize the information.

"We had basically two years to assemble 15,000 tissue samples from the nitrogen-fixing clade, sequence them and build a tree," said Robert Guralnick, a co-author of the study and curator of biodiversity informatics at the Florida Museum.

Many of the specimens were also old, collected nearly a century ago, which meant their DNA was often degraded or damaged. "But our approaches for extraction and sequencing were tuned for those issues," Guralnick said. "We were quite surprised about the generally high quality and quantity of recovery and usable genetic data from our samples."

Their results suggest that nodulation evolved in a two-step process. The ancestor of the group developed the basic genetic toolkit needed to produce nodules, which it passed on to all of its descendants.




But additional instructions were needed to set the machinery in motion and actually get nodules to grow. This second trait evolved not once, but at least 16 times. And just because a species gained the ability to grow nodules didn't mean they'd keep it forever; plants in the group lost their nodules on 10 separate occasions.

These findings suggest that nodulation is not controlled by a single genetic switch, but something more similar to a complex circuit breaker. For a plant to grow nodules, multiple switches have to be turned on.

The researchers were able to pinpoint and sequence many of the genes involved in growing nodules. The next step will be determining how these genes function and exactly what traits they code for.

"The overall goal is to use what we learned from these evolutionary studies to help us understand the underlying genetics and processes involved in nitrogen fixing symbiosis, and then use that information for engineering," said study co-author Pam Soltis, a curator at the Florida Museum.

Most commercial crops, such as wheat and rice, cannot form nodules and must rely on nitrogen fertilizer. Many studies on bioengineering the nodulating trait are modeled after legumes, but Doug Soltis, Florida Museum curator and study co-author, said this may not be the best approach.

"Our phylogenetic tree suggests you might want to look at other models. Nitrogen fixation might have evolved differently in legumes than it did in the rose family or birch family, so there may be different roadmaps," said Doug Soltis.
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Receptors make dairy cows a prime target for influenza | ScienceDaily
As highly pathogenic avian influenza has spread in dairy herds across the U.S., the virus is being detected in raw milk. A new study by a broad team of researchers at Iowa State University's College of Veterinary Medicine helps explain why.


						
Sialic acid, a sugar molecule found on the surface of some animal cells, acts as a receptor for influenza. Without sialic acid providing an entry point to attach, invade and infect, a flu virus is unlikely to find a potential host hospitable.

Before the recent HPAI outbreak in dairy herds, there was scant research into sialic acid levels in the mammary glands of cattle. Scientists had no reason to suspect the milk-producing organs would be a good target for influenza.

"In livestock, we hadn't usually looked in milk for viruses. Bacteria, sure. But not so much viruses," said Eric Burrough, professor of veterinary diagnostic and production animal medicine.

A team of Iowa State researchers who examined mammary gland samples from two infected cows found a rich supply of sialic acid, which could shed light on how the virus attaches to hosts and help develop measures to slow the illness' spread.

"We need to stop transmission, and one way to potentially do that is through milking machines. We're not sure that's involved with how this is spreading, but it's one hypothesis," said Todd Bell, professor of veterinary pathology.

All milk sold commercially in stores is pasteurized, and research consistently shows pasteurization neutralizes viruses such as influenza. But knowing cows are a biologically suitable home for the flu virus, particularly in their mammary glands, reiterates the dangers of consuming raw milk and raises questions about how milk from infected cows is discarded, Burrough said.




"The idea that the mammary glands are being passively infected is put to rest by this paper," he said. "They're pumping out tons of virus, and that's a risk."

While HPAI isn't usually deadly for cows, it's often fatal for birds. Since the start of the outbreak in the U.S., more than 97 million birds have been affected, according to the U.S. Department of Agriculture. Commercial poultry flocks where the virus is detected are typically euthanized.

The infected dairy cattle samples ISU researchers examined -- both mammary glands and respiratory tissues -- had receptors for flu strains that originate from birds as well as humans and pigs. The presence of both types of receptors poses added risks, as a single cell infected by avian and mammalian viruses could lead to potentially dangerous mutations, Bell said.

The study was published in the July edition of Emerging Infectious Diseases, the Centers for Disease Control and Prevention's peer-reviewed journal. Thirteen of its 14 co-authors are from Iowa State, including researchers and faculty from across the College of Veterinary Medicine. Another article in the same edition of Emerging Infectious Diseases -- with a list of co-authors that includes 10 ISU researchers -- describes the initial diagnosis of HPAI in dairy, a finding made at the ISU Veterinary Diagnostic Laboratory this spring.

Speedy teamwork in the face of new public health threats is essential, said Rahul Nelli, research assistant professor of veterinary diagnostic and production animal medicine.

"Having different departments coming together to collaborate was key for this study and will be key for future investigations," Nelli said.

Further research could involve influenza receptors in other species and organs, including a closer look at dairy cattle, Bell said. The just-published study is based on a handful of samples. Scientists' understanding of how influenza affects cattle will improve as more data is collected and herds are regularly screened.

"Surveillance will be really important moving forward, not only through this event but in the years to come," Burrough said.
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Wildfire smoke has a silver lining: It can help protect vulnerable tree seedlings | ScienceDaily
Forest scientists at Oregon State University studying tree regeneration have found that wildfire smoke comes with an unexpected benefit: It has a cooling capacity that can make life easier for vulnerable seedlings.


						
An OSU College of Forestry collaboration led by faculty research assistant Amanda Brackett made the discovery while working to determine the effect of forest canopy cover on summer maximum temperatures near ground level.

The study's goal was to describe how heat waves and other future climate conditions might affect canopy cover's influence on temperature. The scientists used previously established heat stress responses of seedlings from laboratory studies to look at temperature-induced stress to conifer seedlings and germinating seeds under different canopy conditions.

"Tree regeneration is an indicator of forest resilience and an important ecological process, but young seedlings are extra vulnerable to heat stress," Brackett said. "Our results show that while overstory canopy cover may help buffer temperature stress experienced by seedlings, extreme heat events and climate change still pose significant challenges -- and that wildfire smoke can actually be beneficial."

Brackett and colleagues Chris Still and Klaus Puettman created a metric called stress degree hours to show the duration and intensity of high temperatures that exceed levels that hinder tree regeneration.

"This work shows that widespread smoke from wildfires can lead to unanticipated beneficial effects by reducing sunlight at the surface and thus lowering the temperatures experienced by vulnerable tree seedlings, even during extreme summer weather like the 2021 heat dome period," said Still, a professor who studies climate change feedbacks and impacts on forests.

In summer 2021 the scientists examined 11 different stands of recently thinned, 50-year-old Douglas-fir in the Upper Blue River Watershed in western Oregon's Willamette National Forest, measuring air temperatures at 2 centimeters above ground on south-facing slopes. The study area was heavily affected by wildfire smoke in August 2021 because of the Middle Fork Complex and Washington Ponds fires.




Overall, and after accounting for the influences of topography, they found that for every 10% increase in canopy cover, maximum temperatures at 2 centimeters were 1.3 degrees Celsius lower, the odds of temperatures exceeding stress thresholds for conifer regeneration fell by one-fourth, and total stress degree hours decreased by 40%.

"Those reductions are large enough to be worthy of attention when managing for tree regeneration," Brackett said. "But data collected during the Pacific Northwest heat dome in June 2021 indicate that with various climate change scenarios and heat wave occurrences, temperatures will be unfavorable for regeneration regardless of canopy cover."

During the heat dome, the highest temperature near the soil surface the scientists recorded was 57.4 degrees Celsius, or just over 135 degrees Fahrenheit.

Smoke's impact on maximum and average near-surface temperature was similar to the temperature reduction caused by an increase of 15% in canopy cover, Brackett said.

The finding is line with the idea that while smoke can cause a range of concerns, fire is a natural forest occurrence with ecological upsides.

"Smoke absorbs and scatters incoming solar radiation, reducing how much reaches the forest floor, but we did not anticipate seeing this level of impact," she said. "That extra cooling effect may be important during extreme heat events when canopy cover and topography do not provide enough protection from harmful and potentially lethal temperatures in the understory."

Tree regeneration is a critical part of creating the diverse structure associated with healthy, multi-aged forests, she said, adding that the study highlights the need to consider conditions experienced by young seedlings when designing and implementing forest treatments.

"Managers need to understand how microclimate varies under a range of overstory conditions," Brackett said. "Given climate predictions, scientists and managers have to look for opportunities to increase individual tree and forest-level resilience to a hotter and more extreme climate. Wildfire smoke will continue to affect ecosystems and while we documented an unanticipated benefit, more work is needed to untangle other potential impacts."
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Widespread practice among athletes harms both performance and health | ScienceDaily
Whether selected to swim, row or run in the Olympics, or gearing up to ride in the Tour de France, achieving the 'right' weight has been a focal point of many elite athletes for decades. It could be to look lean and mean in a swimsuit or jersey, or to qualify for a certain weight category. But there is also a belief that losing weight enhances performance.


						
As such, it is a widespread phenomenon among athletes -- especially in endurance sports like running, swimming, cycling and rowing -- to reduce their dietary intake in the run-up to competition.

"It is particularly problematic among female endurance athletes. Many athletes focus heavily on weight in their respective sports. Consequently, they tend to go into short-term, but intense periods of weight loss with the expectation of performing better," says Professor Ylva Hellsten of the University of Copenhagen's Department of Nutrition, Exercise and Sports.

She and PhD student Jan Sommer Jeppesen are two of the researchers behind a new study on the effects of low energy availability among female athletes.

"We know that the phenomenon of not eating enough is associated with many things that are harmful to health -- including missed periods, compromised bone health and changes in metabolism. But there is still plenty that we don't know. As such, we investigated some of the possible consequences more closely," says Jeppesen, who is the study's lead author.

Reduced cycling performance

For the study, the researchers recruited twelve female triathletes, all of who had a normal energy intake. During one part of the trial, the athletes were given enough calories for 14 days, after which their performance was tested. The same athletes also went through a 14-day period during which they consumed only about 50% of their energy needs while sticking to their normal intensive training schedule.




During the period with insufficient calories, athletes lost an average of roughly 4% of their body weight, about half of which was muscle mass. And they experienced a loss in performance:

"The fourteen days of insufficient food intake reduced their performance by 7.7% in a 20-minute time trial on a bike, which is quite significant. And during a more intense short-term test, their performance slid by as much as 18%. So there is no doubt that this practice greatly impairs one's performance as an athlete, even over shorter periods of time," says Jan Sommer Jeppesen.

Weaker immune system

In addition to sports performance, the researchers examined the effects on athletes' immune function:

"Among other things, we saw that insufficient energy intake was associated with increased systemic stress. The athletes had a large increase in cortisol, a stress hormone, and a dramatically increased stress level in immune cells. This suggests that there is a quite severe impact on several aspects of the immune system if one doesn't eat enough. This may potentially contribute to athletes being more exposed to illness," says Jeppesen.

The researchers hope that the results of the study will help create more awareness of the phenomenon:

"Many coaches continue to pressure athletes to lose weight. For many years, it has been a part of the culture in the sports world -- and remains so. We need to shed light on the phenomenon and ask critically: What are we actually doing to our athletes both physically and psychologically?" says Ylva Hellsten.




Team Denmark to use the results

Team Denmark, the Danish elite sport organisation, welcomes the new research results with open arms.

"It focuses on a really important topic and challenges the attitude that lighter is always better. The theory and culture remains prevalent in many sports. I experience many athletes who trim their weight in the weeks leading up to a competition, but without understanding the consequences of doing so," says Majke Jorgensen, a sports nutritionist and manager at Team Denmark.

She sees the results as useful knowledge that can support a message that Team Denmark has been trying to promote:

"My experience is that elite athletes and coaches are curious, but need research that backs up any critiques of the phenomenon. Here, the fact that the test subjects are actual athletes is a major strength, so that the results can be transferred to the athletes and coaches that Team Denmark supports. We will use these results to support what we are already trying to communicate, both when we sit down with athletes one-on-one, as well as during workshops and presentations in these types of contexts," says Jorgensen.

THREE DAYS OF REFEEDING DOES NOT HELP 

After fourteen days of low energy availability (LEA), the athletes underwent a three-day "refeeding" period as part of the trial, during which they were provided plenty to eat.

"We had expected that the three days of enough food would restore their performance -- and maybe even improve it -- but there was absolutely no effect. Their performance was just as degraded as prior to the three days. This tells us that the negative effects cannot be reversed by quickly replenishing energy stores, which is a strategy used by many athletes," says Jeppesen.

WOMEN MORE VULNERABLE THAN MEN

According to the research literature, men tend to be more resilient when it comes to insufficient energy intake.

"Based upon the rather limited research in this area, it seems that men are able to tolerate reduced energy intake before it affects us negatively. This indicates that women in particular are a vulnerable population in this respect," says Jan Sommer Jeppesen.

The gender difference is partly due to the fact that low energy availability can cause a woman's estrogen levels to drop drastically. Since estrogen protects the circulatory system, muscles and bones, etc., estrogen loss has extensive effects on a woman's physiology. Ylva Hellsten points out that the harmful effects of not eating enough for long periods of time, especially in women, can therefore also be lifelong.
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Wildlife tracking technology that adheres to fur delivers promising results from trials on wild polar bears | ScienceDaily
Studying polar bears just became a lot easier with new "burr on fur" trackers which confirmed scientists' belief that subadult and adult males spend most of their time on land lazing around, conserving energy until the ice returns.


						
A multi-institutional research team led by York University and including the University of Alberta, Environment and Climate Change Canada, Manitoba Sustainable Development, Ontario Ministry of Natural Resources and Forestry, and Polar Bears International, used three different "burr on fur" prototypes to study their effectiveness.

The paper, "Telemetry without collars: performance of fur- and ear-mounted satellite tags for evaluating the movement and behavior of polar bears," published in the journal Animal Biotelemetry, details the first peer-reviewed examination of these new tracking devices that adhere to the fur of polar bears.

Studying polar bears is a difficult feat with current radio collars only suitable to be used on female bears leaving out a swath of the population, but new technology is providing researchers with a new tool which has confirmed the behaviour of adult male polar bears while on land waiting for the ice to form again.

Efforts to develop less-invasive tracking options and tools that could work on polar bears of both sexes and nearly all ages have been ongoing for years with varying success. Collars have been and remain the primary means of studying polar bear movements. More recently, ear tag transmitters have been used as a lighter-weight alternative. While both technologies serve an important role in helping study and conserve polar bears, researchers continually strive to develop methods that are both minimally invasive and provide quality data.

This led to a new tracking initiative known as "Burr on Fur," which began as a challenge from Polar Bears International to 3M scientists, the global science and manufacturing company behind Post-It notes, to create a temporary, simple method for affixing small tracking units to polar bear fur. Three "Burr on Fur" prototypes were recently tested on wild polar bears along the coast of Hudson Bay, Canada, alongside traditional ear tag transmitters.

The ear tag and "Burr on Fur" devices fill an important niche for scientists and wildlife managers. The new tags allow researchers to follow the movements of adult male and subadult polar bears, two groups that can't be studied using traditional satellite collars. Adult males can't wear collars because they slip off their cone-shaped necks and heads, and subadult bears grow too rapidly for safe collar use. Traditional ear tags are an alternative to collars. However, they currently require recapture to remove and, although rare, can pose a risk of injury to the ear. The new Burr on Fur tags are designed to be temporary, minimally invasive, and can be applied to both sexes and nearly all ages of polar bears.




"Successfully attaching telemetry tags to polar bear fur has never been done before, and we're excited to share the results of this innovative work," said Tyler Ross, lead author of the paper and researcher at York University, "The fur tags showed great promise, and give researchers the ability to study the behaviors and movements of polar bears that we have very little data on, like subadult and adult male bears."

Fifty-eight wild bears were tagged using ear tags and three distinct fur tag designs to compare both the duration of time the tags remained active while attached to the bears and the accuracy of the trackers. Applied alongside a traditional ear tag, which relied on an Argos Transmitter, the three fur tags were:
    	The Pentagon Tag: this five-sided device included five holes punched into its corners, allowing tufts of fur to be pulled through. It utilized an Argos Eartag Satellite Transmitter.
    	The SeaTrkr Tag: an oval-shaped tag that had 10 holes punched to allow 10 fur-tuft attachments. This design used an Iridium-linked Telonics GPS SeaTrkr-4370 transmitter.
    	The Tribrush Tag: a triangle tag outfitted with tubes along its borders, through which pipe brushes ensnared the fur, twisting it inside the tubes. This tag used the same Argos transmitter as the Pentagon tags.

The research took place from autumn 2016 to 2021 with bears handled near Churchill, Canada, by the Polar Bear Alert Program and researchers at the University of Alberta, supplemented with operations by researchers at Environment and Climate Change Canada, Ontario Ministry of Natural Resources and Forestry, York University, and Manitoba Sustainable Development in 2021-22 near the Manitoba-Ontario border.

"Our results are an important step in better understanding the movements and behavior of polar bears, especially adult male bears, which are difficult to track because they can't be fitted with satellite collars. Temporary, fur-mounted tags could also help track the movements of bears relocated after potentially coming into conflict with people, making these tags an important tool for conserving polar bears and keeping northern communities safe," says York University Associate Professor and Sustainable Environmental Management Coordinator Gregory Thiemann, the report's co-author.

The top-performing fur tag was the SeaTrkr Tag, which remained attached to the bears for an average of 58 days and had superior accuracy due to its use of GPS/Iridium technology. In second place, the Trishbrush Tags remained attached for an average of 47 days. However, for the Tribrush Tag, the times varied widely, with one falling off after only two days while another lasted 114 days -- the longest of all the tags.

Because they are permanently attached to the bears' ears, the traditional ear tags remained in place for 137 days on average, while the shorter-term fur-based trackers proved to be reliable for shorter periods. The fur tags proved useful for monitoring bear behavior, and show great promise for future use in tracking polar bears, especially those that must be relocated after approaching too close to communities. Further testing and refinement are also being conducted on bears in zoos and aquariums through Polar Bears International's Arctic Ambassador Center zoo and aquarium partners, allowing researchers to further refine the designs and see how they perform throughout different seasons. In the most recent round of zoo testing, a refined tag stayed on a bear for 75 days.

Data about Male and Subadult Polar Bears

The new data adds to our growing understanding of subadult and adult male polar bear movements and behaviors, which have been historically understudied because they cannot be safely collared for long periods. Findings confirm that adult and subadult male bears reduce their activity while on land, consistent with prior studies that showed bears spent approximately 70 to 90 per cent of their time resting during the ice-free period in Hudson Bay.

While the ear tags remained attached to the bears longer, the temporary and easily affixed fur tags give scientists a new tool for enhanced tracking of bears for purposes of both applied research and managing human-bear interactions. The tracking tech could be applied to other types of bears, supporting efforts to reduce human-bear conflict, and future applications could include testing on other species with fur. While traditional tracking methods, such as collars, will remain critical for longer-term studies, the fur tags will prove a valuable tool, particularly for understanding and managing increasing wildlife-human interactions as the climate warms.
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Big boost for new epigenetics paradigm: CoRSIVs, first discovered in humans, now found in cattle | ScienceDaily

"Most people know that each person has a unique set of genes or genome, but less known is that the expression of those genes is regulated by a system of molecular markings on the DNA - epigenetics -- that tells different cells in the body which genes to turn on or off," said co-corresponding author Dr. Robert A. Waterland, professor of pediatrics -- nutrition at Baylor's USDA/ARS Children's Nutrition Research Center. "We focus on DNA methylation -- the addition of methyl groups, the most stable epigenetic mark. DNA methylation differences between people can affect their risk of disease."

In 2019, Waterland and his colleagues discovered that the human genome contains special regions called CoRSIVs -- correlated regions of systemic interindividual variation. At CoRSIVs, levels of DNA methylation differ among people but are consistent across the different tissues within each person. This means that CoRSIV methylation can be measured in easily accessible tissues like blood, providing information on epigenetic regulation in internal organs like the brain, ovaries or liver.

Their earlier work reported nearly 10,000 CoRSIVs in the human genome and proposed that studying these novel regions is a powerful way to uncover epigenetic causes of disease. Indeed, CoRSIVs have already been associated with diverse health outcomes including cancer, thyroid function, cognition, type 2 diabetes, cleft palate, schizophrenia, childhood obesity and autism spectrum disorder.

In the current study, the researchers investigated whether cattle also have CoRSIVs. The team analyzed whole-genome DNA methylation sequencing data on multiple tissues of each of two Holstein cows. "The algorithm we developed indicated that cattle do indeed have CoRSIVs," said first author Wen-Jou Chang, bioinformatics analyst in the Waterland lab. "Even more exciting, we showed that cattle CoRSIVs share major hallmarks with those in humans, suggesting CoRSIVs are likely present in other mammals. The race is on to find them in other species, such as horses and pigs."

"We validated our computational findings by laboratory analysis of liver, kidney, brain and blood tissues from 20 different Holstein calves to confirm some of the CoRSIVs Wen-Jou identified," said Waterland, a member of the Dan L Duncan Comprehensive Cancer Center at Baylor. "This independent validation added great strength to the study."

Co-corresponding author Dr. Yi Athena Ren, assistant professor in the Department of Animal Science at Cornell University, said, "In recent decades, cattle agriculture has focused on genetic selection to achieve substantial advances in milk production. CoRSIVs may offer a new approach to improve the selection of traits that are desirable to the cattle industry in a sustainable way that reduces cost and environmental impacts."

"Cattle CoRSIVs, like those in people, are established early in life and are stable across the individual's life," Waterland said. "In newborn cattle, methylation patterns across subsets of CoRSIVs may be able to predict future performance. They may be associated with specific desirable traits, like abundant milk production, high female fertility, disease resistance or even heat tolerance, helping select individual calves with traits that will lead to increased productivity."




The researchers showed that, also as in humans, establishment of DNA methylation at cattle CoRSIVs is influenced by the environment of the early embryo. "This suggests that adjusting embryo culture conditions during assisted reproduction may provide opportunities to tailor agricultural outcomes by epigenetic engineering," Ren said. "In addition to assisting with the selection of desirable traits, CoRSIVs can help understand disease processes and individual variation among cattle. And, if, as we expect, CoRSIVs are a general feature of the mammalian genome, such agricultural opportunities are not limited to cattle."

Other contributors to this work include Maria S. Baker, Eleonora Laritsky, Chathura J. Gunasekara, Uditha Maduranga, Justine C. Galliou, Joseph W. McFadden, Jessica R. Waltemyer, Bruce Berggren-Thomas, Brianna N. Tate, Hanxue Zhang, Benjamin D. Rosen, Curtis P. Van Tassell, George E. Liu and Cristian Coarfa. The authors are affiliated with Baylor College of Medicine, Cornell University or the Agricultural Research Service -- USDA.

Funding for this project was provided by NIH/NIDDK (1R01DK125562), the USDA/ARS (CRIS 3092-5-001-059), and startup funding and a Schwartz Research Award from Cornell University.
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Study examines urban forests across the United States | ScienceDaily
In recent years, tree-planting campaigns have been underway in the United States, especially in cities, as part of climate mitigation efforts.


						
Urban forests can help improve air quality, generate cooling effects, and provide green spaces for outdoor recreation while also serving as an ecological habitat.

Just last year, the U.S. Forest Service announced a $1 billion campaign to expand access to trees and green spaces throughout the country, including in cities.

But a new Dartmouth-led study finds that some areas within urban forests in the U.S., may be more capable than trees growing around city home lawns in adapting to a warmer climate.

The findings are published in Frontiers in Ecology and the Environment.

The researchers were especially interested in understanding the various tree species in cities and correlations between native biodiversity and capacity for tree species to adapt to climate change in terms of water usage and tolerating droughts.

These implications are relevant given that droughts and water shortages in the U.S. are projected to become more frequent in the future.




Using previously published National Science Foundation (NSF) project data from six cities on how land-use changes have made urban areas similar -- in Boston, Baltimore, Los Angeles, Miami, Minneapolis-St. Paul, and Phoenix, Arizona -- the researchers analyzed tree and shrub species in large public parks with natural areas that were relatively unmanaged and residential yards. They also analyzed reference sites representing the native ecosystems of the region that have been replaced by urban landscapes. Each of the cities represents a different ecological biome, or community of plants and animals, in a particular climate.

When the researchers compared the tree species across the three land-use types within each of the cities, they found that species in parks and natural areas were more drought-tolerant and reflected greater native biodiversity than those in people's yards.

Most of the tree species found in residential yards were not only non-native, which can lead to species invasion in natural ecosystems, and were also low in drought tolerance and therefore may not be able to survive warmer temperatures expected in the future.

Prior research has found that approximately 30% of the land area in the U.S. is residential land, illustrating that trees planted in yards comprise a large percentage of the trees in an urban forest.

"There has been a lot of emphasis on tree planting in cities but what people are planting in their yards may not necessarily be sustainable in our warming climate," says lead author Giselle Mejia, a postdoctoral fellow in the Department of Environmental Studies at Dartmouth. "In terms of sustainability standards, we recommend planting trees that are more diverse, more native, and also more climate adaptable in the future."

"Planting trees that are drought tolerant and require less water than other species is something that should be considered," says Mejia.

This is already the case for especially dry cities like Phoenix and Los Angeles, which had the most drought-tolerant species in parks and reference sites than any of the other biomes.

Trees in the hottest cities, Los Angeles, Miami, and Phoenix, had the most species with low water-use capacity in addition to drought tolerance. These included the widely planted native species Cornus florida (flowering dogwood) and Magnolia grandiflora (southern magnolia) and non-native species, also known as introduced species, Pyrus calleryana (callery pear) and Schinus terebinthifolius (Brazilian pepper).

"We need to understand the characteristics that people are looking for when they choose a tree to plant in their yard, so that educational platforms and incentives can be created to help get people on board with planting trees that would benefit all of us and potentially adapt to future climate change," says Mejia.
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How domestic rabbits become feral in the wild | ScienceDaily
Researchers at the Texas A&M School of Veterinary Medicine and Biomedical Sciences (VMBS) have uncovered how natural selection "rewilds" domestic rabbits.


						
The study, published in Nature Ecology and Evolution, helps answer the question of how normally tame rabbits -- which have many natural predators -- can become a force of ecological destruction when purposefully or accidentally reintroduced to the wild.

Here Comes Peter Cottontail

Every gardener knows how much of a nuisance rabbits can be, but many people may not realize the magnitude of ecological destruction that rabbits are capable of.

"The classic example is Australia, which was colonized by rabbits to the point that it caused one of the largest environmental disasters in history," said Dr. Leif Andersson, a professor in the VMBS' Department of Veterinary Integrative Biosciences and a professor at Uppsala University in Sweden. "In 1859, an Englishman named Thomas Austin released 24 European rabbits onto his estate as game animals, but the population of rabbits exploded, causing an infestation that continues to cause millions of dollars' worth of crop damage each year.

"What is interesting is that rabbits had already been introduced to Australia in 1788. Why did Austin's rabbit release cause such a population explosion and not the earlier release?" he said.

Thanks to the recent study, scientists now believe that they have the answer.




"After sequencing the genomes of nearly 300 rabbits from Europe, South America, and Oceania, we found that all of them had a mix of feral and domestic DNA," Andersson said. "This was not what we had expected to find -- we expected that feral rabbits were domestic rabbits that have somehow relearned how to live in the wild. But our findings show us that these rabbits already had a portion of wild DNA helping them survive in nature."

Andersson's discovery explains why the 24 rabbits introduced to the Australian landscape in 1859 were so quick to adapt to living in the wild -- they already possessed the right genetic traits that would help them thrive.

Rewilding Domestic Rabbits

But returning a species to the wild after centuries of domestication isn't a simple process. For example, domestic rabbits have been bred by humans to be more docile and trusting than their wild counterparts. They are also often bred to have certain coat colors that humans find attractive -- like all-black or all-white coats -- that would make them easier for predators to spot in the wild.

"During the rewilding process, natural selection removes many of these domestic traits because they are maladaptive -- or unhelpful for survival -- in the wild," Andersson explained. "But it's not just coat colors that change. We also observed that many of the genetic variants removed during natural selection are related to behavior, like tameness. This brings back the wild flight instinct that is important for eluding predators."

The entire process appears to depend on whether the rabbits already have wild genes in their DNA as a sort of foundation for the rewilding process.

"We hope that this study will help lawmakers understand the importance of preventing domestic animals from being released into the wild," Andersson said. "This project has helped us understand not only how rabbits become feral but also how other species like pigs and cats can become feral nuisances."

The study is a collaboration with the Research Center in Biodiversity and Genetic Resources (CIBIO), a Portuguese research organization.
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        Gender inequality across US states revealed by new tool
        Researchers have developed and validated a new tool for comparing gender inequality among different regions of a country, highlighting links between gender inequality, wellbeing, and participation in the #MeToo movement within the United States.

      

      
        Mental health training for line managers linked to better business performance in England
        In a study of several thousand companies in England, mental health training for line managers was associated with organizational-level benefits, including lower levels of long-term mental health-related sickness absence and better business performance, customer service, and staff recruitment and retention.

      

      
        The most endangered fish are the least studied
        The most threatened reef fishes are also the most overlooked by scientists and the general public. Scientists measured the level of human interest in 2,408 species of marine reef fish and found that the attention of the scientific community is attracted by the commercial value more than the ecological value of the fishes. The public, on the other hand, is primarily influenced by the aesthetic characteristics of certain species, such as the red lionfish (Pterois volitans) and the mandarinfish (Syn...

      

      
        Want to spot a deepfake? Look for the stars in their eyes
        In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important. So what if you could tell just by looking into someone's eyes? That's the compelling finding of new research which suggests that AI-generated fakes can be spotted by analyzing human eyes in the same way that astronomers study pictures of galaxies.

      

      
        Ultra-processed food makes up almost two-thirds of calorie intake of UK adolescents, study finds
        Adolescents consume around two-thirds of their daily calories from ultra-processed foods (UPFs) new research has found. The study found that UPF consumption was highest among adolescents from deprived backgrounds, those of white ethnicity, and younger adolescents.

      

      
        The eyes have it: Visual inspection experience essential for airport security screening
        Researchers have used eye-tracking to study airport security screeners' performance during different visual inspection phases of a screening task.

      

      
        Children living in greener neighborhoods show better lung function
        A large study of 35,000 children from eight countries has found a 'robust' link between exposure to green spaces in early childhood and better lung function. The study used data from 10 European birth cohorts from 8 countries to conduct a meta-analysis. This assessment of the data was done at the individual level for each participant.

      

      
        Boost in infant genetics research could change lives, say researchers
        Investment in research into genetics could dramatically improve educational policies and understanding of parenting in ways that could help all children, according to a new paper.

      

      
        Improving identification of human remains using craniofacial superimposition
        Researchers propose an improvement in the identification of human remains using craniofacial superimposition. The forensic identification technique is based on the analysis of a skull (post-mortem) and photographs of the person's face (ante-mortem). It represents a major step in making objective decisions that are based on the ability to quantify the probability that a skull matches the photographs being examined.

      

      
        Cell donor's socioeconomic status shapes cancer treatment outcomes, new study finds
        New research demonstrates that the socioeconomic status (SES) of cell donors affects the health outcomes of blood cancer patients who underwent hematopoietic cell transplantation (HCT).

      

      
        Bridging the 'Valley of Death' in carbon capture
        PrISMa is a new platform that uses advanced simulations and machine learning to streamline carbon capture technologies, by taking into account the perspectives of diverse stakeholders early in the research process.

      

      
        New study addresses a long-standing diversity bias in human genetics
        Scientists have generated a new catalog of human gene expression data from around the world to address how most research in human genetics has historically focused on people of European ancestries -- a bias that may limit the accuracy of scientific predictions for people from other populations.

      

      
        Chatbot Iris offers students individual support
        Researchers have developed the chatbot Iris, which offers informatics students personalized assistance with programming assignments. A study has now confirmed the chatbot's success: Iris improves the understanding of programming concepts and represents a valuable complement to human tutors.

      

      
        Could intensive farming raise risk of new pandemics?
        Industrialized farming is often thought to reduce the risk of zoonotic diseases because of better control, biosecurity and separation of livestock. A new study examines the effect of social and economic factors -- which are often overlooked in traditional assessments.

      

      
        Nature-based solutions to disaster risk from climate change are cost effective
        A new global assessment of scientific literature finds that nature-based solutions (NbS) are an economically effective method to mitigate risks from a range of disasters -- from floods and hurricanes to heatwaves and landslides -- which are only expected to intensify as Earth continues to warm.

      

      
        Decline in global adolescent fertility rates is counteracted by increasing teen births in Sub-Saharan Africa, study finds
        A new report highlights a troubling trend: while global adolescent fertility rates have significantly declined, sub-Saharan Africa is experiencing an increase in teen births. This region's share of global adolescent births surged from 12 percent in 1950 to 47 percent in 2020 and is projected to reach a clear majority -- a full 67 percent -- by 2035.

      

      
        Additional taxes vs. water quotas: Study compares the most effective system to manage water consumption in agriculture
        A new study finds that the proportional allocation of water, and not additional taxes on the resource, is more effective from the point of view of those engaged in agriculture.

      

      
        American diets got briefly healthier, more diverse during COVID-19 pandemic, study finds
        American diets may have gotten healthier and more diverse in the months following the start of the COVID-19 pandemic, according to a new study.

      

      
        How a gene for obesity affects the brain
        Researchers reveal how a gene called SH2B1 works in the brain to regulate food intake.

      

      
        Study examines urban forests across the United States
        Tree-planting campaigns have been underway in the United States, especially in cities, as part of climate mitigation efforts given the many environmental benefits of urban forests. But a new study finds that some areas within urban forests in the U.S., may be more capable than trees growing around city home lawns in adapting to a warmer climate.

      

      
        When to trust an AI model
        A new technique enables huge machine-learning models to efficiently generate more accurate quantifications of their uncertainty about certain predictions. This could help practitioners determine whether to trust the model when it is deployed in real-world settings.

      

      
        AI found to boost individual creativity -- at the expense of less varied content
        A new study finds that AI enhances creativity by boosting the novelty of story ideas as well as the 'usefulness' of stories -- their ability to engage the target audience and potential for publication. However, AI was not judged to enhance the work produced by more creative writers and the study also warns that while AI may enhance individual creativity it may also result in a loss of collective novelty, as AI-assisted stories were found to contain more similarities to each other and were less va...

      

      
        Why are board games so popular among many people with autism? New research explains
        Board gaming is a growing industry, and anecdotally popular among people who display autistic traits. Now new research has highlighted the science supporting the anecdote -- and the important reasons behind the link.

      

      
        Greater attention needs to be paid to malnutrition in the sick and elderly, researchers say
        As many as half of all patients admitted to hospital and other healthcare facilities are malnourished. This has serious consequences for the individual in terms of unnecessary suffering, poorer quality of life and mortality. Providing nutrients can alleviate these problems, but not enough attention is paid to this knowledge, according to researchers in a new article.

      

      
        Charting an equitable future for DNA and ancient DNA research in Africa
        The American Journal of Human Genetics recently published a perspective piece on the need for an equitable and inclusive future for DNA and ancient DNA (aDNA) research in Africa. The paper highlights the fact that, while DNA from ancient and living African peoples is increasingly critical to the study of human evolution, African scientists remain starkly underrepresented in this field.

      

      
        User control of autoplay can alter awareness of online video 'rabbit holes'
        A new study suggests that giving users control over the interface feature of autoplay can help them realize that they are going down a rabbit hole. The work has implications for responsibly designing online content viewing platforms and algorithms, as well as helping users better recognize extreme content.

      

      
        Living near oil and gas activity linked to poor mental health during preconception
        A new study suggests that people who are trying to conceive and live close to oil and gas development sites have a heightened risk of developing adverse mental health outcomes. The study found that people who lived within roughly six miles of active oil and gas development had greater development of moderate-to-severe depressive symptoms, compared to people living 12 to 31 miles away from this activity. High perceived stress was elevated among people living just 1.25 miles away from oil and gas d...

      

      
        Hatcheries can boost wild salmon numbers but reduce diversity, studies find
        The ability of salmon hatcheries to increase wild salmon abundance may come at the cost of reduced diversity among wild salmon, according to a new study.

      

      
        Introducing co-cultures: When co-habiting animal species share culture
        Cooperative hunting, resource sharing, and using the same signals to communicate the same information -- these are all examples of cultural sharing that have been observed between distinct animal species. In a new article, researchers introduce the term 'co-culture' to describe cultural sharing between animal species. These relationships are mutual and go beyond one species watching and mimicking another species' behavior -- in co-cultures, both species influence each other in substantial ways.

      

      
        Researchers uncover brain region's role in hearing and learning
        The human brain is remarkably adept at adjusting what we hear based on contexts, like our current environment or priorities, but it's still unknown how exactly the brain helps us detect, filter and react to sounds. Now, biologists are a step closer to solving that mystery. Using an animal model, the researchers found that the orbitofrontal cortex (OFC), a brain region associated with decision-making but not typically linked to hearing, plays a central role in helping the auditory cortex (a primar...
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Gender inequality across US states revealed by new tool | ScienceDaily
Researchers have developed and validated a new tool for comparing gender inequality among different regions of a country, highlighting links between gender inequality, wellbeing, and participation in the #MeToo movement within the US. Bruno Gabriel Salvador Casara of New York University Abu Dhabi in the United Arab Emirates and colleagues present the tool and findings in the open-access journal PLOS ONE on July 17, 2024.


						
Gender inequality is a persistent worldwide problem with negative impacts for women and for society in general. To assess gender disparities, the United Nations and other groups typically favor a scoring system known as the Gender Inequality Index, which incorporates measurements of women's reproductive health, social and political empowerment, and participation in the labor market. However, this tool is designed to measure gender inequality only at the resolution of an entire country.

To enable within-country comparisons, Salvador Casara and colleagues adapted the Gender Inequality Index for state-level resolution. They demonstrated the new tool's effectiveness by analyzing gender-inequality dynamics among states within the US.

They found that US states were "substantially gender-unequal overall." Arkansas, Louisiana and Oklahoma scored highest for gender inequality, while Massachusetts, California and Maine scored lowest.

States with a higher index score -- indicating greater gender inequality at the expense of women -- tended to score lower on measures of women's wellness, including life satisfaction, financial wellbeing, and feeling safe. Men in these states also tended to have somewhat lower financial wellbeing, in line with prior research linking gender inequality with overall poorer economic growth.

The researchers also used Twitter data to test the link between gender inequality and involvement in the #MeToo movement, which pushed for greater awareness of sexual abuse and violence against women. They found that states with higher inequality scores tended to generate fewer tweets with the #MeToo hashtag, suggesting that greater gender inequality may diminish awareness and activism around #MeToo issues.

In addition, states with more conservative political leanings tended to have higher gender inequality scores.

The researchers call for further research to deepen understanding of the implications of their findings. Meanwhile, they note, their analysis demonstrates that the state-level Gender Inequality Index could be a valuable tool for policymakers and advocates to study and address gender disparities within specific regions of a country.
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Mental health training for line managers linked to better business performance in England | ScienceDaily
In a study of several thousand companies in England, mental health training for line managers was associated with organizational-level benefits, including lower levels of long-term mental health-related sickness absence and better business performance, customer service, and staff recruitment and retention. The project was led by Professor Holly Blake of the University of Nottingham and Dr. Juliet Hassard of Queen's University Belfast, UK, who present these findings in the open-access journal PLOS ONE on July 17.


						
Mental health training for line managers aims to equip them with skills to support the mental health of the people they manage. Ongoing research is exploring whether such training increases the knowledge, skills and confidence of managers to support their staff and benefits employees. However, few studies have addressed its potential business value for companies.

To explore organizational-level benefits, Hassard, Blake and colleagues analyzed anonymized survey data from several thousand companies in England collected between 2020 and 2023 by the Enterprise Research Centre at Warwick Business School. The survey included questions about the companies' mental health and well-being practices, including whether they offered mental health training to line managers. To avoid errors in their analysis, the researchers statistically controlled for the age, sector, and size of the companies.

The analysis showed that mental health training for line managers was associated with significantly better outcomes in terms of business performance, customer service, and staff recruitment and retention. Having line managers trained in mental health was also linked to lower levels of long-term sick leave due to mental health challenges.

These results suggest that mental health training for line managers may hold strategic business value for companies. On the basis of their findings, the researchers recommend that organizations provide mental health training to line managers and institute workplace policies that clarify line managers' role in supporting employee mental health.

Meanwhile, the researchers outline the need for further research in this area, including analyses based on objective data rather than subjective survey responses, and comparison of the potential benefits of varying approaches to mental health training for line managers.

Blake adds: "In firms of different types, sizes and sectors, we found that training line managers in mental health was related to better staff recruitment and retention, customer service, business performance and lower long-term sickness absence due to mental health. This is the first study to show that training line managers in mental health is linked to better business outcomes."
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The most endangered fish are the least studied | ScienceDaily
The most threatened reef fishes are also the most overlooked by scientists and the general public. That is the startling finding of a team of scientists led by a CNRS researcher.1 In a study to be published in Science Advances on July 17, they measured the level of human interest in 2,408 species of marine reef fish and found that the attention of the scientific community is attracted by the commercial value more than the ecological value of the fishes. The public, on the other hand, is primarily influenced by the aesthetic characteristics of certain species, such as the red lionfish (Pterois volitans) and the mandarinfish (Synchiropus splendidus).


						
Consider blennies (Blenniidae) and gobies (Gobiidae). These two fish families largely swim under the radar of both researchers and members of the public yet, as cleaners, they play a key role in the functioning of reefs. Small in size, they are essential to transfer of energy and matter from tiny prey to bigger consumers in reefs (trophodynamics).2

To reach their conclusions, the research team relied on big data compiled from scientific databases, social media, and Wikipedia page view statistics for the different fish species. They found that, though the 2,408 species studied accumulated more than 17 million views on Wikipedia, but that over 50% of those views were for only 7% of the species, and that 20% of the views were for only 1%. In addition, nearly 50% of the scientific publications for the fishes studied only concerned a subset of 1% of the species.

The research team's work brings to light a bias that directly threatens the conservation of marine reef fish, a bias of such magnitude that it compels them to sound the alarm. They emphasize the importance of aligning human interest in biodiversity with conservation needs and priorities for healthy ecosystems. They suggest launching campaigns to raise public awareness of threatened and neglected species. Finally, they advocate the establishment of research programs that take into account all ecosystem components, for a global conservation strategy that is no longer driven by commercial imperatives.

Notes
    	This research was a collaboration between scientists from the Marine Biodiversity, Exploitation and Conservation (CNRS / IFREMER / IRD / University of Montpellier) and Ecologie Marine Tropicale des Oceans Pacifique et Indien (IFREMER / IRD / University of Reunion / University of New Caledonia) research units and the Foundation for Biodiversity Research.
    	The trophodynamic chain is a set of interconnected food chains within an ecosystem.
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Want to spot a deepfake? Look for the stars in their eyes | ScienceDaily
In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important.


						
So what if you could tell just by looking into someone's eyes?

That's the compelling finding of new research shared at the Royal Astronomical Society's National Astronomy Meeting in Hull, which suggests that AI-generated fakes can be spotted by analysing human eyes in the same way that astronomers study pictures of galaxies.

The crux of the work, by University of Hull MSc student Adejumoke Owolabi, is all about the reflection in a person's eyeballs.

If the reflections match, the image is likely to be that of a real human. If they don't, they're probably deepfakes.

"The reflections in the eyeballs are consistent for the real person, but incorrect (from a physics point of view) for the fake person," said Kevin Pimbblet, professor of astrophysics and director of the Centre of Excellence for Data Science, Artificial Intelligence and Modelling at the University of Hull.

Researchers analysed reflections of light on the eyeballs of people in real and AI-generated images. They then employed methods typically used in astronomy to quantify the reflections and checked for consistency between left and right eyeball reflections.




Fake images often lack consistency in the reflections between each eye, whereas real images generally show the same reflections in both eyes.

"To measure the shapes of galaxies, we analyse whether they're centrally compact, whether they're symmetric, and how smooth they are. We analyse the light distribution," said Professor Pimbblet.

"We detect the reflections in an automated way and run their morphological features through the CAS [concentration, asymmetry, smoothness] and Gini indices to compare similarity between left and right eyeballs.

"The findings show that deepfakes have some differences between the pair."

The Gini coefficient is normally used to measure how the light in an image of a galaxy is distributed among its pixels. This measurement is made by ordering the pixels that make up the image of a galaxy in ascending order by flux and then comparing the result to what would be expected from a perfectly even flux distribution.

A Gini value of 0 is a galaxy in which the light is evenly distributed across all of the image's pixels, while a Gini value of 1 is a galaxy with all light concentrated in a single pixel.




The team also tested CAS parameters, a tool originally developed by astronomers to measure the light distribution of galaxies to determine their morphology, but found it was not a successful predictor of fake eyes.

"It's important to note that this is not a silver bullet for detecting fake images," Professor Pimbblet added.

"There are false positives and false negatives; it's not going to get everything. But this method provides us with a basis, a plan of attack, in the arms race to detect deepfakes."
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Ultra-processed food makes up almost two-thirds of calorie intake of UK adolescents, study finds | ScienceDaily
Adolescents consume around two-thirds of their daily calories from ultra-processed foods (UPFs) new research from the Universities of Cambridge and Bristol has found.


						
The study found that UPF consumption was highest among adolescents from deprived backgrounds, those of white ethnicity, and younger adolescents.

UPFs are food items that are manufactured from industrial substances and contain additives such as preservatives, sweeteners, colourings, flavourings, and emulsifiers. UPFs vary greatly, but tend to indicate poor dietary quality, with higher levels of added sugars, saturated fat, and sodium, as well as decreased fibre, protein, and micronutrient content. They have been suggested as one of the key drivers of the global rise in diseases such as obesity, type 2 diabetes, and cancer.

Globally, the availability and sales of UPFs have increased over time and previous evidence suggests that this has led to increased consumption among adolescents. To look at trends within the UK, researchers from Cambridge and Bristol analysed data from four-day food diaries of almost 3,000 adolescents in the UK National Diet and Nutrition Survey between 2008/09 and 2018/19.

In research published today in the European Journal of Nutrition, the researchers found that a mean of 66% of adolescents' energy intake came from UPF consumption during this period, though there was a slight fall from 68% to 63% between 2008/09 and 2018/2019.

Parents' occupation, ethnic group and UK region all influenced the proportion of calorie intake from UPFs:
    	Adolescents from disadvantaged backgrounds consumed a higher proportion of their calorie intake from UPFs compared to adolescents from less disadvantaged backgrounds (68.4% compared with 63.8%).
    	Adolescents from a non-white ethnicity consumed a lower proportion of their calorie intake from UPFs (59.0% compared with 67.3%).
    	Adolescents living in the North of England consumed a higher proportion of their calorie intake from UPFs compared with those living in the South of England and London (67.4% compared with 64.1%).
    	18-year-olds consumed a lower proportion of their calorie intake from UPFs compared with 11-year-olds (63.4% compared with 65.6%).

Dr Yanaina Chavez-Ugalde from the Medical Research Council (MRC) Epidemiology Unit at the University of Cambridge, the study's first author, said: "Adolescents' food patterns and practices are influenced by many factors, including their home environment, the marketing they are exposed to and the influence of their friends and peers. But adolescence is also an important time in our lives where behaviours begin to become ingrained.




"It's clear from our findings that ultra-processed foods make up the majority of adolescents' diets, and their consumption is at a much higher level than is ideal, given their potential negative health impacts."

The researchers argue that the observed reduction in UPF intake pre-pandemic could be partly explained by an increased public awareness and health concerns associated with sugar consumption, government-led campaigns, sugar-taxes in other countries and the reformulation of sugary drinks to reduce their sugar content.

Dr Esther van Sluijs from the MRC Epidemiology Unit at Cambridge, joint senior author, said: "Ultra-processed foods offer convenient and often cheaper solutions to time- and income-poor families, but unfortunately many of these foods also offer poor nutritional value. This could be contributing to the inequalities in health we see emerging across childhood and adolescence."

Dr Zoi Toumpakari from the Centre for Exercise, Nutrition and Health Sciences at the University of Bristol, joint senior author, added: "Our findings suggest that disparities in consumption of ultra-processed foods are not just down to individual choices. We hope this evidence can help guide policymakers in designing more effective policies to combat the negative effects of ultra-processed food consumption among youth and the ripple effects this has on public health."

This study was largely funded by the National Institute for Health and Care Research School for Public Health Research.
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The eyes have it: Visual inspection experience essential for airport security screening | ScienceDaily
QUT researchers have used eye-tracking to study airport security screeners' performance during different visual inspection phases of a screening task.


						
Dr Levi Swann, a Senior Lecturer in Industrial Design within the QUT School of Design, Emeritus/Adjunct Professor Vesna Popovic from the QUT School of Electrical Engineering & Robotics and former QUT researcher Dr Dedy Wiredja teamed up to investigate how airport security screeners employ problem solving techniques during x-ray screening, and how strategies change with experience.

The study involved four groups of screeners with varying levels of experience: beginner, inexperienced, experienced, and expert.

Dr Swann said the research was unique among most airport security screening research because it was conducted under normal task conditions.

"The typical practice is to conduct research in controlled environments," Dr Swann said.

"Thirty-nine professional security screeners were observed on the job performing x-ray screening at an Australian international airport.

"Video and eye-tracking data was collected and analysed to explore activity phases and problem-solving strategies."

"The whole complexity of the task can be captured by conducting research in the field like this, and it has enabled us to identify problem-solving as essential to a security screener's job.




"They use interface functions that, for example, change the visual appearance of images, and they also interact with other staff to help them make decisions, such as whether an object is a threat or not.

Dr Swann said that because research conducted in controlled environments did not include the environmental context, it focused on the visual scanning of images and the actual decision.

"We found that the extent of problem solving performed during security screening differs for screeners based on their experience," Dr Swann said.

"Less experienced screeners apply more problem solving to make decisions.

"More experienced screeners can make decisions without problem solving more often."

"We also found that the problem strategies employed by screeners change with experience.




"Less-experienced screeners rely on strategies that defer decision-making to another staff member or depend on a search-based strategy, which is a slow and weak approach to problem-solving that causes extraneous cognitive load."

Professor Popovic said their results suggested that it took beginner screeners approximately six months of on-the-job experience to perform problem-solving at a similar level to experienced screeners.

"This is a considerable time for a critical safety task," Professor Popovic said.

"Our results also suggest that problem-solving skills take longer to develop than other aspects of task performance, such as search, which involves the visual scanning of images."

Dr Swann said effective training in that task was essential due to its critical nature for safety.

"Efficient training that enables fast skill development is also essential because the occupation has been associated with early staff attrition," Dr Swann said.

Professor Popovic said the research findings were transferrable to other visual inspection tasks.

"Visual inspection is standard in medicine, manufacturing, security, maintenance, and transportation," Professor Popovic said.

"Problem solving should be explored in these areas to understand how improvements can be made to visual inspection."

"Given the significant variance observed in the screener's performance according to the experience level and type, there is a strong case for defining specific screening criteria instead of depending on the generalist experience criteria."

Dr Swann said the study provided a basis for future research exploring how other factors, such as emotions and stress, can further affect screener performance.

"This research highlights the importance of tailoring personnel management techniques according to experience levels, followed by specific selection and training programs," Dr Swann said.

Professor Popovic said that with the implementation of experience tailoring, the study concluded that airport security screenings could be more consistent and efficient and provide higher safety and passenger satisfaction.

"The research is transferable to other visual inspection training domains requiring expertise, such as port control, traffic control, surgical training, or X-ray examination," Professor Popovic said.
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Children living in greener neighborhoods show better lung function | ScienceDaily
A large study of 35,000 children from eight countries has found a "robust" link between exposure to green spaces in early childhood and better lung function. The study, led by the Barcelona Institute for Global Health (ISGlobal), has been published in Environment International.


						
The research used data from 10 European birth cohorts from 8 countries (Denmark, France, Italy, Lithuania, Norway, the Netherlands, Spain and the UK) to conduct a meta-analysis. This assessment of the data was done at the individual level for each participant.

Data on exposure to green spaces were available from two different points in time: pregnancy and childhood (from 3 to 12 years of age). As a proxy for residential green space, the research team used the Normalised Difference Vegetation Index (NDVI) in a 300m buffer around the participant's address. NDVI is an index that uses satellite images to estimate the amount of vegetation at a given point.

Lung function was measured using spirometry tests. To assess lung volume, the researchers measured forced vital capacity (FVC), which is the maximum amount of air a person can breathe out without a time limit after taking a deep breath. And as an indicator of how open the airways are, forced expiratory volume in one second (FEV1) was taken. FEV1 is the volume of air exhaled in the first second of forced breathing after a deep inhalation.

Statistical analysis showed that children living in greener neighbourhoods had better lung function, specifically higher FVC and FEV1. On the contrary, those who lived further away from green spaces had a lower lung volume (FVC).

While the positive association of living in greener neighbourhoods with lung function was observed regardless of socioeconomic status, the effect was stronger in children from higher socioeconomic backgrounds. "One possible explanation could be that families with higher education or income may have access to higher-quality, safer, and better-maintained green areas" says Amanda Fernandes, first author and ISGlobal researcher at the time of the study.

Possible mechanisms

The researchers also looked at the mothers' home address during pregnancy, but in this case residential greenness was not associated with any of the indicators of respiratory health, suggesting that the link between green spaces and improved lung function has to do with something that happens in childhood.




"Our understanding of how green spaces affect lung function is still incomplete. We know that green spaces reduce air pollution, which in turn affects respiratory health. We also believe that green spaces may expose children to beneficial microbiota, which may contribute to the development of the immune system and indirectly influence lung function. Finally, green spaces close to home are likely to reflect the presence of play areas that encourage physical activity at an age when the lungs are still developing," says Amanda Fernandes.

"Our findings highlight the importance of integrating green spaces into urban environments for better respiratory health, also in children. If the way cities are configured is a factor that contributes to inequality, urban planning that consciously contributes to alleviating inequity is important," says Martine Vrijheid, lead author of the study and co-director of the Environment and Health over the Lifecourse programme at ISGlobal.

Health outcomes unrelated to green spaces

The study also looked at whether green spaces near the home during pregnancy and childhood were associated with other respiratory, cardiometabolic and neurodevelopmental outcomes, but found no other associations.

The research was conducted within the EU Child Cohort Network as part of the European Union-funded LifeCycle, EUCAN-Connect and ATHLETE projects, which built a fully harmonised data analysis platform. The cohorts involved in the study are Amsterdam Born Children and their Development, Netherlands (ABCD), Avon Longitudinal Study of Parents and Children, United Kingdom (ALSPAC), Born in Bradford, United Kingdom (BiB), Copenhagen subset of the Danish National Birth Cohort, Denmark (DNBC), Etude des Determinants du developpement et de la sante de l'Enfant, France (EDEN), Generation R Study, Netherlands (GenR) , Infancia y Medio Ambiente, Spain, (INMA), Kaunas Birth Cohort, Lithuania (KANC), Norwegian Mother, Father and Child Cohort Study, Norway (MoBa), and Nascita e INFanzia: gli Effetti dell'Ambiente, Italy (NINFEA).
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Boost in infant genetics research could change lives, say researchers | ScienceDaily
Investment in research into genetics could dramatically improve educational policies and understanding of parenting in ways that could help all children, according to a new paper led by the University of Surrey.


						
In a paper published in Nature Genetics, researchers describe a range of evidence demonstrating that genetics play a role in influencing infant development. While a lot of focus is already directed towards rare genetic disorders, the researchers argue that differences in the DNA that are commonly found in children and constitute the individual's genetic make-up also have the potential to help support the development of early interventions and to aid better understanding of the infancy life stage in all children.

The researchers demonstrate that, compared to later life stages, infancy is largely under-researched despite the considerable benefits that genetic research can offer. While it has long been recognised that environment plays a pivotal role in infant development, the research team analysed published twin and molecular genetic studies. They found evidence supporting the idea that genes are important for shaping children's development in the first three years after birth. However, more research is still needed to understand how DNA is linked to individual differences in development.

Professor Angelica Ronald, co-author of the paper from the School of Psychology at the University of Surrey, said:

"Infant development is a crucial time, with rapid progress in motor, social and language skills, amongst others. Our research shows that genetics is critical in shaping these early characteristics.

"By understanding and identifying genetic influences early on, we can make a significant difference for many children and their families. This knowledge can help parents, healthcare providers, and educators offer better support for a child's development and create strategies to address potential challenges in the long term."

The researchers hope to encourage funders, policy-makers and their scientific peers to invest in research that focuses on the infancy life stage. The impact on the population, they argue, is huge because an infant has their whole life ahead of them.




Dr Anna Gui, co-author of the paper and a Lecturer at the University of Essex, said:

"Our findings provide strong evidence from twin studies, adoption research, polygenic scores, and the examination of infant attributes that genetics significantly influence early development.

"Polygenic scores, which sum up the effects of many genetic variants, show how genetic influences impact key milestones like walking and talking. This type of knowledge can significantly benefit children's lives.

"With this understanding, we hope to develop better early education programmes and early interventions, helping parents and professionals support children's development more effectively."
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Improving identification of human remains using craniofacial superimposition | ScienceDaily
University of Granada researchers from the Andalusian Inter-university Institute in Data Science and Computational Intelligence (DaSCI) and researchers from the University of A Coruna's Centre for Information and Communications Technology Research (CITIC-UDC), in collaboration with the company Panacea Cooperative Research, have published a study that demonstrates an improvement in the identification of human remains using craniofacial superimposition, making decision-making by forensic experts much more objective.


						
Craniofacial superimposition is a forensic technique used to facilitate decision-making in the identification of skeletal remains. Specifically, it involves analysing the superimposition of an unidentified recovered skull (post-mortem) onto facial photographs (ante-mortem) of missing persons.

Despite its importance and broad applicability, this process remains complex and difficult to manage. A wide range of computerised methods have been proposed, but decision-making continues to involve subjectivity and qualitative reporting. This study proposes a system for evaluating evidence based on likelihood ratios (LRs), a method which has previously been used in other forensic fields such as DNA, voice and fingerprint comparison, and which is recommended by the European Network of Forensic Science Institutes (ENFSI).

The study proposes a pioneering application of this framework to craniofacial superimposition. It comprises three experiments in which the system is trained and tested under different conditions using facial images: the first uses frontal facial photographs, the second uses lateral facial photographs, and the third combines both frontal and lateral facial photographs.

In all three experiments, the proposed LR system excels in terms of calibration and discriminating power, providing specialists with a quantitative tool for the evaluation and integration of evidence.

For now, the technique remains a proof of concept that employs synthetic data and will have to be tested using vast amounts of real data. Nevertheless, the resulting likelihood ratio system provides objective support for decision-making in craniofacial superimposition.
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Cell donor's socioeconomic status shapes cancer treatment outcomes, new study finds | ScienceDaily

The study examined the health outcomes of 2,005 blood cancer patients treated with HCT across 125 hospitals in the United States. The research team found cancer patients who were transplanted with cells from donors of greatest socioeconomic disadvantage experienced a 9.7% reduction in overall survival and 6.6% increase in transplant-related mortality at three years compared to those transplanted from donors of high socioeconomic status -- regardless of the cancer patient's socioeconomic status.

"Our findings are quite remarkable. We have shown that social disadvantage penetrates so deeply that it is actually transplantable into a new host, and its effects persist over time," said Lucie Turcotte, MD, MPH, MS, an associate professor at the University of Minnesota Medical School and pediatric hematologist and oncologist with M Health Fairview. Dr. Turcotte is also the director of the Masonic Cancer Center's Cancer Survivorship Services and Translational Research program.

The results show the striking biological impact of social disadvantage and how it can alter health outcomes, specifically in the setting of cancer and hematopoietic cell transplantation.

The research team plans to conduct further research to investigate the underlying biological and physiologic drivers of these findings in order to develop interventions to mitigate the adverse health outcomes introduced by socioeconomic disadvantage.

"The importance of these findings reach far beyond cancer and bone marrow transplant care -- they demonstrate the profound health effects of social inequality and highlight the critical need for public health interventions," said Dr. Turcotte.

Funding was provided by the National Cancer Institute of the National Institutes of Health [R01 CA23856].




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717121000.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Bridging the 'Valley of Death' in carbon capture | ScienceDaily
Mitigating theeffects of climate change has become a major focus worldwide, with countries and international organizations developing various strategies to address the problem. Lowering CO2 emissions is at the top, with carbon capture technologies being a promising way forward.


						
Nonetheless, bridging the gap between research and practical implementation of carbon capture solutions has proven so difficult, it has an actual name: "Valley of Death." The challenge is compounded by the need to take into account the perspectives and priorities of different stakeholders along the process.

Traditionally, carbon capture tech development begins with chemists designing materials and engineers developing processes, while economic and environmental impacts are assessed later. The results are often suboptimal and only delay the implementation of real-world solutions.

In response to this,scientists led by Berend Smit at EPFL and Susana Garcia at Heriot-Watt University have developed the PrISMa (Process-Informed design of tailormade Sorbent Materials) platform: an innovative tool that seamlessly connects materials science, process design, techno-economics, and life-cycle assessment by taking into account multiple stakeholder perspectives from the outset.

Using advanced simulations and machine learning, PrISMa can identify the most effective and sustainable solutions, and predict the performance of new materials, which sets it apart as a powerful tool in the fight against climate change.

Assessing KPIs

PrISMa evaluates four Key Performance Indicators (KPIs), or "layers," to assess the viability of a carbon capture material from its initial development to its implementation into a complete carbon capturing plant.
    	Materials Layer: Using experimental data and molecular simulations, the platform predicts the adsorption properties of potential sorbent materials.
    	Process Layer: PrISMa computes process performance parameters, such as purity, recovery, and energy requirements.
    	Techno-Economic Analysis Layer: PrISMa assesses the economic and technical viability of a carbon capture plant.
    	Life-Cycle AssessmentLayer: PrISMa evaluates the environmental impacts over the plant's entire life cycle, ensuring comprehensive sustainability.




Testing PrISMa on case studies

The scientists used PrISMa to compare over sixty real-world case studies, in which CO2 is captured from different sources in five world regions with different technologies. By taking into account multiple stakeholder perspectives, PrISMa helped identify the most effective and sustainable solutions.

"One of the unique features of the PrISMa platform is its ability to predict the performance of new materials using advanced simulations and machine learning," says Berend Smit. "This innovative approach accelerates the discovery of top-performing materials for carbon capture, surpassing traditional trial-and-error methods."

Molecular simulations

The platform integrates density functional theory (DFT) and molecular simulation to predict material properties needed for process design. The team tested this approach on a CO2 capture plant looking at the indirect emissions over 30 years of the plant's operation, and coupled this with a techno-economic assessment, which evaluated the cost of the process.

"We succeeded in connecting the movement of electrons at the DFT level to calculate the total amount of CO2 captured over the 30-year lifetime of a capture plant, and at which costs," says Berend Smit.




The stakeholders' point of view 

PrISMa provides invaluable insights for various stakeholders, offering engineers the tools to design the most efficient and cost-effective carbon capture processes, and guiding chemists on the molecular characteristics that enhance material performance.

Environmental managers gain access to comprehensive evaluations of environmental impacts, enabling more informed decision-making, while investors benefit from detailed economic analyses that reduce the risks and uncertainties associated with investing in new technologies.

Discovering new materials

PrISMa can accelerate the discovery of top-performing materials for carbon capture, surpassing traditional trial-and-error methods. Its interactive tools allow users to explore over 1,200 materials, understanding the trade-offs between cost, environmental impact, and technical performance.

This comprehensive approach ensures that chosen solutions capture CO2 efficiently while minimizing overall environmental impacts.

One way that Smit envisions PrISMa being used is in the discovery of metal-organic frameworks (MOFs), porous materials with a wide range of applications, including carbon capture. "The idea is that chemists can upload the crystal structures of their MOFs, and the platform ranks these materials for all kinds of capture processes," he says. "So, even chemists who do not have detailed knowledge of carbon capture technologies can get feedback on which MOF is the best performing and why."

PrISMa can accelerate the development of carbon capture technologies, helping achieve net-zero emissions by uniting all relevant stakeholders early in the research process. By providing a comprehensive evaluation of materials and processes, PrISMa enables more informed decision-making, leading to the development of more effective and sustainable carbon capture solutions.
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New study addresses a long-standing diversity bias in human genetics | ScienceDaily
Most research in human genetics has historically focused on people of European ancestries -- a long-standing bias that may limit the accuracy of scientific predictions for people from other populations.


						
Now, a team of Johns Hopkins University scientists has generated a new catalog of human gene expression data from around the world. The increased representation of understudied populations should empower researchers to attain more-accurate insights of genetic factors driving human diversity, including for traits such as height, hormone levels, and disease risk.

The work deepens the scientific field's understanding of gene expression in populations of Latin America, South and East Asia, and other regions for which limited data existed.

Published today in Nature, the findings may improve future studies of human variation and evolution.

"We now have this global view of how gene expression contributes to the world's diversity, the broadest picture to date in populations that have been poorly represented in previous studies," said senior author Rajiv McCoy, a Johns Hopkins geneticist. "We're trying to better understand the connection between variation at the level of our DNA and variation at the level of our traits, which previous genetic studies have looked at but with a really persistent bias that often excludes non-European ancestry populations."

While genetic research most often explores differences in DNA, the researchers set out to examine "gene expression" -- the process by which genes in DNA are "transcribed" into RNA molecules. RNA in turn serves as a blueprint to guide the assembly of amino acids into the proteins that provide structure and carry out various tasks within cells. But genetic mutations can affect how genes are expressed -- changing howmuch RNA genes produce or the structure of the RNA itself. These mutations and associated effects on gene expression can critically impact the development of traits and diseases.

To identify mutations that change gene expression, the scientists measured RNA in cells from 731 people who had already participated in the 1000 Genomes Project, a previously established international collaboration that characterized the DNA sequence of the same individuals.




"We know not only their genome sequences, which were previously published, but we now have measurements of their gene expression. By combining these data, we can understand at a very basic level the genetic sources of gene expression differences between individuals," McCoy said. "Ultimately that's what contributes most to the differences between you and me, even though at the level of DNA we are 99.9% identical."

While the 731 individuals span 26 different groups across five continents, the scientists found that gene expression patterns are often shared between groups, a phenomenon also observed in patterns of DNA variation. Most of the differences in gene expression were seen withinpopulations rather than between them.

"The distribution of our diversity is more complex than these geographically, politically, or socially defined labels," McCoy said.

The cohort's diversity allowed the scientists to spot possible connections between mutations and specific traits and health risks, including for mutations limited to subsets of populations that have previously gone unexamined, he said.

"We are demonstrating that by having this more-diverse cohort, we can really home in on specific mutations that could be driving these gene expression changes, and ultimately how they might be driving variation and how that affects traits or susceptibility to a disease," McCoy added.

The findings could also lead to better personalized therapies, said lead author Dylan Taylor, a Johns Hopkins doctoral candidate in biology.




"We can't really use these studies in a predictive fashion for personalized medicine equitably unless we have more diverse datasets," Taylor said. "If you try to use results from a study using only European individuals to predict gene expression in individuals from an underrepresented population -- South Asians, for example -- your results won't necessarily be very reliable."

Key gaps still exist. The 1000 Genomes dataset does not include many groups from the Middle East, Australia, and the Pacific Islands, and has limited samples from the Americas and Africa.

"The field is starting to move in this exciting direction to include diverse individuals in human genetic studies," Taylor said. "Our research is a proof of concept for other scientists. We are demonstrating we can really do this, and we should, and it's valuable."

Other Johns Hopkins authors are Surya B. Chhetri, a postdoctoral fellow in biomedical engineering; Michael G. Tassia, Arjun Biddanda, and Stephanie M. Yan, postdoctoral fellows in biology; Genevieve Wojcik, an assistant professor in epidemiology; and Alexis Battle, a professor of biomedical engineering.

The research was supported by NIH/NIGMS Award R35GM133747, NIH/NHGRI Award F31HG012900, NIH/NHGRI Award F31HG012495, NIH/NIGMS Award R35GM139580, and NIH Award OT2OD034190. 
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Chatbot Iris offers students individual support | ScienceDaily
How can a chatbot support students in lectures and with assigned exercises? Researchers at the Technical University of Munich (TUM) have developed the chatbot Iris, which offers computer science students personalized assistance with programming assignments. A study has now confirmed the chatbot's success: Iris improves the understanding of programming concepts and represents a valuable complement to human tutors.


						
A packed auditorium with over 1000 students. This is not a rare sight in introductory informatics lectures. To meet the needs of each individual student under these conditions, Stephan Krusche, professor of Software Engineering, and his team have been building the Artemis learning platform since 2016. It resembles well-known learning platforms, but offers more possibilities. For example, students not only receive their assignments through the platform, but also get immediate feedback when they make mistakes or show an incomplete understanding of concepts.

Chatbot Iris: excellent tutor 

In October of last year, Stephan Krusche's team at the TUM Centre for Educational Technologies added the chatbot to the platform. Iris is based on the GPT large language model of OpenAI. It is intended to help students with assigned problems, with the support geared to their individual needs. To adapt the system to the learning context, the chatbot operates as a so-called excellent tutor. That means that, rather than immediately suggesting the right solution or specific steps, Iris offers subtle hints or asks leading questions. This approach encourages students to think for themselves. To boost learning efficiency, the chatbot only answers questions directly relevant to the learning content.

"To test the success of Iris, we surveyed over 200 students from three introductory informatics lectures," says Patrick Bassner, a doctoral candidate at the Chair of Software Engineering. "The goal was to arrive at conclusions on how students rate the effectiveness of the support from Iris, whether students are more comfortable asking a chatbot questions than a human tutor and whether students subjectively trust Iris."

Iris promotes learning and students' independence

The responses show that the students value Iris as a valuable support, but also that a large share of those surveyed still rely on human tutors. The chatbot understands questions well and students feel comfortable and safe when using it. Iris gives them the feeling that the chats will remain private and that they are not being judged when asking questions. Especially in large lectures, this saves students from having to overcome their inhibitions to ask questions in front of the class. When studying for exams, the use of Iris is becoming commonplace. However, students feel confident enough to solve problems on exams without the support of the chatbot.

"The integration of Iris into Artemis has shown that AI-controlled tutors can play a valuable role in university teaching," says Stephan Krusche. "They offer personalized support that benefits learning and boosts students' ability to help themselves."

The researchers plan to further optimize the chatbot Iris and want to see it being used in other subject areas.
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Could intensive farming raise risk of new pandemics? | ScienceDaily
Intensive livestock farming could raise the risk of new pandemics, researchers have warned.


						
Industrialised farming is often thought to reduce the risk of zoonotic diseases (those transmitted from animals to humans) because of better control, biosecurity and separation of livestock.

The new study, led by the University of Exeter, examines the effect of social and economic factors -- which are often overlooked in traditional assessments.

It finds that the effects of intensifying agriculture "are at best uncertain and at worst may contribute to EID (emerging infectious disease) risk."

Lead author Professor Steve Hinchliffe, from the University of Exeter, said: "The COVID-19 pandemic reignited interest in EIDs, especially zoonotic viruses.

"The risks of emergence and transmission depend on multiple factors, including contact between humans and animals, and how we use land.

"Livestock farming plays a potentially significant role in those risks, shaping landscapes and providing hosts that can act as the source or amplifiers of emerging pathogens."

While such risks are usually assessed in terms of microbiological, ecological and veterinary sciences, the new study highlights the need to consider social, economic and political factors.




"Disease is always more than a matter of pathogen transmission, contact and contagion," Professor Hinchliffe said.

"The founding myth in intensive farming is that we separate livestock from wildlife and thereby shut off the risk of diseases passing between them.

"But these farms exist in the real world -- so buildings and fences can get damaged, wildlife like rats or wild birds can get in, and workers move around. In short, there will always be accidents.

"Once social, economic and political factors are taken into account, the pandemic risk posed by intensive farming is concerning."

The paper highlights the expansion of intensive farming and the resulting environmental degradation as factors which can raise EID risks.

It also says intensification leads to a "mixed landscape" -- with a variety of farming practices and types -- which creates the "worst of all possible worlds in terms of EID risk."

On biosecurity, the paper says some farm businesses find the costs "debilitating," while regional variations also have an impact.




For example, European farm buildings can be old and costly to maintain, large US farms tend to be open-air concrete structures with netting (to avoid the need for air conditioning), and in subtropical areas biosecurity is balanced against the need to reduce overheating of animals.

"The result is a far from bio-contained environment," the authors write.

They also note the close ties between large food companies and national authorities -- which suggest "regulatory capture... and the difficulty of decoupling interests."

Co-author Dr Kin Wing (Ray) Chan said: "Increasing on-farm biosecurity, standardisation, and efficiency in farm animal production is not the panacea for achieving a disease-free environment.

"Rather we need to reconsider the socio-cultural impacts of intensifying farm animal production on planetary health, environmental sustainability and animal welfare issues."

The research team included Tufts University, Royal Agricultural University, University of Wollongong, Clark University, Cambridge Conservation Initiative and the Institute of Development Studies.

Funders included the Wellcome Centre for Cultures and Environments of Health and the Wellcome Trust.

The paper, published in the journal Royal Society Open Science, is entitled: "Understanding the roles of economy and society in the relative risks of zoonosis emergence from livestock."
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Nature-based solutions to disaster risk from climate change are cost effective | ScienceDaily
A new global assessment of scientific literature led by researchers at the University of Massachusetts Amherst finds that nature-based solutions (NbS) are an economically effective method to mitigate risks from a range of disasters -- from floods and hurricanes to heatwaves and landslides -- which are only expected to intensify as Earth continues to warm.


						
NbS are interventions where an ecosystem is either preserved, sustainably managed or restored to provide benefits to society and to nature. For instance, they can mitigate risk from a natural disaster, or facilitate climate mitigation and adaptation. NbS have emerged in combination with or as an alternative to engineering-based solutions. A classic example is restoring wetlands to address coastal flooding rather than constructing a seawall.

"Nature-based solutions are now recognized by major national policies and international global framework agreements to combat climate change, including those drafted by the U.N. and the White House. However, there has been limited scientific knowledge about the cost-effectiveness and equity outcomes of NbS," says Marta Vicarelli, assistant professor of economics and public policy at UMass Amherst and the study's lead author. "Our results indicate that not only are NbS economically effective in mitigating hazards, but that their benefits are still underestimated."

NbS were proven to be a consistently cost-effective approach to mitigating hazards in 71% of the more than 20,000 English-language peer-reviewed studies that researchers examined for the article, which is published in Science of the Total Environment. Another 24% of the studies found NbS to be cost effective under certain conditions. The ecosystem-based interventions most frequently found effective in mitigating hazards are associated with mangroves (80%), forests (77%) and coastal ecosystems (73%).

Of the studies that compared NbS with engineering-based solutions, 65% found the former always to be more effective at mitigating hazards and 24% partially more effective. No study found NbS consistently less effective than engineering solutions.

While every study reviewed for the article examined the hazard-mitigation benefits of NbS, many did not consider added environmental and socioeconomic benefits, such as maintaining biodiversity, climate mitigation and supporting underserved communities.

"The other benefits of NbS are vastly underestimated because they are difficult to quantify," Vicarelli explains. "How should we value improvements in air quality or in soil quality? How should we value the protection of an endangered species or the overall increase in biodiversity after the implementation of an NbS? And how about estimating the cultural or even spiritual value of an environmental asset? These assessments require complex and potentially expensive valuation techniques. For this reason, the additional benefits of NbS are often understudied and underestimated."

Another key finding of the research is that NbS have been financed mainly by the public sector, even when the interventions involve private property. For these solutions to have a truly global impact, additional funding is required, and a significant share must come from the private sector, Vicarelli says.

"A transformative upscaling of Nature-based Solutions requires both public and private financing," she adds. "The next step is developing innovative nature-based insurance and investment solutions."

The research was supported by funding from UMass Amherst and the European Union's Horizon Europe -- the Framework Programme for Research and Innovation.
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Decline in global adolescent fertility rates is counteracted by increasing teen births in Sub-Saharan Africa, study finds | ScienceDaily
A new report from Columbia University Mailman School of Public Health and the Columbia Aging Center with colleagues from the Norwegian Institute of Public Health highlights a troubling trend: while global adolescent fertility rates have significantly declined, sub-Saharan Africa is experiencing an increase in teen births. This region's share of global adolescent births surged from 12 percent in 1950 to 47 percent in 2020 and is projected to reach a clear majority -- a full 67 percent -- by 2035. The findings are reported in the journal Studies in Family Planning.


						
The divergence is related to limited use of modern contraception, lower education levels, and early marriages which are still prevalent in this region, according to the research team. Despite global advancements, the number of teen births remains high and in absolute numbers increasing in regions with rapidly growing populations, significantly impacting the overall global trend.

Sub-Saharan Africa has emerged as the world region with the most teen births, increasing its proportion of global teen births over a 70-year span -- a time during which this region's share of the global adolescent population -- those aged 15 to 19 grew from 7.5 percent to 19 percent.

The researchers analyzed data from the World Population Prospects 2022; World Contraceptive Use 2022; World Marriage Data 2019; and World Development Indicator.

In terms of absolute numbers, the number of births in Sub-Saharan Africa rose from 4.5 million births in 2000 to 6.1 million in 2021. At the same time, it decreased in the rest of the world, from 13.5 million to 6.7 million from 2000 to 2021.

The persistence of high teen fertility rates in sub-Saharan Africa poses substantial challenges at both individual and societal levels. International organizations, including the WHO and the UN, emphasize the need to reduce adolescent childbearing as part of broader efforts to provide universal access to sexual and reproductive healthcare and education.

Effective policies are crucial to address this issue, according to the authors, such as reducing adolescent childbearing, raising female education levels, increasing the legal and effective age at marriage, and providing free or subsidized modern contraceptives. Without targeted interventions, the rising number of births to teenage mothers in sub-Saharan Africa could plausibly reverse global progress in reducing adolescent fertility, they note.

The number of births to teen mothers in sub-Saharan Africa is expected to continue to increase over the coming decades due to the region's continuing increase of teenage cohorts outweighing the decline in the teenage fertility rate.

Co-authors areThomas Spoorenberg, United Nations Department of Economic and Social Affairs and Norwegian Institute of Public Health; Ellen Oen Carlsen and Martin Flato, Center for Fertility and Health, Oslo; Marcin Stonawski, Cracow University of Economics, Poland and Statistics Denmark; and Vegard Skirbekk, Centre for Fertility and Health, Columbia Mailman School and Norwegian Institute of Public Health, Oslo.

The study was supported by ERC Advanced Grant Project, 101142786 HOMME; Norwegian Research Council, DIMJOB 296297; Norwegian Research Council, CEFH 262700.
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Additional taxes vs. water quotas: Study compares the most effective system to manage water consumption in agriculture | ScienceDaily
Based on a mathematical programming model, the study finds that the proportional allocation of water, and not additional taxes on the resource, is more effective from the point of view of those engaged in agriculture


						
Climate change, increasing drought, population growth and consumption habits have spotlighted the scarcity of water available for agriculture. In Spain reservoirs destined for human consumption and agriculture are at 52% of their capacity, a figure higher than in previous years, but one that does not dispel concern about future shortages. The Guadalquivir River Basin, whose reservoirs are at 41%, on average, has been limiting the amount of water earmarked for irrigation for several years. This situation makes it necessary to adopt measures that help reduce consumption and better manage water for crops. Compared to imposing an additional tax on water, as proposed by an EU directive, a study by the WEARE group at the University of Cordoba has found that the most effective system is still the one currently being applied: the proportional reduction of the water made available to users.

The study, part of Angela Valle Garcia's doctoral thesis, which featured participation by her advisors, Carlos Gutierrez Martin and Nazaret M. Montilla Lopez, studied the best way to manage the water available for agriculture in the Guadalquivir basin by comparing two management policies: allocation based on quotas (the proportional reduction of water allocations) vs.tariffication; and from two points of view: social and private. For this they used a model based on Positive Mathematical Programming (PMP), which, with data on revenue, costs and arable area, reproduces the farmer's behavior. "The objective of this model," Gutierrez Martin explains, "is not so much an optimization of what should be done, but to try to reproduce reality and, from there, the farmer's behavior, applying a management policy to see what effect it would have before it is implemented.The model allows us to know, depending on the amount of water available, what the cultivation plan will be that we will apply next year," added Montilla Lopez.

Thus, from a social point of view, placing an additional tax on water beyond the price that is already paid for the use made of it to irrigate crops, has an impact on society, as that money could be allocated for other purposes. The tax will work, but, according to the model, it is more detrimental than the allocation of a quantity of water, since, in addition to the difficulty of being able to establish an adequate price, from a private perspective those who manage agriculture suffer more economic losses with the additional tax on water than with the allocation of a quota.

As Gutierrez Martin argues, "with the water tax, more is lost than is achieved. It is more effective to implement a quota because, by including a tax, the farmer ends up losing more." This is an idea, the research team argues, that can be taken into account by political authorities when making real-world decisions.

The study has been published in the Water Resources Management journal, and is funded through the e-MOHICAN project (TED2021-131066B-I00), with funds from the Ecological and Digital Transition, the National Research Plan (MCIN/AEI/10.13039/501100011033 and the European Union "NextGenerationEU"/PRTR).
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American diets got briefly healthier, more diverse during COVID-19 pandemic, study finds | ScienceDaily
American diets may have gotten healthier and more diverse in the months following the start of the COVID-19 pandemic, according to a new study led by Penn State researchers.


						
The study -- published in PLOS ONE -- found that as states responded to the pandemic with school closures and other lockdown measures, citizens' diet quality improved by up to 8.5% and food diversity improved by up to 2.6%.

Co-author Edward Jaenicke, professor of agricultural economics in the College of Agricultural Sciences, said the findings provide a snapshot of what Americans' diet and eating habits might look like in the nearly complete absence of restaurant and cafeteria eating.

"When dine-in restaurants closed, our diets got a little more diverse and a little healthier," Jaenicke said. "One post-pandemic lesson is that we now have some evidence that any future shifts away from restaurant expenditures, even those not caused by the pandemic, could improve Americans' food diversity and healthfulness."

Prior to the pandemic, the researchers said, the average U.S. diet was considered generally unhealthy. According to the Dietary Guidelines for Americans, eating patterns in the U.S. have remained far below the guidelines' recommendations, with only slight improvements in the population's average Healthy Eating Index score between 2005 and 2016.

Also, before the pandemic, the research team was in the midst of a grant-funded project that asked how people would feed themselves after a giant global catastrophe, such as an asteroid strike or nuclear war. In particular, Jaenicke's team was tasked with investigating how consumers and food retailers might behave during such a disaster.

"At first, the most impactful events we could study using actual, real-world data were hurricanes and other natural disasters," Jaenicke said. "But then, along came the COVID-19 pandemic, and we realized that this event was an opportunity to study the closest thing we had to a true global catastrophe."

For the study, the researchers analyzed data from the NielsenIQ Homescan Consumer Panel on grocery purchases, which includes 41,570 nationally representative U.S. households. Data consisted of the quantity and price paid for every universal product code each family purchased during the study period.




Data was gathered from both before the pandemic hit and after the pandemic led to schools, restaurants and other establishments temporarily closing. Because states did not respond to the pandemic simultaneously, the researchers designated each household's post-pandemic period as the weeks following the date that their county of residence closed schools in 2020.

Jaenicke noted that this allowed the team to show a true causal effect of the pandemic school closures, which generally occurred around the same time that restaurants and other eateries also closed.

"To establish causality, an individual household's pre- and post-pandemic food purchases were first compared to the same household's food purchases from one year earlier," Jaenicke said. "This way, we controlled for the food-purchasing habits, preferences and idiosyncrasies of individual households."

The researchers found that in the two to three months following pandemic-based school closures -- spanning March to June 2020, depending on the specific U.S. state -- there were modest increases in Americans' food diversity, defined as how many different categories of food a person eats over a period of time.

They also found larger, temporary increases in diet quality, meaning the foods purchased were healthier. This was measured by how closely a household's purchases adhered to the U.S. Department of Agriculture's (USDA) Thrifty Food Plan, which was designed to meet the requirements of the recommended healthy diet according to the Dietary Guidelines for Americans.

These patterns were found across households with many different demographics; however, those households with young children, lower incomes and without a car exhibited smaller increases in these measures.




"During the COVID-19 pandemic, dine-in restaurants closed, schools and school cafeterias closed, and many supermarket shelves were empty," Jaenicke said. "Since about 50% of Americans' food dollars are spent on 'away from home' food from restaurants and cafeterias, the pandemic was a major shock to the food system."

The researchers said there are several possible explanations for these findings. First, because other studies have found that food from restaurants is often less healthy than food made at home, the dramatic decrease of meals eaten at and purchased from restaurants during the pandemic could have contributed to an increase of food diversity and healthfulness at home.

Second, they said it was possible that a global pandemic triggered some consumers to become more health conscious and contributed to them buying healthier, more diverse groceries. Third, because the pandemic caused widespread disruptions to the supply chain, it's possible that when familiar products were sold out, consumers shifted to newer ones that led to increased diversity and healthfulness.

Finally, school and business closures may have led to many households having more time to cook and prepare foods than they had before, while others -- like those with small children -- may have had less free time than pre-pandemic.

Jaenicke said that in the future, additional studies could continue to explore how different disasters affect purchasing and eating habits.

Douglas Wrenn, associate professor of environmental and resource economics at Penn State, and Daniel Simandjuntak, research associate at Newcastle University, were also co-authors on the study.

Open Philanthropy helped support this research.
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How a gene for obesity affects the brain | ScienceDaily
Obesity is a complicated condition, caused by a combination of genetics, the food environment, behavior, and other factors.


						
For millennia, getting enough food to survive and thrive was difficult. For most people, it's now as easy as opening a refrigerator.

A gene called SH2B1 has been shown to play an important role in regulating food intake.

SH2B1 mutations in people are associated with obesity, type 2 diabetes and metabolic dysfunction-associated steatotic liver disease, formerly known as non-alcoholic fatty liver disease.

"This gene controls feeding and energy expenditure. Obesity is caused by two opposing axes: If you eat too much, you gain fat. Spend too little energy and fat accumulates," said Liangyou Rui, Ph.D., Department of Molecular & Integrative Physiology and the Elizabeth Weiser Caswell Diabetes Institute at the U-M Medical School.

A study from Rui and team identifies where this gene is acting inside the brain, an area called the paraventricular hypothalamus, or PVH, which is involved in regulating blood pressure and fluid balance.

Additionally, the team discovered that neurons that express SH2B1 create a circuit, talking to neurons downstream in an area known as the dorsal raphe nucleus, located in the brainstem.




This area is implicated in energy balance and body weight maintenance and emotion motivated behavior.

Stimulating this circuit suppresses appetite in mice. Conversely, silencing the SH2B1 expressing neurons in the PVH leads to obesity.

The team also uncovered the molecular mechanism behind how SH2B1 helps maintain weight, in part by enhancing BDNF/TrkB signaling, which during development promotes brain growth and in a mature brain, maintains brain health. When this signaling goes awry, obesity and metabolic disease develop.

One theory, Rui notes, is that the inflammation associated with weight gain can negatively affect this pathway in an indirect way, weakening the signals to stop eating.

"We know that SH2B1 action is important, as it is highly conserved across species, from the fruit fly to humans," said Rui.

"It functions as sort of a universal currency, not only enhancing cell signaling, but the hormones leptin and insulin, which help regulate appetite and metabolism."

Furthermore, there have so far been no identified side effects to enhancing SH2B protein, unlike currently popular drugs, such as Ozempic or Mounjaro, that activate glp-1 receptors.

Said Rui, "If we can find a way to enhance SH2B activity, there is huge promise for treating obesity and its related diseases."
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Study examines urban forests across the United States | ScienceDaily
In recent years, tree-planting campaigns have been underway in the United States, especially in cities, as part of climate mitigation efforts.


						
Urban forests can help improve air quality, generate cooling effects, and provide green spaces for outdoor recreation while also serving as an ecological habitat.

Just last year, the U.S. Forest Service announced a $1 billion campaign to expand access to trees and green spaces throughout the country, including in cities.

But a new Dartmouth-led study finds that some areas within urban forests in the U.S., may be more capable than trees growing around city home lawns in adapting to a warmer climate.

The findings are published in Frontiers in Ecology and the Environment.

The researchers were especially interested in understanding the various tree species in cities and correlations between native biodiversity and capacity for tree species to adapt to climate change in terms of water usage and tolerating droughts.

These implications are relevant given that droughts and water shortages in the U.S. are projected to become more frequent in the future.




Using previously published National Science Foundation (NSF) project data from six cities on how land-use changes have made urban areas similar -- in Boston, Baltimore, Los Angeles, Miami, Minneapolis-St. Paul, and Phoenix, Arizona -- the researchers analyzed tree and shrub species in large public parks with natural areas that were relatively unmanaged and residential yards. They also analyzed reference sites representing the native ecosystems of the region that have been replaced by urban landscapes. Each of the cities represents a different ecological biome, or community of plants and animals, in a particular climate.

When the researchers compared the tree species across the three land-use types within each of the cities, they found that species in parks and natural areas were more drought-tolerant and reflected greater native biodiversity than those in people's yards.

Most of the tree species found in residential yards were not only non-native, which can lead to species invasion in natural ecosystems, and were also low in drought tolerance and therefore may not be able to survive warmer temperatures expected in the future.

Prior research has found that approximately 30% of the land area in the U.S. is residential land, illustrating that trees planted in yards comprise a large percentage of the trees in an urban forest.

"There has been a lot of emphasis on tree planting in cities but what people are planting in their yards may not necessarily be sustainable in our warming climate," says lead author Giselle Mejia, a postdoctoral fellow in the Department of Environmental Studies at Dartmouth. "In terms of sustainability standards, we recommend planting trees that are more diverse, more native, and also more climate adaptable in the future."

"Planting trees that are drought tolerant and require less water than other species is something that should be considered," says Mejia.

This is already the case for especially dry cities like Phoenix and Los Angeles, which had the most drought-tolerant species in parks and reference sites than any of the other biomes.

Trees in the hottest cities, Los Angeles, Miami, and Phoenix, had the most species with low water-use capacity in addition to drought tolerance. These included the widely planted native species Cornus florida (flowering dogwood) and Magnolia grandiflora (southern magnolia) and non-native species, also known as introduced species, Pyrus calleryana (callery pear) and Schinus terebinthifolius (Brazilian pepper).

"We need to understand the characteristics that people are looking for when they choose a tree to plant in their yard, so that educational platforms and incentives can be created to help get people on board with planting trees that would benefit all of us and potentially adapt to future climate change," says Mejia.
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When to trust an AI model | ScienceDaily
  Because machine-learning models can give false predictions, researchers often equip them with the ability to tell a user how confident they are about a certain decision. This is especially important in high-stake settings, such as when models are used to help identify disease in medical images or filter job applications.


						
But a model's uncertainty quantifications are only useful if they are accurate. If a model says it is 49% confident that a medical image shows a pleural effusion, then 49% of the time, the model should be right.

MIT researchers have introduced a new approach that can improve uncertainty estimates in machine-learning models. Their method not only generates more accurate uncertainty estimates than other techniques, but does so more efficiently.

In addition, because the technique is scalable, it can be applied to huge deep-learning models that are increasingly being deployed in health care and other safety-critical situations.

This technique could give end users, many of whom lack machine-learning expertise, better information they can use to determine whether to trust a model's predictions or if the model should be deployed for a particular task.

"It is easy to see these models perform really well in scenarios where they are very good, and then assume they will be just as good in other scenarios. This makes it especially important to push this kind of work that seeks to better calibrate the uncertainty of these models to make sure they align with human notions of uncertainty," says lead author Nathan Ng, a graduate student at the University of Toronto who is a visiting student at MIT.

Ng wrote the paper with Roger Grosse, an assistant professor of computer science at the University of Toronto; and senior author Marzyeh Ghassemi, an associate professor in the Department of Electrical Engineering and Computer Science and a member of the Institute of Medical Engineering Sciences and the Laboratory for Information and Decision Systems. The research will be presented at the International Conference on Machine Learning.




Quantifying uncertainty

Uncertainty quantification methods often require complex statistical calculations that don't scale well to machine-learning models with millions of parameters. These methods also require users to make assumptions about the model and data used to train it.

The MIT researchers took a different approach. They use what is known as the minimum description length principle (MDL), which does not require the assumptions that can hamper the accuracy of other methods. MDL is used to better quantify and calibrate uncertainty for test points the model has been asked to label.

The technique the researchers developed, known as IF-COMP, makes MDL fast enough to use with the kinds of large deep-learning models deployed in many real-world settings.

MDL involves considering all possible labels a model could give a test point. If there are many alternative labels for this point that fit well, its confidence in the label it chose should decrease accordingly.

"One way to understand how confident a model is would be to tell it some counterfactual information and see how likely it is to believe you," Ng says.




For example, consider a model that says a medical image shows a pleural effusion. If the researchers tell the model this image shows an edema, and it is willing to update its belief, then the model should be less confident in its original decision.

With MDL, if a model is confident when it labels a datapoint, it should use a very short code to describe that point. If it is uncertain about its decision because the point could have many other labels, it uses a longer code to capture these possibilities.

The amount of code used to label a datapoint is known as stochastic data complexity. If the researchers ask the model how willing it is to update its belief about a datapoint given contrary evidence, the stochastic data complexity should decrease if the model is confident.

But testing each datapoint using MDL would require an enormous amount of computation.

Speeding up the process

With IF-COMP, the researchers developed an approximation technique that can accurately estimate stochastic data complexity using a special function, known as an influence function. They also employed a statistical technique called temperature-scaling, which improves the calibration of the model's outputs. This combination of influence functions and temperature-scaling enables high-quality approximations of the stochastic data complexity.

In the end, IF-COMP can efficiently produce well-calibrated uncertainty quantifications that reflect a model's true confidence. The technique can also determine whether the model has mislabeled certain data points or reveal which data points are outliers.

The researchers tested their system on these three tasks and found that it was faster and more accurate than other methods.

"It is really important to have some certainty that a model is well-calibrated, and there is a growing need to detect when a specific prediction doesn't look quite right. Auditing tools are becoming more necessary in machine-learning problems as we use large amounts of unexamined data to make models that will be applied to human-facing problems," Ghassemi says.

IF-COMP is model-agnostic, so it can provide accurate uncertainty quantifications for many types of machine-learning models. This could enable it to be deployed in a wider range of real-world settings, ultimately helping more practitioners make better decisions.

"People need to understand that these systems are very fallible and can make things up as they go. A model may look like it is highly confident, but there are a ton of different things it is willing to believe given evidence to the contrary," Ng says.

In the future, the researchers are interested in applying their approach to large language models and studying other potential use cases for the minimum description length principle.
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AI found to boost individual creativity -- at the expense of less varied content | ScienceDaily
Stories written with AI assistance have been deemed to be more creative, better written and more enjoyable.


						
A new study published in the journal Science Advances finds that AI enhances creativity by boosting the novelty of story ideas as well as the 'usefulness' of stories -- their ability to engage the target audience and potential for publication.

It finds that AI "professionalizes" stories, making them more enjoyable, more likely to have plot twists, better written and less boring.

In a study in which 300 participants were tasked with writing a short, eight-sentence 'micro story' for a target audience of young adults, researchers found that AI made those deemed less creative produce work that was up to 26.6% better written and 15.2% less boring.

However, AI was not judged to enhance the work produced by more creative writers.

The study also warns that while AI may enhance individual creativity it may also result in a loss of collective novelty, as AI-assisted stories were found to contain more similarities to each other and were less varied and diverse.

The researchers, from the University of Exeter Business School and Institute for Data Science and Artificial Intelligence as well as the UCL School of Management, assigned the 300 study participants to three groups: one group was allowed no AI help, a second group could use ChatGPT to provide a single three-sentence starting idea, and writers in the third group could choose from up to five AI-generated ideas for their inspiration.




They then recruited 600 people to judge how good the stories were, assessing them for novelty -- whether the stories did something new or unexpected -- and 'usefulness' -- how appropriate they were for the target audience, and whether the ideas could be developed and potentially published.

They found that writers with the most access to AI experienced the greatest gains to their creativity, their stories scoring 8.1% higher for novelty and 9% higher for novelty compared with stories written without AI.

Writers who used up to five AI-generated ideas also scored higher for emotional characteristics, producing stories that were better written, more enjoyable, less boring and funnier.

The researchers evaluated the writers' inherent creativity using a Divergent Association Task (DAT) and found that more creative writers -- those with the highest DAT scores -- benefitted least from generative AI ideas.

Less creative writers conversely saw a greater increase in creativity: access to five AI ideas improved novelty by 10.7% and usefulness by 11.5% compared with those who used no AI ideas. Their stories were judged to be up to 26.6% better written, up to 22.6%, more enjoyable and up to 15.2% less boring.

These improvements put writers with low DAT scores on a par with those with high DAT scores, effectively equalising creativity across the less and more creative writers.




The researchers also used OpenAI's embeddings application programming interface (API) to calculate how similar the stories were to each other.

They found a 10.7% increase in similarity between writers whose stories used one generative AI-idea, compared with the group that didn't use AI.

Oliver Hauser, Professor of Economics at the University of Exeter Business School and Deputy Director of the Institute for Data Science and Artificial Intelligence, said: "This is a first step in studying a question fundamental to all human behaviour: how does generative AI affect human creativity?

"Our results provide insight into how generative AI can enhance creativity, and removes any disadvantage or advantage based on the writers' inherent creativity."

Anil Doshi, Assistant Professor at the UCL School of Management added: "While these results point to an increase in individual creativity, there is risk of losing collective novelty. Ifthe publishing industry were to embrace more generative AI-inspired stories, our findings suggest that the stories would become less unique in aggregate and moresimilar to each other."

Professor Hauser cautioned: "This downward spiral shows parallels to an emerging social dilemma:if individual writers find out that their generative AI-inspired writing is evaluated as more creative,they have an incentive to use generative AI more in the future, but by doing so the collectivenovelty of stories may be reduced further.

"In short, our results suggest that despite theenhancement effect that generative AI had on individual creativity, there may be a cautionary noteif generative AI were adopted more widely for creative tasks."

'
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Why are board games so popular among many people with autism? New research explains | ScienceDaily
Board gaming is a growing industry, and anecdotally popular among people who display autistic traits.


						
Now new research has highlighted the science supporting the anecdote -- and, for the first time, the important reasons behind the link.

Led by researchers at the University of Plymouth, the research took the form of five studies; collectively showing that people with autism are overrepresented in board gaming compared to the general population, and that playing modern board games -- such as Dixit or Werewolf -- provided a social outlet in a structured space.

Published across two papers in the American Journal of Play and Journal of Autism and Developmental Disorders, the research also showed that board games took the pressure off the uncertainty around meeting and interacting with people, removing the need for small talk and providing a form of escapism.

Shedding light on the games' popularity, the findings could help to inform future work on designing wellbeing interventions for special populations.

How did the research work?

The first of the research studies surveyed 1,600 board gamers worldwide -- uncovering that around 7% of them were diagnosed as autistic, compared to just 1% of the general population. In addition, 30% of those people surveyed had significantly high levels of autistic traits, according to a widely used self-administered questionnaire called the Autism Spectrum Quotient (AQ).




The second study comprised 13 in-depth interviews, in which participants -- all of whom were hobbyist board gamers and had been medically diagnosed with autism -- were asked about their experiences of board games, and how they felt the hobby interacted with their condition. The themes uncovered included finding the games both 'comforting' and 'stimulating', enabling gamers to engage with their passions, and how games act as an alternative vehicle for social communication.

In the third study, 28 autistic individuals, who were not already involved in the hobby were introduced to board games in groups of between five and 10 over an afternoon. Subsequent focus groups were then analysed, uncovering themes around how board games are challenging but encouraged growth, and how they were an alternative method for forging social relationships.

Studies four and five report the results of two-year-long interventions involving weekly game board game sessions, one with autistic adolescents at a special educational needs (SEN) school, the other with autistic adults, many with occurring intellectual disability. Results showed that the gaming intervention built community, independence and skills amongst both groups.

What do the experts say?

The work was co-led by Dr Liam Cross and Dr Gray Atherton from the University of Plymouth's School of Psychology, who hope to use the findings to further work into improving wellbeing for people with autism.

Dr Atherton said: "We know that board games are a safe and valuable hobby to many people with autism. What this research established was why that's the case, and we really want to use the findings to conduct future work.




"The findings as a whole aren't a shock, but what is surprising is the lack of evidence underpinning board game use as an intervention for people with autism. Hearing the feedback from the study participants was really motivating to try and push this forward in different settings -- and is further reinforced by another recent study we've published in the Journal of Simulation and Gaming on the game mechanics that might work for different people in specific populations.

"Everyone with autism is unique, and we want to ensure any interventions could be adapted as needed for those who might benefit."

Dr Cross added: "When we talk about hobbyist board gaming, we mean don't just mean a family game of Monopoly every now and then. We mean the kind of newer games that individuals play frequently at places like board game cafes. It's a popular hobby, and we're pleased to have been able to shed more light on its importance for so many people.

"We're also using our research to support adapting existing games for people with autism to make their gameplay even more accessible and enjoyable, and have recently returned from a board gaming conference in Canada to share our findings with the community. It's an exciting area to work in."
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Greater attention needs to be paid to malnutrition in the sick and elderly, researchers say | ScienceDaily
As many as half of all patients admitted to hospital and other healthcare facilities are malnourished. This has serious consequences for the individual in terms of unnecessary suffering, poorer quality of life and mortality. Providing nutrients can alleviate these problems, but not enough attention is paid to this knowledge. This is the conclusion of a review article by researchers from Uppsala University and the University of Gothenburg published in the New England Journal of Medicine.


						
"Far too few patients are diagnosed with malnutrition. Underdiagnosis and undertreatment of the condition remains a problem in healthcare and elderly care, not only in Sweden but worldwide. However, by using fairly simple methods, patients and older adults could be made to feel much better," says Tommy Cederholm, professor of clinical nutrition at Uppsala University.

Together with Ingvar Bosaeus, a consultant at Sahlgrenska University Hospital, Cederholm is coauthor of a review article on undernourishment published in the New England Journal of Medicine. The article summarises the global state of knowledge over the last 50 years, with the emphasis on developments over the last 5 years, concluding that the healthcare sector needs to make much greater use of the experience and knowledge revealed in the research.

It is estimated that between 5 and 10 per cent of all older adults in Sweden are malnourished. This figure rises to up to 50 per cent of patients being cared for in hospitals, nursing homes or similar facilities. Weight loss and malnutrition have traditionally been viewed as a natural expression of disease or aging, and something about which nothing can be done. It is now recognised that the most common cause is an underlying disease that causes the individual to eat less, leading to the breakdown of bodily organs and tissues.

People suffering from malnutrition will lose weight and the lack of nutrients may lead to muscle atrophy, making it difficult to cope with everyday life. They may also be more susceptible to infection and require more care, possibly involving long periods of hospitalisation and increased mortality.

Great strides have been made in knowledge about malnutrition and how to treat it over recent years. There is now global consensus among researchers and clinicians on the criteria for diagnosing malnutrition: weight loss, low body mass index, and reduced muscle mass in an individual with poor appetite, either with or without an underlying disease.

Recent large-scale clinical studies clearly show that malnutrition can be reversed. Counselling and treatment offered in collaboration with dietitians and the use of nutritional drinks can slow weight loss and reduce mortality.

"These are simple measures that are ignored every day. We now know that, with the exception of those in the advanced stages of terminal illnesses such as metastatic cancer, the vast majority of patients can be treated. In Sweden, for example, we have been working on this for many years, but we need to be even better," says Ingvar Bosaeus, a consultant at Sahlgrenska University Hospital.

The researchers propose concrete measures to reduce suffering among older adults.

"It is crucial to register risk factors for malnutrition at an early stage and to be alert to weight loss and loss of appetite. One also needs to recommend nutrient-dense foods at an early stage and begin nutritional therapy in good time with, for example, nutritional drinks. This knowledge must become a much more explicit component of both basic and specialist training for doctors and nurses," says Tommy Cederholm.
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Charting an equitable future for DNA and ancient DNA research in Africa | ScienceDaily

DNA from ancient and living African peoples is critical for researchers studying our species' evolution and population history. Africa is home to the greatest human genetic diversity on the planet, and only a fraction of that diversity has been studied to date. However, with scientific advances over the past decade, the situation is changing rapidly. More genomic data from ancient and living African people are published every year, and African DNA and aDNA research is poised to dramatically increase in the next decade. Yet, despite growing international research interest in Africa, African scientists remain starkly underrepresented on research teams and in the process of planning and executing scientific projects.

"Step one is to discuss African research in Africa," says Dr. Sawchuk, the Cleveland Museum of Natural History's Associate Curator of Human Evolution. "Many African scholars face major barriers to attending genetics conferences held in North America and Europe, limiting their ability to lead and partner in DNA and aDNA research. Holding conversations in Africa allows voices and perspectives that have been historically sidelined to be heard."

This new paper is one outcome of the groundbreaking "DNAirobi" workshop held at the National Museums of Kenya in May 2023 and co-organized by scientists at the Cleveland Museum of Natural History, National Museums of Kenya, Harvard University, and Rice University. DNAirobi brought together geneticists, archaeologists, and educators from across Africa and around the world to discuss the future of population history-focused DNA and aDNA research on the continent. The article captures the results of these conversations and presents a bold vision for what the research landscape should look like in ten years' time.

"This study involved researchers from both the Global North and the Global South and underscores the potential DNA and ancient DNA hold for understanding ancient and modern human populations" said Dr. Fredrick Kyalo Manthi, Director of Antiquities, Sites and Monuments for the National Museums of Kenya. "It amplifies the need to train more African scholars, particularly in studies related to ancient DNA."

The article also acknowledges and addresses the challenges associated with DNA and aDNA research in Africa and beyond. Studying genetic sequences, whether modern or ancient, requires great care because such research can impact both the living and the dead. Scholars widely agree that such work should be the product of equitable partnerships, engage diverse audiences (including communities relevant to research), encompass a range of perspectives, and create opportunities for capacity building. A growing number of papers over the past decade have focused on the ethics of genetics research, yet it remains difficult to adapt general best practice recommendations to specific geographic contexts. Developing a roadmap for ethical DNA and aDNA research in Africa is particularly challenging because fewer studies have been done on the continent and guidelines developed in other parts of the world are not always a good fit.

However, the new paper goes beyond creating an Africa-specific set of guidelines for genomic research. "We all want to carry out research that is equitable, engaged, and inclusive," said Dr. Sirak, Research Associate in the Department of Human Evolutionary Biology at Harvard University. "Our paper examines some of the structural barriers that currently stand in the way of creating a research ecosystem that facilitates this type of research -- for example, a lack of accessible training opportunities, ineffective communication between scientists and the interested public, and a history of exploitative research practices on the African continent. We attempt to articulate how we as researchers can encourage the continued growth of ethical genomics research in Africa with high-level structural changes to the way that science is designed and supported, that we know must ultimately take place."

Ultimately, there is no singular path forward for DNA and aDNA research in Africa. Instead, as research landscapes evolve alongside science and society, scholars will need to remain flexible and adapt to new challenges and opportunities. To help with this process, the paper's authors identify several "landmarks" to guide teams toward an equitable and inclusive future for genomics research. These include changing how and with whom we communicate results, reimagining what equitable partnerships look like, and focusing on improving scientific literacy for all. Effectively implementing best practices for ethical DNA and aDNA research requires addressing deep imbalances in power and resources.




"We seek to build a dynamic research ecosystem in which African scholars can effectively lead and partner in genomics research, and access the collaborators, labs, and funding they need to achieve their goals" said Dr. Christine Ogola, Head of Archaeology at the National Museums of Kenya. "The solution is not to immediately build population history-focused DNA and aDNA labs on the continent, which would be unrealistic at present to staff and maintain. Instead, we need to focus on building capacity and infrastructure in ways that sustainably support research leadership."

The authors conclude the article with a call to action for labs and funding bodies to commit more resources to African scholars, either directly or in cooperation with institutions that provide training and capacity building opportunities. There is a fundamental tension between fast genomics research driven by labs that must generate and publish results to secure funding, and the slow work of meaningfully engaging communities to build trust and equitable partnerships. Until there is infrastructural support to create the desired equitable research ecosystem, it will remain challenging to implement best practices for African DNA and aDNA research.

"Africans are the primary knowledge holders of African samples, data, and historical contexts. We want more access to DNA and aDNA research and the resources and training to support more African-led studies in the future" says Dr. Emmanuel Ndiema, Head of Earth Sciences for the National Museums of Kenya. "An ethical and equitable future for African genomics research requires investing in entire societies and the next generation of scholars, work that will take decades and have impacts that go far beyond genetics research."
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User control of autoplay can alter awareness of online video 'rabbit holes' | ScienceDaily
The rabbit hole contains madness, according to author Lewis Carroll. Online, that madness manifests in the form of increasingly extreme content, often without users realizing it. A new study by Penn State researchers suggests that giving users control over the interface feature of autoplay can help them realize that they are going down a rabbit hole.


						
The work -- which the researchers said has implications for responsibly designing online content viewing platforms and algorithms, as well as helping users better recognize extreme content -- is available online and will be published in the October issue of the International Journal of Human-Computer Studies.

"Anyone who has used YouTube or similar websites will know that these platforms automatically play the next video, without waiting for us to initiate it," said senior investigator S. Shyam Sundar, Evan Pugh University Professor and the James P. Jimirro Professor of Media Effects at the Penn State Bellisario College of Communications. "We often hear about people going down rabbit holes of extreme content online, because these platforms automatically transition from mainstream to extreme content, in order to maintain audience interest."

For example, a search for jogging may recommend increasingly extreme content, moving from jogging to running, then marathons to ultramarathons of 50 to 100 miles. The same can be said for any topic, the researchers said, including those that already lend themselves to polarization, such as politics.

"People tend to blame the autoplay feature -- when one video ends, another plays automatically -- for the rabbit hole perception, but we've yet to unpack the psychological effect of autoplay in the context of online viewing," said lead author Cheng "Chris" Chen, assistant professor of communication design at Elon University who earned her doctorate in mass communications from Penn State. "Prior studies have pointed out that being stuck in a rabbit hole is a complex experience, which could also be influenced by one's prior media consumption experience."

To understand how autoplay and prior media consumption may work together to influence a user's perception of falling down the rabbit hole of extreme content, the researchers designed an experimental video platform dubbed VIDNATION. The platform had 12 versions, each with video combinations of consistently non-extreme content or increasingly extreme content under three different autoplay modes: the ability to toggle autoplay on or off, autoplay without the option to turn it off and manually clicking the next video to play.

The researchers recruited 394 online participants and randomly assigned them to different VIDNATION versions. After receiving a tour of the interface, the users watched four one-minute-long videos of either non-extreme or increasingly extreme content with varying levels of control.




Participants completed a questionnaire before using VIDNATION, documenting how much and what type of content they typically watched. They also completed a questionnaire after exiting the platform, indicating the control they felt, the extremity they perceived in the content and whether they believed they had gone down a rabbit hole.

"We found that altering aspects of online media technology can have an effect on people's perceptions of what they are consuming," said Sundar, who is co-director the Media Effects Research Laboratory and director of the Center for Socially Responsible Artificial Intelligence at Penn State. "It is important to provide a reasonable level of control to users, so that they can decide for themselves whether or not they want to continue watching mainstream content that veers toward extreme material."

The researchers pointed to the concept of "interpassivity," or the idea that a user can allow technology -- such as enabling the autoplay feature -- to make decisions on their behalf, as key to triggering a sense of control in them.

"Autoplay is not just a passive experience; it offers both automation and interactivity," Chen said. "Rabbit hole perception is not only influenced by algorithms and browsing history but also by how users engage with autoplay. Our study shows that when users have control over the action of autoplay, their engagement with autoplay -- toggling it on or off -- can increase or decrease their perception of falling into a rabbit hole."

Once a user toggled autoplay on, the researchers found that they felt more conscious of their media experience and were more likely to see the rabbit hole. However, the feeling of control also made them less conscious of the fact that the content violated their expectations, making them less likely to perceive a rabbit hole.

For those who reported lower amounts of online viewing prior to the experiment, the passive viewing experience of autoplayed videos without any manual control led to an increased perception of falling down the rabbit hole even when the videos consisted of non-extreme content.

The researchers said these results can be used to promote more mindful use of online platforms and inform more responsible platform designs.

"Often, people go down rabbit holes without realizing that they are exposed to fringe, extreme content," Sundar said. "The more novel the next video, the more likely that a person would continue watching, even if the material is sensational. They may mistake it to be mainstream opinion. We want to identify and promote interface designs that enable people, especially heavy users, to be thoughtful consumers who realize that what they are watching -- beyond a point -- is not mainstream content, so they can adjust their views and behaviors based on that understanding."

Other co-authors include Jingshi Kang, a doctoral student at Fudan University who was a visiting scholar at Penn State in 2023, and Pejman Sajjadi, user experience researcher at Meta in California, who was a postdoctoral scholar at Penn State.
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Living near oil and gas activity linked to poor mental health during preconception | ScienceDaily
As the oil and gas industry continues its rapid expansion throughout North America, a growing body of research has linked fossil fuel development to physical and mental health conditions during and after pregnancy, including preterm birth, birth defects, and psychological stress.


						
But it appears that oil and gas production may be hazardous to this population even before they become pregnant.

A new study led by Boston University School of Public Health (BUSPH) researchers suggests that people who are trying to conceive and live close to oil and gas development sites have a heightened risk of developing adverse mental health outcomes.

Published in the American Journal of Public Health, the study utilized data from participants in the BUSPH-based Pregnancy Study Online (PRESTO) and found that people who lived within roughly six miles of active oil and gas development had greater development of moderate-to-severe depressive symptoms, compared to people living 12 to 31 miles away from this activity. High perceived stress was elevated among people living just 1.25 miles away from oil and gas development, and greater intensity of oil and gas production also contributed to high perceived stress.

Prenatal and postpartum health challenges have captured national attention amid rising rates of US maternal morbidity and mortality, but these new findings call attention to the vulnerabilities of people during the preconception period -- an otherwise understudied phase of the pregnancy process. It is the first study to assess the impact of fossil fuel development on pregnancy planners.

"Oil and gas development is a multifaceted exposure -- it swiftly changes the economy, the social structures, and the environment in the community," says study lead and corresponding author Dr. Mary Willis, assistant professor of epidemiology at BUSPH, who recently launched a database with an SPH team to show which communities are most affected by fossil fuel sites. "All of the changes may create stress and depression among local residents, an experience that may be particularly heightened among people trying to conceive. Identifying and mitigating potential hazards for mental health, like oil and gas development, is essential for facilitating a healthy pregnancy."

For the study, Dr. Willis and colleagues analyzed mental health survey data and information from a national database of oil and gas development well locations in the US and Canada to identify potential connections between residential proximity to and density of active oil or gas development and psychological wellbeing among 5,725 PRESTO participants living in geographically diverse areas of the US and Canada. The team restricted the analysis to participants with household incomes below $50,000 to consider individuals who may not have the financial resources to move away from oil and gas activity if they choose.




To measure participants' mental health status, the team posed clinical questions about recent stressful circumstances and depressive symptoms, as well as questions about medication usage for mental health conditions. Utilizing standardized metrics -- rather than relying on mental health medical records, as the majority of studies do -- likely captured instances of depressive symptoms that could have been overlooked in the absence of documented clinical care.

The "boom and bust" economic fluctuations associated with oil and gas development can lead to heightened stress among nearby community members, says study coauthor Erin Campbell, a research assistant in the Department of Epidemiology at BUSPH.

"The 'boom' periods could overload local infrastructure and social systems, while 'bust' periods could leave communities grappling with job losses and economic hardship," Campbell says.

The study also found that many participants who reported elevated stress and depressive symptoms lived further away from oil and gas development than the minimum distance that many states now require to protect people in homes, schools, and health facilities. Although poor mental health was linked to PRESTO participants within approximately six miles of oil and gas activity for depressive symptoms, states such as Texas and Pennsylvania -- where there is extensive oil and gas production -- limit these "setback" minimum distances to as little as 200 feet.

The researchers hope this new insight shines a light on the less visible health impacts of resource extraction in local communities, and informs regulations for health-protective setback distances in residential areas.
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Hatcheries can boost wild salmon numbers but reduce diversity, studies find | ScienceDaily
The ability of salmon hatcheries to increase wild salmon abundance may come at the cost of reduced diversity among wild salmon, according to a new University of Alaska Fairbanks-led study.


						
The number of juvenile salmon released into the North Pacific Ocean by hatcheries increased rapidly in the second half of the last century and remains at over 5 billion each year. Salmon hatcheries have helped push annual pink salmon harvests in Prince William Sound from about 4 million fish prior to hatchery programs to roughly 50 million in recent years.

Using data collected from pink salmon streams in Prince William Sound, Alaska, through the Alaska Hatchery Research Project, researchers determined that many hatchery-raised fish are straying onto natural spawning grounds and interbreeding with wild populations. In a related study, researchers used simulations developed with the real-world data to ask what this continued input of hatchery fish might mean for wild populations.

"Even if only a small percentage of hatchery-origin fish stray into wild populations, a small fraction of a huge number can still be a lot," said Samuel May, lead author of the newly published study in the journal Royal Society Open Science. "We were interested in exploring the long-term consequences of hatchery straying for wild population recruitment and resilience."

Life-history diversity is a distinguishing characteristic of wild salmon, which are specifically adapted to the local conditions of their home streams. Simulations showed that wild fish population sizes increased because more fish reproduced than would have without hatchery strays. Those increases came at a cost: As hatchery-origin gene variants spread into wild populations, diversity among those populations was reduced.

"Wild populations can be very different from one another, but hatchery fish are often more alike. If many individuals with relatively similar traits are introduced into diverse populations, it can make those populations more alike. Lower diversity among populations can reduce resilience to future changes" said May, who conducted the study as a postdoctoral fellow at UAF's College of Fisheries and Ocean Sciences.

Previous studies have shown that hatchery-origin salmon, which may be adapted to environments different from those they stray into and which don't face the same evolutionary pressures as fish born in natural streams, produce about half as many offspring as wild fish. Introducing those gene variants into wild salmon populations could potentially affect their ability to adapt to future challenges in nature.




The simulations tapped into an ongoing project in Prince William Sound that has gathered tissue samples from hundreds of thousands of pink salmon since 2011. The Alaska Hatchery Research Program has collected samples from 30 streams in the region, providing a huge collection of DNA and other data for conducting research to inform Alaska policies and sustainable resource management. This unprecedented sampling effort allows researchers to recreate the family trees of pink salmon from five of these sampled streams in the region and determine which fish can be traced back to hatcheries.

May cautioned that, as with any simulation, it can be difficult to fully capture all the complex relationships in nature. Modeling for the study was specific to pink salmon in Prince William Sound, he said, and overarching conclusions about other systems or species should be done with care.

"The same things that make these kinds of models incredibly useful in specific contexts -- like their simplifying assumptions and being parameterized with empirical data -- also make them misleading if applied in the wrong context," May said.

Other contributors to the paper included authors from the Alaska Department of Fish and Game and the National Oceanic and Atmospheric Administration. The Alaska Hatchery Research Project is a collaborative endeavor between the Alaska Department of Fish and Game, hatchery operators, nongovernmental organizations and academics.

"Salmon hatcheries in Alaska have become a flash point, making discussions of policy options mired in contention and acrimony," said Peter Westley, a UAF associate professor of fisheries and principal investigator for the project. "Hopefully this work can guide conversations by serving as an agreed upon reality -- hatcheries can increase salmon abundance of both hatchery and wild individuals, but it comes with an inherent trade-off for wild fish ecological diversity such as run timing."
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Introducing co-cultures: When co-habiting animal species share culture | ScienceDaily
Cooperative hunting, resource sharing, and using the same signals to communicate the same information -- these are all examples of cultural sharing that have been observed between distinct animal species. In an opinion piece published June 19 in the journal Trends in Ecology & Evolution, researchers introduce the term "co-culture" to describe cultural sharing between animal species. These relationships are mutual and go beyond one species watching and mimicking another species' behavior -- in co-cultures, both species influence each other in substantial ways.


						
"Co-culture challenges the notion of species-specific culture, underscoring the complexity and interconnectedness of human and animal societies, and between animal societies," write the authors, behavioral ecologist Cedric Sueur of the Institut Pluridisciplinaire Hubert Curien (IPHC), Universite de Strasbourg-CNRS, and the Institut Universitaire de France and primatologist Michael Huffman of Kyoto University and Nagasaki University. "These cross-species interactions result in behavioral adaptations and preferences that are not just incidental but represent a form of convergent evolution."

Co-cultures have been observed between humans and nonhuman animals -- for example, between humans and honeyguides in Tanzania and Mozambique, where the birds lead humans to honeybee nests. They are also evident between different species of nonhuman animals -- for example, cooperative scavenging between ravens and wolves, cooperative hunting between false killer whales and bottlenose dolphins, and signal sharing between distinct species of tamarin. Ultimately, this inter-species sharing of culture could drive evolution, the researchers say.

"Cultural behaviors that enhance survival or reproductive success in a particular setting can lead to changes in population habits that, over time, could drive genetic selection," they write.

To extend our understanding of co-cultures, the researchers say that future studies could start by investigating wild animals in urban environments. "Urban animals modify their behaviors, learning, and problem-solving skills to cope with urban challenges, reflecting a dynamic response to urban landscapes," they write. "Similarly, humans alter their urban spaces, influencing wildlife behavior and evolution. This reciprocal adaptation between humans and wildlife is fundamental to understanding co-culture."

Future research is also needed to examine the possibility of cultural and genetic co-evolution -- the idea that species' cultures and genomes are evolving in concert. A key question, the researchers say, is "In the context of co-culture, how do cultural adaptations influence genetic evolution, and vice versa, across different species and environments?"
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Researchers uncover brain region's role in hearing and learning | ScienceDaily
Have you ever noticed how you can suddenly hear your refrigerator humming in the background when you focus on it? Or how the sound of your name instantly catches your attention even in a noisy crowd?


						
The human brain is remarkably adept at adjusting what we hear based on contexts, like our current environment or priorities, but it's still unknown how exactly the brain helps us detect, filter and react to sounds.

Now, biologists at the University of Maryland are a step closer to solving that mystery. Using an animal model, the researchers found that the orbitofrontal cortex (OFC), a brain region associated with decision-making but not typically linked to hearing, plays a central role in helping the auditory cortex (a primary hearing center of the brain) adapt to changing contexts or situations. The team's findings were published in the journal Current Biology on July 11, 2024.

"Our hearing doesn't just depend on the sounds around us. It also relies heavily on what we're doing and what's important to us at that moment," explained UMD Biology Assistant Professor Melissa Caras, the paper's senior author. "Understanding the neural mechanisms responsible for these adjustments can also lead to a better understanding of and potential treatments for neurodevelopmental disorders like autism, dyslexia or schizophrenia -- conditions where sensory regulation goes awry."

To closely examine the brain circuitry involved in the hearing process, the researchers turned to gerbils, small mammals whose basic hearing system is similar to that of humans. The animals were exposed to sound patterns in two different contexts. In one context, the animals listened to sounds passively without needing to do anything. In the other, the animals had to perform a specific action in response to the sounds they heard. By recording and manipulating the brain activity of the animals, the team discovered that the OFC helped the animals switch between passive and active listening.

"In short, the OFC sends signals to the auditory cortex when it's time to pay closer attention to sounds," Caras said. "It's not certain whether the signals are sent directly or indirectly via an intermediary brain region, but we do know that activity in the OFC is essential to how the gerbils behaved in our experiments."

When the OFC was silenced, the animals' auditory cortex did not switch between passive and active listening, impairing their ability to pay attention to and react to a behaviorally relevant sound.




"In terms of a more human-oriented analogy, it would be as if I told you to suddenly pay attention to your refrigerator humming in the background," Caras explained. "If your OFC was silenced and unable to send a signal to your auditory cortex, you might have difficulty doing so because the ability to rapidly alter your sound perception would be impaired."

While this study was conducted in animals, Caras says the findings may have notable implications for human health and well-being. The ability to quickly shift attention to important sounds is essential for many day-to-day activities including communicating with others and navigating busy or dangerous environments.

"We're just beginning to understand how the brain fine tunes hearing sensitivity in response to sudden shifts in behavioral contexts. We plan to explore exactly how the OFC communicates with the auditory cortex and see whether it's possible to strengthen the connection and improve hearing ability," Caras said. "This work is paving the way for researchers and health care professionals to develop better strategies for improving hearing in both healthy individuals and those with sensory impairments."

This research was supported by the National Institutes of Health (Award Nos. R00DC016046 and R01DC020742).
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Ant insights lead to robot navigation breakthrough
        Have you ever wondered how insects are able to go so far beyond their home and still find their way? The answer to this question is not only relevant to biology but also to making the AI for tiny, autonomous robots. Drone-researchers felt inspired by biological findings on how ants visually recognize their environment and combine it with counting their steps in order to get safely back home. They have used these insights to create an insect-inspired autonomous navigation strategy for tiny, lightw...

      

      
        Want to spot a deepfake? Look for the stars in their eyes
        In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important. So what if you could tell just by looking into someone's eyes? That's the compelling finding of new research which suggests that AI-generated fakes can be spotted by analyzing human eyes in the same way that astronomers study pictures of galaxies.

      

      
        Completely stretchy lithium-ion battery for flexible electronics
        When you think of a battery, you probably don't think stretchy. But batteries will need this shape-shifting quality to be incorporated into flexible electronics, which are gaining traction for wearable health monitors. Now, researchers report a lithium-ion battery with entirely stretchable components, including an electrolyte layer that can expand by 5000%, and it retains its charge storage capacity after nearly 70 charge/discharge cycles.

      

      
        What fat cats on a diet may tell us about obesity in humans
        Pet cats may be excellent animal models for the study of obesity origins and treatment in humans, a new study of feline gut microbes suggests -- and both species would likely get healthier in the research process, scientists say.

      

      
        Smart soil can water and feed itself
        A newly engineered type of soil can capture water out of thin air to keep plants hydrated and manage controlled release of fertilizer for a constant supply of nutrients.

      

      
        Cuttlefish can form false memories, too
        During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers have evidence that the common cuttlefish may create false memories, too.

      

      
        Astronomers spot a 'highly eccentric' planet on its way to becoming a hot Jupiter
        The newly discovered planet TIC 241249530 b has the most highly elliptical, or eccentric, orbit of any known planet. It appears to be a juvenile planet that is in the midst of becoming a hot Jupiter, and its orbit is providing some answers to how such large, scorching planets evolve.

      

      
        Psilocybin generates psychedelic experience by disrupting brain network
        Researchers report that psilocybin, the active ingredient in magic mushrooms, destabilizes a critical network of brain areas involved in introspective thinking. The findings provide a neurobiological explanation for the drug's mind-bending effects.

      

      
        Enzyme-powered 'snot bots' help deliver drugs in sticky situations
        Snot might not be the first place you'd expect nanobots to be swimming around. But this slimy secretion exists in more places than just your nose and piles of dirty tissues -- it also lines and helps protect the lungs, stomach, intestines and eyes. And now, researchers have demonstrated in mice that their tiny, enzyme-powered 'snot bots' can push through the defensive, sticky layer and potentially deliver drugs more efficiently.

      

      
        Scientists find that small regions of the brain can take micro-naps while the rest of the brain is awake and vice versa
        For the first time, scientists have found that sleep can be detected by patterns of neuronal activity just milliseconds long, 1000 times shorter than a second, revealing a new way to study and understand the basic brain wave patterns that govern consciousness.

      

      
        How astronomers are using pulsars to observe evidence of dark matter
        Tantalizing evidence of potential dark matter objects has been detected with the help of the Universe's 'timekeepers'. These pulsars -- neutron stars which rotate and emit lighthouse-like beams of radio waves that rapidly sweep through space -- were used to identify mysterious hidden masses. Pulsars earned their nickname because they send out electromagnetic radiation at very regular intervals, ranging from milliseconds to seconds, making them extremely accurate timekeepers.

      

      
        Sun-like stars found orbiting hidden companions
        Astronomers have uncovered what appear to be 21 neutron stars in orbit around stars like our Sun. The discovery is surprising because it is not clear how a star that exploded winds up next to a star like our Sun.

      

      
        New analysis of Cassini data yields insights into Titan's seas
        A new study of radar experiment data from the Cassini-Huygens mission to Saturn has yielded fresh insights related to the makeup and activity of the liquid hydrocarbon seas near the north pole of Titan, the largest of Saturn's 146 known moons.

      

      
        Bizarre 'garden sprinkler-like' jet is spotted shooting out of neutron star
        A strange 'garden sprinkler-like' jet coming from a neutron star has been pictured for the first time. The S-shaped structure is created as the jet changes direction due to the wobbling of the disc of hot gas around the star -- a process called precession, which has been observed with black holes but, until now, never with neutron stars.

      

      
        NASA's Webb investigates eternal sunrises, sunsets on distant world
        Researchers using NASA's James Webb Space Telescope have finally confirmed what models have previously predicted: An exoplanet has differences between its eternal morning and eternal evening atmosphere. WASP-39 b, a giant planet with a diameter 1.3 times greater than Jupiter, but similar mass to Saturn that orbits a star about 700 light-years away from Earth, is tidally locked to its parent star. This means it has a constant dayside and a constant nightside -- one side of the planet is always exp...

      

      
        A new neural network makes decisions like a human would
        Researchers are training neural networks to make decisions more like humans would. This science of human decision-making is only just being applied to machine learning, but developing a neural network even closer to the actual human brain may make it more reliable, according to the researchers.

      

      
        Scorching storms on distant worlds revealed
        An international study reveals the extreme atmospheric conditions on the celestial objects, which are swathed in swirling clouds of hot sand amid temperatures of 950C. Using NASA's powerful James Webb Space Telescope (JWST), researchers set out to capture the weather on a pair of brown dwarfs -- cosmic bodies that are bigger than planets but smaller than stars.

      

      
        Cosmic wrestling match
        Our universe is around 13.8 billion years old. Over the vastness of this time, the tiniest of initial asymmetries have grown into the large-scale structures we can see through our telescopes in the night sky: galaxies like our own Milky Way, clusters of galaxies, and even larger aggregations of matter or filaments of gas and dust. How quickly this growth takes place depends, at least in today's universe, on a sort of wrestling match between natural forces: Can dark matter, which holds everything ...

      

      
        Origins of creativity in the brain
        New results could ultimately help lead to interventions that spark creative thought or aid people who have mental illnesses that disrupt these regions of the brain.

      

      
        Vivid portrait of interacting galaxies marks Webb's second anniversary
        Two for two! A duo of interacting galaxies commemorates the second science anniversary of NASA's James Webb Space Telescope, which takes constant observations, including images and highly detailed data known as spectra. Its operations have led to a 'parade' of discoveries by astronomers around the world.

      

      
        A chemical claw machine bends and stretches when exposed to vapors
        Scientists have developed a tiny 'claw machine' that is able to pick up and drop a marble-sized ball in response to exposure to chemical vapors. The findings point to a technique that can enable soft actuators--the parts of a machine that make it move--to perform multiple tasks without the need for additional costly materials. While existing soft actuators can be 'one-trick ponies' restricted to one type of movement, this novel composite film contorts itself in different ways depending on the vap...

      

      
        Neural networks made of light
        Scientists propose a new way of implementing a neural network with an optical system which could make machine learning more sustainable in the future. In a new paper, the researchers have demonstrated a method much simpler than previous approaches.

      

      
        Scientists create computer program that 'paints' the structure of molecules in the style of Piet Mondrian
        Scientists have created a computer program that 'paints' the structure of molecules in the style of famous Dutch artist, Piet Mondrian. Researchers are opening eyes and minds to the beauty of molecular structure, as well as posing new questions about the form and function of the molecules themselves.

      

      
        How the 'heart and lungs' of a galaxy extend its life
        Galaxies avoid an early death because they have a 'heart and lungs' which effectively regulate their 'breathing' and prevent them growing out of control, a new study suggests. If they didn't, the universe would have aged much faster than it has and all we would see today is huge 'zombie' galaxies teeming with dead and dying stars. That's according to a new study that investigates one of the great mysteries of the Universe -- why galaxies are not as large as astronomers would expect.

      

      
        'A history of contact': Geneticists are rewriting the narrative of Neanderthals and other ancient humans
        Using genomes from 2,000 living humans as well as three Neanderthals and one Denisovan, an international team mapped the gene flow between the hominin groups over the past quarter-million years.

      

      
        Muscle machine: How water controls the speed of muscle contraction
        The flow of water within a muscle fiber may dictate how quickly muscle can contract, according to a new study.

      

      
        Learning dance moves could help humanoid robots work better with humans
        Engineers have trained a humanoid robot to perform a variety of expressive movements, from simple dance routines to gestures like waving, high-fiving and hugging, all while maintaining a steady gait on diverse terrains. This work marks a step towards building robots that perform more complex and human-like motions.
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Ant insights lead to robot navigation breakthrough | ScienceDaily
Have you ever wondered how insects are able to go so far beyond their home and still find their way? The answer to this question is not only relevant to biology but also to making the AI for tiny, autonomous robots. TU Delft drone-researchers felt inspired by biological findings on how ants visually recognize their environment and combine it with counting their steps in order to get safely back home. They have used these insights to create an insect-inspired autonomous navigation strategy for tiny, lightweight robots. The strategy allows such robots to come back home after long trajectories, while requiring extremely little computation and memory (0.65 kiloByte per 100 m). In the future, tiny autonomous robots could find a wide range of uses, from monitoring stock in warehouses to finding gas leaks in industrial sites. The researchers have published their findings in Science Robotics, on July 17, 2024.


						
Sticking up for the little guy

Tiny robots, from tens to a few hundred grams, have the potential for interesting real-world applications. With their light weight, they are extremely safe even if they accidentally bump into someone. Since they are small, they can navigate in narrow areas. And if they can be made cheaply, they can be deployed in larger numbers, so that they can quickly cover a large area, for instance in greenhouses for early pest or disease detection.

However, making such tiny robots operate by themselves is difficult, since compared to larger robots they have extremely limited resources. A major obstacle is that they have to be able to navigate by themselves. For this robots can get help from external infrastructure. They can use location estimates from GPS satellites outdoors or from wireless communication beacons indoors. However, it is often not desirable to rely on such infrastructure. GPS is unavailable indoors and can get highly inaccurate in cluttered environments such as in urban canyons. And installing and maintaining beacons in indoor spaces is quite expensive or simply not possible, for example in search-and-rescue scenarios.

The AI necessary for autonomous navigation with only onboard resources has been made with large robots in mind such as self-driving cars. Some approaches rely on heavy, power-hungry sensors like LiDAR laser rangers, which can simply not be carried or powered by small robots. Other approaches use the sense of vision, which is a very power-efficient sensor that provides rich information on the environment. However, these approaches typically attempt to create highly detailed 3D maps of the environment. This requires large amounts of processing and memory, which can only be provided by computers that are too large and power-hungry for tiny robots.

Counting steps and visual breadcrumbs

This is why some researchers have turned to nature for inspiration. Insects are especially interesting as they operate over distances that could be relevant to many real-world applications, while using very scarce sensing and computing resources. Biologists have an increasing understanding of the underlying strategies used by insects. Specifically, insects combine keeping track of their own motion (termed "odometry") with visually guided behaviors based on their low-resolution, but almost omnidirectional visual system (termed "view memory"). Whereas odometry is increasingly well understood even up to the neuronal level, the precise mechanisms underlying view memory are still less well understood. One of the earliest theories on how this works proposes a "snapshot" model. In it, an insect such as an ant is proposed to occasionally make snapshots of its environment. Later, when arriving close to the snapshot, the insect can compare its current visual percept to the snapshot, and move to minimize the differences. This allows the insect to navigate, or 'home', to the snapshot location, removing any drift that inevitably builds up when only performing odometry.




"Snapshot-based navigation can be compared to how Hansel tried not to get lost in the fairy tale of Hansel and Gretel. When Hans threw stones on the ground, he could get back home. However, when he threw bread crumbs that were eaten by the birds, Hans and Gretel got lost. In our case, the stones are the snapshots." says Tom van Dijk, first author of the study, "As with a stone, for a snapshot to work, the robot has to be close enough to the snapshot location. If the visual surroundings get too different from that at the snapshot location, the robot may move in the wrong direction and never get back anymore. Hence, one has to use enough snapshots -- or in the case of Hansel drop a sufficient number of stones. On the other hand, dropping stones to close to each other would deplete Hans' stones too quickly. In the case of a robot, using too many snapshots leads to large memory consumption. Previous works in this field typically had the snapshots very close together, so that the robot could first visually home to one snapshot and then to the next."

"The main insight underlying our strategy is that you can space snapshots much further apart, if the robot travels between snapshots based on odometry.," says Guido de Croon, Full Professor in bio-inspired drones and co-author of the article, "Homing will work as long as the robot ends up close enough to the snapshot location, i.e., as long as the robot's odometry drift falls within the snapshot's catchment area. This also allows the robot to travel much further, as the robot flies much slower when homing to a snapshot than when flying from one snapshot to the next based on odometry."

The proposed insect-inspired navigation strategy allowed a 56-gram "CrazyFlie" drone, equipped with an omnidirectional camera, to cover distances of up to 100 meters with only 0.65 kiloByte. All visual processing happened on a tiny computer called a "micro-controller," which can be found in many cheap electronic devices.

Putting robot technology to work

"The proposed insect-inspired navigation strategy is an important step on the way to applying tiny autonomous robots in the real world.," says Guido de Croon, "The functionality of the proposed strategy is more limited than that provided by state-of-the-art navigation methods. It does not generate a map and only allows the robot to come back to the starting point. Still, for many applications this may be more than enough. For instance, for stock tracking in warehouses or crop monitoring in greenhouses, drones could fly out, gather data and then return to the base station. They could store mission-relevant images on a small SD card for post-processing by a server. But they would not need them for navigation itself."
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Want to spot a deepfake? Look for the stars in their eyes | ScienceDaily
In an era when the creation of artificial intelligence (AI) images is at the fingertips of the masses, the ability to detect fake pictures -- particularly deepfakes of people -- is becoming increasingly important.


						
So what if you could tell just by looking into someone's eyes?

That's the compelling finding of new research shared at the Royal Astronomical Society's National Astronomy Meeting in Hull, which suggests that AI-generated fakes can be spotted by analysing human eyes in the same way that astronomers study pictures of galaxies.

The crux of the work, by University of Hull MSc student Adejumoke Owolabi, is all about the reflection in a person's eyeballs.

If the reflections match, the image is likely to be that of a real human. If they don't, they're probably deepfakes.

"The reflections in the eyeballs are consistent for the real person, but incorrect (from a physics point of view) for the fake person," said Kevin Pimbblet, professor of astrophysics and director of the Centre of Excellence for Data Science, Artificial Intelligence and Modelling at the University of Hull.

Researchers analysed reflections of light on the eyeballs of people in real and AI-generated images. They then employed methods typically used in astronomy to quantify the reflections and checked for consistency between left and right eyeball reflections.




Fake images often lack consistency in the reflections between each eye, whereas real images generally show the same reflections in both eyes.

"To measure the shapes of galaxies, we analyse whether they're centrally compact, whether they're symmetric, and how smooth they are. We analyse the light distribution," said Professor Pimbblet.

"We detect the reflections in an automated way and run their morphological features through the CAS [concentration, asymmetry, smoothness] and Gini indices to compare similarity between left and right eyeballs.

"The findings show that deepfakes have some differences between the pair."

The Gini coefficient is normally used to measure how the light in an image of a galaxy is distributed among its pixels. This measurement is made by ordering the pixels that make up the image of a galaxy in ascending order by flux and then comparing the result to what would be expected from a perfectly even flux distribution.

A Gini value of 0 is a galaxy in which the light is evenly distributed across all of the image's pixels, while a Gini value of 1 is a galaxy with all light concentrated in a single pixel.




The team also tested CAS parameters, a tool originally developed by astronomers to measure the light distribution of galaxies to determine their morphology, but found it was not a successful predictor of fake eyes.

"It's important to note that this is not a silver bullet for detecting fake images," Professor Pimbblet added.

"There are false positives and false negatives; it's not going to get everything. But this method provides us with a basis, a plan of attack, in the arms race to detect deepfakes."
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Completely stretchy lithium-ion battery for flexible electronics | ScienceDaily
When you think of a battery, you probably don't think stretchy. But batteries will need this shape-shifting quality to be incorporated into flexible electronics, which are gaining traction for wearable health monitors. Now, researchers in ACS Energy Letters report a lithium-ion battery with entirely stretchable components, including an electrolyte layer that can expand by 5000%, and it retains its charge storage capacity after nearly 70 charge/discharge cycles.


						
Electronics that bend and stretch need batteries with similar properties. Most researchers who have attempted to build such batteries created them with woven conductive fabric or rigid components folded into expandable shapes, similar to origami. But for a truly malleable battery, every part -- the electrodes that collect charge and the charge-balancing middle electrolyte layer -- must be elastic. So far, truly stretchy battery prototypes have moderate elasticity, complex assembly processes or limited energy storage capacity, especially over time with repeated charging and discharging. The latter can be due to a weak connection between the electrolyte layer and electrodes or instability of the fluid electrolyte, which can move around when the battery changes shape. So, rather than using a liquid, Wen-Yong Lai and coworkers wanted to incorporate the electrolyte into a polymer layer fused between two flexible electrode films, to create a completely solid, stretchy battery.

To make the electrodes for the fully elastic battery, the team spread a thin film of conductive paste containing silver nanowires, carbon black and lithium-based cathode or anode materials onto a plate. A layer of polydimethylsiloxane, a flexible material commonly used in contact lenses, was then applied to the top of the paste. Directly on top of this film, the researchers added a lithium salt, a highly conductive liquid and the ingredients to make a stretchy polymer. When activated by light, these components combined to form a solid, rubbery layer capable of stretching to 5000% of its original length and able to transport lithium ions. Finally, the stack was topped with another electrode film, and the whole device was sealed in a protective coating.

When comparing the solid stretchy battery design to a similar device with a traditional liquid electrolyte, the new version had about six times higher average charge capacity at a fast-charging rate. Likewise, the solid battery maintained a more stable capacity while operating during 67 charging and discharging cycles. In other prototypes made with solid electrodes, the polymer electrolyte maintained steady operation over 1000 cycles, with capacity dropping by 1% in the first 30 cycles, compared to a 16% drop for the liquid electrolyte. There are still improvements to be made, but this new way of creating fully stretchable, solid batteries could be a promising step forward for wearable or implantable devices that flex and move with the body.

The authors acknowledge funding from the National Key Research and Development Program of China; the National Natural Science Foundation of China; the Natural Science Foundation of Jiangsu Province; the Foundation of Key Laboratory Flexible Electronics of Zhejiang Province; Program for Jiangsu Specially-Appointed Professor; NUPT "1311 Project" and Scientific Foundation; China Postdoctoral Science Foundation; the Project of State Key Laboratory of Organic Electronics and Information Displays, NJUPT; and the Natural Science Foundation of NJUPT.
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What fat cats on a diet may tell us about obesity in humans | ScienceDaily
Pet cats may be excellent animal models for the study of obesity origins and treatment in humans, a new study of feline gut microbes suggests -- and both species would likely get healthier in the research process, scientists say.


						
Veterinary researchers analyzed fecal samples from fat cats as the animals lost and maintained weight over the course of four dietary changes, including strict calorie reduction. The team found that food-related changes to the cats' gut microbiome -- the assortment of bacteria and molecules those bacteria produce and consume -- have striking similarities to dietary effects on the gut previously seen in humans.

Though there is still a lot to learn, the findings place pet cats at the top of the list of animals whose gut bacteria may tell us a lot about our own -- and whether gut microbe-based therapy could be one way to battle obesity.

"Animals share our beds. They share our ice cream. There are all these things that people do with their pets that highlight they are a naturally occurring disease model with similar environmental exposures as humans," said lead study author Jenessa Winston, assistant professor of veterinary clinical sciences at The Ohio State University.

"Being able to see changes in cats that come up in the context of obesity and type 2 diabetes in people makes them a really good model to start looking at more microbiome-directed therapeutics for obesity in humans if we're seeing a similar shift," she said. "Microbes we saw in this study also come up again and again in human studies -- and clearly, people aren't eating cat chow, right?"

The study was published recently in the journal Scientific Reports.

An estimated 60% of cats are obese or overweight in developed countries, and more than 2 in 5 adults in the United States have obesity, according to the Centers for Disease Control and Prevention.




At Ohio State, Winston oversees two large clinical trials exploring the potential for fecal transplants from lean dogs and cats to help their overweight pet peers lose weight.

"My lab is focused on how we can harness the therapeutic power of microbes," she said. "In order to do that, we have to understand how disease states may be different from health so that we can better try and figure out and target, mechanistically, changes that occur in the microbiome."

In this study, researchers fed seven obese cats a four-phase diet over 16 weeks: free-feeding of commercial cat food for two weeks, free-feeding of a specially formulated weight-loss diet for one week, calorie-restricted feeding of the weight-loss diet to achieve 1-2% body weight reduction per week for 11 weeks, and a return to the original maintenance diet.

The analysis of fecal samples taken during the different diet phases focused on changes in the presence of short-chain fatty acids metabolites, molecules produced by bacteria during digestion. Fatty acids are of interest because they prompt specific types of communication between gut microbes and tissue in the rest of the body -- including hormonal signals that can relate to inflammation and insulin resistance.

The team found that the abundance of a short-chain fatty acid called propionic acid -- shown in other mammals to regulate appetite, reduce fat accumulation and protect against obesity and diabetes -- was increased in feces when the cats were losing weight on the calorie-restricted diet. Greater propionic acid composition was associated with an increase in the bacterium Prevotella 9 copri. Though direct production of propionic acid by Prevotella couldn't be determined in this study, the finding that these increases occurred at the same time, when cats were dropping weight, was intriguing. Previous research has linked Prevotella 9 copri in the human gut to weight loss and better blood sugar control.

"When the cats are on the special diet formulated for weight loss, propionic acid goes up and stays high, and then goes back down when they're put back on the maintenance diet. So it really is a dietary change," Winston said. "This paper highlights that when we calorie-restrict cats that are obese, we can alter their microbial ecosystem -- and those community shifts that we see likely correlate with some metabolic outcomes.




"I think that those parallels that we're seeing in how the ecosystems change in a similar way is helpful," she said.

The gut microbiome's precise role in mammal obesity remains a mystery, but Winston said decades of evidence suggests these organisms and molecules they produce are part of the problem behind what is now known to be a very complex disease. This study's findings in felines suggest the pet cat gut profile could provide meaningful answers for both species, she said.

The weight-loss diet in the study was provided by Nestle Purina, which also provided funding for the project. Winston and some co-authors are paid speakers for Nestle Purina.

Co-authors include John Rowe, Valerie Parker and Adam Rudinsky of Ohio State; Katie McCool of North Carolina State University; Jan Suchodolski, Rosana Lopes and Jorg Steiner of Texas A&M University; and Chen Gilor of the University of Florida.
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Smart soil can water and feed itself | ScienceDaily
A newly engineered type of soil can capture water out of thin air to keep plants hydrated and manage controlled release of fertilizer for a constant supply of nutrients.


						
Underpinning this exciting smart soil system is a hydrogel material developed by researchers at The University of Texas at Austin. In experiments, the hydrogel-infused soil led to the growth of larger, healthier plants, compared to regular soil, all while using less water and fertilizer.

"This new gel technology can reduce the burden on farmers by decreasing the need for frequent irrigation and fertilization," said Jungjoon Park, a graduate student in the Walker Department of Mechanical Engineering and who led the research. "The technology is also versatile enough to be adopted across a wide range of climates, from arid regions to temperate areas."

The research was published recently in ACS Materials Letters.

Agriculture today accounts for 70% of global freshwater withdrawals and up to 95% in some developing countries as our global population continues to rise. The U.N. Food and Agriculture Organization emphasizes the importance of improving irrigation efficiency, adopting water-saving technologies and promoting crops with lower water footprints to ensure sustainable food production and water resource management.

Meanwhile, traditional farming methods, especially irrigation and fertilizing, face significant challenges, including inefficient water usage and environmental land degradation. As climate change intensifies and water resources become increasingly scarce, the need for more efficient and sustainable irrigation practices has never been more urgent. Additionally, conventional fertilization techniques often result in excessive nutrient exposure, reducing nutrient uptake efficiency and causing environmental pollution, and farmable land degradation.

"The global water scarcity coupled with a growing population has an immediate impact on food security," said Yu, professor of materials science in the Cockrell School of Engineering's Walker Department of Mechanical Engineering and Texas Materials Institute. "This new class of hydrogels offers a promising solution to meet the pressing needs of water scarcity and efficient nutrient uptake in modern sustainable agriculture."

In experiments, plants rooted in the hydrogel soil saw a 138% increase in stem length compared to a control group in regular soil. And the modified soil can achieve approximately 40% water savings, significantly reducing the need for frequent irrigation and ensuring robust crop development.




This research builds on previous discoveries involving hydrogels that can pull water from the atmosphere and make farming more efficient. It is part of Yu's overall mission that dates back to his childhood: to expand access to clean water to people around the globe.

This work mainly focused on calcium-based fertilizers. The project will continue, and the researchers' next moves involve integrating different types of fertilizers and longer field tests.

Joining Yu and Park on the project are Weixin Guan and Chuxin Lei, who are also graduate students in the materials science and engineering program and Texas Materials Institute.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240717121013.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Cuttlefish can form false memories, too | ScienceDaily
During an event, details like what you saw, smelled, and felt aren't stored as a single memory. Rather, they are encoded and stored in your brain separately. To retrieve that memory, those pieces must get put back together. When that doesn't happen in the right way or details are distorted, it can lead to the creation of false memories. Now researchers reporting in the journal iScience on July 17 have evidence that the common cuttlefish may create false memories, too.


						
"Forming false memories is different from making memory errors," said Christelle Jozet-Alves of the University of Caen in Normandy, France. The results suggest that cuttlefish do not encode events as filmstrips but rather mentally reconstruct the event by associating different features that were present during the original event, says Jozet-Alves.

Cuttlefish have been recognized as the only invertebrates possessing episodic-like memory. In other words, they can remember and recall what happened to them in the past. But the underlying mechanisms involved in their ability to recall previous events wasn't known. Does a cuttlefish's memory for past events depend on a reconstruction process?

To find out, Jozet-Alves and colleagues decided to try and induce false memories in cuttlefish. If the animals rely on a reconstructive process for their episodic-like memories, they reasoned, then they should be susceptible to forming false memories.

To encourage false memories, the researchers exposed cuttlefish to successive events sharing many common features. They wanted to see if they could make cuttlefish remember seeing their favorite food -- shrimp -- in a particular tube even when they hadn't. First, they showed cuttlefish different tubes, one with shrimp, one with a less-preferred crab, and one empty. Each tube had a specific visual pattern.

Next, they showed two of the three tubes previously encountered: the shrimp tube and the empty tube, but this time the content of the tubes was not visible. They attempted to mislead the animals with the visual patterns and odors, creating overlapping features. The question was whether the cuttlefish would falsely remember there being shrimp in a tube that was in fact empty because they saw this tube a second time in the presence of the shrimp tube.

To test it out, they let the cuttlefish choose between the empty tube and the crab tube with the contents not visible. And their choices suggested that the misleading information in those past events had altered their memories. Rather than choosing a tube containing their less preferred crab, the cuttlefish more often than otherwise expected sometimes chose an empty tube, suggesting they thought they remembered it contained shrimp.

While more study is needed, the findings suggest that cuttlefish can form false memories for visual information but not for scents. The researchers suggest this memory strategy might reduce the cost of memory. If cuttlefish can store smaller building blocks of memories and then reconstruct them, it might optimize memory while allowing them to imagine different combinations of features in the future, the researchers suggest. However, they also noted an unexpected amount of variation among individuals.

"What was surprising was that the susceptibility to form false memories seems different between individuals," Jozet-Alves said. "Some appeared unaffected when exposed to a misleading event while other did form false memories. This phenomenon is commonly found in our own species in which this susceptibility varies among individuals and within individuals."

In future studies, they say it will be important to "better understand why all individuals are not as sensitive to the formation of false memory and whether it could change within an individual depending on its age, its level of attention to the task, or even its emotional state."
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Astronomers spot a 'highly eccentric' planet on its way to becoming a hot Jupiter | ScienceDaily
e most extreme planets in the galaxy. These scorching worlds are as massive as Jupiter, and they swing wildly close to their star, whirling around in a few days compared to our own gas giant's leisurely 4,000-day orbit around the sun. 
Scientists suspect, though, that hot Jupiters weren't always so hot and in fact may have formed as "cold Jupiters," in more frigid, distant environs. But how they evolved to be the star-hugging gas giants that astronomers observe today is a big unknown.
Now, astronomers at MIT, Penn State University, and elsewhere have discovered a hot Jupiter "progenitor" -- a sort of juvenile planet that is in the midst of becoming a hot Jupiter. And its orbit is providing some answers to how hot Jupiters evolve.
The new planet, which astronomers labeled TIC 241249530 b, orbits a star that is about 1,100 light years from Earth. The planet circles its star in a highly "eccentric" orbit, meaning that it comes extremely close to the star before slinging far out, then doubling back, in a narrow, elliptical circuit. If the planet was part of our solar system, it would come ten times closer to the sun than Mercury, before hurtling out, just past Earth, then back around. By the scientists' estimates, the planet's stretched-out orbit has the highest eccentricity of any planet detected to date.
The new planet's orbit is also unique in its "retrograde" orientation. Unlike the Earth and other planets in the solar system, which orbit in the same direction as the sun spins, the new planet travels in a direction that is counter to its star's rotation. 
The team ran simulations of orbital dynamics and found that the planet's highly eccentric and retrograde orbit are signs that it is likely evolving into a hot Jupiter, through "high-eccentricity migration" -- a process by which a planet's orbit wobbles and progressively shrinks as it interacts with another star or planet on a much wider orbit. 
In the case of TIC 241249530 b, the researchers determined that the planet orbits around a primary star that itself orbits around a secondary star, as part of a stellar binary system. The interactions between the two orbits -- of the planet and its star -- have caused the planet to gradually migrate closer to its star over time. 
The planet's orbit is currently elliptical in shape, and the planet takes about 167 days to complete a lap around its star. The researchers predict that in 1 billion years, the planet will migrate into a much tighter, circular orbit, when it will then circle its star every few days. At that point, the planet will have fully evolved into a hot Jupiter. 
"This new planet supports the theory that high eccentricity migration should account for some fraction of hot Jupiters," says Sarah Millholland, assistant professor of physics in MIT's Kavli Institute for Astrophysics and Space Research. "We think that when this planet formed, it would have been a frigid world. And because of the dramatic orbital dynamics, it will become a hot Jupiter in about a billion years, with temperatures of several thousand kelvin. So it's a huge shift from where it started."
Millholland and her colleagues will publish their findings in the journal Nature. Her co-authors are MIT undergraduate Haedam Im, lead author Arvind Gupta of Penn State University and NSF NOIRLab, and collaborators at multiple other universities, institutions, and observatories. 
"Radical seasons"
The new planet was first spotted in data taken by NASA's Transiting Exoplanet Survey Satellite (TESS), an MIT-led mission that monitors the brightness of nearby stars for "transits," or brief dips in starlight that could signal the presence of a planet passing in front of, and temporarily blocking, a star's light. 
On Jan. 12, 2020, TESS picked up a possible transit of the star TIC 241249530. Gupta and his colleagues at Penn State determined that the transit was consistent with a Jupiter-sized planet crossing in front of the star. They then acquired measurements from other observatories of the star's radial velocity, which estimates a star's wobble, or the degree to which it moves back and forth, in response to other nearby objects that might gravitationally tug on the star.
Those measurements confirmed that a Jupiter-sized planet was orbiting the star and that its orbit was highly eccentric, bringing the planet extremely close to the star before flinging it far out. 
Prior to this detection, astronomers had known of only one other planet, HD 80606 b, that was thought to be an early hot Jupiter. That planet, discovered in 2001, held the record for having the highest eccentricity, until now. 
"This new planet experiences really dramatic changes in starlight throughout its orbit," Millholland says. "There must be really radical seasons and an absolutely scorched atmosphere every time it passes close to the star."
"Dance of orbits"
How could a planet have fallen into such an extreme orbit? And how might its eccentricity evolve over time? For answers, Im and Millholland ran simulations of planetary orbital dynamics to model how the planet may have evolved throughout its history and how it might carry on over hundreds of millions of years. 
The team modeled the gravitational interactions between the planet, its star, and the second nearby star. Gupta and his colleagues had observed that the two stars orbit each other in a binary system, while the planet is simultaneously orbiting the closer star. The configuration of the two orbits is somewhat like a circus performer twirling a hula hoop around her waist, while spinning a second hula hoop around her wrist.
Millholland and Im ran multiple simulations, each with a different set of starting conditions, to see which condition, when run forward over several billions of years, produced the configuration of planetary and stellar orbits that Gupta's team observed in the present day. They then ran the best match even further into the future to predict how the system will evolve over the next several billion years. 
These simulations revealed that the new planet is likely in the midst of evolving into a hot Jupiter: Several billion years ago, the planet formed as a cold Jupiter, far from its star, in a region cold enough to condense and take shape. Newly formed, the planet likely orbited the star in a circular path. This conventional orbit, however, gradually stretched and grew eccentric, as it experienced gravitational forces from the star's misaligned orbit with its second, binary star. 
"It's a pretty extreme process in that the changes to the planet's orbit are massive," Millholland says. "It's a big dance of orbits that's happening over billions of years, and the planet's just going along for the ride."
In another billion years, the simulations show that the planet's orbit will stabilize in a close-in, circular path around its star. 
"Then, the planet will fully become a hot Jupiter," Millholland says. 
The team's observations, along with their simulations of the planet's evolution, support the theory that hot Jupiters can form through high eccentricity migration, a process by which a planet gradually moves into place via extreme changes to its orbit over time. 
"It's clear not only from this, but other statistical studies too, that high eccentricity migration should account for some fraction of hot Jupiters," Millholland notes. "This system highlights how incredibly diverse exoplanets can be. They are mysterious other worlds that can have wild orbits that tell a story of how they got that way and where they're going. For this planet, it's not quite finished its journey yet."
###

Written by Jennifer Chu, MIT News 
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Psilocybin generates psychedelic experience by disrupting brain network | ScienceDaily
People who consume psilocybin-containing mushrooms -- otherwise known as magic mushrooms -- typically undergo a surreal experience in which their sense of space, time and self is distorted. Advocates have long argued that, under the right conditions, psychedelic experiences can alleviate mental distress, and a smattering of scientific studies suggests they may be right. Understanding precisely how the drug affects the brain will help scientists and doctors harness its therapeutic potential.


						
In a new study, researchers at Washington University School of Medicine in St. Louis report that psilocybin, the active compound in magic mushrooms, temporarily scrambles a critical network of brain areas involved in introspective thinking such as daydreaming and remembering. The findings provide a neurobiological explanation for the drug's mind-bending effects and lay some of the groundwork for the development of psilocybin-based therapies for mental illnesses such as depression and post-traumatic stress disorder.

"There's a massive effect initially, and when it's gone, a pinpoint effect remains," said co-senior author Nico U. F. Dosenbach, MD, PhD, a professor of neurology. "That's exactly what you'd want to see for a potential medicine. You wouldn't want people's brain networks to be obliterated for days, but you also wouldn't want everything to snap back to the way it was immediately. You want an effect that lasts long enough to make a difference."

The study, available July 17 in Nature, creates a road map other scientists can follow to evaluate the effects of psychoactive drugs on brain function, potentially accelerating drug development efforts for any number of psychiatric illnesses.

Psilocybin showed promise as a treatment for depression in the 1950s and '60s, but restrictive federal drug policy in subsequent decades quashed nearly all further research. In recent years, though, regulations have loosened, and interest in the field has been revived.

"These days, we know a lot about the psychological effects and the molecular/cellular effects of psilocybin," said first author Joshua S. Siegel, MD, PhD, an instructor in psychiatry. "But we don't know much about what happens at the level that connects the two -- the level of functional brain networks."

To fill that gap, Siegel pulled together a team including Dosenbach, who is an expert in brain imaging, and co-senior author Ginger E. Nicol, MD, an associate professor of psychiatry who has experience running clinical trials with controlled substances. Together, they devised a way to visualize the impact of psilocybin on individual participants' functional brain networks -- neural communication pathways that connect different brain regions -- and to correlate changes in these networks with subjective experiences.




The team recruited seven healthy adults to take a high dose of psilocybin or methylphenidate, the generic form of Ritalin, under controlled conditions. Because psychedelic trips carry the risk of users having negative or scary experiences, a pair of trained experts stayed with each participant throughout the experience. The experts helped prepare the participants for what they were likely to experience, provided guidance and support during each experiment, and helped the volunteers process what had occurred afterward. Each participant underwent an average of 18 functional MRI brain scans in the days to weeks before, during and up to three weeks after their experiences with psilocybin. Four participants returned six months later to repeat the experiment.

Psilocybin caused profound and widespread -- yet not permanent -- changes to the brain's functional networks. In particular, it desynchronized the default mode network, an interconnected set of brain areas that, ordinarily, are simultaneously active when the brain is not working on anything in particular. After falling out of sync, the network re-established itself when the acute effects of the drug wore off, but small differences from pre-psilocybin scans persisted for weeks. The default mode network remained stable in people who received methylphenidate.

"The idea is that you're taking this system that's fundamental to the brain's ability to think about the self in relation to the world, and you're totally desynchronizing it temporarily," Siegel said. "In the short term, this creates a psychedelic experience. The longer-term consequence is that it makes the brain more flexible and potentially more able to come into a healthier state."

Normally, each individual's functional brain network is as distinctive as a fingerprint. Psilocybin distorted brain networks so thoroughly that individuals could no longer be identified until the acute affects wore off.

"The brains of people on psilocybin look more similar to each other than to their untripping selves," Dosenbach said. "Their individuality is temporarily wiped out. This verifies, at a neuroscientific level, what people say about losing their sense of self during a trip."

During the experience, participants were asked to rate their feelings of transcendence, connectedness and awe using the validated Mystical Experience Questionnaire. The magnitude of the changes to the functional networks tracked with the intensity of each participant's subjective experience.

"We were able to get very precise data on the effects of the drug in each individual," Nicol said. "This is a step toward precision clinical trials. In psychiatry, we often don't know who should get a particular medicine and how much or how often. As a result, we end up prescribing one medicine after another, tinkering with the dosage, until we find something that works. By using this approach in clinical trials, we can identify the factors that determine who benefits and who doesn't, and make better use of the medicines we have."

Nicol, Siegel and Dosenbach emphasize that people should not interpret their study as a reason to self-medicate with psilocybin. The drug is not approved by the Food and Drug Administration (FDA) as a treatment for depression or any other condition, and there are risks to taking it without the supervision of trained mental health experts.
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Enzyme-powered 'snot bots' help deliver drugs in sticky situations | ScienceDaily
Snot might not be the first place you'd expect nanobots to be swimming around. But this slimy secretion exists in more places than just your nose and piles of dirty tissues -- it also lines and helps protect the lungs, stomach, intestines and eyes. And now, researchers reporting in ACS Nano have demonstrated in mice that their tiny, enzyme-powered "snot bots" can push through the defensive, sticky layer and potentially deliver drugs more efficiently.


						
Snot, known more scientifically as mucus, protects cells from pathogens and irritants by trapping them in a sticky barrier. But that protectiveness also keeps out locally administered drug treatments. A drug molecule can be attached to a small nanoparticle that may help it slip through the barrier more easily or be co-administered with other compounds that help liquefy the mucus. But Samuel Sanchez and colleagues wanted to combine these strategies, and they made a nano-sized snot bot fueled by mucus-busting hydrogen peroxide (H2O2).

To build the nano-sized robots (10 of them lined up would span a red blood cell), researchers attached catalase enzymes to porous silica nanoparticles. The pores in these particles can be filled with drug molecules, helping them sneak through the mucus defenses like a Trojan horse. Initial tests showed that, when administered alongside H2O2, the catalase enzymes propelled the bots by breaking down the peroxide fuel into oxygen and water.

The team next built a model of the intestinal mucus layer using lab-grown human intestinal cells. The bots passed through the model's mucus layer within 15 minutes, without significantly harming the cells underneath. Considering that mucus is typically cleared and regenerated every 10 minutes to 4.5 hours, this quick timeframe could prevent the bots from getting trapped and removed by the mucus layer. Further tests on mouse colons bolstered this result, showing that the nanobots did not damage cells or tissues while traversing the viscous layer. In all, the team showed that around 28% of deployed nanobots successfully crossed the mucus barrier, and that 28% is a 60-fold increase over passive diffusion of particles. Previous tests using different enzymes or other mucus-disrupting drugs improved diffusion by around 10-fold. The researchers believe that their snot bots are promising candidates for drug delivery systems, especially those impeded by the mucus barrier.

The authors acknowledge funding from the European Research Council, the State Research Agency, "ERDF A way of making Europe," the European Union NextGenerationEU/PRTR (Bots4BB project), the CERCA program by the Government of Catalonia, the Ministry of Research and Universities, the Department of Business and Knowledge of the Government of Catalonia, and the Severo Ochoa Center of Excellence. 
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Scientists find that small regions of the brain can take micro-naps while the rest of the brain is awake and vice versa | ScienceDaily
Sleep and wake: they're totally distinct states of being that define the boundaries of our daily lives. For years, scientists have measured the difference between these instinctual brain processes by observing brain waves, with sleep characteristically defined by slow, long-lasting waves measured in tenths of seconds that travel across the whole organ.


						
For the first time, scientists have found that sleep can be detected by patterns of neuronal activity just milliseconds long, 1000 times shorter than a second, revealing a new way to study and understand the basic brain wave patterns that govern consciousness. They also show that small regions of the brain can momentarily "flicker" awake while the rest of the brain remains asleep, and vice versa from wake to sleep.

These findings, described in a new study published in the journal Nature Neuroscience, are from a collaboration between the laboratories of Assistant Professor of Biology Keith Hengen at Washington University in St. Louis and Distinguished Professor of Biomolecular Engineering David Haussler at UC Santa Cruz. The research was carried out by Ph.D. students David Parks (UCSC) and Aidan Schneider (WashU).

Over four years of work, Parks and Schneider trained a neural network to study the patterns within massive amounts of brain wave data, uncovering patterns that occur at extremely high frequencies that have never been described before and challenge foundational, long-held conceptions of the neurological basis of sleep and wake.

"With powerful tools and new computational methods, there's so much to be gained by challenging our most basic assumptions and revisiting the question of 'what is a state?'" Hengen said. "Sleep or wake is the single greatest determinant of your behavior, and then everything else falls out from there. So if we don't understand what sleep and wake actually are, it seems like we've missed the boat."

"It was surprising to us as scientists to find that different parts of our brains actually take little naps when the rest of the brain is awake, although many people may have already suspected this in their spouse, so perhaps a lack of male-female bias is what is surprising," Haussler quipped.

Understanding sleep

Neuroscientists study the brain via recordings of the electrical signals of brain activity, known as electrophysiology data, observing voltage waves as they crest and fall at different paces. Mixed into these waves are the spike patterns of individual neurons.




The researchers worked with data from mice at the Hengen Lab in St. Louis. The freely-behaving animals were equipped with a very lightweight headset that recorded brain activity from 10 different brain regions for months at a time, tracking voltage from small groups of neurons with microsecond precision.

This much input created petabytes -- which are one million times larger than a gigabyte -- of data. David Parks led the effort to feed this raw data into an artificial neural network, which can find highly complex patterns, to differentiate sleep and wake data and find patterns that human observation may have missed. A collaboration with the shared academic compute infrastructure located at UC San Diego enabled the team to work with this much data, which was on the scale of what large companies like Google or Facebook might use.

Knowing that sleep is traditionally defined by slow-moving waves, Parks began to feed smaller and smaller chunks of data into the neural network and asked it to predict if the brain was asleep or awake.

They found that the model could differentiate between sleep and wake from just milliseconds of brain activity data. This was shocking to the research team -- it showed that the model couldn't have been relying on the slow-moving waves to learn the difference between sleep and wake.. Just as listening to a thousandth of a second of a song couldn't tell you if it had a slow rhythm, it would be impossible for the model to learn a rhythm that occurs over several seconds by just looking at random isolated milliseconds of information.

"We're seeing information at a level of detail that's unprecedented," Haussler said. "The previous feeling was that nothing would be found there, that all the relevant information was in the slower frequency waves. This paper says, if you ignore the conventional measurements, and you just look at the details of the high frequency measurement over just a thousandth of a second, there is enough there to tell if the tissue is asleep or not. This tells us that there is something going on a very fast scale -- that's a new hint to what might be going on in sleep."

Hengen, for his part, was convinced that Parks and Schneider had missed something, as their results were so contradictory to bedrock concepts drilled into him over many years of neuroscience education. He asked Parks to produce more and more evidence that this phenomena could be real.




"This challenged me to ask myself 'to what extent are my beliefs based on evidence, and what evidence would I need to see to overturn those beliefs?" Hengen said. "It really did feel like a game of cat and mouse, because I'd ask David [Parks] over and over to produce more evidence and prove things to me, and he'd come back and say 'check this out!' It was a really interesting process as a scientist to have my students tear down these towers brick by brick, and for me to have to be okay with that."

Local patterns

Because an artificial neural network is fundamentally a black box and does not report back on what it learns from, Parks began stripping away layers of temporal and spatial information to try to understand what patterns the model could be learning from.

Eventually, they got down to the point where they were looking at chunks of brain data just a millisecond long and at the highest frequencies of brain voltage fluctuations.

"We'd taken out all the information that neuroscience has used to understand, define, and analyze sleep for the last century, and we asked 'can the model still learn under these conditions?'" Parks said. "This allowed us to look into signals we haven't understood before."

By looking at these data, they were able to determine that the hyper-fast pattern of activity between just a few neurons was the fundamental element of sleep that the model was detecting. Crucially, such patterns cannot be explained by the traditional, slow and widespread waves. The researchers hypothesize that the slow moving waves may be acting to coordinate the fast, local patterns of activity, but ultimately reached the conclusion that the fast patterns are much closer to the true essence of sleep.

If the slow moving waves traditionally used to define sleep are compared to thousands of people in a baseball stadium doing the wave, then these fast-moving patterns are the conversations between just a few people deciding to participate in the wave. Those conversations occurring are essential for the overall larger wave to take place, and are more directly related to the mood of the stadium -- the wave is a secondary result of that.

Observing flickers

In further studying the hyperlocal patterns of activity, the researchers began to notice another surprising phenomenon.

As they observed the model predicting sleep or wake, they noticed what looked at first like errors, in which for a split second the model would detect wake in one region of the brain while the rest of the brain remained asleep. They saw the same thing in wake states: for a split second, one region would fall asleep while the rest of the regions were awake. They call these instances "flickers."

"We could look at the individual time points when these neurons fired, and it was pretty clear that [the neurons] were transitioning to a different state," Schneider said. "In some cases, these flickers might be constrained to the area of just an individual brain region, maybe even smaller than that."

This compelled the researchers to explore what flickers could mean about the function of sleep, and how they affect behavior during sleep and wake.

"There's a natural hypothesis there; let's say a small part of your brain slips into sleep while you're awake -- does that mean your behavior suddenly looks like you're asleep? We started to see that that was often the case," Schneider said.

In observing the behavior of mice, the researchers saw that when a brain region would flicker to sleep while the rest of the brain was awake, the mouse would pause for a second, almost like it had zoned out. A flicker during sleep (one brain region "wakes up") was reflected by an animal twitching in its sleep.

Flickers are particularly surprising because they don't follow established rules dictating the strict cycle of the brain moving sequentially between wake to non-REM sleep to REM sleep.

"We are seeing wake to REM flickers, REM to non-REM flickers -- we see all these possible combinations, and they break the rules that you would expect based on a hundred years of literature," Hengen said. "I think they reveal the separation between the macro-state -- sleep and wake at the level of the whole animal, and the fundamental unit of state in the brain -- the fast and local patterns."

Impact

Gaining a deeper understanding of the patterns that occur at high-frequencies and the flickers between wake and sleep could help researchers better study neurodevelopmental and neurodegenerative diseases, which are both associated with sleep dysregulation. Both Haussler and Hengen's lab groups are interested in understanding this connection further, with Haussler interested in further studying these phenomena in cerebral organoid models, bits of brain tissue grown on a laboratory bench.

"This gives us potentially a very, very sharp scalpel with which to cut into these questions of diseases and disorders," Hengen said. "The more we understand fundamentally about what sleep and wake are, the more we can address pertinent clinical and disease related problems."

On a foundational level, this work helps push forward our understanding of the many layers of complexity of the brain as the organ that dictates behavior, emotion, and much more.
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How astronomers are using pulsars to observe evidence of dark matter | ScienceDaily
Tantalising evidence of potential dark matter objects has been detected with the help of the Universe's 'timekeepers'.


						
These pulsars -- neutron stars which rotate and emit lighthouse-like beams of radio waves that rapidly sweep through space -- were used to identify mysterious hidden masses.

Pulsars earned their nickname because they send out electromagnetic radiation at very regular intervals, ranging from milliseconds to seconds, making them extremely accurate timekeepers.

"Science has developed very precise methods to measure time," said the astronomer behind the research, Professor John LoSecco, of the University of Notre Dame, who is presenting his findings at this week's National Astronomy Meeting at the University of Hull.

"On Earth we have atomic clocks and in space we have pulsars.

"While gravitation has been known to slow down light for more than a century, there have been very few applications so far."

Professor LoSecco observed variations and delays in pulsar timings, indicating that the radio beams are travelling around an unseen concentration of mass somewhere between the pulsar and the telescope.




He believes these invisible masses are candidates for dark matter objects.

Professor LoSecco studied delays in the arrival times of radio pulses, which normally have nanosecond accuracy. He searched along the path of radio pulses within the PPTA2 survey data release from the Parkes Pulsar Timing Array.

This ongoing project produces precise measurements of pulse arrival times using data from seven different radio telescopes: Effelsberg, Nancay, Westerbork, Green Bank, Arecibo, Parkes and Lovell, the latter in Cheshire.

The pulses have a cadence of approximately three weeks in three observing bands.

Deviations in the arrival times due to dark matter have a well-defined shape and a size proportional to its mass.

Light passing near regions of dark matter will be slowed by its presence. A search of the precision data from 65 'millisecond pulsars' has revealed around a dozen incidents that appear to be interactions with dark matter.




Professor LoSecco said: "We take advantage of the fact that the Earth is moving, the Sun is moving, the pulsar is moving, and even the dark matter is moving.

"We observe the deviations in the arrival time caused by the change in distance between the mass we are observing and the line of sight to our 'clock' pulsar."

A mass the size of the Sun can produce a delay of about 10 microseconds. The observations Professor LoSecco made have resolutions of the order of nanoseconds, 10,000 times smaller.

"One of the findings suggests a distortion of about 20 per cent of the mass of the Sun," Professor LoSecco said. "This object could be a candidate for dark matter."

He also confirmed that a side effect of this research is that it improves the pulsar timing data sample. This precision sample has been collected to look for evidence of low-frequency gravitational radiation.

Dark matter objects add 'noise' to that data, so identifying and removing them will clean the samples of some variability, eliminating such noise during other searches for gravitational radiation.

"The true nature of dark matter is a mystery," said Professor LoSecco. "This research sheds new light on the nature of dark matter and its distribution in the Milky Way and may also improve the accuracy of the precision pulsar data."
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Sun-like stars found orbiting hidden companions | ScienceDaily
Most stars in our universe come in pairs. While our own Sun is a loner, many stars like our Sun orbit similar stars, while a host of other exotic pairings between stars and cosmic orbs pepper the universe. Black holes, for example, are often found orbiting each other. One pairing that has proved to be quite rare is that between a Sun-like star and a type of dead star called a neutron star.


						
Now, astronomers led by Caltech's Kareem El-Badry have uncovered what appear to be 21 neutron stars in orbit around stars like our Sun. Neutron stars are dense burned-out cores of massive stars that exploded. On their own, they are extremely faint and usually cannot be detected directly. But as a neutron star orbits around a Sun-like star, it tugs on its companion, causing the star to shift back and forth in the sky. Using the European Space Agency's Gaia mission, the astronomers were able to catch these telltale wobbles to reveal a new population of dark neutron stars.

"Gaia is continuously scanning the sky and measuring the wobbles of more than a billion stars, so the odds are good for finding even very rare objects," says El-Badry, an assistant professor of astronomy at Caltech and an adjunct scientist at the Max Planck Institute for Astronomy in Germany.

The new study, which includes a team of co-authors from around the world, was published in The Open Journal for Astrophysics. Data from several ground-based telescopes, including the W. M. Keck Observatoryon Maunakea, Hawai'i; La Silla Observatory in Chile; and the Whipple Observatory in Arizona, were used to follow up the Gaia observations and learn more about the masses and orbits of the hidden neutron stars.

While neutron stars have previously been detected in orbit around stars like our Sun, those systems have all been more compact. With little distance separating the two bodies, a neutron star (which is heavier than a Sun-like star) can steal mass away from its partner. This mass transfer process makes the neutron star shine brightly at X-ray or radio wavelengths. In contrast, the neutron stars in the new study are much farther from their partners -- on the order of one to three times the distance between Earth and the Sun.

That means the newfound stellar corpses are too far from their partners to be stealing material from them. They are instead quiescent and dark. "These are the first neutron stars discovered purely due to their gravitational effects," El-Badry says.

The discovery comes as somewhat of a surprise because it is not clear how an exploded star winds up next to a star like our Sun.




"We still do not have a complete model for how these binaries form," explains El-Badry. "In principle, the progenitor to the neutron star should have become huge and interacted with the solar-type star during its late-stage evolution." The huge star would have knocked the little star around, likely temporarily engulfing it. Later, the neutron star progenitor would have exploded in a supernova, which, according to models, should have unbound the binary systems, sending the neutron stars and Sun-like stars careening in opposite directions.

"The discovery of these new systems shows that at least some binaries survive these cataclysmic processes even though models cannot yet fully explain how," he says.

Gaia was able to find the unlikely companions due to their wide orbits and long periods (the Sun-like stars orbit around the neutron stars with periods of six months to three years). "If the bodies are too close, the wobble will be too small to detect," El-Badry says. "With Gaia, we are more sensitive to the wider orbits." Gaia is also most sensitive to binaries that are relatively nearby. Most of the newly discovered systems are located within 3,000 light-years of Earth -- a relatively small distance compared, for example, to the 100,000 light-year-diameter of the Milky Way Galaxy.

The new observations also suggest just how rare the pairings are. "We estimate that about one in a million solar-type stars is orbiting a neutron star in a wide orbit," he said.

El-Badry also has an interest in finding unseen dormant black holes in orbit with Sun-like stars. Using Gaia data, he has found two of these quiet black holes hidden in our galaxy. One, called Gaia BH1, is the closest known black hole to Earth at 1,600 light-years away.

"We don't know for sure how these black hole binaries formed either," El-Badry says. "There are clearly gaps in our models for the evolution of binary stars. Finding more of these dark companions and comparing their population statistics to predictions of different models will help us piece together how they form."
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New analysis of Cassini data yields insights into Titan's seas | ScienceDaily
A new study of radar experiment data from the Cassini-Huygens mission to Saturn has yielded fresh insights related to the makeup and activity of the liquid hydrocarbon seas near the north pole of Titan, the largest of Saturn's 146 known moons.


						
The key takeaway: Using data from several bistatic radar experiments, a Cornell University-led research team was able to separately analyze and estimate the composition and roughness of Titan's sea surfaces, something previous analyses of monostatic radar data were unable to achieve. This will help pave the way for future combined examinations of the nature of Titan's seas using Cassini data.

Valerio Poggiali, research associate at Cornell University, is lead author of "Surface Properties of the Seas of Titan as Revealed by Cassini Mission Bistatic Radar Experiments," which will publish July 16 at 11am EST in Nature Communications.

A bistatic radar experiment involves aiming a radio beam from the spacecraft at the target -- in this case Titan -- where it is reflected toward the receiving antenna on Earth. This surface reflection is polarized -- meaning that it provides information collected from two independent perspectives, as opposed to the one provided by monostatic radar data, where the reflected signal returns to the spacecraft.

"The main difference," Poggiali said, "is that the bistatic information is a more complete dataset and is sensitive to both the composition of the reflecting surface and to its roughness."

The current work used four bistatic radar observations, collected by Cassini during four flybys in 2014 -- on May 17, June 18, Oct. 24 and in 2016 -- on Nov. 14. For each, surface reflections were observed as the spacecraft neared its closest approach to Titan (ingress), and again as it moved away (egress). The team analyzed data from the egress observations of Titan's three large polar seas: Kraken Mare, Ligeia Mare and Punga Mare.

Their analysis found differences in the composition of the hydrocarbon seas' surface layers, dependent on latitude and location (near rivers and estuaries, for example). Specifically, the southernmost portion of Kraken Mare shows the highest dielectric constant -- a measure of a material's ability to reflect a radio signal. For example, water on Earth is very reflective, with a dielectric constant of around 80; the ethane and methane seas of Titan measure around 1.7.




The researchers also determined that all three seas were mostly calm at the time of the flybys, with surface waves no larger than 3.3 millimeters. A slightly higher level of roughness -- up to 5.2 mm -- was detected near coastal areas, estuaries and interbasin straits, possible indications of tidal currents.

"We also have indications that the rivers feeding the seas are pure methane," Poggiali said, "until they flow into the open liquid seas, which are more ethane-rich. It's like on Earth, when fresh-water rivers flow into and mix with the salty water of the oceans."

"This fits nicely with meteorological models for Titan," said co-author and professor of astronomy Philip Nicholson, "which predict that the 'rain' that falls from its skies is likely to be almost pure methane, but with trace amounts of ethane and other hydrocarbons."

Poggiali said more work is already underway on the data Cassini generated during its 13-year examination of Titan. "There is a mine of data that still waits to be fully analyzed in ways that should yield more discoveries," he said. "This is only the first step."

Other contributors to this work are from the Universita di Bologna; the Observatoire de Paris; NASA's Jet Propulsion Laboratory (JPL); the California Institute of Technology; and the Massachusetts Institute of Technology.

Support for this research came from NASA and from the Italian Space Agency.
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Bizarre 'garden sprinkler-like' jet is spotted shooting out of neutron star | ScienceDaily
A strange 'garden sprinkler-like' jet coming from a neutron star has been pictured for the first time.


						
The S-shaped structure is created as the jet changes direction due to the wobbling of the disc of hot gas around the star -- a process called precession, which has been observed with black holes but, until now, never with neutron stars.

This particular object sits in the binary system Circinus X-1 more than 30,000 light-years from Earth and formed from the core of a massive supergiant star that collapsed around the same time Stonehenge was built.

It is so dense that a teaspoon of its material weighs as much as Mount Everest.

Binary systems have two stars that are bound together by gravity. In the case of Circinus X-1, one of these is a neutron star.

Both neutron stars and black holes are cosmological monsters which form when the biggest stars in the Universe die and collapse under their own gravity.

However, the latter are considerably more massive and can only be detected through their gravitational effects, while the former can be observed directly despite their denseness.




They are some of the most extreme objects in the Universe and have interiors almost entirely made of neutrons.

The jet emanating from the neutron star was spotted by a team of astronomers at the University of Oxford, who used MeerKAT -- a radio telescope in South Africa -- to create the most detailed, high-resolution images of Circinus X-1.

The pictures, which were presented at this week's National Astronomy Meeting at the University of Hull, include the first-ever image of an S-shaped jet coming from a confirmed neutron star -- a breakthrough that could help unravel the extreme physics behind the astronomical phenomenon.

Lead researcher Fraser Cowie said there was another system known for its S-shaped jets, called SS433, but recent results suggest that object is likely a black hole.

"This image is the first time we have seen strong evidence for a precessing jet from a confirmed neutron star," he said.

"This evidence comes from both the symmetric S shape of the radio-emitting plasma in the jets and from the fast, wide shockwave, which can only be produced by a jet changing direction.




"This will give valuable information about the extreme physics behind the launching of the jet, a phenomenon which is still not well understood."

The neutron star's huge density creates a strong force of gravity that strips gas from the companion star, forming a disc of hot gas around it that spirals down towards its surface.

This process, called accretion, releases huge amounts of energy per second with more power than a million Suns. Some of this energy powers jets -- narrow beams of outflowing material from the binary system travelling close to the speed of light.

Recent upgrades to the MeerKAT telescope have resulted in excellent sensitivity and higher-resolution images. With these the team saw clear evidence of an S-shaped structure, similar in shape to water spraying from a garden sprinkler, in Circinus X-1's jet.

Not only that, but researchers also discovered moving termination shocks -- the first recorded from an X-ray binary. These are regions where the jet violently rams into the surrounding material, causing a shockwave.

Cowie's team measured the waves moving at roughly 10 per cent of the speed of light, confirming that they were caused by the fast-moving jet and not something slower such as a wind of material from the stars.

"The fact that these shockwaves span a wide angle agrees with our model," Cowie said. "So we have two strong pieces of evidence telling us the neutron star jet is precessing."

Measuring the velocity of the shockwaves will also help astronomers understand what the jet causing them is made from.

The shockwaves effectively act as particle accelerators in space -- producing high-energy cosmic rays -- and the maximum energy of particles that can be accelerated depends on their velocity.

"Circinus X-1 is one of the brightest objects in the X-ray sky and has been studied for over half a century," Cowie said. "But despite this, it remains one of the most enigmatic systems we know of.

"Several aspects of its behaviour are not well explained so it's very rewarding to help shed new light on this system, building on 50 years of work from others."

He added: "The next steps will be to continue to monitor the jets and see if they change over time in the way we expect.

"This will allow us to more precisely measure their properties and continue to learn more about this puzzling object."

The research was performed as part of the X-KAT and ThunderKAT projects on the MeerKAT telescope operated by the South African Radio Astronomy Observatory (SARAO). The observations were carried out using the recently installed S-band receivers provided by the Max-Planck Institute (MPG).
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NASA's Webb investigates eternal sunrises, sunsets on distant world | ScienceDaily
Researchers using NASA's James Webb Space Telescope have finally confirmed what models have previously predicted: An exoplanet has differences between its eternal morning and eternal evening atmosphere. WASP-39 b, a giant planet with a diameter 1.3 times greater than Jupiter, but similar mass to Saturn that orbits a star about 700 light-years away from Earth, is tidally locked to its parent star. This means it has a constant dayside and a constant nightside -- one side of the planet is always exposed to its star, while the other is always shrouded in darkness.


						
Using Webb's NIRSpec (Near-Infrared Spectrograph), astronomers confirmed a temperature difference between the eternal morning and eternal evening on WASP-39 b, with the evening appearing hotter by roughly 300 Fahrenheit degrees (about 200 Celsius degrees). They also found evidence for different cloud cover, with the forever morning portion of the planet being likely cloudier than the evening.

Astronomers analyzed the 2- to 5-micron transmission spectrum of WASP-39 b, a technique that studies the exoplanet's terminator, the boundary that separates the planet's dayside and nightside. A transmission spectrum is made by comparing starlight filtered through a planet's atmosphere as it moves in front of the star, to the unfiltered starlight detected when the planet is beside the star. When making that comparison, researchers can get information about the temperature, composition, and other properties of the planet's atmosphere.

"WASP-39 b has become a sort of benchmark planet in studying the atmosphere of exoplanets with Webb," said Nestor Espinoza, an exoplanet researcher at the Space Telescope Science Institute and lead author on the study. "It has an inflated, puffy atmosphere, so the signal coming from starlight filtered through the planet's atmosphere is quite strong."

Previously published Webb spectra of WASP-39b's atmosphere, which revealed the presence of carbon dioxide, sulfur dioxide, water vapor, and sodium, represent the entire day/night boundary -- there was no detailed attempt to differentiate between one side and the other.

Now, the new analysis builds two different spectra from the terminator region, essentially splitting the day/night boundary into two semicircles, one from the evening, and the other from the morning. Data reveals the evening as significantly hotter, a searing 1,450 degrees Fahrenheit (800 degrees Celsius), and the morning a relatively cooler 1,150 degrees Fahrenheit (600 degrees Celsius).

"It's really stunning that we are able to parse this small difference out, and it's only possible due Webb's sensitivity across near-infrared wavelengths and its extremely stable photometric sensors," said Espinoza. "Any tiny movement in the instrument or with the observatory while collecting data would have severely limited our ability to make this detection. It must be extraordinarily precise, and Webb is just that."

Extensive modeling of the data obtained also allows researchers to investigate the structure of WASP-39 b's atmosphere, the cloud cover, and why the evening is hotter. While future work by the team will study how the cloud cover may affect temperature, and vice versa, astronomers confirmed gas circulation around the planet as the main culprit of the temperature difference on WASP-39 b.




On a highly irradiated exoplanet like WASP-39 b that orbits relatively close to its star, researchers generally expect the gas to be moving as the planet rotates around its star: Hotter gas from the dayside should move through the evening to the nightside via a powerful equatorial jet stream. Since the temperature difference is so extreme, the air pressure difference would also be significant, which in turn would cause high wind speeds.

Using General Circulation Models, 3-dimensional models similar to the ones used to predict weather patterns on Earth, researchers found that on WASP-39 b the prevailing winds are likely moving from the night side across the morning terminator, around the dayside, across the evening terminator and then around the nightside. As a result, the morning side of the terminator is cooler than the evening side. In other words, the morning side gets slammed with winds of air that have been cooled on the nightside, while the evening is hit by winds of air heated on the dayside. Research suggests the wind speeds on WASP-39 b can reach thousands of miles an hour!

"This analysis is also particularly interesting because you're getting 3D information on the planet that you weren't getting before," added Espinoza. "Because we can tell that the evening edge is hotter, that means it's a little puffier. So, theoretically, there is a small swell at the terminator approaching the nightside of the planet."

The team's results have been published in Nature.

The researchers will now look to use the same method of analysis to study atmospheric differences of other tidally locked hot Jupiters, as part of Webb Cycle 2 General Observers Program 3969.

WASP-39 b was among the first targets analyzed by Webb as it began regular science operations in 2022. The data in this study was collected under Early Release Science program 1366, designed to help scientists quickly learn how to use the telescope's instruments and realize its full science potential.
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A new neural network makes decisions like a human would | ScienceDaily
Humans make nearly 35,000 decisions every day, from whether it's safe to cross the road to what to have for lunch. Every decision involves weighing the options, remembering similar past scenarios, and feeling reasonably confident about the right choice. What may seem like a snap decision actually comes from gathering evidence from the surrounding environment. And often the same person makes different decisions in the same scenarios at different times.


						
Neural networks do the opposite, making the same decisions each time. Now, Georgia Tech researchers in Associate Professor Dobromir Rahnev's lab are training them to make decisions more like humans. This science of human decision-making is only just being applied to machine learning, but developing a neural network even closer to the actual human brain may make it more reliable, according to the researchers.

In a paper in Nature Human Behaviour, "The Neural Network RTNet Exhibits the Signatures of Human Perceptual Decision-Making," a team from the School of Psychology reveals a new neural network trained to make decisions similar to humans.

Decoding Decision

"Neural networks make a decision without telling you whether or not they are confident about their decision," said Farshad Rafiei, who earned his Ph.D. in psychology at Georgia Tech. "This is one of the essential differences from how people make decisions."

Large language models (LLM), for example, are prone to hallucinations. When an LLM is asked a question it doesn't know the answer to, it will make up something without acknowledging the artifice. By contrast, most humans in the same situation will admit they don't know the answer. Building a more human-like neural network can prevent this duplicity and lead to more accurate answers.

Making the Model

The team trained their neural network on handwritten digits from a famous computer science dataset called MNIST and asked it to decipher each number. To determine the model's accuracy, they ran it with the original dataset and then added noise to the digits to make it harder for humans to discern. To compare the model performance against humans, they trained their model (as well as three other models: CNet, BLNet, and MSDNet) on the original MNIST dataset without noise, but tested them on the noisy version used in the experiments and compared results from the two datasets.




The researchers' model relied on two key components: a Bayesian neural network (BNN), which uses probability to make decisions, and an evidence accumulation process that keeps track of the evidence for each choice. The BNN produces responses that are slightly different each time. As it gathers more evidence, the accumulation process can sometimes favor one choice and sometimes another. Once there is enough evidence to decide, the RTNet stops the accumulation process and makes a decision.

The researchers also timed the model's decision-making speed to see whether it follows a psychological phenomenon called the "speed-accuracy trade-off" that dictates that humans are less accurate when they must make decisions quickly.

Once they had the model's results, they compared them to humans' results. Sixty Georgia Tech students viewed the same dataset and shared their confidence in their decisions, and the researchers found the accuracy rate, response time, and confidence patterns were similar between the humans and the neural network.

"Generally speaking, we don't have enough human data in existing computer science literature, so we don't know how people will behave when they are exposed to these images. This limitation hinders the development of models that accurately replicate human decision-making," Rafiei said. "This work provides one of the biggest datasets of humans responding to MNIST."

Not only did the team's model outperform all rival deterministic models, but it also was more accurate in higher-speed scenarios due to another fundamental element of human psychology: RTNet behaves like humans. As an example, people feel more confident when they make correct decisions. Without even having to train the model specifically to favor confidence, the model automatically applied it, Rafiei noted.

"If we try to make our models closer to the human brain, it will show in the behavior itself without fine-tuning," he said.

The research team hopes to train the neural network on more varied datasets to test its potential. They also expect to apply this BNN model to other neural networks to enable them to rationalize more like humans. Eventually, algorithms won't just be able to emulate our decision-making abilities, but could even help offload some of the cognitive burden of those 35,000 decisions we make daily.
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Scorching storms on distant worlds revealed | ScienceDaily
Astronomers have created the most detailed weather report so far for two distant worlds beyond our own solar system.


						
The international study -- the first of its kind -- reveals the extreme atmospheric conditions on the celestial objects, which are swathed in swirling clouds of hot sand amid temperatures of 950C.

Using NASA's powerful James Webb Space Telescope (JWST), researchers set out to capture the weather on a pair of brown dwarfs -- cosmic bodies that are bigger than planets but smaller than stars.

These brown dwarfs, named collectively as WISE 1049AB, are the brightest and closest objects of their type to Earth, around six light years away.

The team tracked each brown dwarf's atmosphere by measuring the light waves emitted from their surfaces, which change as more or less cloudy regions revolve in and out of view.

By visualising this data through light curves -- a plot of how the brightness of light from each object changes over time -- the team was able to build up a detailed 3D picture of how the brown dwarfs' weather changed over the course of a full rotation or day, between five and seven hours.

The team was also able to plot how the light from each object varied by wavelength, to demonstrate the presence and complex interplay of gases such as water, methane, and carbon monoxide in their atmospheres.




The insights may help astronomers develop the understanding of brown dwarfs as a potential missing link between stars and planets -- promising new insights into both.

By observing the infrared part of the light spectrum, the JWST is able to observe wavelengths of light that are blocked by our own atmosphere.

This capability opens frontiers in the study of the early universe, star formation, and so-called exoplanets such as brown dwarfs which lie beyond our solar system.

The latest study builds on previous studies of brown dwarfs, which have mainly been confined to capturing static snapshots of their atmosphere on only one side. This approach is limited, as brown dwarfs are known to rotate relatively quickly and their weather can vary greatly over time, researchers say.

Their findings will pave the way for more detailed studies into brown dwarfs and other distant celestial objects.

The study, published in Monthly Notices of the Royal Astronomical Society, was led by the University of Edinburgh in collaboration with researchers from Trinity College Dublin, the University of Virginia, and other institutes from around the world.

Professor Beth Biller, Personal Chair of Exoplanet Characterisation, Institute for Astronomy, University of Edinburgh, said: "Our findings show that we are on the cusp of transforming our understanding of worlds far beyond our own. Insights such as these can help us understand the conditions not just on celestial objects like brown dwarfs, but also on giant exoplanets beyond our solar system. Eventually, the techniques we are refining here may enable the first detections of weather on habitable planets like our own, which orbit other stars."
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Cosmic wrestling match | ScienceDaily
Our universe is around 13.8 billion years old. Over the vastness of this time, the tiniest of initial asymmetries have grown into the large-scale structures we can see through our telescopes in the night sky: galaxies like our own Milky Way, clusters of galaxies, and even larger aggregations of matter or filaments of gas and dust. How quickly this growth takes place depends, at least in today's universe, on a sort of wrestling match between natural forces: Can dark matter, which holds everything together through its gravity and attracts additional matter, hold its own against dark energy, which pushes the universe ever further apart? 


						
"If we can precisely measure the structures in the sky, then we can observe this struggle," says LMU astrophysicist Daniel Grun. This is where telescopic observation projects come in, capturing large swaths of the sky very precisely in images. For example, there is the Dark Energy Survey with the Blanco telescope in Chile and the recently commissioned Euclid satellite. LMU scientists have been involved in both projects, including in leadership roles, for years.

Largest dataset evaluated to date

Although precisely determining the distances of individual structures and galaxies from us is not always easy, it is vitally important. After all, the further away a galaxy is, the longer its light has been travelling to us, and the older therefore is the snapshot of the universe revealed by its observation. An important source of information is the observed color of a galaxy, which is measured by ground-based telescopes like Blanco or satellites like Euclid. A new study by a team led by Jamie McCullough and Daniel Grun, which has been published in the journal MNRAS, has analyzed the largest dataset to date and sheds light on what the color of various galaxies actually says about their true distance.

In principle, the distance of a galaxy can be precisely determined by means of spectroscopy. This involves measuring the spectral lines of distant galaxies. As the universe as a whole is expanding, these appear to have a longer wavelength, the further away from us a galaxy is located. This is because the lightwaves of distant galaxies are stretched out on the long journey to us. This effect, known as redshift, also changes the apparent colors that the instruments measure in the image of the galaxy. They appear redder than they are in reality. This is similar to the Doppler effect we hear in the apparent pitch of an ambulance's siren as it passes us and moves away.

No two galaxies are the same

Jamie McCullough is a doctoral researcher at LMU and at Stanford University. For her analysis, she used spectroscopic measurements from the Dark Energy Spectroscopic Instrument (DESI) in conjunction with the largest dataset to date for the precise measurement of galaxy colors (KiDS-VIKING). Specifically, the authors combined spectroscopic data from DESI of a total of 230,000 galaxies with the colors of these galaxies in the KiDS-VIKING survey and used this information to determine the relationship between the distance of a galaxy from us and its observed color and brightness. No two galaxies in the universe are the same, but for each class of similar galaxies, there is a special relationship between observed color and redshift. "If we can combine distance information with measurements of the shape of galaxies, we can infer large-scale structures from the light distortions," says Jamie McCullough. The results of the study make it possible to statistically determine the true distance of each galaxy observed in images taken by Euclid or the Dark Energy Survey.




Interactive flight through millions of galaxies

Analyzing the observed distortions of the galaxy images, scientists will be able to learn something about the behavior of cosmic structures today and billions of years ago and understand them better. This will yield insights into the evolutionary history of the universe. To be able to observe the course of structure formation over time, you do not need to wait billions of years; it is enough to measure the structure at various distances from the Earth. With images alone, this is almost impossible, as you cannot just tell the distance of a galaxy to ours from its appearance in an image. The study by Jamie McCullough contains the key to this problem by furnishing a model for what the apparent "color" of a galaxy tells us about its distance from us.

Observing how dark matter and dark energy wrestle

The major goal of this precise observation and distribution of galaxies at various distances is to derive insights into the great wrestling match between the natural forces of dark matter and dark energy. "To really see what's happening, you have to be able to observe the individual rounds of this match," says Grun. This is because dark energy is poised to catch up and potentially arrest the formation of larger accumulations of mass in the universe altogether. "Only then will we understand what dark matter and dark energy actually are, and which of them will ultimately prevail."
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Origins of creativity in the brain | ScienceDaily
Have you ever had the solution for a tough problem suddenly hit you when you're thinking about something entirely different? Creative thought is a hallmark of humanity, but it's an ephemeral, almost paradoxical ability, striking unexpectedly when it's not sought out.


						
And the neurological source of creativity -- what's going on in our brains when we think outside the box -- is similarly elusive.

But now, a research team led by a University of Utah Health researcher and based in Baylor College of Medicine has used a precise method of brain imaging to unveil how different parts of the brain work together in order to produce creative thought.

Their findings published in BRAIN on June 18.

The new results could ultimately help lead to interventions that spark creative thought or aid people who have mental illnesses that disrupt these regions of the brain.

Outside the bo

Higher cognitive processes like creativity are especially hard to study. "Unlike motor function or vision, they're not dependent on one specific location in the brain," says Ben Shofty, MD, PhD, assistant professor of neurosurgery in the Spencer Fox Eccles School of Medicine and senior author on the paper. "There's not a creativity cortex."

But there's evidence that creativity is a distinct brain function. Localized brain injury caused by stroke can lead to changes in creative ability -- both positive and negative. That discovery suggests that narrowing down the neurological basis of creativity is possible.




Shofty suspected that creative thought might rely strongly on parts of the brain that are also activated during meditation, daydreaming, and other internally focused types of thinking. This network of brain cells is the default mode network (DMN), so called because it's associated with the "default" patterns of thought that happen in the absence of specific mental tasks. "Unlike most of the functions that we have in the brain, it's not goal-directed," Shofty says. "It's a network that basically operates all the time and maintains our spontaneous stream of consciousness."

The DMN is spread out across many dispersed brain regions, making it more difficult to track its activity in real time. The researchers had to use an advanced method of brain activity imaging to understand what the network was doing moment-to-moment during creative thought. In a strategy most commonly used to pinpoint the location of seizures in patients with severe epilepsy, tiny electrodes are implanted in the brain to precisely track the electrical activity of multiple brain regions.

Participants in the study were already undergoing this kind of seizure monitoring, which meant that the research team could also use the electrodes to measure brain activity during creative thinking. This provided a much more detailed picture of the neural basis of creativity than researchers had been able to capture before. "We could see what's happening within the first few milliseconds of attempting to perform creative thinking,"Shofty says.

Two steps toward originality

The researchers saw that during a creative thinking task in which participants were asked to list novel uses for an everyday item, like a chair or a cup, the DMN lit up with activity first. Then, its activity synchronized with other regions in the brain, including ones involved in complex problem-solving and decision-making. Shofty believes this means that creative ideas originate in the DMN before being evaluated by other regions.

What's more, the researchers were able to show that parts of the network are required specifically for creative thought. When the researchers used the electrodes to temporarily dampen the activity of particular regions of the DMN, people brainstormed uses for the items they saw that were less creative. Their other brain functions, like mind wandering, remained perfectly normal.




Eleonora Bartoli, PhD, assistant professor of neurosurgery at Baylor College of Medicine and co-first author on the paper, explains that this result shows that creativity isn't just associated with the network but fundamentally depends on it. "We moved beyond correlational evidence by using direct brain stimulation," she says. "Our findings highlight the causal role of the DMN in creative thinking."

The activity of the network is changed in several disorders, such as ruminative depression, in which the DMN is more active than normal, possibly related to increased dwelling on negative internally directed thoughts. Shofty says that a better understanding of how the network operates normally may lead to better treatments for people with such conditions.

By characterizing the brain regions involved in creative thought, Shofty hopes to ultimately inspire interventions that can help spark creativity. "Eventually, the goal would be to understand what happens to the network in such a way that we can potentially drive it toward being more creative."
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Vivid portrait of interacting galaxies marks Webb's second anniversary | ScienceDaily
Two for two! A duo of interacting galaxies commemorates the second science anniversary of NASA's James Webb Space Telescope, which takes constant observations, including images and highly detailed data known as spectra. Its operations have led to a "parade" of discoveries by astronomers around the world.


						
"Since President Biden and Vice President Harris unveiled the first image from the James Webb Space Telescope two years ago, Webb has continued to unlock the mysteries of the universe," said NASA Administrator Bill Nelson. "With remarkable images from the corners of the cosmos, going back nearly to the beginning of time, Webb's capabilities are shedding new light on our celestial surroundings and inspiring future generations of scientists, astronomers, and explorers."

Also take a moment to scan the background. Webb's image is overflowing with distant galaxies. Some take spiral and oval shapes, like those threaded throughout the Penguin's "tail feathers," while others scattered throughout are shapeless dots. This is a testament to the sensitivity and resolution of the telescope's infrared instruments. (Compare Webb's view to the 2018 observation that combines infrared light from NASA's retired Spitzer Space Telescope and near-infrared and visible light from NASA's Hubble Space Telescope.) Even though these observations only took a few hours, Webb revealed far more distant, redder, and dustier galaxies than previous telescopes -- one more reason to expect Webb to continue to expand our understanding of everything in the universe.

Want more? Take a tour to the image, "fly through" it in a visualization, and compare Webb's image to the Hubble Space Telescope's.

Arp 142 lies 326 million light-years from Earth in the constellation Hydra.

"In just two years, Webb has transformed our view of the universe, enabling the kind of world-class science that drove NASA to make this mission a reality," said Mark Clampin, director of the Astrophysics Division at NASA Headquarters in Washington. "Webb is providing insights into longstanding mysteries about the early universe and ushering in a new era of studying distant worlds, while returning images that inspire people around the world and posing exciting new questions to answer. It has never been more possible to explore every facet of the universe."

The telescope's specialization in capturing infrared light -- which is beyond what our own eyes can detect -- shows these galaxies, collectively known as Arp 142, locked in a slow cosmic dance. Webb's observations, which combine near- and mid-infrared light from Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument), respectively, clearly show that they are joined by a haze represented in blue that is a mix of stars and gas, a result of their mingling.




Their ongoing interaction was set in motion between 25 and 75 million years ago, when the Penguin (individually cataloged as NGC 2936) and the Egg (NGC 2937) completed their first pass. They will go on to shimmy and sway, completing several additional loops before merging into a single galaxy hundreds of millions of years from now.

Let's Dance!

Before their first approach, the Penguin held the shape of a spiral. Today, its galactic center gleams like an eye, its unwound arms now shaping a beak, head, backbone, and fanned-out tail.

Like all spiral galaxies, the Penguin is still very rich in gas and dust. The galaxies' "dance" gravitationally pulled on the Penguin's thinner areas of gas and dust, causing them to crash in waves and form stars. Look for those areas in two places: what looks like a fish in its "beak" and the "feathers" in its "tail."

Surrounding these newer stars is smoke-like material that includes carbon-containing molecules, known as polycyclic aromatic hydrocarbons, which Webb is exceptional at detecting. Dust, seen as fainter, deeper orange arcs also swoops from its beak to tail feathers.

In contrast, the Egg's compact shape remains largely unchanged. As an elliptical galaxy, it is filled with aging stars, and has a lot less gas and dust that can be pulled away to form new stars. If both were spiral galaxies, each would end the first "twist" with new star formation and twirling curls, known as tidal tails.




Another reason for the Egg's undisturbed appearance: These galaxies have approximately the same mass or heft, which is why the smaller-looking elliptical wasn't consumed or distorted by the Penguin.

It is estimated that the Penguin and the Egg are about 100,000 light-years apart -- quite close in astronomical terms. For context, the Milky Way galaxy and our nearest neighbor, the Andromeda Galaxy, are about 2.5 million light-years apart. They too will interact, but not for about 4 billion years.

Now, look to the top right to spot a galaxy that is not at this party. This edge-on galaxy, cataloged PGC 1237172, is 100 million light-years closer to Earth. It's also quite young, teeming with new, blue stars.

Want one more party trick? Switch to Webb's mid-infrared-only image to see PGC 1237172 practically disappear. Mid-infrared light largely captures cooler, older stars and an incredible amount of dust. Since the galaxy's stellar population is so young, it "vanishes" in mid-infrared light.
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A chemical claw machine bends and stretches when exposed to vapors | ScienceDaily
Scientists at King Abdullah University of Science and Technology (KAUST) in Saudi Arabia have developed a tiny "claw machine" that is able to pick up and drop a marble-sized ball in response to exposure to chemical vapors.


						
The findings, published July 12 in the journal Chem, point to a technique that can enable soft actuators -- the parts of a machine that make it move -- to perform multiple tasks without the need for additional costly materials. While existing soft actuators can be "one-trick ponies" restricted to one type of movement, this novel composite film contorts itself in different ways depending on the vapor that it is exposed to.

"It can bend and stretch depending on molecular interactions, which is very sophisticated at this size range," says author Niveen M. Khashab, a Chemistry Professor at KAUST. "We hope our findings will be used to develop advanced soft robotic systems capable of precise and adaptable movements in various environments," she says, suggesting the systems could be used in medical devices, industrial automation, and tools used to measure temperature, air quality, and humidity.

To test the claw machine's ability to perform multiple tasks, the researchers first exposed it to acetone. In the presence of this vapor, the device gripped a red cotton ball and stretched so that it could drop it in a box. When the team exposed the machine to ethanol vapor, it grabbed the cotton ball and removed it from the box.

Unlike rigid actuators in "hard robots," which may be made from metal or tough plastic, soft actuators are flexible, enabling them to perform a range of tasks their rigid counterparts cannot. As a result, soft actuators have been the technology of choice for cutting-edge applications such as precision agriculture, deep-sea exploration, and wearable devices.

But soft actuators are still limited -- they can either bend, twist, or stretch, but no one actuator can move in multiple ways, preventing them from performing more complex tasks that would lend them to an even greater range of uses. While researchers have recently experimented with actuator designs to give devices a greater range of motion, many of these strategies involve combining different materials, which makes them costly and difficult to manufacture while increasing their risk for mechanical failure.

To overcome this challenge, Khashab and colleagues developed a claw machine made from a polymer matrix containing molecular cages with the organic compound urea. The researchers chose urea for the cages because the compound can form multiple hydrogen bonds, allowing the urea molecules to rapidly reconfigure when they are exposed to different molecules in vapors. As a result, the material's properties can be precisely controlled, making it easy to customize.




The findings suggest that the material the machine is made from can be "effectively programmed to achieve complex movements by judiciously controlling the type and the concentration of the vapor stimulus," the authors write.

"The most remarkable finding was the unique actuation behavior where the soft actuator performed a complex motion involving 'curvature, stretching, and reverting,' which had not been reported previously," says Khashab.

Next, Khashab and colleagues plan to study the claw machine's energy density and how efficiently it converts energy so that they can enhance its performance, she says. They will also test its ability to produce electrical signals when the soft actuator is combined with materials that generate an electric charge, with the ultimate goal of developing flexible wearable electronic devices, says Khashab.

This work was supported by the King Abdullah University of Science and Technology (KAUST).
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Neural networks made of light | ScienceDaily
Scientists propose a new way of implementing a neural network with an optical system which could make machine learning more sustainable in the future. The researchers at the Max Planck Institute for the Science of Light have published their new method in Nature Physics, demonstrating a method much simpler than previous approaches.


						
Machine learning and artificial intelligence are becoming increasingly widespread with applications ranging from computer vision to text generation, as demonstrated by ChatGPT. However, these complex tasks require increasingly complex neural networks; some with many billion parameters. This rapid growth of neural network size has put the technologies on an unsustainable path due to their exponentially growing energy consumption and training times. For instance, it is estimated that training GPT-3 consumed more than 1,000 MWh of energy, which amounts to the daily electrical energy consumption of a small town. This trend has created a need for faster, more energy- and cost-efficient alternatives, sparking the rapidly developing field of neuromorphic computing. The aim of this field is to replace the neural networks on our digital computers with physical neural networks. These are engineered to perform the required mathematical operations physically in a potentially faster and more energy-efficient way.

Optics and photonics are particularly promising platforms for neuromorphic computing since energy consumption can be kept to a minimum. Computations can be performed in parallel at very high speeds only limited by the speed of light. However, so far, there have been two significant challenges: Firstly, realizing the necessary complex mathematical computations requires high laser powers. Secondly, the lack of an efficient general training method for such physical neural networks.

Both challenges can be overcome with the new method proposed by Clara Wanjura and Florian Marquardt from the Max Planck Institute for the Science of Light in their new article in Nature Physics. "Normally, the data input is imprinted on the light field. However, in our new methods we propose to imprint the input by changing the light transmission," explains Florian Marquardt, Director at the Institute. In this way, the input signal can be processed in an arbitrary fashion. This is true even though the light field itself behaves in the simplest way possible in which waves interfere without otherwise influencing each other. Therefore, their approach allows one to avoid complicated physical interactions to realize the required mathematical functions which would otherwise require high-power light fields. Evaluating and training this physical neural network would then become very straightforward: "It would really be as simple as sending light through the system and observing the transmitted light. This lets us evaluate the output of the network. At the same time, this allows one to measure all relevant information for the training," says Clara Wanjura, the first author of the study. The authors demonstrated in simulations that their approach can be used to perform image classification tasks with the same accuracy as digital neural networks.

In the future, the authors are planning to collaborate with experimental groups to explore the implementation of their method. Since their proposal significantly relaxes the experimental requirements, it can be applied to many physically very different systems. This opens up new possibilities for neuromorphic devices allowing physical training over a broad range of platforms.
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Scientists create computer program that 'paints' the structure of molecules in the style of Piet Mondrian | ScienceDaily
Scientists from Trinity College Dublin have created a computer program that "paints" the structure of molecules in the style of famous Dutch artist, Piet Mondrian, whose beautiful artworks will be instantly recognisable to many.


						
Mondrian's style, whereby he used blocks of primary colours separated by lines of various widths on a white background, has been extensively copied or used as an inspiration in modern culture. But his deceptively simple artworks have also fascinated scientists for decades, finding niche applications in mathematics and statistics.

And now, researchers from the School of Chemistry are opening eyes and minds to the beauty of molecular structure, as well as posing new questions about the form and function of the molecules themselves.

Their computer program, which can be accessed at https://www.sengegroup.eu/nsd, produces a Mondrianesque plot of any molecule. It does so by following an artistic algorithm that marries the laws of chemistry that describe the 3D structure of a molecule based on its components with the 2D style of one of the most influential painters of the Modern era.

For the scientist, it helps to rapidly assess and demonstrate molecular symmetry, allowing for deeper insights than would emerge from traditional representations. And for the artist, it provides a visually pleasing image of contrasting interpretations of symmetry, hopefully providing inspiration for the incorporation of scientific ideas into work.

Mathias O Senge, Professor of Organic Chemistry in Trinity and Hans Fischer Senior Fellow at the Institute for Advanced Study of TU Munich is the senior author of a just-published article in the leading international journal, Angewandte Chemie, in which this creation is shared with the world. He said:

"For some years we have been working on this project, initially for fun, to output the structure of a molecule in an artistically pleasing manner as a painting in the style of Mondrian. The 'paintings' obtained are unique for each molecule and juxtapose what Mondrian and others aimed to do with the De Stijl artistic movement.




"Symmetry and shape are essential aspects of molecular structure and how we interpret molecules and their properties, but very often relationships between chemical structure and derived values are obscured. Taking our inspiration from Mondrian's Compositions, we have depicted the symmetry information encoded within 3D data as blocks of colour, to show clearly how chemical arguments may contribute to symmetry."

Christopher Kingsbury, postdoctoral researcher in TBSI, who conceived the project, is first author of the journal article. He said: "In chemistry, it is useful to have a universal way of displaying molecular structure, so as to help 'blueprint' how a molecule is likely to behave in different environments and how it may react and change shape when in the presence of other molecules. But a certain amount of nuance is inevitably lost.

"This concept of increasing abstraction by removing minor details and trying to present a general form is mimicked by the early work of Mondrian and in some senses this is what scientists intuitively do when reducing complex phenomena to a 'simpler truth'. Thanks to our new approach very complex science is fed through an artistic lens, which might make it more accessible to a wider range of people."

In recent years Professor Senge and his team have greatly enhanced our understanding of porphyrins, a unique class of intensely coloured pigments -- also known as the "colours of life." In one piece of work they created a suite of new biological sensors by chemically re-engineering these pigments to act like tiny Venus flytraps and grab specific molecules, such as pollutants. And now the new direction, in which science and art collide, may further develop our understanding of how porphyrins work.

"Great art gives us a new perspective on the world," added Prof. Senge. "As a pastiche, this art may allow us to look at familiar molecules, such as porphyrins, in a new light, and help us to better understand how their shape and properties are intertwined. More generally, we believe that contemporary initiatives in 'Art and Science' require a transformative break of discipline boundaries and merger to 'ArtScience'. There is a subtle interplay between science and art and mixing of both aspects in our respective fields of endeavour and this should be a focus for future developments in both areas."
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How the 'heart and lungs' of a galaxy extend its life | ScienceDaily
Galaxies avoid an early death because they have a "heart and lungs" which effectively regulate their "breathing" and prevent them growing out of control, a new study suggests.


						
If they didn't, the Universe would have aged much faster than it has and all we would see today is huge "zombie" galaxies teeming with dead and dying stars.

That's according to a new study published in the Monthly Notices of the Royal Astronomical Society, which investigates one of the great mysteries of the Universe -- why galaxies are not as large as astronomers would expect.

Something appears to be stifling their enormous potential by limiting the amount of gas they absorb to convert into stars, meaning that instead of endlessly growing, something inside resists what was thought to be the inevitable pull of gravity.

Now, astrophysicists at the University of Kent think they may have uncovered the secret. They suggest that galaxies could in fact control the rate at which they grow through how they "breathe."

In their analogy, the researchers compared the supermassive black hole at the centre of a galaxy to its heart and the two bi-polar supersonic jets of gas and radiation they emit to airways feeding a pair of lungs.

Pulses from the black hole -- or "heart" -- can lead to jet shock fronts oscillating back and forth along both jet axes, much like the thoracic diaphragm in the human body moves up and down inside a chest cavity to inflate and deflate both lungs.




This can result in jet energy being transmitted widely into the surrounding medium, just as we breathe out warm air, resulting in slowing galaxy gas-accretion and growth.

PhD student Carl Richards came up with the theory after creating new, never-before-tried simulations to investigate the role supersonic jets might play in inhibiting galaxy growth.

These involved allowing the black hole "heart" to pulse and the jets to be at high pressure -- much like a form of hypertension, if extending the comparison to the human body.

This caused the jets to "act like bellows," he said, by sending out sound waves "like ripples on a pond surface."

The phenomena is similar to the terrestrial equivalent of sound and shock waves being produced when opening a bottle of champagne, the screech of a car, rocket exhausts and the puncture of pressurised enclosures.

"We realised that there would have to be some means for the jets to support the body -- the galaxy's surrounding ambient gas -- and that is what we discovered in our computer simulations," Richards said.




"The unexpected behaviour was revealed when we analysed the computer simulations of high pressure and allowed the heart to pulse.

"This sent a stream of pulses into the high-pressure jets, causing them to change shape as a result of the bellows-like action of the oscillating jet shock fronts."

These overpressured jets effectively expanded "like air-filled lungs," the researchers said.

In doing so, they transmitted sound waves into the surrounding galaxy in the form of a series of pressure ripples, which were then shown to suppress the galaxy's growth.

There is some evidence of ripples in extra-galactic media, such as those observed in the nearby Perseus galaxy cluster associated with enormous hot gas bubbles, which are believed to be examples of sound waves.

These ripples were already thought to be responsible for sustaining the ambient environment surrounding a galaxy, although a mechanism to generate them was missing.

Conventional cosmological simulations are therefore unable to account for the flows of gas into galaxies, leading to one of the great mysteries of the Universe, so it relies on the highly-active black hole at a galaxy's heart to provide some resistance.

"To do this is not easy, however, and we have constraints on the type of pulsation, the size of the black hole and the quality of the lungs," said co-author Professor Michael Smith.

"Breathing too fast or too slow will not provide the life-giving tremors needed to maintain the galaxy medium and, at the same time, keep the heart supplied with fuel."

The researchers concluded that a galaxy's lifespan can be extended with the help of its "heart and lungs," where the supermassive black hole engine at its core helps inhibit growth by limiting the amount of gas collapsing into stars from an early stage.

This, they say, has helped create the galaxies we see today.

Without such a mechanism, galaxies would have exhausted their fuel by now and fizzled out, as some do in the form of "red and dead" or "zombie" galaxies.

The paper 'Simulations of Pulsed Overpressure Jets: Formation of Bellows and Ripples in Galactic Environments', Carl Richards and Michael Smith, has been published in Monthly Notices of the Royal Astronomical Society.
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'A history of contact': Geneticists are rewriting the narrative of Neanderthals and other ancient humans | ScienceDaily
Ever since the first Neanderthal bones were discovered in 1856, people have wondered about these ancient hominins. How are they different from us? How much are they like us? Did our ancestors get along with them? Fight them? Love them? The recent discovery of a group called Denisovans, a Neanderthal-like group who populated Asia and South Asia, added its own set of questions.


						
Now, an international team of geneticists and AI experts are adding whole new chapters to our shared hominin history. Under the leadership of Joshua Akey, a professor in Princeton's Lewis-Sigler Institute for Integrative Genomics, the researchers have found a history of genetic intermingling and exchange that suggests a much more intimate connection between these early human groups than previously believed.

"This is the first time that geneticists have identified multiple waves of modern human-Neanderthal admixture," said Liming Li, a professor in the Department of Medical Genetics and Developmental Biology at Southeast University in Nanjing, China, who performed this work as an associate research scholar in Akey's lab.

"We now know that for the vast majority of human history, we've had a history of contact between modern humans and Neanderthals," said Akey. The hominins who are our most direct ancestors split from the Neanderthal family tree about 600,000 years ago, then evolved our modern physical characteristics about 250,000 years ago.

"From then until the Neanderthals disappeared -- that is, for about 200,000 years -- modern humans have been interacting with Neanderthal populations," he said.

The results of their work appear in the current issue of the journal Science.

Neanderthals, once stereotyped as slow-moving and dim-witted, are now seen as skilled hunters and tool makers who treated each other's injuries with sophisticated techniques and were well adapted to thrive in the cold European weather.




(Note: All of these hominin groups are humans, but to avoid saying "Neanderthal humans," "Denisovan humans," and "ancient-versions-of-our-own-kind-of-humans," most archaeologists and anthropologists use the shorthand Neanderthals, Denisovans, and modern humans.)

Using genomes from 2,000 living humans as well as three Neanderthals and one Denisovan, Akey and his team mapped the gene flow between the hominin groups over the past quarter-million years.

The researchers used a genetic tool they designed a few years ago called IBDmix, which uses machine learning techniques to decode the genome. Previous researchers depended on comparing human genomes against a "reference population" of modern humans believed to have little or no Neanderthal or Denisovan DNA.

Akey's team has established that even those referenced groups, who live thousands of miles south of the Neanderthal caves, have trace amounts of Neanderthal DNA, probably carried south by voyagers (or their descendants).

With IBDmix, Akey's team identified a first wave of contact about 200-250,000 years ago, another wave 100-120,000 years ago, and the largest one about 50-60,000 years ago.

That contrasts sharply with previous genetic data. "To date, most genetic data suggests that modern humans evolved in Africa 250,000 years ago, stayed put for the next 200,000 years, and then decided to disperse out of Africa 50,000 years ago and go on to people the rest of the world," said Akey.




"Our models show that there wasn't a long period of stasis, but that shortly after modern humans arose, we've been migrating out of Africa and coming back to Africa, too," he said. "To me, this story is about dispersal, that modern humans have been moving around and encountering Neanderthals and Denisovans much more than we previously recognized."

That vision of humanity on the move coincides with the archaeological and paleoanthropological research suggesting cultural and tool exchange between the hominin groups.

Li and Akey's key insight was to look for modern-human DNA in the genomes of the Neanderthals, instead of the other way around. "The vast majority of genetic work over the last decade has really focused on how mating with Neanderthals impacted modern human phenotypes and our evolutionary history -- but these questions are relevant and interesting in the reverse case, too," said Akey.

They realized that the offspring of those first waves of Neanderthal-modern matings must have stayed with the Neanderthals, therefore leaving no record in living humans. "Because we can now incorporate the Neanderthal component into our genetic studies, we are seeing these earlier dispersals in ways that we weren't able to before," Akey said.

The final piece of the puzzle was discovering that the Neanderthal population was even smaller than previously believed.

Genetic modeling has traditionally used variation -- diversity -- as a proxy for population size. The more diverse the genes, the larger the population. But using IBDmix, Akey's team showed that a significant amount of that apparent diversity came from DNA sequences that had been lifted from modern humans, with their much larger population.

As a result, the effective population of Neanderthals was revised down from about 3,400 breeding individuals down to about 2,400.

Put together, the new findings paint a picture of how the Neanderthals vanished from the record, some 30,000 years ago.

"I don't like to say 'extinction,' because I think Neanderthals were largely absorbed," said Akey. His idea is that Neanderthal populations slowly shrank until the last survivors were folded into modern human communities.

This "assimilation model" was first articulated by Fred Smith, an anthropology professor at Illinois State University, in 1989. "Our results provide strong genetic data consistent with Fred's hypothesis, and I think that's really interesting," said Akey.

"Neanderthals were teetering on the edge of extinction, probably for a very long time," he said. "If you reduce their numbers by 10 or 20%, which our estimates do, that's a substantial reduction to an already at-risk population.

"Modern humans were essentially like waves crashing on a beach, slowly but steadily eroding the beach away. Eventually we just demographically overwhelmed Neanderthals and incorporated them into modern human populations."

"Recurrent gene flow between Neanderthals and modern humans over the past 200,000 years," by Liming Li, Troy J. Comi, Rob F. Bierma, and Joshua M. Akey, appears in the July 13 issue of the journal Science (DOI: 10.1126/science.adi1768). This research was supported by the National Institutes of Health (grant R01GM110068 to JMA).
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Muscle machine: How water controls the speed of muscle contraction | ScienceDaily
The flow of water within a muscle fiber may dictate how quickly muscle can contract, according to a University of Michigan study.


						
Nearly all animals use muscle to move, and it's been known for a long time that muscle, like all other cells, is composed of about 70% water. But researchers don't know what sets the range and upper limits of muscle performance. Previous research into how muscle works focused only on how it worked on a molecular level rather than how muscle fibers are shaped, that they are three-dimensional and are full of fluid.

U-M physicist Suraj Shankar together with L. Mahadevan, a professor of physics at Harvard University, created a theoretical model of water's role in muscle contraction and found that how fluid moves through a muscle fiber determines how quickly a muscle fiber can contract.

They also found that muscle exhibits a new kind of elasticity called odd elasticity that allows muscle to generate power using three dimensional deformations, shown in a common observation that when a muscle fiber contracts lengthwise, it also bulges perpendicularly.

The researchers say this framework can be used to describe many other cells and tissues, which are also largely composed of water, and can be applied to the ultrafast movements of unicellular microorganisms and how they can be controlled. Their findings could also impact the design of soft actuators (a type of material that converts energy into motion), fast artificial muscles, and shape-morphing materials, all of which have very slow contraction speeds because they are triggered externally. Their results are published in the journal Nature Physics.

"Our results suggest that even such basic questions as how quickly muscle can contract or how many ways muscle can generate power have new and unexpected answers when one takes a more integrated and holistic view of muscle as a complex and hierarchically organized material rather than just a bag of molecules," Shankar said. "Muscle is more than the sum of its parts."

The researchers envision each muscle fiber as a self-squeezing active sponge, a water-filled, sponge-like material that can contract and squeeze itself through the action of molecular motors, he says.




"Muscle fibers are composed of many components, such as various proteins, cell nuclei, organelles such as mitochondria, and molecular motors such as myosin that convert chemical fuel into motion and drive muscle contraction," Shankar said. "All of these components form a porous network that is bathed in water. So an appropriate, coarse-grained description for muscle is that of an active sponge."

But the squeezing process takes time to move water around, so the researchers suspected that this movement of water through the muscle fiber set an upper limit on how rapidly a muscle fiber can twitch.

To test their theory, they modeled muscle movements in multiple organisms across mammals, insects, birds, fish and reptiles, focusing on animals that use muscles for very fast motions. They found that muscles that produce sound, such as the rattle in a rattlesnake's tail, that can contract ten to hundreds of times per second typically don't rely on fluid flows. Instead, these contractions are controlled by the nervous system and are more strongly dictated by molecular properties, or the time it takes for molecular motors within cells to bind and generate forces.

But in smaller organisms, such as flying insects who are beating their wings a few hundred to a thousand times per second, these contractions are too fast for neurons to directly control. Here fluid flows are more important.

"In these cases, we found that fluid flows within the muscle fiber are important and our mechanism of active hydraulics is likely to limit the fastest rates of contraction," Shankar said. "Some insects such as mosquitos seem to be close to our theoretically predicted limit, but direct experimental testing is needed to check and challenge our predictions."

The researchers also found that when muscle fibers act as an active sponge, the process also causes the muscles to act as an active elastic engine. When something is elastic, such as a rubber band, it stores energy as it tries to resist deformation. Imagine holding a rubber band between two fingers and pulling it back. When you release the rubber band, the band also releases the energy stored when it was being stretched. In this case, energy is conserved -- a basic law of physics that dictates that the amount of energy within a closed system should remain the same over time.

But when muscle converts chemical fuel into mechanical work, it can produce energy like an engine, violating the law of the conservation of energy. In this case, muscle shows a new property called "odd elasticity," where its response when squashed in one direction versus another is not mutual. Unlike the rubber band, when muscle contracts and relaxes along its length, it also bulges out perpendicularly, and its energy does not stay the same. This allows muscle fibers to generate power from repetitive deformations, behaving as a soft engine.

"These results are in contrast to prevailing thought, which focuses on molecular details and neglects the fact that muscles are long and filamentous, are hydrated, and have processes on multiple scales," Shankar said. "All together, our results suggest a revised view of how muscle functions is essential to understand its physiology. This is also crucial to understanding the origins, extent and limits that underlie the diverse forms of animal movement."
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Learning dance moves could help humanoid robots work better with humans | ScienceDaily
Engineers at the University of California San Diego have trained a humanoid robot to effortlessly learn and perform a variety of expressive movements, including simple dance routines and gestures like waving, high-fiving and hugging, all while maintaining a steady gait on diverse terrains.


						
The enhanced expressiveness and agility of this humanoid robot pave the way for improving human-robot interactions in settings such as factory assembly lines, hospitals and homes, where robots could safely operate alongside humans or even replace them in hazardous environments like laboratories or disaster sites.

"Through expressive and more human-like body motions, we aim to build trust and showcase the potential for robots to co-exist in harmony with humans," said Xiaolong Wang, a professor in the Department of Electrical and Computer Engineering at the UC San Diego Jacobs School of Engineering. "We are working to help reshape public perceptions of robots as friendly and collaborative rather than terrifying like The Terminator."

Wang and his team will present their work at the 2024 Robotics: Science and Systems Conference, which will take place from July 15 to 19 in Delft, Netherlands.

What makes this humanoid robot so expressive is that it is trained on a diverse array of human body motions, enabling it to generalize new motions and mimic them with ease. Much like a quick-learning dance student, the robot can swiftly learn new routines and gestures.

To train their robot, the team used an extensive collection of motion capture data and dance videos. Their technique involved training the upper and lower body separately. This approach allowed the robot's upper body to replicate various reference motions, such as dancing and high-fiving, while its legs focused on a steady stepping motion to maintain balance and traverse different terrains.

"The main goal here is to show the ability of the robot to do different things while it's walking from place to place without falling," said Wang.




Despite the separate training of the upper and lower body, the robot operates under a unified policy that governs its entire structure. This coordinated policy ensures that the robot can perform complex upper body gestures while walking steadily on surfaces like gravel, dirt, wood chips, grass and inclined concrete paths.

Simulations were first conducted on a virtual humanoid robot and then transferred to a real robot. The robot demonstrated the ability to execute both learned and new movements in real-world conditions.

Currently, the robot's movements are directed by a human operator using a game controller, which dictates its speed, direction and specific motions. The team envisions a future version equipped with a camera to enable the robot to perform tasks and navigate terrains all autonomously.

The team is now focused on refining the robot's design to tackle more intricate and fine-grained tasks. "By extending the capabilities of the upper body, we can expand the range of motions and gestures the robot can perform," said Wang.

Paper title: "Expressive Whole-Body Control for Humanoid Robots." Co-authors include Xuxin Cheng*, Yandong Ji*, Junming Chen and Ruihan Yang, UC San Diego; and Ge Yang, Massachusetts Institute of Technology.

*These authors contributed equally to this work.
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