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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.


      
        Climate reporting standards insufficient, must be expanded, say experts
        A new article concludes that current climate standards are not sufficiently incentivizing the big picture innovations necessary to deliver net zero, and must be expanded to include a company's broader influence on climate action.

      

      
        Singing from memory unlocks a surprisingly common musical superpower
        Psychologists studied 'earworms,' the types of songs that get stuck in your head and play automatically on a loop, to show that highly accurate pitch memory is much more common than might be expected.

      

      
        Candidate malaria vaccine provides lasting protection in NIH-sponsored trials
        Recent trials of an experimental malaria vaccine in healthy Malian adults found that all three tested regimens were safe. One of the trials enrolled 300 healthy women ages 18 to 38 years who anticipated becoming pregnant soon after immunization. That trial began with drug treatment to remove malaria parasites, followed by three injections spaced over a month of either saline placebo or the investigational vaccine at one of two dosages.

      

      
        Researchers unveil mysteries of ancient Earth
        A team of researchers has made strides in understanding the formation of massif-type anorthosites, enigmatic rocks that only formed during the middle part of Earth's history. These plagioclase-rich igneous rock formations, which can cover areas as large as 42,000 square kilometers and host titanium ore deposits, have puzzled scientists for decades due to conflicting theories about their origins.

      

      
        International study detects consciousness in unresponsive patients
        New research found that brain scans can detect consciousness in some patients with brain injury who are unresponsive. In the study, 241 participants with severe brain injury who do not respond when given a simple instruction were assessed with functional MRI (fMRI), electroencephalography (EEG), or both tests, while hearing instructions, such as 'imagine opening and closing your hand.' Their brain responses showed that 25 percent of participants repeatedly followed this instruction covertly over ...

      

      
        Patients with unexplainable chronic itch have unique blood biomarkers that could eventually lead to new targeted treatments
        Millions of patients worldwide suffer from a chronic itching condition with no identifiable cause -- a condition known as chronic pruritus of unknown origin (CPUO) -- that has no targeted therapies approved to treat it. Many of these patients suffer for years with little relief, but a new study may provide hope for future treatments. Patients were found to have lower than normal levels of metabolite biomarkers in the blood plasma that could point to a cause of their excruciating symptoms.

      

      
        New research poised to transform approach to diagnosing and treating acute leukemia in children
        Researchers announced a significant paradigm shift in the understanding of T-lineage acute lymphoblastic leukemia (T-ALL), an aggressive and high-risk form of cancer, to one frequently driven by genetic changes in non-coding portions of our DNA.

      

      
        New clue into the curious case of our aging immune system
        A new study could help solve a long-standing mystery into why a key immune organ in our bodies shrinks and loses its function as we get older.

      

      
        Venting your frustrations can make friends like you better -- if you do it right
        Venting about your frustrations with one friend to another may feel good, but it doesn't necessarily reduce anger. Experiments showed that people who listened to a friend vent liked and supported that person more than those who were vented about -- but only if the person venting didn't derogate or seem aggressive toward the other friend. Venting might be an effective tool of competition for listeners' affections precisely because it is not readily recognized as a tool of competition.

      

      
        A taste for carbon dioxide
        The remarkable affinity of the microbial enzyme iron nitrogenase for the greenhouse gas CO2 makes it promising for future biotechnologies.

      

      
        New brain-computer interface allows man with ALS to 'speak' again
        A new brain-computer interface translates brain signals into speech with up to 97 percent accuracy. Researchers implanted sensors in the brain of a man with severely impaired speech due to amyotrophic lateral sclerosis (ALS). The man was able to communicate his intended speech within minutes of activating the system.

      

      
        Good news for people with MS: COVID-19 vaccine not tied to relapse, study finds
        People with multiple sclerosis (MS) have an increased risk of severe coronavirus infection, but there has been concern regarding potential relapse after vaccination. A new study finds that people with MS may not have a higher risk of relapse after COVID-19 vaccination.

      

      
        Do people with high blood pressure have a higher risk of Alzheimer's disease?
        People 60 and older with untreated high blood pressure may have an increased risk of Alzheimer's disease compared to both people who have been or are being treated for high blood pressure as well as people without the chronic condition. These results do not prove that untreated high blood pressure causes Alzheimer's disease, they only show an association.

      

      
        Engineers conduct first in-orbit test of 'swarm' satellite autonomous navigation
        With 2D cameras and space robotics algorithms, astronautics engineers have created a navigation system able to manage multiple satellites using visual data only. They just tested it in space for the first time.

      

      
        New way inflammation impacts cell communication
        Researchers have made significant progress in understanding how cells communicate during inflammation.

      

      
        Physicists throw world's smallest disco party
        A new milestone has been set for levitated optomechanics as a group of scientists observed the Berry phase of electron spins in nano-sized diamonds levitated in vacuum.

      

      
        Fracking frenzy in India: A water crisis in the making?
        India's plans to scale up fracking operations without robust regulations could spell disaster for the country's finely balanced water security, according to research.

      

      
        Scientists create material that can take the temperature of nanoscale objects
        Scientists recently discovered a one-dimensional nanoscale material whose color changes as temperature changes.

      

      
        Dark rituals: Understanding society's fascination with death and disaster
        Understanding why the popularity of organized events steeped in themes of death, disaster and suffering, such as the well-known Dia de los Muertos (Day of the Dead), Jack the Ripper Walking Tours and Remembrance Sunday, could be key to a deeper understanding of society, say researchers.

      

      
        Child-parent therapy has biological benefits for traumatized kids
        Psychotherapy sessions with caregivers may help prevent serious disease later in life for young children who have experienced significant trauma, a new study found.

      

      
        Galaxies in dense environments tend to be larger, settling one cosmic question and raising others
        A new study has found galaxies with more neighbors tend to be larger than their counterparts that have a similar shape and mass, but reside in less dense environments. The team, which used a machine-learning algorithm to analyze millions of galaxies, reports that galaxies found in denser regions of the universe are as much as 25% larger than isolated galaxies. The findings resolve a long-standing debate among astrophysicists over the relationship between a galaxy's size and its environment, but a...

      

      
        Hydrometeorology and location affect hospitalizations for waterborne infectious diseases in the US
        An analysis of 12 years of data collected from over 500 hospitals in 25 different states shows that weather, geographic location, and urban or rural location all appear to influence hospitalizations for waterborne infectious diseases.

      

      
        Alzheimer's cognitive decline predicted by patient's age, sex, and irregular heart rhythm
        Older age, female sex, irregular heart rhythms, and daily activity levels can help to predict how much Alzheimer's Disease patients' cognitive function will decline, and how much they will depend on their caregivers over the next two years. The results suggest new ways to predict cognitive decline in patients, and that caregivers need to be considered in treatment plans.

      

      
        Unveiling the brain's reward circuitry
        A research team has made a significant breakthrough in understanding the complex neural circuitry underlying reward and addiction by identifying 34 distinct subtypes of medium spiny neurons (MSNs) in the nucleus accumbens (NAc), a key brain region involved in pleasure and motivation. The findings offer insights into the diversity of these neurons and their potential roles in substance use disorders.

      

      
        Revealing the mysteries within microbial genomes
        A new technique will make it much easier for researchers to discover the traits or activities encoded by genes of unknown function in microbes, a key step toward understanding the roles and impact of individual species within the planet's diverse microbiomes.

      

      
        How bread dough gave rise to civilization
        A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.

      

      
        Lake Erie walleye growth is driven by parents' size, experience
        Parent size and the conditions in which actively spawning adults lived are the most influential factors affecting growth of Lake Erie walleye, a new study has found.

      

      
        New research identifies early sensorimotor markers for autism spectrum disorder
        A study has uncovered significant findings related to the early sensorimotor features and cognitive abilities of toddlers who are later diagnosed with autism spectrum disorder (ASD).

      

      
        Tropical Atlantic mixing rewrites climate pattern rules
        Changes in the Atlantic Ocean's mixed layer are the primary force behind the Atlantic Multidecadal Variability (AMV).

      

      
        Shingles increases risk of subsequent cognitive decline, study suggests
        This new study found that an episode of shingles is associated with about a 20 percent higher long-term risk of subjective cognitive decline.

      

      
        Rare archaeological site reveals 'surprising' Neanderthal behaviour at Pyrenees foothills
        An unchartered area in the foothills of the Southern Pyrenees in Spain is providing insights into a poorly known period of Neanderthal history, offering clues that could help archaeologists uncover the mystery of their downfall, according to new research.

      

      
        Scientists discover breakthrough method to activate dormant stem cells in the brain
        Scientists have discovered a novel pathway to wake up dormant neural stem cells, offering potential new therapies for neurodevelopmental disorders such as autism, learning disabilities, and cerebral palsy.

      

      
        Eye-opening discovery offers fresh hope for disease that can cause blindness
        Scientists have identified a rare, mutated version of a protein called TNIP1 that causes a chronic autoimmune disease similar to Sjogren's Syndrome -- a condition that leads to extreme dryness of the eyes and mouth that can cause blindness if left untreated.

      

      
        Historic map reveals how mussel farm is bringing shellfish reefs back to the seabed
        New analysis has shown that the UK's first large scale offshore mussel farm might in fact serve as a form of restoration rather than creating habitats never seen in the area before. A map dating from 1871 shows a large area of the seabed -- stretching from Torquay in the west and beyond Lyme Regis to the east -- as being home to 'rich shell beds'. The region has now been transformed from muddy sediment with limited biodiversity into reefs, which research has shown have the potential to benefit a ...

      

      
        Smart fabric converts body heat into electricity
        Researchers have developed a smart fabric that can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

      

      
        Beige fat cells with a 'Sisyphus mechanism'
        A new class of fat cells makes people healthier. The cells consume energy and produce heat through seemingly pointless biochemical reactions.

      

      
        Stopping and reversing Alzheimer's at an early stage
        In the fight against Alzheimer's, researchers have developed a promising, preventative therapeutic approach. They specifically targeted the amyloid beta biomolecule, which triggers the hyperactivity of nerve cells typical of the brain disease in its early stages. They succeeded in developing and using a protein drug that can suppress the effects of the harmful molecule.

      

      
        Sugar intake decreasing but still too high
        A high-sugar diet is seen as a risk factor for obesity and chronic illness. Researchers have analyzed data on sugar intake among children and adolescents in a long-term study, finding that intake has been declining steadily since 2010 -- but is still above the level recommended by the World Health Organization (WHO).

      

      
        A belly full of jelly
        For a long time, scientists assumed that jellies (commonly known as jellyfish) were a dead-end food source for predatory fish. However, a team has now discovered that fish in Greenland waters do indeed feed on jellyfish. In two of the analyzed species, they even made up the majority of the food. The results suggest that the role of jellyfish as prey in marine food webs should be reconsidered, especially in regards to the fact that they could be profiting from climate change and spreading farther ...

      

      
        Impact of 700 years of Inuvialuit subsistence hunting on beluga whales
        An international team of researchers analyzed beluga whale bones retrieved from archaeological sites in the Mackenzie Delta, Northwest Territories, Canada, to shed light on the sustainability of centuries of Inuvialuit beluga whale subsistence harvests.

      

      
        New mechanism of action kills cancer cells
        Conventional cancer drugs work by triggering apoptosis, that is programmed cell death, in tumor cells. However, tumor cells have the ability to develop strategies to escape apoptosis, rendering the drugs ineffective. A research team now describes a new mechanism of action that kills cancer cells through ferroptosis.

      

      
        Surprising mechanism of lupus kidney damage identified
        A team defined key cells behind severe kidney damage in lupus. The research can inform future antibody therapies.

      

      
        How air-powered computers can prevent blood clots
        A new, air-powered computer sets off alarms when certain medical devices fail. The invention is a more reliable and lower-cost way to help prevent blood clots and strokes -- all without electronic sensors.

      

      
        New vaccine against cervical cancer combines prophylactic and therapeutic activity
        A vaccine against cancer-causing human papillomaviruses (HPV) is intended to help increase the rate of HPV vaccinations, particularly in developing countries. Scientists developed a completely new vaccination concept for this purpose. The vaccine is inexpensive and protects mice against almost all cancer-causing HPV types. In addition to preventing new infections, the vaccine also triggers cellular immune responses against HPV-infected cells and may therefore also have a therapeutic effect agains...

      

      
        Season of birth is associated with the development of asthma and allergic rhinitis
        Being born in autumn or winter is associated with asthma and allergic rhinitis in Finland, a new registry-based study shows.

      

      
        A method that paves the way for improved fuel cell vehicles
        More efficient and longer-lasting fuel cells are essential for fuel cell-powered heavy-duty hydrogen vehicles to be an alternative to combustion fuelled counterparts. Researchers have developed an innovative method to study and understand how parts of fuel cells degrade over time. This is an important step towards the improved performance of fuel cells and them becoming commercially successful.

      

      
        UV rays may boost health in low-sunlight countries
        The health benefits of sunshine could outweigh the risks for people living in places with limited sunlight, such as parts of the UK, a study suggests. Exposure to higher levels of ultraviolet (UV) radiation in areas with low sunlight was linked to a drop in deaths from cardiovascular disease and cancer, according to the research.

      

      
        Rising mercury pollution in soil could be related to climate change
        In 2017, the Minamata Convention on Mercury went into effect, designed to help curb mercury emissions and limit exposure across the globe. However, a new study of mercury levels in soil suggests that the treaty's provisions might not be enough. The study estimates that soil stores substantially more mercury than previously thought, and it predicts that increases in plant growth due to climate change may add even more.

      

      
        Early life exposure to common chemical permanently disrupts gut microbiome, study suggests
        Early life exposure to 'forever chemicals' in the environment permanently disrupts the gut microbiome in mice, contributing to the development of metabolic disease in later life, according to new research. The results suggest that human exposure to these chemicals during early childhood may be contributing to the recent epidemic of metabolic disorders, including obesity and type 2 diabetes among adults.

      

      
        Rocks collected on Mars hold key to water and perhaps life on the planet: Bring them back to Earth
        Between July and November of 2022, NASA's Perseverance rover collected seven samples of sediment from an ancient alluvial fan in Jezero crater. While onboard analysis gave researchers some information about their origins, only detailed analysis on Earth can retrieve evidence of when water flowed on Mars and whether life arose there. Geophysicists had hoped to get these samples back by 2033, but NASA's sample return mission may be delayed beyond that date.
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Climate reporting standards insufficient, must be expanded, say experts | ScienceDaily
A new paper from the Smith School of Enterprise and the Environment, University of Oxford concludes that current climate standards are not sufficiently incentivising the big picture innovations necessary to deliver net zero, and must be expanded to include a company's broader influence on climate action. The peer-reviewed research, published in Carbon Management, comes after a period of fierce public debate about climate standards and offers possible solutions for those seeking to improve both integrity and impact of corporate climate action.


						
Incentivising climate action and innovation in the corporate world is essential says co-author Dr Matilda Becker: "Of the 2000 largest companies, close to half still do not yet have a net zero target, while some are going further without reward. We need to incentivise companies' efforts beyond their boundaries."

The authors discuss actions that companies can take to accelerate the global transition to net zero across three spheres of influence: product power, purchasing power and political power, and propose an additional reporting track to capture their impact in these areas. This track would demonstrate a company's wider contribution to global net zero, and examples could include lobbying for cleaner energy systems or signalling financial support for new net zero technologies.

To date, corporate climate standards have been created primarily to guide companies in setting targets (e.g. through the Science Based Targets initiative) and to help them track their own emissions resulting from their activities (e.g. using the Greenhouse Gas Protocol). While these standards have been essential for reducing the emissions of individual companies, say the authors, they fail to incentivise broader climate action and can even discourage it.

"It is essential that companies report and reduce emissions across their value chains," says co-author Claire Wigg, Head of Climate Performance Practice at the Exponential Roadmap Initiative. "But it is also essential that they drive -- and are rewarded for driving -- systemic change via the products they produce, the purchases they make and the policies they lobby for or against."

"The way standards are currently set up, a high-growth renewable energy company might fare poorly because of the emissions generated in making turbines and solar panels, despite the fact these products can help to reduce emissions globally," explains lead author Kaya Axelsson, Research Fellow and Head of Policy and Partnerships at the Smith School. "We need a way to compare and reward companies that are changing the world, not just their operations."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240814211149.htm
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Singing from memory unlocks a surprisingly common musical superpower | ScienceDaily
New research from UC Santa Cruz is finally giving you the go-ahead to sing in the shower as loud as you want. Because, as it turns out, you probably sound pretty darn good.


						
Psychologists wanted to study "earworms," the types of songs that get stuck in your head and play automatically on a loop. So they asked people to sing out any earworms they were experiencing and record them on their phones when prompted at random times throughout the day. When researchers analyzed the recordings, they found that a remarkable proportion of them perfectly matched the pitch of the original songs they were based upon.

More specifically, 44.7% of recordings had a pitch error of 0 semitones, and 68.9% were accurate within 1 semitone of the original song. These findings were recently published in the journal Attention, Perception, & Psychophysics.

"What this shows is that a surprisingly large portion of the population has a type of automatic, hidden 'perfect pitch' ability," said Cognitive Psychology Ph.D. candidate Matt Evans, who led the study with support from Psychology Professor Nicolas Davidenko and undergraduate research assistant Pablo Gaeta.

"Interestingly, if you were to ask people how they thought they did in this task, they would probably be pretty confident that they had the melody right, but they would be much less certain that they were singing in the right key," Evans said. "As it turns out, many people with very strong pitch memory may not have very good judgment of their own accuracy, and that may be because they don't have the labeling ability that comes with true perfect pitch."

Evans explained that true perfect pitch is the ability to accurately produce or identify a given note on the first try and without a reference pitch. Less than 1 in 10,000 people possess that ability, with the list including famed musicians like Ludwig van Beethoven, Ella Fitzgerald, and Mariah Carey. But, scientists are increasingly finding that accurate pitch memory is much more common.

Prior research has shown that participants in laboratory settings who are asked to recall a well-known song and sing it from memory end up singing it in the right key at least 15% of the time, which is much more often than could be expected by chance. But there are still a lot of unknowns about how this memory process works, and that included questions about whether it took deliberate effort for people to recall songs in the right key, or if it happened automatically.




That's where earworms came in handy. Because earworms are a type of musical memory experience that happens involuntarily, the UC Santa Cruz team decided to use them to test whether pitch memory was still relatively accurate when music wasn't being recalled purposefully. The team's findings that earworms did in fact very strongly follow the key of the original song suggests that there may be something unique about musical memories and the ways they are encoded and maintained inside our brains.

"People who study memory often think about long-term memories as capturing the gist of something, where the brain takes shortcuts to represent information, and one way our brains could try to represent the gist of music would be to forget what the original key was," explained Professor Davidenko. "Music sounds very similar in different keys, so it would be a good shortcut for the brain to just ignore that information, but it turns out that it's not ignored. These musical memories are actually highly accurate representations that defy the typical gist formation that happens in some other domains of long-term memory."

As researchers continue working to unpack the mechanisms behind musical memory, Evans says he hopes the current findings will also help more people have the confidence to participate in music. He noted that the pitch accuracy of participants in the study was not predicted by any objective measures of singing ability, and none of the participants were musicians or reported having perfect pitch. In other words, you don't have to have special abilities to demonstrate this foundational musical skill.

"Music and singing are uniquely human experiences that so many people don't allow themselves to engage with because they don't think they can, or they've been told they can't," Evans said. "But in reality, you don't have to be Beyonce to have what it takes to make music. Your brain is already doing some of it automatically and accurately, despite that part of you that thinks you can't."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240814185804.htm
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Candidate malaria vaccine provides lasting protection in NIH-sponsored trials | ScienceDaily
Two National Institutes of Health (NIH)-supported trials of an experimental malaria vaccine in healthy Malian adults found that all three tested regimens were safe. One of the trials enrolled 300 healthy women ages 18 to 38 years who anticipated becoming pregnant soon after immunization. That trial began with drug treatment to remove malaria parasites, followed by three injections spaced over a month of either saline placebo or the investigational vaccine at one of two dosages. Both dosages of the vaccine candidate conferred a significant degree of protection from parasite infection and clinical malaria that was sustained over a span of two years without the need for a booster dose -- a first for any malaria vaccine. In an exploratory analysis of women who conceived during the study, the vaccine significantly protected them from malaria in pregnancy. If confirmed through additional clinical trials, the approach modeled in this study could open improved ways to prevent malaria in pregnancy.


						
Spread by Anopheles mosquitoes, malaria parasites, including those of the species Plasmodium falciparum (Pf), can cause illness in people of any age. However, pregnant women, infants and very young children are especially vulnerable to life-threatening disease. Malarial parasitemia in pregnancy is estimated to cause up to 50,000 maternal deaths and 200,000 stillbirths in Africa each year.

The trials were co-led by investigators from the NIH's National Institute of Allergy and Infectious Diseases (NIAID) and the University of Sciences, Techniques and Technologies, Bamako (USTTB), Mali. The investigational vaccine used in both trials was PfSPZ Vaccine, a radiation-attenuated vaccine based on Pf sporozoites (a stage of the parasite's lifecycle), manufactured by Sanaria Inc., Rockville, Maryland. Multiple previous clinical trials of PfSPZ Vaccine have shown it to be safe, including in malaria-endemic countries such as Mali. In results published in 2022, for example, an NIAID-sponsored, placebo-controlled trial of a three-dose regimen of PfSPZ Vaccine in Burkina Faso found that the vaccine had up to 46% efficacy that lasted at least 18 months.

In the first year of the current trial, 55 women became pregnant within 24 weeks of the third vaccine dose. Among these women, vaccine efficacy against parasitemia (whether before or during pregnancy) was 65% in those who received the lower dose vaccine and 86% in those who received the higher dose. Among 155 women who became pregnant across both study years, vaccine efficacy was 57% for those who received lower dose vaccine and 49% in those in the higher dosage group.

Women who received the investigational vaccine at either of the dosages conceived sooner than those who received placebo, although this finding did not reach the level of statistical significance, reported the investigators. The researchers speculate that the PfSPZ Vaccine might avert malaria-related early pregnancy losses since parasitemia risk during the periconception period was reduced by 65 to 86%.

"Preconception immunization is a new strategy to reduce mortality for women with malaria in pregnancy," the researchers note. They plan to investigate the safety of PfSPZ Vaccine administered during pregnancy, then examine the efficacy of PfSPZ given preconception or during pregnancy in larger clinical trials. "Existing measures are not protecting women from malaria in pregnancy," they added. "A safe and effective vaccine is urgently needed, and our results indicate PfSPZ Vaccine might be a suitable candidate," they conclude.

The PfSPZ Vaccine Study Team was led by Alassane Dicko, M.D., of the Malaria Research and Training Center (MRTC), USTTB, Mali, Stephen L. Hoffman, M.D., of Sanaria Inc., and Patrick E. Duffy, M.D., of the NIAID Laboratory of Malaria Immunology and Vaccinology. Joint co-first authors were Halimatou Diawara, M.D., of MRTC, and Sara A. Healy, M.D., NIAID.
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Researchers unveil mysteries of ancient Earth | ScienceDaily
A team of researchers has made strides in understanding the formation of massif-type anorthosites, enigmatic rocks that only formed during the middle part of Earth's history. These plagioclase-rich igneous rock formations, which can cover areas as large as 42,000 square kilometers and host titanium ore deposits, have puzzled scientists for decades due to conflicting theories about their origins.


						
A new study published in  Science Advances on Aug. 14 highlights the intricate connections between Earth's evolving mantle and crust and the tectonic forces that have shaped the planet throughout its history. It also provides new ways to explore when plate tectonics began, how subduction dynamics operated billions of years ago and the evolution of Earth's crust.

The research team, led by Rice's Duncan Keller and Cin-Ty Lee, studied massif-type anorthosites to test ideas about the magmas that formed them. The research focused on the Marcy and Morin anorthosites, classic examples from North America's Grenville orogen that are about 1.1 billion years old.

By analyzing the isotopes of boron, oxygen, neodymium and strontium in the rocks as well as conducting petrogenetic modeling, the researchers discovered that the magmas that formed these anorthosites were rich in melts derived from oceanic crust altered by seawater at low temperatures. They also found isotopic signatures corresponding to other subduction zone rocks such as abyssal serpentinite.

"Our research indicates that these giant anorthosites likely originated from the extensive melting of subducted oceanic crust beneath convergent continental margins," said Keller, the Clever Planets Postdoctoral Research Associate, Earth, Environmental and Planetary Sciences and the study's lead author. "Because the mantle was hotter in the past, this process directly connects the formation of massif-type anorthosites to Earth's thermal and tectonic evolution."

The study, which combines classical methods with the novel application of boron isotopic analysis to massif-type anorthosites, suggests that these rocks formed during very hot subduction that may have been prevalent billions of years ago.

Because massif-type anorthosites don't form on Earth today, the new evidence linking these rocks to very hot subduction on the early Earth opens new interdisciplinary approaches for understanding how these rocks chronicle the physical evolution of our planet.

"This research advances our understanding of ancient rock formations and sheds light on the broader implications for Earth's tectonic and thermal history," said Lee, the Harry Carothers Wiess Professor of Geology, professor of Earth, environmental and planetary sciences and study co-author.

The study's other co-authors include William Peck of the Department of Earth and Environmental Geosciences at Colgate University; Brian Monteleone of the Department of Geology and Geophysics at Woods Hole Oceanographic Institution; Celine Martin of the Department of Earth and Planetary Sciences at the American Museum of Natural History; Jeffrey Vervoort of the School of the Environment at Washington State University; and Louise Bolge of the Lamont-Doherty Earth Observatory at Columbia University.

This study was supported by NASA and the U.S. National Science Foundation.
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International study detects consciousness in unresponsive patients | ScienceDaily
New research co-led by experts at Mass General Brigham found that brain scans can detect consciousness in some patients with brain injury who are unresponsive.


						
In the study, 241 participants with severe brain injury who do not respond when given a simple instruction were assessed with functional MRI (fMRI), electroencephalography (EEG), or both tests. During these tests, participants heard instructions, such as "imagine opening and closing your hand" followed, 15-30 seconds later by "stop imagining opening and closing your hand." The fMRI and EEG brain responses showed that 60 (25 percent) of participants repeatedly followed this instruction covertly over minutes. According to the authors of the study, published August 15 in the New England Journal of Medicine, patients who demonstrate this phenomenon, called cognitive motor dissociation, understand language, remember instructions and can sustain attention, even though they appear unresponsive. For these patients, cognitive (i.e., thinking) abilities exceed, and are therefore dissociated from, motor abilities.

"Some patients with severe brain injury do not appear to be processing their external world. However, when they are assessed with advanced techniques such as task-based fMRI and EEG, we can detect brain activity that suggests otherwise," said lead study author Yelena Bodien, PhD, an investigator for the Spaulding-Harvard Traumatic Brain Injury Model Systems and Massachusetts General Hospital's Center for Neurotechnology and Neurorecovery. "These results bring up critical ethical, clinical, and scientific questions -- such as how can we harness that unseen cognitive capacity to establish a system of communication and promote further recovery?"

Following a significant brain injury, individuals may have a disorder of consciousness, which can include coma, a vegetative state or minimally conscious state. Since the first study demonstrating cognitive motor dissociation in individuals with disorders of consciousness was published nearly two decades ago, centers around the world have found that this condition occurs in approximately 15 to 20 percent of unresponsive patients. However, the current study suggests it could be present in 25 percent of patients, or even more. Cognitive motor dissociation was most common in participants assessed with fMRI and EEG, suggesting that multiple tests, using different approaches, may be required to ensure consciousness is not missed.

This study included participant data from six different sites spanning the United States, United Kingdom, and Europe collected over approximately 15 years. Each site developed and rigorously tested their methods for detecting cognitive motor dissociation to minimize the possibility that a positive result was obtained spuriously. Some sites recruited participants from the intensive care unit just days after they sustained a severe brain injury, often from a trauma such as a car accident, a stroke or cardiac arrest. Other sites included participants who were months to years after their injury or illness and were living in nursing facilities or at home.

In addition to studying the 241 participants who did not respond to simple instructions, the research included 112 participants who did respond to simple instructions at the bedside. This latter group would be expected to perform well on the fMRI and EEG tests, but, in 62 percent of those participants, researchers did not detect brain responses suggesting they were covertly following instructions. The authors note that this finding may reflect the complexity of the fMRI and EEG tasks and underscores the high-level of thinking skills required to perform them.

Just knowing that somebody is cognitively aware and more capable than is immediately apparent, can alter their clinical care substantially. "Families have told us that once a positive test result revealing cognitive motor dissociation is shared with the patients' clinical team, it can change the way that the team interacts with their loved one," Bodien said. "Suddenly, the team is paying more attention to subtle behavioral signs that could be under volitional control, or speaking to the patient, or playing music in the room. On the other hand, failing to detect cognitive motor dissociation can have serious consequences, including premature withdrawal of life support, missed signs of awareness, and lack of access to intensive rehabilitation."

"We find that this kind of sharp dissociation of retained cognitive capabilities and no behavioral evidence of them is not uncommon. I think we now have an ethical obligation to engage with these patients, to try to help them connect to the world," said senior study author Nicholas Schiff, MD, the Jerold B. Katz Professor of Neurology and Neuroscience in the Feil Family Brain and Mind Research Institute at Weill Cornell Medicine and administrative lead of the consortium. "What we need here is what we in our consortium have been trying to get started for twenty years: a sustained effort to benefit patients who have disorders of consciousness with systematic medical research, technology development, and better clinical infrastructure.




One limitation of the study was that the testing was not standardized; each of the study sites tested patients in their own way, creating variability within the data. In addition, many participants were enrolled because family members heard about the study and reached out to researchers. This recruitment approach limits the researchers' ability to determine the global prevalence of cognitive motor dissociation. There are no professional guidelines that stipulate how cognitive motor dissociation should be assessed and most centers are unable to provide this testing; clinical translation will need to be a focal point for future research.

"To continue our progress in this field, we need to validate our tools and to develop approaches for systematically and pragmatically assessing unresponsive patients so that the testing is more accessible," said Bodien. "The Emerging Consciousness Program at Mass General Hospital offers these evaluations clinically, however elsewhere, a patient may have to enroll in a research study to get tested. We know that cognitive motor dissociation is not uncommon, but resources and infrastructure are required to optimize detection of this condition and provide adequate support to patients and their families."

The researchers added that the findings may spur research of specific interventions to foster effective communication, including brain-computer interfaces.
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Patients with unexplainable chronic itch have unique blood biomarkers that could eventually lead to new targeted treatments | ScienceDaily
Millions of patients worldwide suffer from a chronic itching condition with no identifiable cause -- a condition known as chronic pruritus of unknown origin (CPUO) -- that has no targeted therapies approved to treat it. Many of these patients suffer for years with little relief, but a new University of Maryland School of Medicine study may provide hope for future treatments. Patients were found to have lower than normal levels of metabolite biomarkers in the blood plasma that could point to a cause of their excruciating symptoms.


						
Findings were recently published in the journal Scientific Reports.

"Our study found a distinct deficit in certain metabolite biomarkers, including several important amino acids and other metabolites involved in immune system regulation in patients with CPUO compared to a healthy control group," said study principal investigator Shawn Kwatra, MD, the Joseph W. Burnett Endowed Professor and Chair of Dermatology at UMSOM and Chief of Service Dermatology at the University of Maryland Medical Center (UMMC). "This is an exciting finding because it provides novel insights into the cause of this condition and identifies potential future therapeutic targets to consider."

Chronic pruritus of unknown origin is most prevalent among older adults and causes severe itching lasting longer than six weeks. Current therapies used to help manage symptoms are off-label and have poor efficacy, with many patients having a significantly impaired quality of life.

In the latest study, Dr. Kwatra and his colleagues compared blood plasma samples from patients with CPUO and matched healthy control patients. They found lower levels of nine amino acids in the CPUO patients compared to the control group and that the lower levels correlated with itch severity.

Previous animal studies have correlated low levels of these amino acids with itch symptoms in mice. These amino acids serve as building blocks for neurotransmitters, or brain chemicals, that play a role in the body's itch response and other allergic skin reactions. Providing mice with medications like antidepressants to boost neurotransmitters like serotonin was found to reduce itch symptoms.

"Many of these biomarkers that we found in depleted amounts in the blood of CPUO patients, like tryptophan and glycine, could contribute to the underlying pathogenesis of this condition, but we certainly need larger studies to investigate this further," said Dr. Kwatra.




Study co-authors also included faculty from Johns Hopkins University School of Medicine and Duke University Medical Center.

In June, Dr. Kwatra published a study in JAMA Dermatology showing that a drug targeting inflammation (abrocitinib), which is approved to treat eczema, provided significant improvement in itching symptoms in those with CPUO as well as another itching disorder called prurigo nodularis. He also led a study, published last year in the New England Journal of Medicine, demonstrating the efficacy of the monoclonal antibody, nemolizumab, in treating prurigo nodularis. The drug was approved on August 13 by the US Food and Drug Administration and is one of the first FDA-approved treatments for this skin condition, which disproportionately affects African-American patients.

Dr. Kwatra is a consultant/advisor to several pharmaceutical companies, including the manufacturers of abrocitinib and nemolizumab.

Since beginning his position at UMSOM earlier this year, Dr. Kwatra has created the Maryland Itch Center at the University of Maryland Medical Center.
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New research poised to transform approach to diagnosing and treating acute leukemia in children | ScienceDaily
Researchers at Children's Hospital of Philadelphia (CHOP), St. Jude Children's Research Hospital (St. Jude) and the Children's Oncology Group (COG) today announced a significant paradigm shift in the understanding of T-lineage acute lymphoblastic leukemia (T-ALL), an aggressive and high-risk form of cancer, to one frequently driven by genetic changes in non-coding portions of our DNA. The collaborative study, supported by the Gabriella Miller Kids First Pediatric Research Program (Kids First) and National Institutes of Health (NIH) Common Fund, was published today in the journal Nature.


						
Many children, adolescents, and young adult patients with T-ALL traditionally respond well to initial treatment. However, patients who relapse or have treatment-resistant disease often face a dire prognosis. Given the aggressive nature and rapid progression of the disease, and limited understanding of the genetic basis of T-ALL, researchers saw an urgent need for new and effective approaches to diagnosis and treatment.

"This paper is the first to transcend previous barriers and comprehensively profile the whole genome, uncovering critical insights in more than 1,300 children, adolescents and young adults with T-ALL," said David T. Teachey, MD, an attending physician, Director of Clinical Research at the Center for Childhood Cancer Research at CHOP and Chair of the Acute Lymphoblastic Leukemia disease committee in the COG. "These findings are a significant clinical advancement, as the goal in treating T-ALL is to prevent relapse, which requires identifying the patients most at risk. This data now makes it possible to risk stratify patients with T-cell leukemia, identifying those with a high-risk of relapsing so we can treat them with newer or alternative medicines."

Prior studies were unable to identify important genetic changes in T-ALL, as they focused on the coding genome, the part of DNA that encodes proteins, the building blocks of cells. However, only 1% of DNA is coding, while the other 99% is termed non-coding.

Once considered useless, scientists now recognize that the non-coding region plays a key role in regulating biological processes. It signals the cell when to produce certain proteins, like a crossing guard aiding people to safely cross the street.

In this case, researchers studied more than 1,300 patients treated on the COG AALL0434 clinical trial and sequenced both the tumor and non-tumor genomes of each patient. While the researchers previously suspected that non-coding DNA in T-ALL played an important role, this study's findings are the first ever to establish that at a large scale.

The study found that approximately 60% of the genetic changes driving T-ALL cancer cells are non-coding changes. This fundamentally alters the way researchers think about T-ALL, offering a better understanding of disease biology. This leads to innovative treatments, including new immunotherapies developed at CHOP and St. Jude.




Traditionally, patients with T-All have been categorized by risk based on their therapy response and immunophenotype, which profiles cell surface proteins as part of the diagnostic workup. While cell surface protein expression helps define T-ALL subtypes, it hasn't proven effective in consistently identifying which patients have a good prognosis. The new comprehensive data revealed why, strongly suggesting that a genomic approach replace the current immunophenotypic classification. As a result, the researchers developed models that incorporate genetics and response to treatment to risk stratify patients with T-ALL accurately and are currently in the process of validating results using patient samples from the next COG trial of T-ALL.

"It was striking how abundant these non-coding changes were and how many of them were enhancer perturbation events, whether it was hijacking or co-option of an existing enhancer, or changes that generated a new enhancer," said Charles Mullighan, MBBS, MD, St. Jude Children's Research Hospital, Comprehensive Cancer Center deputy director and Department of Pathology member. "We now have a much stronger framework to take these alterations back to the lab and say now we've got better information to build the right models to understand the biology, and then to test therapy. We have very clear information that these are the sorts of alterations that people need to focus on to build a diagnostic test."

Researchers were able to classify T-ALL into 15 subtypes with distinct gene expression and genomic drivers, including previously undefined subtypes. They refined the classification of known subtypes and showed that driver lesions, other genetic changes, and the original cell type work together to define the genomic subtype and the clinical and biological characteristics of a condition. They also observed a significant link between the type of gene alterations and outcomes in T-ALL. This new observation shows it is not only which gene is altered in the cancer cells, but also how it is altered, that helps define prognosis and chance of a cure.

"Future research must continue to determine broader applications for this approach," said Teachey. "These findings offer a strong a roadmap for improving patient outcomes and curing more children and adults with T-ALL."
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New clue into the curious case of our aging immune system | ScienceDaily
A WEHI study could help solve a long-standing mystery into why a key immune organ in our bodies shrinks and loses its function as we get older.


						
The thymus is an organ essential for good health due to its ability to produce special immune cells that are responsible for fighting infections and cancer.

In a world-first, researchers have uncovered new cells that drive this ageing process in the thymus -- significant findings that could unlock a way to restore function in the thymus and prevent our immunity from waning as we age.

 At a glance
    	The thymus is an organ essential for our immune defence but it shrinks and weakens as we get older. The reason for this loss remains a long-standing mystery.
    	A new study has been able to visualise, for the first time, how two cell types drive this ageing process and cause the thymus to lose its function and regeneration abilities over time.
    	The findings could help uncover a way to stop the thymus from ageing and, critically, develop methods to restore immunity in vulnerable people in the future.

T cells, also known as T lymphocytes, are a type of white blood cell that plays a crucial role in our immune system. T cells are essential for identifying and responding to pathogens, such as viruses and bacteria, and for eliminating infected or cancerous cells.

The thymus is a small, but mighty, organ that sits behind the breastbone. It is the only organ in the body that can make T cells.

But a curious feature of the thymus is that it is the first organ in our bodies toshrink as we get older. As this happens, the T cell growth areas in the thymus are replaced with fatty tissue, diminishing T cell production and contributing to a weakened immune system.




While the thymus is capable of regenerating from damage, to date researchers have been unable to figure out how to unlock this ability and boost immunity in humans as we age.

WEHI Laboratory Head Professor Daniel Gray said the new findings, published in Nature Immunology, could help solve this mystery that has stumped researchers for decades.

"The number of new T cells produced in the body significantly declines after puberty, irrespective of how fit you are. By age 65, the thymus has virtually retired," Prof Gray said.

"This weakening of the thymus makes it harder for the body to deal with new infections, cancers and regulate immunity as we age.

"This is also why adults who have depleted immune systems, for example due to cancer treatment or stem cell transplants, take much longer than children to recover.

"These adults need years to recover their T cells -- or sometimes never do -- putting them at higher risk of contracting potentially life-threatening infections for the rest of their lives.




"Exploring ways to restore thymic function is critical to finding new therapies that can improve outcomes for these vulnerable patients and find a way to ensure a healthy level of T cells are produced throughout our lives."

The new study, an international collaboration with groups at the Fred Hutch Cancer Center (Seattle) and Memorial Sloan Kettering Cancer Centre (NYC), provides crucial new insights that could help achieve this goal.

"Our discovery provides a new angle for thymic regeneration and immune restoration, could unravel a way to boost immune function in vulnerable patients in the future," Prof Gray said.

Scarring effects 

Using advanced imaging techniques at WEHI's Centre for Dynamic Imaging and animal models, the research team discovered two new cell types that cause the thymus to lose its function.

These cells, which appeared only in the defective thymus of older mice and humans, were found to form clusters around T cell growth areas, impairing the organ's ability to make these important immune cells.

In a world-first, the researchers discovered these clusters also formed 'scars' in the thymus which prevented the organ from restoring itself after damage.

Dr Kelin Zhao, who led the imaging efforts, said the findings showed for the first time how this scarring process acts as a barrier to thymic regeneration and function.

"While a large focus of research into thymic loss of function has focused on the shrinking process, we've proven that changes that occur inside the organ also impact its ability to function with age," Dr Zhao said.

"By capturing these cell clusters in the act and showing how they contribute to loss of thymic function, we've been able to do something no one else has ever done before, largely thanks to the incredible advanced imaging platforms we have at WEHI.

"This knowledge enables us to investigate whether these cells can be therapeutically targeted in future, to help turn back the clock on the ageing thymus and boost T cell function in humans as we get older. This is the goal our team is working towards."
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Venting your frustrations can make friends like you better -- if you do it right | ScienceDaily
Venting about your frustrations with one friend to another isn't necessarily cathartic, but it can make the friend you're talking to like and treat you better, UCLA psychologists say. Their experiments show that under certain conditions, it can be an effective form of competition that makes listeners feel closer to the person venting and like the target less.


						
However, this was not the case when people's friends overtly derogated others. The real benefits of venting, the researchers conclude, are the strengthening of bonds that might pay off in the future -- and the improved health and happiness enjoyed by people who are well liked by their friends.

"Since the 1950s, we've known the Freudian catharsis explanation for venting is wrong. It can feel good to vent, but venting doesn't reliably decrease anger and sometimes even amplifies anger," said lead author Jaimie Krems, an associate professor of psychology at UCLA. "We didn't have a good explanation for what venting does for us. So we tested a novel alliance view of venting -- that under certain parameters, venting can make the people we vent to support us over the people we vent about."

Most research on close relationships has focused on romantic partnerships. Yet, especially for younger people, friendship plays some of the roles that have traditionally been found in romantic relationships; the U.S. surgeon general has also talked about the "loneliness epidemic." There is a need to better understand friendship, researchers say, including how people might 'compete' to make their friends like them better than other friends.

"As much as people readily admit that we compete for romantic partners' finite time and affection, people seem less willing to admit to competing for friends," Krems said. "But if being relatively better liked means getting better support from friends, then we should expect some friend competition, whether or not we like that it exists."

In a paper published in Evolution and Human Behavior, Krems and colleagues at Oklahoma State University and Hamilton College asked participants to listen to a friend vent or gossip about or derogate a mutual friend. Although the vignettes varied across experiments, those venting typically began by telling participants, "I'm so frustrated and hurt right now..." before venting about a mutual friend canceling on them at the last minute.

In the derogation condition, this same complaint was prefaced with: "I'm so frustrated and angry right now..." In other conditions, the participant heard the speaker gossip about having dinner with the mutual friend or vent about the speaker's car problems.




After reading the vignette, participants rated their feelings about the speaker and the target on an 11-point sliding scale. Participants who heard people vent about a friend canceling on them liked the speaker better than the target. This was not the case when speakers derogated the target for the same behavior, shared neutral gossip about targets or vented about their car troubles.

In another experiment, participants heard their friends vent about or derogate the target and were asked to divide a pot of lottery tickets between the speaker and target. Participants gave more tickets to the speaker than to the target, but only in the venting -- not the derogation -- condition.

However, venting backfired in an additional experiment. When researchers hinted the person venting was secretly rivalrous with the targeted friend, participants no longer liked that person better than the target.

The results show that venting makes the speaker more likable only when listeners do not perceive the speaker as having any aggressive intent toward the target. This suggests venting might be an effective tool of competition for listeners' affections precisely because it isn't readily recognized as such.

The benefits of being relatively better liked by one's friends can include being given preferential treatment, as in the ticket example above, but could also have less tangible effects. For example, friends are associated with improved economic mobility, health, well-being and longevity.

The researchers emphasize that none of this competition has to be conscious, and some other scholars have suggested that such tactics might work best if we're fooling ourselves that we're not competing. If we don't think we're doing it to be aggressive, others might be less likely to realize we're engaging in what might be an act of aggression.

The researchers also emphasize the ways in which venting can fail, such as when those venting are perceived as aggressive, choose the wrong thing to vent about or the wrong person to vent to. That venting works at all suggests, they say, that people can be deeply -- if not consciously -- strategic about what they vent about and to whom.

"People are so lonely right now, and that puts even greater pressure on us as researchers to be honest about how friendship works," Krems said. "As much as we want it to be all unicorns and rainbows, sometimes it's more like a koala: cuddly but also vicious."
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A taste for carbon dioxide | ScienceDaily
The remarkable affinity of the microbial enzyme iron nitrogenase for the greenhouse gas CO2 makes it promising for future biotechnologies.


						
Nitrogenases are among the most geochemically important enzymes on Earth, providing all forms of life with bioavailable nitrogen in the form of ammonia (NH3). Some nitrogenases can also directly convert CO2 into hydrocarbon chains, making them an exciting target for the development of biotechnological processes. A team of researchers in Marburg, Germany, led by Max Planck scientist Johannes Rebelein, has now provided a comprehensive insight into the substrate specificity and preferences of nitrogenase. Their results challenge the current understanding of nitrogenases and highlight their potential for sustainable bioproduction.

Nitrogen is one of the main building blocks of our cells. However, most of the nitrogen on Earth occurs as gaseous N2 and is chemically unusable by cells. Only a single family of enzymes is able to convert N2 into the bioavailable form of ammonia (NH3): nitrogenases.

Researchers led by Johannes Rebelein from the Max Planck Institute for Terrestrial Microbiology in Marburg have recently discovered that some nitrogenases can also deal with another important substrate: They reduce the greenhouse gas CO2 to hydrocarbons (methane, ethylene, ethane) and formic acid. All these productas are potential energy sources and industrially important chemicals. With a view to sustainable, carbon-neutral bioproduction, the team wanted to know: How well can the enzymes discriminate between CO2 and N2? And do microorganisms that grow on N2 also reduce CO2 under normal, physiological conditions?

Two isoenzymes

To answer these questions, the researchers focused on the photosynthetic bacterium Rhodobacter capsulatus, which harbors two isoenzymes: the molybdenum (Mo) nitrogenase and the iron (Fe) nitrogenase, which the bacterium needs as a reserve in the event of molybdenum deficiency. The researchers isolated both nitrogenases and compared their CO2 reduction using biochemical tests. They found that the Fe nitrogenase actually reduces CO2 three times more efficiently than its molybdenum containing counterpart and produces formic acid and methane at atmospheric CO2 concentrations.

When both enzymes were offered CO2 and N2 at the same time, another important difference became apparent: while Mo-nitrogenase selectively reduces N2, Fe-nitrogenase tends to choose CO2 as a substrate. "Normally, a higher reaction speed in enzymes comes at the expense of accuracy. Interestingly, Mo-nitrogenase is both faster and more selective, showing its advantage in N2 reduction. The lower specificity of Fe nitrogenase and its preference for CO2 make it a promising starting point for the development of novel CO2 reductases," says Frederik Schmidt, PhD student in Johannes Rebelein's lab and co-author of the study.

Wide-spread CO2 reduction in nature?

The low selectivity was not the only surprise. "We analyzed which fraction of electrons ended up in which product and found that methane and high concentrations of formic acid derived from CO2 conversion by Fe nitrogenase were secreted by the bacteria even when no additional CO2 was added to the culture: the metabolically derived CO2 was sufficient to drive this process. This finding suggests that Fe nitrogenase-catalyzed CO2 reduction may indeed be widespread in nature," says Niels Oehlmann, co-first author of the study. This also means that the availability and exchange of one-carbon substrates is likely to influence microbial communities in different environments.

The work challenges the traditional view of nitrogenases as true nitrogen-converting enzymes. Photosynthetic bacteria such as R. capsulatus, which use light energy to stimulate nitrogenases to convert the greenhouse gas CO2, could play a key role not only in their environmental impact, but also in the societal shift towards a sustainable circular economy, says Johannes Rebelein. "The idea is that we can store the energy from the sunlight captured by the microorganism's photosynthetic apparatus in the hydrocarbons produced by nitrogenase. In the future, we want to further develop the iron nitrogenase in order to use it for CO2 fixation and utilization.
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New brain-computer interface allows man with ALS to 'speak' again | ScienceDaily
A new brain-computer interface (BCI) developed at UC Davis Health translates brain signals into speech with up to 97% accuracy -- the most accurate system of its kind.


						
The researchers implanted sensors in the brain of a man with severely impaired speech due to amyotrophic lateral sclerosis (ALS). The man was able to communicate his intended speech within minutes of activating the system.

A study about this work was published today in the New England Journal of Medicine.

ALS, also known as Lou Gehrig's disease, affects the nerve cells that control movement throughout the body. The disease leads to a gradual loss of the ability to stand, walk and use one's hands. It can also cause a person to lose control of the muscles used to speak, leading to a loss of understandable speech.

The new technology is being developed to restore communication for people who can't speak due to paralysis or neurological conditions like ALS. It can interpret brain signals when the user tries to speak and turns them into text that is 'spoken' aloud by the computer.

"Our BCI technology helped a man with paralysis to communicate with friends, families and caregivers," said UC Davis neurosurgeon David Brandman. "Our paper demonstrates the most accurate speech neuroprosthesis (device) ever reported."

Brandman is the co-principal investigator and co-senior author of this study. He is an assistant professor in the UC Davis Department of Neurological Surgery and co-director of the UC Davis Neuroprosthetics Lab.




The new BCI breaks the communication barrier

When someone tries to speak, the new BCI device transforms their brain activity into text on a computer screen. The computer can then read the text out loud.

To develop the system, the team enrolled Casey Harrell, a 45-year-old man with ALS, in the BrainGate clinical trial. At the time of his enrollment, Harrell had weakness in his arms and legs (tetraparesis). His speech was very hard to understand (dysarthria) and required others to help interpret for him.

In July 2023, Brandman implanted the investigational BCI device. He placed four microelectrode arrays into the left precentral gyrus, a brain region responsible for coordinating speech. The arrays are designed to record the brain activity from 256 cortical electrodes.

"We're really detecting their attempt to move their muscles and talk," explained neuroscientist Sergey Stavisky. Stavisky is an assistant professor in the Department of Neurological Surgery. He is the co-director of the UC Davis Neuroprosthetics Lab and co-principal investigator of the study. "We are recording from the part of the brain that's trying to send these commands to the muscles. And we are basically listening into that, and we're translating those patterns of brain activity into a phoneme -- like a syllable or the unit of speech -- and then the words they're trying to say."

Faster training, better results

Despite recent advances in BCI technology, efforts to enable communication have been slow and prone to errors. This is because the machine-learning programs that interpreted brain signals required a large amount of time and data to perform.




"Previous speech BCI systems had frequent word errors. This made it difficult for the user to be understood consistently and was a barrier to communication," Brandman explained. "Our objective was to develop a system that empowered someone to be understood whenever they wanted to speak."

Harrell used the system in both prompted and spontaneous conversational settings. In both cases, speech decoding happened in real time, with continuous systemupdates to keep it working accurately.

The decoded words were shown on a screen. Amazingly, they were read aloud in a voice that sounded like Harrell's before he had ALS. The voice was composed using software trained with existing audio samples of his pre-ALS voice.

At the first speech data training session, the system took 30 minutes to achieve 99.6% word accuracy with a 50-word vocabulary.

"The first time we tried the system, he cried with joy as the words he was trying to say correctly appeared on-screen. We all did," Stavisky said.

In the second session, the size of the potential vocabulary increased to 125,000 words. With just an additional 1.4 hours of training data, the BCI achieved a 90.2% word accuracy with this greatly expanded vocabulary. After continued data collection, the BCI has maintained 97.5% accuracy.

"At this point, we can decode what Casey is trying to say correctly about 97% of the time, which is better than many commercially available smartphone applications that try to interpret a person's voice," Brandman said. "This technology is transformative because it provides hope for people who want to speak but can't. I hope that technology like this speech BCI will help future patients speak with their family and friends."

The study reports on 84 data collection sessions over 32 weeks. In total, Harrell used the speech BCI in self-paced conversations for over 248 hours to communicate in person and over video chat.

"Not being able to communicate is so frustrating and demoralizing. It is like you are trapped," Harrell said. "Something like this technology will help people back into life and society."

"It has been immensely rewarding to see Casey regain his ability to speak with his family and friends through this technology," said the study's lead author, Nicholas Card. Card is a postdoctoral scholar in the UC Davis Department of Neurological Surgery.

"Casey and our other BrainGate participants are truly extraordinary. They deserve tremendous credit for joining these early clinical trials. They do this not because they're hoping to gain any personal benefit, but to help us develop a system that will restore communication and mobility for other people with paralysis," said co-author and BrainGate trial sponsor-investigator Leigh Hochberg. Hochberg is a neurologist and neuroscientist at Massachusetts General Hospital, Brown University and the VA Providence Healthcare System.

Brandman is the site-responsible principal investigator of the BrainGate2 clinical trial. The trial is enrolling participants. To learn more about the study, visit: https://www.braingate.org/
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Good news for people with MS: COVID-19 vaccine not tied to relapse, study finds | ScienceDaily
People with multiple sclerosis (MS) have an increased risk of severe coronavirus infection, but there has been concern regarding potential relapse after vaccination. A new study finds that people with MS may not have a higher risk of relapse after COVID-19 vaccination. The study is published in the August 14, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
"People with MS have an increased risk of severe COVID infection due to their level of motor disability or exposure to treatments that suppress their immune systems," said study author Xavier Moisset, MD, PhD, of Clermont Auvergne University in Clermont-Ferrand, France. "Some previous studies have found relapses following vaccination, leading some people to not seek the recommended booster doses. The good news is that our study found that there was no increased risk of relapse after COVID-19 vaccination for nearly all participants."

Researchers found a small increase in relapse risk after a booster dose for patients with high MS activity, who have had at least two relapses in the previous two years, especially those who were not taking any MS medications.

The study involved 124,545 people with MS in France. They had been living with MS for an average of 14 years and were followed for 45 days after vaccination, as potential vaccine-induced relapses generally occur within 28 days after vaccination.

During the study, 102,524 people, or 82%, received at least one dose of a COVID-19 vaccine. A total of 95% received a second dose and 59% received an additional booster dose.

Participants received one or more of the following vaccines: Pfizer BioNTech, Moderna, AstraZeneca or Janssen.

In the 45 days following vaccination, researchers looked at relapses requiring treatment with high-dose corticosteroids.




After adjusting for other factors that could affect the likelihood of a relapse, such as time of year and the effect of disease-modifying therapy, researchers found that COVID-19 vaccination did not increase the risk of severe relapse. These results remained consistent after each dose.

To confirm the findings, researchers compared people who had relapses to those without. Again, they found no increased risk of vaccine exposure. They identified a small decrease in relapse risk after vaccination.

"Our findings are reassuring that these vaccines can be used without any worry about the risk of relapse," Moisset said. "The absence of such a risk is encouraging for people with MS that they may receive booster shots when needed, especially if booster shots are to be repeated in the future."

Moisset said, "Particular caution is needed for patients with the highest inflammatory activity, who should first receive disease-modifying treatment before their booster vaccination. People who were untreated and those with a highly active disease showed a small increased risk after the third vaccine dose. The risk was highest if both factors were combined."

A limitation of the study is that researchers looked only at relapses requiring corticosteroids, so benign relapses that were not reviewed by neurologists or not needing the use of corticosteroid therapy were not considered.
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Do people with high blood pressure have a higher risk of Alzheimer's disease? | ScienceDaily
People 60 and older with untreated high blood pressure may have an increased risk of Alzheimer's disease compared to both people who have been or are being treated for high blood pressure as well as people without the chronic condition. The new research, a meta-analysis, is published in the August 14, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. These results do not prove that untreated high blood pressure causes Alzheimer's disease, they only show an association.


						
"High blood pressure is a leading cause of stroke and cerebrovascular disease, and yet it can be controlled with medication, reducing a person's risk of these diseases," said author Matthew J. Lennon, MD, PhD, of the University of New South Wales in Australia. "Taking blood pressure medications has also been found in previous research to reduce a person's risk of dementias overall, but less is known about how blood pressure affects a person's risk of Alzheimer's disease. Our meta-analysis looked at older people and found that not treating blood pressure may indeed increase a person's risk."

For the meta-analysis, researchers looked at 31,250 people with an average age of 72 who were enrolled in 14 studies that measured cognitive change and dementia diagnosis over time. Participants were from Australia, Brazil, China, France, Germany, Greece, Italy, Japan, Korea, Nigeria, Republic of Congo, Spain, Sweden and the United States. Participants were followed for an average of four years and 1,415 developed Alzheimer's disease.

For each participant, researchers looked at blood pressure measurements, high blood pressure diagnosis and the use of blood pressure medication. They found 9% had untreated high blood pressure, 51% were taking blood pressure medications, 36% did not have high blood pressure and 4% were noted as uncertain.

After adjusting for factors such as age, sex and education, researchers found people with untreated high blood pressure had 36% increased risk of Alzheimer's disease when compared to people without high blood pressure, and a 42% increased risk of Alzheimer's when compared to people with the condition who were taking blood pressure medications.

"Our meta-analysis that included people from around the world found that taking blood pressure medications was associated with decreased risk of Alzheimer's disease throughout later life," said Lennon. "These results suggest that treating high blood pressure as a person ages continues to be a crucial factor in reducing their risk of Alzheimer's disease."

A limitation of the meta-analysis was that definitions for high blood pressure varied by location, which could lead to possible discrepancies in diagnosis.

The meta-analysis was funded by the National Health and Medical Research Council in Australia as well as the U.S. National Institute on Aging of the National Institutes of Health.
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Engineers conduct first in-orbit test of 'swarm' satellite autonomous navigation | ScienceDaily
Someday, instead of large, expensive individual space satellites, teams of smaller satellites -- known by scientists as a "swarm" -- will work in collaboration, enabling greater accuracy, agility, and autonomy. Among the scientists working to make these teams a reality are researchers at Stanford University's Space Rendezvous Lab, who recently completed the first-ever in-orbit test of a prototype system able to navigate a swarm of satellites using only visual information shared through a wireless network.


						
"It's a milestone paper and the culmination of 11 years of effort by my lab, which was founded with this goal of surpassing the current state of the art and practice in distributed autonomy in space," said Simone D'Amico, associate professor of aeronautics and astronautics and senior author of the study. "Starling is the first demonstration ever made of an autonomous swarm of satellites."

The test is known as Starling Formation-Flying Optical Experiment, or StarFOX. In it, the team successfully navigated four small satellites working in tandem using only visual information gathered from onboard cameras to calculate their trajectories (or orbits). The researchers presented their findings from the initial StarFOX test at a gathering of swarm satellite experts at the Small Satellite Conference in Logan, Utah.

All the angles

D'Amico described the challenge as one that has driven his team for more than a decade. "Our team has been advocating for distributed space systems since the lab's inception. Now it has become mainstream. NASA, the Department of Defense, the U.S. Space Force -- all have understood the value of multiple assets in coordination to accomplish objectives which would otherwise be impossible or very difficult to achieve by a single spacecraft," he said. "Advantages include improved accuracy, coverage, flexibility, robustness, and potentially new objectives not yet imagined."

Robust navigation of the swarm presents a considerable technological challenge. Current systems rely on the Global Navigation Satellite System (GNSS), requiring frequent contact with terrestrial systems. Beyond Earth's orbit, there is the Deep Space Network, but it is relatively slow and not easily scalable to future endeavors. What's more, neither system can help satellites avoid what D'Amico calls "non-cooperative objects" like space debris that might knock a satellite out of commission.

The swarm needs a self-contained navigation system that allows a high degree of autonomy and robustness, D'Amico said. Such systems are likewise made more attractive by minimal technical requirements and financial costs of today's miniaturized cameras and other hardware. The cameras used in the StarFOX test are proven, relatively inexpensive 2D cameras called star-trackers found on any satellite today.




"At its core, angles-only navigation requires no additional hardware even when used on small and inexpensive spacecraft," D'Amico said. "And exchanging visual information between swarm members provides a new distributed optical navigation capability."

Written in the stars

StarFOX combines visual measurements from single cameras mounted on each satellite in a swarm. Similar to a mariner of old navigating the high seas with a sextant, the field of known stars in the background is used as reference to extract bearing angles to the swarming satellites. These angles are then processed onboard through accurate physics-based force models to estimate the position and velocity of the satellites with respect to the orbited planet -- in this case, Earth, but the moon, Mars, or other planetary objects would work as well.

StarFOX employs the Space Rendezvous Lab's angles-only Absolute and Relative Trajectory Measurement System -- ARTMS, for short -- which integrates three new space robotics algorithms. An Image Processing algorithm detects and tracks multiple targets in images and computes target-bearing angles -- the angles at which objects, including space debris, are moving toward or away from each other. The Batch Orbit Determination algorithm then estimates each satellite's coarse orbit from these angles. Last but not least, the Sequential Orbit Determination algorithm refines swarm trajectories with the processing of new images through time to potentially feed autonomous guidance, control, and collision avoidance algorithms onboard.

Data is shared over an inter-satellite communication link (or wireless network). It is all used to calculate robust absolute and relative position and velocity to a remarkable degree of accuracy without GNSS. Under the most challenging conditions, using just a single observer satellite, StarFOX was able to calculate relative position -- the position of individual satellites to one another -- to within 0.5% of their distance. When multiple observers were added in, those error rates dropped to just 0.1%.

The Starling test was deemed promising enough that NASA has extended the project, now known as StarFOX+, through 2025 to further explore these improved capabilities and pave the way for future space situational awareness and positioning technologies.
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New way inflammation impacts cell communication | ScienceDaily
Indiana University School of Medicine researchers have made significant progress in understanding how cells communicate during inflammation. The study, recently published in PNAS, was conducted over a period of five years and focused on the molecules that enable cells to function during inflammation, particularly in the central nervous system where diseases like multiple sclerosis occur.


						
"Communication is key in any relationship, even at the level of cells that cause disease," said Mark Kaplan, PhD, chair of the Department of Microbiology and Immunology at the IU School of Medicine and senior author of the study. "The molecules that allow cells to function in inflammation are essentially text messages sent between or within cells. We have been studying what cells get those text messages and how they respond in an inflammatory environment in the central nervous system that leads to diseases like multiple sclerosis."

The signaling molecule is called STAT4 and was previously believed to primarily function in T cells, which are part of the immune system. But the team found it plays a crucial role in dendritic cells, a specific cell type that responds to extracellular text messages IL-12 and IL-23.

"Our work identified how STAT4 might be a viable target for treating inflammatory disease in the central nervous system," Kaplan said. "By understanding the communication between cells and the role of STAT4, we can potentially develop therapeutics to modify immune responses and alleviate the symptoms of diseases like multiple sclerosis."

The lead author of the study, Nada Alakhras, PhD, is a recent IU School of Medicine graduate who now works at Eli Lilly and Company. Other authors include Wenwu Zhang, Nicolas Barros, James Ropa, Raj Priya and Frank Yang, all from IU. and Anchal Sharma of Eli Lilly and Company.
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Physicists throw world's smallest disco party | ScienceDaily
A new milestone has been set for levitated optomechanics as Prof. Tongcang Li's group observed the Berry phase of electron spins in nano-sized diamonds levitated in vacuum.


						
Physicists at Purdue are throwing the world's smallest disco party. The disco ball itself is a fluorescent nanodiamond, which they have levitated and spun at incredibly high speeds. The fluorescent diamond emits and scatters multicolor lights in different directions as it rotates. The party continues as they study the effects of fast rotation on the spin qubits within their system and are able to observe the Berry phase. The team, led by Tongcang Li, professor of Physics and Astronomy and Electrical and Computer Engineering at Purdue University, published their results in Nature Communications. Reviewers of the publication described this work as "arguably a groundbreaking moment for the study of rotating quantum systems and levitodynamics" and "a new milestone for the levitated optomechanics community."

"Imagine tiny diamonds floating in an empty space or vacuum. Inside these diamonds, there are spin qubits that scientists can use to make precise measurements and explore the mysterious relationship between quantum mechanics and gravity," explains Li, who is also a member of the Purdue Quantum Science and Engineering Institute. "In the past, experiments with these floating diamonds had trouble in preventing their loss in vacuum and reading out the spin qubits. However, in our work, we successfully levitated a diamond in a high vacuum using a special ion trap. For the first time, we could observe and control the behavior of the spin qubits inside the levitated diamond in high vacuum."

The team made the diamonds rotate incredibly fast -- up to 1.2 billion times per minute! By doing this, they were able to observe how the rotation affected the spin qubits in a unique way known as the Berry phase.

"This breakthrough helps us better understand and study the fascinating world of quantum physics," he says.

The fluorescent nanodiamonds, with an average diameter of about 750 nm, were produced through high-pressure, high-temperature synthesis. These diamonds were irradiated with high-energy electrons to create nitrogen-vacancy color centers, which host electron spin qubits. When illuminated by a green laser, they emitted red light, which was used to read out their electron spin states. An additional infrared laser was shone at the levitated nanodiamond to monitor its rotation. Like a disco ball, as the nanodiamond rotated, the direction of the scattered infrared light changed, carrying the rotation information of the nanodiamond.

The authors of this paper were mostly from Purdue University and are members of Li's research group: Yuanbin Jin (postdoc), Kunhong Shen (PhD student), Xingyu Gao (PhD student) and Peng Ju (recent PhD graduate). Li, Jin, Shen, and Ju conceived and designed the project and Jin and Shen built the setup. Jin subsequently performed measurements and calculations and the team collectively discussed the results. Two non-Purdue authors are Alejandro Grine, principal member of technical staff at Sandia National Laboratories, and Chong Zu, assistant professor at Washington University in St. Louis. Li's team discussed the experiment results with Grine and Zu who provided suggestions for improvement of the experiment and manuscript.




"For the design of our integrated surface ion trap," explains Jin, "we used a commercial software, COMSOL Multiphysics, to perform 3D simulations. We calculate the trapping position and the microwave transmittance using different parameters to optimize the design. We added extra electrodes to conveniently control the motion of a levitated diamond. And for fabrication, the surface ion trap is fabricated on a sapphire wafer using photolithography. A 300-nm-thick gold layer is deposited on the sapphire wafer to create the electrodes of the surface ion trap."

So which way are the diamonds spinning and can they be speed or direction manipulated? Shen says yes, they can adjust the spin direction and levitation.

"We can adjust the driving voltage to change the spinning direction," he explains. "The levitated diamond can rotate around the z-axis (which is perpendicular to the surface of the ion trap), shown in the schematic, either clockwise or counterclockwise, depending on our driving signal. If we don't apply the driving signal, the diamond will spin omnidirectionally, like a ball of yarn."

Levitated nanodiamonds with embedded spin qubits have been proposed for precision measurements and creating large quantum superpositions to test the limit of quantum mechanics and the quantum nature of gravity.

"General relativity and quantum mechanics are two of the most important scientific breakthroughs in the 20th century. However, we still do not know how gravity might be quantized," says Li. "Achieving the ability to study quantum gravity experimentally would be a tremendous breakthrough. In addition, rotating diamonds with embedded spin qubits provide a platform to study the coupling between mechanical motion and quantum spins."

This discovery could have a ripple effect in industrial applications. Li says that levitated micro and nano-scale particles in vacuum can serve as excellent accelerometers and electric field sensors. For example, the US Air Force Research Laboratory (AFRL) are using optically-levitated nanoparticles to develop solutions for critical problems in navigation and communication.

"At Purdue University, we have state-of-the-art facilities for our research in levitated optomechanics," says Li. "We have two specialized, home-built systems dedicated to this area of study. Additionally, we have access to the shared facilities at the Birck Nanotechnology Center, which enables us to fabricate and characterize the integrated surface ion trap on campus. We are also fortunate to have talented students and postdocs capable of conducting cutting-edge research. Furthermore, my group has been working in this field for ten years, and our extensive experience has allowed us to make rapid progress."

This research was supported by the National Science Foundation (grant number PHY-2110591), the Office of Naval Research (grant number N00014-18-1-2371), and the Gordon and Betty Moore Foundation (grant DOI 10.37807/gbmf12259). The project is also partially supported by the Laboratory Directed Research and Development program at Sandia National Laboratories.
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Fracking frenzy in India: A water crisis in the making? | ScienceDaily
India's plans to scale up fracking operations without robust regulations could spell disaster for the country's finely balanced water security, according to research from the University of Surrey.


						
India is positioning shale gas as a key transitional energy source and has announced 56 fracking projects across six states. Despite the promise of energy independence, Surrey's study raises alarm bells about the country's preparedness to handle the unique water risks posed by fracking.

Hydraulic fracturing, or fracking, involves injecting high-pressure fluid into shale rock to release natural gas. This process has been controversial worldwide due to its significant environmental impacts, particularly on water resources. The study points out that India's regulatory framework for fracking is currently based on rules designed for conventional drilling processes, which do not adequately address the distinct challenges fracking presents.

Shashi Kant Yadav, lead author from the University's School of Law, which has a specialism in environmental regulatory issues, and his co-authors identified four key fracking-specific water (FSW) issues that need urgent attention:
    	Water contamination: Fracking fluids and the release of methane can contaminate groundwater supplies.
    	Water usage: Fracking operations consume vast amounts of water, which can deplete local water supplies.
    	Wastewater management: Handling and disposing of the contaminated water that returns to the surface is a complex challenge.
    	Water-induced seismicity: The injection of fracking fluids can trigger earthquakes.

Drawing parallels with the US shale industry, the study maps these four FSW issues to the regulatory responses observed in the US. It highlights the gaps and inefficiencies in the Indian context, emphasising the need for a more stringent regulatory approach.

In the US, the Environmental Protection Agency (EPA) and various state-level bodies have put contrasting regulations in place -- some of the US states mitigate the environmental impact of fracking, while others encourage its commercial scaling. Mitigation measures include monitoring of water quality, mandatory reporting of chemicals used in fracking fluids, and robust waste management protocols.

Researchers argue that India should adopt similar, if not more rigorous, measures to protect its more under-strain water resources.




Shashi Kant Yadav, lead author of the study from the University of Surrey, said:

"Our research concludes with a stark warning: India must reassess the commercial scaling of fracking operations and conduct a thorough scientific inquiry into the potential impacts on water resources is conducted. Furthermore, our study calls for a re-examination of both federal and state-level regulations to ensure comprehensive coverage of all FSW issues.

"This study is a wake-up call for policymakers. The potential for a significant environmental crisis is real and imminent if proactive steps are not taken. As India marches towards its energy goals, the balance between energy security and water security must not be overlooked."

For more details on the research and its findings, read the full paper in Environmental Law Review.
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Scientists create material that can take the temperature of nanoscale objects | ScienceDaily
University of California, Irvine scientists recently discovered a one-dimensional nanoscale material whose color changes as temperature changes. The team's results appeared in Advanced Materials.


						
"We found that we can make really small and sensitive thermometers," said Maxx Arguilla, UC Irvine professor of chemistry whose research group led the study. "It's one of the most applied and translatable works to come out of our lab."

Arguilla likened the thermometers to "nano-scale mood rings," referring to the jewelry that changes color depending on the wearer's body temperature. But instead of simply taking a qualitative temperature reading, the changes in the color of these materials "can be calibrated and used to optically take temperature readings at the nanoscale," Arguilla said.

"The need to measure temperature is important because a lot of biological and industrial processes depend on tracking minute changes in temperature," he added. "We may now have thermometers that we could try poking into the cells."

According to Dmitri Cordova, a postdoctoral scholar in Arguilla's group, the optical thermometers can also potentially measure the temperatures and assess the efficiencies of micro- and nano-electronics, including circuits and data storage devices. Industries already have optical thermometers they use when fabricating computer components, but the team's new material is "at least an order of magnitude more sensitive," Cordova said.

The breakthrough happened when Cordova and colleagues grew crystals in their lab that, at nanometer length scales, resemble helical "slinkies." They grew the crystals at first so they could subject them to heat stress to see at what temperatures the crystals disintegrate.

Cordova and undergraduate researcher Leo Cheng noticed that the colors of the crystals systematically shifted from yellow to orange, depending on the temperature.




The team then took precise measurements of the temperature range the colors corresponded with, and they found that light yellow colors corresponded to temperatures around -190 degrees Celsius, while red-orange colors corresponded to temperatures around 200 degrees Celsius.

"We spent a lot of effort trying to make sure the measurements were precise," said Arguilla.

To retrieve nanoscale samples of the material, the lab stuck a piece of adhesive tape to bulk-scale crystals, peeled it back and transferred nanoscale samples stuck to the tape onto transparent substrates.

"We can peel off these structures, and we can use them as nanoscale thermometers that can be transferred, reconfigured and coupled with other materials or surfaces," said Arguilla.

Arguilla explained that the discovery is the first step toward discovering new classes of materials to take temperature readings at nanometer scales.

Next, his lab plans to test other nano-scale materials to see if they can develop thermometers that can measure a wider range of temperatures.

"We're now trying to hack the materials design rules to make even more sensitive materials," Arguilla said. "We're trying to open the toolbox for optical thermometry from the bulk scale down to the nanoscale."

Co-authors include Yinong Zhou, Griffin M. Milligan, Leo Cheng, Tyler Kerr, Joseph Ziller, and Ruqian Wu. Funding came from the National Science Foundation through the UC Irvine MRSEC, Center for Complex and Active Materials (Award No. DMR-2011967).
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Dark rituals: Understanding society's fascination with death and disaster | ScienceDaily
Understanding why the popularity of organised events steeped in themes of death, disaster and suffering, such as the well-known Dia de los Muertos (Day of the Dead), Jack the Ripper Walking Tours and Remembrance Sunday, could be key to a deeper understanding of society, say researchers from the University of Surrey.


						
In a study published by Annals of Tourism Research, researchers introduce a comprehensive framework to analyse these events, drawing from fields as diverse as thanatology (the scientific study of death and the practices associated with it), dark tourism, and collective memory studies.

Dark events include a broad spectrum, from historical commemorations and sports competitions to cultural festivals and horror experiences.

Dr James Kennell, co-author of the study and Associate Professor of Events and Hospitality at the University of Surrey, said:

People are fascinated with dark events for several reasons, embedded in psychological, cultural, and sociological aspects of human behaviour. There is a natural human curiosity about the darker aspects of life, including death, tragedy, and the macabre. Dark events often provide a safe and controlled environment for people to explore these themes. Dr James Kennell, Associate Professor in Events & Hospitality

The framework developed in this study advances understanding of the evolving landscape of dark events by identifying six key concepts crucial for researching dark events:
    	Commercialisation -- how dark events are marketed, consumed, and monetised.

    	Perspectives from disciplines such as thanatology, dark tourism, and collective memory studies.

    	Public sphere engagement -- how dark events interact with the public sphere and how they fit in broader societal discourse -- including media coverage, politics, public reactions, and the impact on social norms and values.

    	Deviant behaviour -- examines participant motivations, such as thrill-seeking or taboo exploration of violence, criminality or general harm.

    	Experiential aspects -- analysing how dark events evoke emotions such as fear, fascination, or reflection within the participants or audience.

    	The presence of death -- centres on the symbolic and literal presence of death within dark events, including: non-human death, death symbolism and actual death.

Metod Suligoj, co-author and Associate Professor of Tourism Studies at the University of Primorska, said:

"The fascination with dark events stems from a complex interplay of curiosity, thrill-seeking behaviour, cultural traditions, psychological exploration, and the desire for communal and shared experiences. These events allow individuals to engage with themes of death, disaster, and suffering in ways that are meaningful, educational, and sometimes transformative."
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Child-parent therapy has biological benefits for traumatized kids | ScienceDaily
Psychotherapy sessions with caregivers may help prevent serious disease later in life for young children who have experienced significant trauma, a new UC San Francisco study finds.


						
Past research has shown that young children benefit psychologically for up to nine years after dyadic, child-parent treatment for trauma, but this is the first time a biological benefit from this treatment has been found.

UCSF researchers looked at the effects of dyadic therapy on a biomarker they dubbed "age acceleration" that tells how fast or slow a person's body is aging compared to their chronological age.

This "epigenetic clock" runs faster for people who have experienced early childhood trauma; that in turn puts them at greater risk for heart disease, cancer, obesity and asthma.

The study compared two groups of Bay Area children between the ages of 2 and 6 years old with traumatic experiences. Before treatment, both groups had similar rates of biological age acceleration.

One group received up to 20 weekly sessions of Child-Parent Psychotherapy (CPP), a program designed by Alicia Lieberman, PhD, director of UCSF's Child Trauma Research Program and the study's co-author. The other group did not receive CPP.

The 45 children who participated in the therapy had less age acceleration than the 110 who didn't. Though the difference was not great, it still may be significant, as even small biological changes early on can lead to big differences in health outcomes over the life course, noted senior author Nicole Bush, PhD, a psychologist and chief of UCSF's Division of Developmental Medicine.




"These findings bolster the case for making sure families who experience trauma and stress can access child-parent therapies, in order to improve mental and physical health," said Bush, who is the Lisa and John Pritzker Distinguished Professor of Developmental and Behavioral Health.

The study appears August 14 in Psychological Science.

Relationships matter to health 

More than 80% of the children in the treatment group and two-thirds of the comparison group were Latinx, which is important because families of color and low-income families are more frequently exposed to trauma than white families with higher incomes, yet they are typically not included in medical research.

The level of trauma was higher for the participants than is typically studied in children, which makes the findings even more noteworthy, said Lieberman, who is the Irving B. Harris Endowed Chair in Infant Mental Health.

"We're talking about very acute trauma in young children, things like loss of a parent, maltreatment and community violence," said Lieberman. "The children in the intervention had an average of five traumatic events under age six, when the literature shows that if you have four or more before age 18, you are more likely to develop one of the 10 leading causes of death as an adult."

Their parents, meanwhile, had an average of 13 traumatic events, which puts them at greater risk of difficulty with regulating their own emotions and actions in response to the challenging behavior of their children, said Lieberman.




In Child-Parent Psychotherapy, therapists incorporate toys to help children process emotions and thoughts related to their traumatic experiences, and to help parents understand how their children's behavior is linked to their experiences. They also facilitate the parent-child bond by guiding the duo through positive social interactions.

"When both parent and child have experienced trauma, it exacerbates the effects of the trauma," Lieberman said. "Our approach is to heal the relationship and the trauma of both child and adult in sessions together. Relationships are the key to health, starting in early childhood."

"Parents can sometimes feel helpless in the face of their children's exposure to trauma," added psychologist Allie Sullivan, PhD, co-first author of the study and a postdoctoral scholar in the Department of Psychiatry and Behavioral Sciences at UCSF. "We hope these results reassure parents that they have the capacity and strength to protect their children from adversity."

A critical time for development 

Interventions before age five, when a child's brain undergoes its most dramatic period of development, have the largest effect on a child's mental and physical health later in life.

In recent years, California's Department of Health Care Services has created benefits to support family therapy and dyadic care for pediatric Medi-Cal patients, starting at birth. Zuckerberg San Francisco General Hospital provides this care and offers technical assistance to medical practices across California on how to provide it, and be reimbursed for it.

The researchers hope their work will demonstrate the social, ethical and economic value of therapy-based alternatives to medication when it comes to treating family trauma.

"Something as fundamental as putting families together and naming the trauma, and creating a setting of emotional safety and healing, can lead to biological repair that may benefit mental and physical health across the life course," Bush said. "We hope policymakers and practitioners take notice."
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Galaxies in dense environments tend to be larger, settling one cosmic question and raising others | ScienceDaily
For decades, scientists have known that some galaxies reside in dense environments with lots of other galaxies nearby. Others drift through the cosmos essentially alone, with few or no other galaxies in their corner of the universe.


						
A new study has found a major difference between galaxies in these divergent settings: Galaxies with more neighbors tend to be larger than their counterparts, which have a similar shape and mass, but reside in less dense environments. In a paper published Aug. 14 in the Astrophysical Journal, researchers at the University of Washington, Yale University, the Leibniz Institute for Astrophysics Potsdam in Germany and Waseda University in Japan report that galaxies found in denser regions of the universe are as much as 25% larger than isolated galaxies.

The research, which used a new machine-learning tool to analyze millions of galaxies, helps resolve a long-standing debate among astrophysicists over the relationship between a galaxy's size and its environment. The findings also raise new questions about how galaxies form and evolve over billions of years.

"Current theories of galaxy formation and evolution cannot adequately explain the finding that clustered galaxies are larger than their identical counterparts in less dense regions of the universe," said lead author Aritra Ghosh, a UW postdoctoral researcher in astronomy and an LSST-DA Catalyst Fellow with the UW's DiRAC Institute. "That's one of the most interesting things about astrophysics. Sometimes what the theories predict we should find and what a survey actually finds are not in agreement, and so we go back and try to modify existing theories to better explain the observations."

Past studies that looked into the relationship between galaxy size and environment came up with contradictory results. Some determined that galaxies in clusters were smaller than isolated galaxies. Others came to the opposite conclusion. The studies were generally much smaller in scope, based on observations of hundreds or thousands of galaxies.

In this new study, Ghosh and his colleagues utilized a survey of millions of galaxies conducted using the Subaru Telescope in Hawaii. This endeavor, known as the Hyper Suprime-Cam Subaru Strategic Program, took high-quality images of each galaxy. The team selected approximately 3 million galaxies with the highest-quality data and used a machine learning algorithm to determine the size of each one. Next, the researchers essentially placed a circle -- one with a radius of 30 million light years -- around each galaxy. The circle represents the galaxy's immediate vicinity. They then asked a simple question: How many neighboring galaxies lie within that circle?

The answer showed a clear general trend: Galaxies with more neighbors were also on average larger.




There could be many reasons why. Perhaps densely clustered galaxies are simply larger when they first form, or are more likely to undergo efficient mergers with close neighbors. Perhaps dark matter -- that mysterious substance that makes up most of the matter in the universe, yet cannot be detected directly by any current means -- plays a role. After all, galaxies form within individual "halos" of dark matter and the gravitational pull from those halos plays a critical role in how galaxies evolve.

"Theoretical astrophysicists will have to perform more comprehensive studies using simulations to conclusively establish why galaxies with more neighbors tend to be larger," said Ghosh. "For now, the best we can say is that we're confident that this relationship between galaxy environment and galaxy size exists."

Utilizing an incredibly large dataset like the Hyper Suprime-Cam Subaru Strategic Program helped the team reach a clear conclusion. But that's only part of the story. The novel machine learning tool they used to help determine the size of each individual galaxy also accounted for inherent uncertainties in the measurements of galaxy size.

"One important lesson we had learned prior to this study is that settling this question doesn't just require surveying large numbers of galaxies," said Ghosh. "You also need careful statistical analysis. A part of that comes from machine learning tools that can accurately quantify the degree of uncertainty in our measurements of galaxy properties."

The machine learning tool that they used is called GaMPEN -- or Galaxy Morphology Posterior Estimation Network. As a doctoral student at Yale, Ghosh led development of GaMPEN, which was unveiled in papers published in 2022 and 2023 in the Astrophysical Journal. The tool is freely available online and could be adapted to analyze other large surveys, said Ghosh.

Though this new study focuses on galaxies, it also forecasts the types of research -- centered on complex analyses of incredibly large datasets -- that will soon take astronomy by storm. When a generation of new telescopes with powerful cameras, including the Vera C. Rubin Observatory in Chile, come online, they will collect massive amounts of data on the cosmos every night. In anticipation, scientists have been developing new tools like GaMPEN that can utilize these large datasets to answer pressing questions in astrophysics.

"Very soon, large datasets will be the norm in astronomy," said Ghosh. "This study is a perfect demonstration of what you can do with them -- when you have the right tools."

Co-authors on the study are Meg Urry, professor of physics and of astronomy at Yale; Meredith Powell, a research fellow with the Leibniz Institute; Rhythm Shimakawa, associate professor at Waseda University; Frank van den Bosch, a Yale professor of astronomy; Daisuke Nagai, professor of physics and of astronomy at Yale; Kaustav Mitra, a doctoral student at Yale; and Andrew Connolly, professor of astronomy at the UW and faculty member in the DiRAC Institute and the eScience Institute. The research was funded by NASA, the Yale Graduate School of Arts & Sciences, the John Templeton Foundation, the Charles and Lisa Simonyi Fund for Arts and Sciences, the Washington Research Foundation and the UW eScience Institute.
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Hydrometeorology and location affect hospitalizations for waterborne infectious diseases in the US | ScienceDaily
An analysis of 12 years of data collected from over 500 hospitals in 25 different states shows that weather, geographic location, and urban or rural location all appear to influence hospitalizations for waterborne infectious diseases, according to a study published August 7, 2024 in the open-access journal PLOS Water by Victoria Lynch and Jeffrey Shaman from Columbia University.


						
Waterborne infectious diseases caused by bacteria, parasites, and viruses still affect over 7,000,000 people annually in the United States. Lynch and Shaman analyzed potential links between weather and hospitalizations for waterborne infectious diseases, specifically looking at whether these associations were influenced by drinking water source, location (rural/urban), and region.

The authors looked at hospitalizations caused by 12 specific water-borne pathogens, including bacteria like Escherichia coli, parasites like Cryptosporidium, biofilm-forming bacteria such as Pseudomonas and the pathogen causing Legionnaires' disease -- distinct from other bacterial pathogens because they naturally inhabit environmental water -- and Norovirus. They used data from 516 hospitals in 25 states collected over 2000-2011 as part of the National Inpatient Sample (NIS) from the Healthcare Cost and Utilization Project (HCUP), along with weather and soil data from the NASA/ NOAA North American Land Data Assimilation System 2 (NLDAS-2) dataset.

There were 57,335 hospitalizations for waterborne disease between 2000 and 2011 from 516 hospitals in the United States. The biofilm-forming bacteria comprised nearly 81 percent of all hospitalizations (66 percent due to respiratory Pseudomonas infections alone.) Hospitalization rates for enteric and biofilm-forming bacterial pathogens were significantly higher in areas that used groundwater as a drinking water source instead of surface water. They also found that precipitation, water runoff, and rural locations were positively associated with hospitalizations for some enteric bacterial and parasitic infections, particularly in the Midwestern region. Specifically, parasitic hospitalizations (predominantly due to Cryptosporidium) increased 9 percent (95% CI: 4%-15%) with a 1-SD increase in precipitation. Conversely, hospitalizations for biofilm-forming bacterial infections were associated with soil moisture (a proxy for flooding). Incidences of Legionnaires' disease specifically increased 124 percent (95% CI: 90%-157%) with a 1-SD increase in soil moisture, and were the only infection more common in urban areas. In general, associations between hospitalization rates and meteorological conditions, location, and drinking water source varied depending on the specific pathogens.

The authors note they weren't able to include data on specific water quality (critical to assess the probable route of exposure for pathogens that can also be present in tainted food, like E. coli), or data from much of the Southeast (where states did not report monthly data to HCUP). Lynch and Shaman hope future work will be able to incorporate this information and additionally track outbreaks linked with extreme weather events to further clarify the links between hydrometeorology and waterborne diseases.

The authors add: "Our results show how analyses focused on specific pathogens can provide insight into distinct routes of exposure and risk factors for waterborne infectious diseases. This work can help inform weather preparedness efforts, which is particularly important as heavy rain becomes more severe and frequent in a warming climate."
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Alzheimer's cognitive decline predicted by patient's age, sex, and irregular heart rhythm | ScienceDaily
Older age, female sex, irregular heart rhythms, and daily activity levels can help to predict how much Alzheimer's Disease patients' cognitive function will decline, and how much they will depend on their caregivers over the next two years. The results suggest new ways to predict cognitive decline in patients, and that caregivers need to be considered in treatment plans. Liane Kaufmann from the Ernst von Bergmann Clinic in Potsdam, Germany, Josef Marksteiner from the General Hospital in Hall, Austria, and colleagues present these findings in the open access journal PLOS ONE on August 14, 2024.


						
Alzheimer's Disease affects between 50 and 70% of patients diagnosed with dementia. To understand which patient characteristics might best predict cognitive decline in these patients, the authors of this study followed an initial cohort of 500 Austrian patients with probable and possible Alzheimer's Disease for 2 years. After taking a history of conditions such as heart disease, atrial fibrillation, and diabetes the researchers tracked cognitive function, daily living activities, depression, pain, and neuropsychiatric symptoms over a period of two years. The researchers also assessed the burden on the patients' caregivers.

All patients experienced significant cognitive decline over the two-year period, associated with decreased daily life activities and increased dependence on their caregivers. Age, female sex, difficulty with daily activities and depression predicted cognitive decline at every time point. Older age, female sex, inability to carry out daily activities and a history of atrial fibrillation -- rapid, unrhythmic contractions of the top chambers of the heart -- predicted the most severe cognitive decline after two years. The changes in cognitive function were strongly associated with increased burden on caregivers.

The study had a high dropout rate, and also did not include lifestyle variables like physical activity, smoking or alcohol use. However, the authors believe their findings suggest that a combination of demographics (such as age and sex) alongside measures of daily function and previous medical conditions could help predict cognitive decline, and that caregiver load should also be an important factor in diagnosing and treating Alzheimer's patients.

The authors add: "The results of our large-scale prospective study on patients with early-onset Alzheimer's Dementia (AD) identify a combination of high age, female sex, atrial fibrillation (above and beyond other somatic risk factors), low activities of daily living and depressive symptomatology as significant (and partly modifiable) risk factors for cognitive deterioration. Moreover, our findings disclose strong correlations between caregiver load and various patient-related measures. Thus, we propose that the clinical management of early-stage AD should be targeted at the patient-caregiver dyad (instead of solely focusing on the patient)."
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Unveiling the brain's reward circuitry | ScienceDaily
A research team -- co-led by Penn Nursing -- has made a significant breakthrough in understanding the complex neural circuitry underlying reward and addiction by identifying 34 distinct subtypes of medium spiny neurons (MSNs) in the nucleus accumbens (NAc), a key brain region involved in pleasure and motivation. The findings, published in the journal Scientific Reports by Nature, offer insights into the diversity of these neurons and their potential roles in substance use disorders.


						
MSNs are the primary type of neuron in the NAc and have long been classified based on their expression of dopamine receptors. However, this new research reveals a far more intricate picture of MSN diversity. By analyzing a massive dataset of single-nucleus RNA sequencing data from rat brains, the researchers identified 34 distinct MSN subtypes, each with its own unique genetic profile.

"Our study challenges the traditional view of MSNs as a homogenous population," said co-lead author Heath D. Schmidt, PhD,Professor in Penn Nursing's Department of Biobehavioral Health Sciences."By uncovering this level of diversity, we can begin to understand how specific MSN subtypes contribute to different aspects of reward processing and addiction."

The researchers also found that these MSN subtypes are conserved across species, suggesting that the findings may have broad implications for human brain function and behavior. Additionally, by analyzing genetic data linked to substance use disorders, the team identified potential differences in the roles of specific MSN subtypes in these conditions.

This groundbreaking research provides a foundation for future studies aimed at developing targeted therapies for addiction and other brain disorders. By understanding the specific functions of different MSN subtypes, scientists can develop treatments that precisely target these cells, potentially leading to more effective and less harmful interventions.

This work was supported in part by a State of Pennsylvania Department of Health Nonformula Tobacco Settlement Act Grant, Pharmacogenetics of Opioid Use Disorder; National Institutes of Health grants R01 DA037897, R21 DA045792, R21 DA 057458, R21 DA 055846, NIH/NIDA DP1DA054394, K01 AA028292, and R01 AA030056; Tobacco-Related Disease Research Program (TRDRP) Grant Number T32IR5226; and Department of Veterans Affairs grant I01 BX004820. The researchers have no conflicts of interest to report.
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Revealing the mysteries within microbial genomes | ScienceDaily
A new technique developed at Lawrence Berkeley National Laboratory (Berkeley Lab) will make it much easier for researchers to discover the traits or activities encoded by genes of unknown function in microbes, a key step toward understanding the roles and impact of individual species.


						
The approach, called barcoded overexpression bacterial shotgun library sequencing, or Boba-seq, is described in a paper published August 5 in Nature Communications.

"There is so much genetic dark matter -- DNA that we can sequence quickly with today's methods but don't know the function of -- out there in the microbial universe. And the question is, how are we ever going to study all that matter to understand the microbiomes surrounding us? The fundamental answer is -- like this," said lead author Adam Arkin, a senior faculty scientist in Berkeley Lab's Biosciences Area.

Boba-seq involves taking random fragments of DNA from bacteria of interest and expressing them in host bacterial cells. "The idea is that we can see how the presence of new genes confer a difference in phenotype of growth of that bacterium," said first author Yolanda Huang, an assistant professor of Microbiology and Immunology at the University of Buffalo who was a postdoctoral researcher in Arkin's lab at the time of the study. "This is a functional genomics approach that we can use to quickly connect a gene or a piece of DNA sequence with a potential function."

The term "barcode" in the name refers to a small sequence of DNA that the scientists use as an identifying tag for a much larger fragment of DNA, much like how a barcode at a grocery store identifies a specific item with a small code. The entire genome of the organism being studied is randomly separated into fragments containing single genes or clusters of several genes, then inserted into plasmids -- circular packages of DNA -- that have been tagged with unique barcodes. The Boba-seq "library" refers to all the barcoded plasmids containing fragments from an organism. This library can be introduced into different bacterial hosts to generate a huge number of genetic variants, which are then screened for new behaviors or properties.

Arkin and his colleagues in the Biosciences Area are leading experts on high-throughput techniques to study gene function, and have been involved in the invention of a number of other techniques that either insert or silence genes to investigate their function, including RB-TnSeq, CRISPRi and Dub-Seq.

With Boba-seq, hundreds of thousands of barcoded fragments can be put into host cells and cultured under varying conditions to determine function in a single experiment. For example, if cells with a certain barcode grow happily when the whole culture is exposed to an antibiotic, but the others perish, you know that the gene or genes in that fragment encoded antibiotic resistance traits. And identifying the fragment responsible for this new ability is cheap and fast, thanks to the barcode.




"Yolanda's innovations with Boba-seq allows us to identify which of hundreds of thousands of fragments are conferring the phenotype or the property that we want," said Arkin. "Our new strategy allows us to make libraries and use them at a higher throughput than previous overexpression approaches."

The other significant breakthrough is that Boba-seq fragments can be tested in the same organism that they were pulled from (or a close relative), which is essential for getting an accurate picture of what a gene does. Previous techniques are limited because they only test genes inside model organisms like E. coli and yeast. Genes from organisms very different from E. coli are often not functional in E. coli, making it difficult or impossible to get a clear picture of what the genes do.

The computational tool used to process results from the laboratory work involved in Boba-seq is available to other researchers on an open-source platform. "I am excited to see how others may use Boba-seq worldwide, especially for metagenomic studies of the gut or environment," said co-author Allison Hung, a UC Berkeley graduate student in the Arkin lab. "The ability to extract functional information from a microbial community without isolation saves a huge amount of time and resources, and will be key for studying microbes that are difficult to culture in a lab, like those living in complex ecosystems currently studied as part of ENIGMA." ENIGMA, short for Ecosystems and Networks Integrated with Genes and Molecular Assemblies, is a Department of Energy (DOE) Scientific Focus Area co-led by Arkin that is aimed at understanding how microbial communities cycle nutrients through ecosystems and detoxify toxic heavy metal contaminants.

After building and refining Boba-seq, Arkin's team tested the new technique by studying the genes in Bacteroidales, a taxonomic order of microbes that are abundant in the human gut and known to play many roles in our internal microbiome. Bacteroidales are also major players in terrestrial soil processes, where they degrade organic matter and return the nutrients to plants. The team generated 305,000 barcoded fragments from libraries of six Bacteroidales species and evaluated more than 21,000 protein-coding genes in parallel.

Results from these proof-of-principle experiments revealed that genes encoding enzymes that build certain lipid molecules endow resistance to ceftriaxone, an antibiotic in the cephalosporin class. These genes have not been previously linked to antibiotic resistance, and warrant further investigation.

The team also discovered several new functions in carbohydrate metabolism, including an enzyme needed to metabolize glucosamine, a modified sugar molecule found in bones, connective tissue, and the exoskeletons of insects and crustaceans. In the gut, microbes use glucosamine as an energy molecule and to construct their cell walls, whereas human cells that form the lining of the intestine use it to produce the mucus membrane that helps maintain healthy nutrient uptake and prevent invasion of pathogens.

These insights into Bacteroidales will help health researchers better understand gut function, as this order acts as "commensals most of the time and really maintain gut health," said Huang. "But in certain states, the nutrient released by Bacteroidales can be used by pathogens to support their own growth."

Arkin and his ENIGMA colleagues are now using Boba-seq to investigate how soil microbes derive energy from complex carbon-based molecules in the environment that most life forms cannot metabolize. Meanwhile, Huang plans to use Boba-seq in her new lab at the University of Buffalo's Jacobs School of Medicine & Biomedical Sciences to study genes that bacteria use to evade attacks from bacteriophages (viruses that infect bacteria), increase colonization efficiency in the gut, and break down complex carbohydrates.

This research was supported in part by the DOE Office of Science. Yolanda Huang is an Astellas Pharmaceuticals Awardee of the Life Sciences Research Foundation.
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How bread dough gave rise to civilization | ScienceDaily
A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.


						
"Our findings shed new light on an iconic event in our civilisation that created a new kind of agriculture and allowed humans to settle down and form societies," said Professor Brande Wulff, a wheat researcher at KAUST (King Abdullah University of Science and Technology) and one of the lead authors of the study which appears in Nature.

Professor Cristobal Uauy, a group leader at the John Innes Centre and one of authors of the study said: "This work exemplifies the importance of global collaboration and sharing of data and seeds across countries; we can achieve so much by combining resources and expertise across institutes and across international boundaries."

The secret of bread wheat's success, according to the research by institutes that make up the Open Wild Wheat Consortium (OWWC), lies in the genetic diversity of a wild grass called Aegilops tauschii.

Bread wheat is a hybrid between three wild grasses containing three genomes, (A, B and D) within one complex plant.

Aegilops tauschii, an otherwise inconspicuous weed, provided bread wheat's D-genome when it crossed with early cultivated pasta wheat in the Fertile Crescent sometime between eight and eleven thousand years ago.

The chance hybridisation on the banks of the southern Caspian Sea spawned an agricultural revolution. Cultivation of bread wheat rapidly spread across a wide new range of climates and soils as farmers enthusiastically adopted this dynamic new crop, with its high gluten content that creates an airier elasticated breadmaking dough.




This rapid geographical advance has puzzled wheat researchers. There is no wild bread wheat: and the kind of hybridisation event that added the new D genome to wheat's existing A and B genomes created a genetic bottleneck, whereby the new species had a much-reduced genetic diversity compared to its surrounding wild grasses.

This bottleneck effect coupled with the fact that wheat is an in-breeding species -- meaning it is self-pollinating -- would suggest that bread wheat might struggle outside its Fertile Crescent origins. So how did it become well-travelled and widely adopted across the region?

In solving this conundrum, the international collaboration assembled a diversity panel of 493 unique accessions spanning the geographical range of Aegilops tauschii from north-western Turkey to eastern China.

From this panel the researchers selected 46 accessions reflecting the species traits and genetic diversity, to create a Pangenome, a high-quality genetic map of Aegilops tauschii.

Using this map, they scanned 80,000 bread wheat landraces -- locally adapted varieties -- held by CIMMYT and collected from around the world.

This data showed that around 75% of the bread wheat D-genome is derived from the lineage (L2) of Aegilops tauschii which originates from the southern Caspian Sea. The remaining 25% of its genetic make-up is derived from lineages across its range.




"This 25% influx of genetic material from other lineages of tauschii has contributed and defined the success of bread wheat," said Professor Simon Krattinger, lead author of the study.

"Without the genetic viability that this diversity brings, we would most likely not eat bread on the scale we do today. Otherwise, bread wheat today would be a regional crop -- important to the Middle East but I doubt that it would have become globally dominant without this plasticity that enabled bread wheat to adapt."

A previous study by OWWC revealed the existence of a distinct lineage of Aegilops tauschii geographically restricted to present day Georgia in the Caucasus region -- 500 kilometers from the Fertile Crescent. This Aegilops tauschii lineage (L3) is significant because it has provided bread wheat with the best-known gene for dough quality.

In this study the researchers hypothesised that if this were an historic introgression, akin to a Neanderthal genetic footprint in the human genome, they would find landraces in the CIMMYT collections that had a higher proportion of it.

Data analysis showed that CIMMYT wheat landraces collected from the Georgian region contained 7% L3 introgressions in the genome, seven times more than that of bread wheat landraces collected from the Fertile Crescent.

"We used the L3 tauschii accessions as a guinea pig to track and trace the hybridizations using 80,000 bread wheat landraces," said Professor Krattinger.

"The data beautifully supports a picture where bread wheat emerges in the southern Caspian, then with migration and agricultural expansion it reached Georgia and here with gene flow and hybridisations with the peculiar, genetically distinct and geographically restricted L3 accessions it resulted in the influx of new genetic material."

"This is one of the novel aspects of our study and it confirms that using our new resources we can trace the dynamics of these introgressions in bread wheat."

In addition to solving this age-old biological mystery the new Aegilops tauschii open source Pangenome and germplasm made available by the OWWC, are being used by researchers and breeders worldwide to discover new disease resistance genes that will protect wheat crops against age-old agricultural plagues like wheat rust. They can also mine this wild grass species for climate resilient genes which can be bred into elite wheat cultivars.

Researchers at the John Innes Centre worked closely with colleagues from KAUST using bioinformatic approaches to track levels of DNA contributed to bread wheat by the L3 lineage of Aegilops tauschii.

Professor Uauy concluded: "The study highlights the importance of maintaining genetic resources such as the BBSRC funded Germplasm Resources Unit here at the John Innes Centre which maintains historic collections of wild grasses that can be used to breed valuable traits such as disease resistance and pest resistance into modern wheat."
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Lake Erie walleye growth is driven by parents' size, experience | ScienceDaily
Parent size and the conditions in which actively spawning adults lived are the most influential factors affecting growth of Lake Erie walleye, a new study has found.


						
The findings surprised the scientists, who expected recent temperatures and food availability to have the highest impact on walleye growth.

Cold winters and more sizable mothers were associated with faster growth in 3- to 5-year-old walleye offspring, the analysis showed, suggesting that warmer winters that come with climate change might lead to future generations of smaller fish.

The findings also may mean ecological research in other species should take parental experiences into account to better understand animals' present health, researchers say.

"We really did think that the recent environment would have the strongest effects," said lead author Zoe Almeida, who completed the work as a PhD student in evolution, ecology and organismal biology at The Ohio State University. "When you're thinking about factors that affect growth, you think you have to account for temperature and prey. And in reality, those signals were so small themselves that they weren't the strongest in any way. It was very surprising."

The study was published Aug. 13 in the Journal of Animal Ecology.

The pace of growth is used in research as an indicator of overall health in many species -- and is influenced not only by experiences, but also genetics. By any measure, the current status of the Lake Erie walleye population is considered quite robust, according to the 2024 status report from the Ohio Division of Wildlife (ODNR-DOW).




"The Lake Erie walleye population is doing fantastic right now," said Almeida, now a senior research associate in natural resources and the environment at Cornell University. "But is there something going on behind the scenes we're not noticing, or that we won't notice until much later because we don't realize its effects?"

In pursuit of an answer, Almeida and colleagues made use of the wealth of walleye data generated by ODNR-DOW through its longtime monitoring of the Lake Erie population.

The team analyzed five factors that can affect growth: recent environmental conditions, such as food supply and temperature; previous year traits, including growth; population density that could indicate the extent of competition early in life; early-life body size; and parental conditions and environmental experiences.

The analysis was done on annual cohorts using data of walleye populations that were 3 to 5 years old in each year between 1982 and 2015, an age when they're reaching maturity, but still growing rapidly. ODNR-DOW data also indicated the proportion of walleye that were spawning each year. Researchers explored relationships between these factors and cohort growth using statistical modeling.

"We parsed all that out and what was affecting the growth on a cohort level was really what happened to the parents," Almeida said. "The size composition and winters they experienced determined whether or not the cohort was faster growing or slower growing than typical in the year before in individuals 3 to 5 years old."

Meanwhile, no big impact on growth could be traced to the expected factors: recent prey, temperature and fishing pressure (anglers are the walleye's main predator). This is not to say they had no effect -- their effects were just not the most influential, she said.




The findings have implications for wildlife management and ecology research.

"It helps us set our expectations and understand the mechanisms behind things going on out there. When managers are thinking about what this population is going to look like in three to five years, they ideally will acknowledge the fact that what happened in the past is affecting them and keep that in mind when they're making their management decisions," Almeida said.

"And I do think that it has implications for other animals because what happens in early life or what happened to parents might be more influential than what is happening currently in their environment. And we're not accounting for that."

This work was supported by the National Science Foundation, a Distinguished University Fellowship from Ohio State, the American Fisheries Society, the International Association of Great Lakes Research, and the Federal Aid in Sport Fish Restoration Program administered jointly by the U.S. Fish and Wildlife Service and ODNR Division of Wildlife.

Co-authors were Stuart Ludsin and Elizabeth Marschall of Ohio State, and Matthew Faust of ODNR.
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New research identifies early sensorimotor markers for autism spectrum disorder | ScienceDaily

Autism Spectrum Disorder, typically diagnosed around the ages of 4 to 5 years, is a neurodevelopmental disorder with complex and varied presentations, including atypical communication and restrictive and repetitive patterns of behavior. Moreover, cognitive abilities are often lower in individuals with ASD. Despite the established link between lower intelligence quotient (IQ) in infancy and a future diagnosis of ASD, not all children with ASD exhibit lower cognitive abilities during infancy. The study addresses the critical gap in knowledge regarding the early features that differentiate children with varying cognitive abilities who later develop ASD.

The research team investigated the relationship between movement and cognitive abilities in toddlers before their ASD diagnosis, both during sleep and wakefulness. The study posed two key questions: Do ASD children with lower IQ exhibit altered movement during sleep compared to children with higher IQ? Additionally, are lower motor skills during wakefulness characteristic of lower-IQ children with ASD compared to those of higher-IQ ASD toddlers?

The research was conducted in two stages. In the first sample, the team examined sensorimotor features obtained from sleep functional magnetic resonance imaging (fMRI) in 111 toddlers with ASD. In the second, independent sample, they analyzed sensorimotor functioning during wakefulness in over 1,000 toddlers with ASD, categorized by lower vs. higher cognitive abilities.

The findings revealed that toddlers with ASD and lower IQs have significantly altered sensorimotor features compared to toddlers with ASD and higher IQs. Interestingly, the sensorimotor features of higher-IQ ASD toddlers were nearly indistinguishable from typically developing (TD) toddlers. This suggests that a higher IQ may confer resilience to atypical sensorimotor functioning, and conversely, that poor sensorimotor functioning may be a key marker for lower IQ in childhood autism.

Moreover, the study found that lower-IQ ASD toddlers consistently exhibited lower gross motor skills across various age milestones (6, 12, 18, 24, and 30 months). This disruption in early sensorimotor learning during critical developmental periods indicates a potential vulnerability in the brain's motor control circuitry, associated with lower cognitive abilities in toddlers who later receive an ASD diagnosis.

"The implications of these findings are far-reaching," said Denisova. "They underscore the need for more precise, tailored interventions for children with ASD, particularly those with lower cognitive abilities. Interventions for lower-IQ autistic children may need to focus on enhancing both sensorimotor and cognitive skills, while interventions for higher-IQ autistic children might prioritize leveraging their strengths to mitigate potential mental health consequences."

Denisova emphasized the importance of future research in this area, particularly involving underserved families who face barriers in accessing early intervention services.

This research was made possible with support from the National Institute of Mental Health of the National Institutes of Health. Research in the Denisova lab is also supported by the Simons Foundation Autism Research Initiative and faculty start-up funds.
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Tropical Atlantic mixing rewrites climate pattern rules | ScienceDaily
The churning of the upper ocean in the tropics of Atlantic Ocean plays a crucial role in shaping long-term climate patterns across the world, a new study has found.


						
Researchers have discovered that changes in the ocean's mixed layer -- the topmost section where wind and waves blend warm surface waters with cooler depths -- are the primary force behind a climate phenomenon known as Atlantic Multidecadal Variability (AMV) in the tropics.

The AMV has far-reaching effects on global climate. It influences weather patterns from North America to Europe and Africa, affecting everything from hurricane activity in the Caribbean to rainfall in the Sahel region.

Dr Balaji Senapati, lead author of the study at the University of Reading, said: "Until now, it was believed that changes in heat exchange between the ocean and atmosphere drove the climate patterns that affect weather in the various parts of the world. Our new study challenges that view, demonstrating that the depth of the ocean's mixed layer is the key player in global climate variability.

"This research advances our understanding of Atlantic climate variability and highlights the complex relationship between the ocean and atmosphere in shaping our planet's climate. Insights into natural climate variability become increasingly valuable for developing effective mitigation strategies as we face the challenges of climate change."

Forecasting improvements

The study, published this month in Geophysical Research Letters, found that when the extratropical North Atlantic is warmer than average, trade winds become weaker. This weakening causes the mixed layer of the ocean to become shallower, especially during summer. As a result, the sun's energy warms a thinner layer of water, leading to more intense warming of the tropical Atlantic.

This process creates a feedback loop: warmer waters in the northern part of the Atlantic weaken the trade winds, which then leads to a shallower mixed layer and further warming in the tropics. When the AMV shifts to its cooler phase, this process reverses, resulting in cooler temperatures across the Atlantic.

The findings have significant implications for climate modelling and long-range forecasting. Many current climate models may not accurately represent these upper-ocean processes, potentially leading to poor predictions of the AMV and its global impacts. By incorporating this new understanding of ocean mixing into climate models, scientists hope to improve their ability to forecast long-term climate trends and their associated effects on weather patterns worldwide.
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Shingles increases risk of subsequent cognitive decline, study suggests | ScienceDaily
A new study led by investigators from Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, found that an episode of shingles is associated with about a 20 percent higher long-term risk of subjective cognitive decline. The study's findings provide additional support for getting the shingles vaccine to decrease risk of developing shingles, according to the researchers. Their results are published in Alzheimer's Research & Therapy.


						
"Our findings show long-term implications of shingles and highlight the importance of public health efforts to prevent and promote uptake of the shingles vaccine," said corresponding author Sharon Curhan, MD, of the Channing Division for Network Medicine at Brigham and Women's Hospital. "Given the growing number of Americans at risk for this painful and often disabling disease and the availability of a very effective vaccine, shingles vaccination could provide a valuable opportunity to reduce the burden of shingles and possibly reduce the burden of subsequent cognitive decline."

Shingles, medically known as "herpes zoster," is a viral infection that often causes a painful rash. Shingles is caused by the varicella zoster virus (VZV), the same virus that causes chickenpox. After a person has chickenpox, the virus stays in their body for the rest of their life. Most of the time, our immune system keeps the virus at bay. Years and even decades later, the virus may reactivate as shingles.

Almost all individuals in the US age 50 years and older have been infected with VZV and are therefore at risk for shingles. There's a growing body of evidence that herpes viruses, including VZV, can influence cognitive decline. Subjective cognitive decline is an individual's self-perceived experience of worsening or more frequent confusion or memory loss. It is a form of cognitive impairment and is one of the earliest noticeable symptoms of Alzheimer's disease and related dementias.

Previous studies of shingles and dementia have been conflicting. Some research indicates that shingles increases the risk of dementia, while others indicate there's no association or a negative association. In recent studies, the shingles vaccine was associated with a reduced risk of dementia.

To learn more about the link between shingles and cognitive decline, Curhan and her team used data from three large, well-characterized studies of men and women over long periods: The Nurses' Health Study, the Nurses' Health Study 2, and the Health Professionals Follow-Up Study. The study included 149,327 participants who completed health status surveys every two years, including questions about shingles episodes and cognitive decline. They compared those who had shingles with those who didn't.

Curhan designed the study with first author Tian-Shin Yeh, formerly of the Harvard TH Chan School of Public Health. The researchers found that a history of shingles was significantly and independently associated with a higher risk -- approximately 20 percent higher -- of subjective cognitive decline in both women and men. That risk was higher among men who were carriers of the gene APOE4, which is linked to cognitive impairment and dementia. That same association wasn't present in the women.




Researchers don't know the mechanisms that link the virus to cognitive health, but there are several possible ways it may contribute to cognitive decline. There is growing evidence linking VZV to vascular disease, called VZV vasculopathy, in which the virus causes damage to blood vessels in the brain or body. Curhan's group previously found that shingles was associated with higher long-term risk of stroke or heart disease.

Other mechanisms that may explain how the virus may lead to cognitive decline include causing inflammation in the brain, directly damaging the nerve and brain cells, and the activation of other herpesviruses.

The limitations of this research include that it was an observational study, information was based on self-report, and included a mostly white, highly educated population. In future studies, the researchers hope to learn more about preventing shingles and its complications.

"We're evaluating to see if we can identify risk factors that could be modified to help reduce people's risk of developing shingles," Curhan said. "We also want to study whether the shingles vaccine can help reduce the risk of adverse health outcomes from shingles, such as cardiovascular disease and cognitive decline."
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Rare archaeological site reveals 'surprising' Neanderthal behaviour at Pyrenees foothills | ScienceDaily
An unchartered area in the foothills of the Southern Pyrenees in Spain is providing insights into a poorly known period of Neanderthal history, offering clues that could help archaeologists uncover the mystery of their downfall, according to new research from The Australian National University (ANU).


						
Abric Pizarro is one of only a few sites worldwide dating from 100,000 to 65,000 years ago during a period called MIS 4. The researchers have gathered hundreds of thousands of artefacts, including stone tools, animal bones and other evidence, providing significant data about the Neanderthal way of life during that time -- largely unknown in human history until now.

The findings reveal Neanderthals were able to adapt to their environment, challenging the archaic humans' reputation as slow-footed cavemen and shedding light on their survival and hunting skills.

Lead author and ANU archaeologist, Dr Sofia Samper Carro, said that the findings show that Neanderthals knew the best ways to exploit the area and territory and were resilient through harsh climate conditions.

"Our surprising findings at Abric Pizarro show how adaptable Neanderthals were. The animal bones we have recovered indicate that they were successfully exploiting the surrounding fauna, hunting red deer, horses and bison, but also eating freshwater turtles and rabbits, which imply a degree of planning rarely considered for Neanderthals," she said.

According to the researchers, these new insights challenge widespread beliefs that Neanderthals only hunted large animals, such as horses and rhinoceros.

"Through the bones that we are finding, which display cut marks, we have direct proof that Neanderthals were capable of hunting small animals," Dr Samper Carro said.




"The bones on this site are very well preserved, and we can see marks of how Neanderthals processed and butchered these animals.

"Our analysis of the stone artefacts also demonstrates variability in the type of tools produced, indicating Neanderthals' capability to exploit the available resources in the area."

Shedding light on this crucial transitional period helps archaeologists edge closer to solving a mystery that has plagued researchers for decades: what drove the Neanderthals to extinction?

According to the researchers, finding sites like Abric Pizarro, from this specific and not well-recorded period, gives information about how Neanderthals lived when modern humans were not in the area yet and shows that they were thriving.

"The unique site at Abric Pizarro gives a glimpse of Neanderthal behaviour in a landscape they had been roaming for hundreds of thousands of years," Dr Samper Carro said.

"Neanderthals disappeared around 40,000 years ago. Suddenly, we modern humans appear in this region of the Pyrenees, and the Neanderthals disappear. But before that, Neanderthals had been living in Europe for almost 300,000 years.




"They clearly knew what they were doing. They knew the area and how to survive for a long time.

"This is one of the most interesting things about this site, to have this unique information about when Neanderthals were alone and living in harsh conditions and how they thrived before modern humans appeared."

Thanks to modern excavation techniques, Abric Pizarro and other nearby Neanderthal sites provide fine-grain data to understand Neanderthal behaviour.

"We 3D plot every single remain found larger than one to two centimetres. This makes our work slow, and we have been excavating some of these sites for over 20 years, but it turns into a uniquely precise recording of the sites," Dr Samper Carro said.

"We are interested in how the different data relates to each other, from stone tools to bones and hearths. This more thorough excavation gives archaeologists information on how Neanderthals lived and how long they were in an area.

"It's not only the individual materials that give us clues, but also where exactly they are found in relation to other materials on the site that helps us understand how and when Neanderthals were visiting these sites. Were they settled there or just passing through?"

The research team also included scientists from the Autonomous University of Barcelona (CEPAP-UAB). Research in the Catalan Pre-Pyrenees is supported by The Spanish Ministry of Science and Innovation and the Culture Department of the Catalan Government.
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Scientists discover breakthrough method to activate dormant stem cells in the brain | ScienceDaily
Scientists from Duke-NUS Medical School and the Mechanobiology Institute (MBI) at the National University of Singapore (NUS) have discovered a novel pathway to wake up dormant neural stem cells, offering potential new therapies for neurodevelopmental disorders such as autism, learning disabilities, and cerebral palsy.


						
In the mammalian adult brain, most neural stem cells, which originate from the nervous system and can grow into various types of brain cells, stay dormant until they receive specific signals that activate them. Once woken up, they produce new neurons, aiding in brain repair and growth.

Defects in neural stem cell activation are associated with ageing-related cognitive decline and neurodevelopmental disorders such as microcephaly, a condition where a baby's head is much smaller than expected because its brain has not developed properly. Neurodevelopmental disorders affect around five per cent of children and adolescents worldwide and lead to impaired cognition, communication, adaptive behaviour and psychomotor skills[1].

To study this activation, the scientists turned to Drosophila or fruit flies. Similar to mammals, the neural stem cells of fruit flies stay dormant till they are awakened. Their findings, published in Science Advances, showed that a type of glial cell named astrocytes -- traditionally thought to provide structural and nutritional support -- are important for waking up dormant neural stem cells in the brains of fruit flies.

Using super-resolution microscopy with 10-times magnifying power, the team of scientists examined the tiny fibre structures that are a hallmark of dormant neural stem cells of fruit flies. These fine structures, around 1.5 mm in diameter (or 20 times smaller than the diameter of a human hair), are protrusions extending from the cell body, and are rich in actin or protein filaments. A specific type of Formin protein can activate these filaments and cause them to assemble.

Dr Lin Kun Yang, who was a research fellow at Duke-NUS at the time of the study and the first author, said:

"We decided to home in on this pathway as variants in Formin levels are associated with neurodevelopmental disorders like microcephaly in humans. Understanding this pathway could provide new insights into developing solutions to treat neurodevelopmental disorders."

The scientists observed that astrocytes release a type of signalling protein called Folded gastrulation or Fog, which sparks a chain reaction that includes activating the Formin protein pathway to control the movement of actin filaments. Ultimately, these processes rouse neural stem cells from their dormant state. They then start to divide, creating new neurons that contribute to brain repair and development.




The receptor protein named GPCR in neural stem cells then responds to Fog secreted from astrocytes, activating the signalling pathway that controls the formation of actin filaments in neural stem cells. GPCRs have major roles in fundamental cell processes. As a result, the GPCR protein family has become a major drug target for treatments of various human diseases: 34 per cent of FDA-approved drugs target this family of proteins[2]. Therefore, understanding how this signalling pathway controls neural stem cell reactivation may provide a potential strategy for using existing drugs to treat neurodevelopmental disorders.

Professor Wang Hongyan, Acting Programme Director of Duke-NUS' Neuroscience & Behavioural Disorders Research Programme; and the senior author of the study, said:

"Our findings add new knowledge to the limited body of research on mechanisms governing the reactivation of dormant neural stem cells. With our discovery of astrocytes as a key player in the reactivation of neural stem cells, we now have a new way to influence neural stem cell behaviour."

Professor Patrick Tan, Senior Vice-Dean for Research at Duke-NUS, said:

"This not only advances our fundamental understanding of how astrocytes influence brain cell development but also opens new avenues for advancing therapies for neurological disorders, brain ageing and injury."

The scientists are currently investigating other signals from astrocytes that might influence the activity of neural stem cells. They also plan to explore whether similar mechanisms are involved in the development of the human brain.




Duke-NUS is a leader in medical research and education, with a commitment to improving patient care through innovative scientific discovery. This study is part of its ongoing efforts to deepen understanding of the fundamental mechanisms at play in the human brain to create new therapeutic approaches, especially for patients with neurological conditions.

This work was mainly supported by the National Research Foundation, Singapore under the National Medical Research Council (NMRC) Open Fund -- Individual Research Grant (MOH-000143) and Open Fund -- Young Individual Research Grant (MOH-001236) and administered by the Singapore Ministry of Health through the NMRC Office, MOH Holdings Pte Ltd, with additional support from several other grants.

Notes:

[1] Dietrich, K. N. et al. Principles and practices of neurodevelopmental assessment in children: lessons learned from the Centers for Children's Environmental Health and Disease Prevention Research. Environ. Health Perspect. 113, 1437-1446 (2005).

[2] A. S. Hauser, M. M. Attwood, M. Rask-Andersen, H. B. Schioth, D. E. Gloriam, Trends in GPCR drug discovery: new agents, targets and indications. Nat Rev Drug Discov 16, 829-842 (2017).
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Eye-opening discovery offers fresh hope for disease that can cause blindness | ScienceDaily
An international team of scientists including researchers from The Australian National University (ANU) have identified a rare, mutated version of a protein called TNIP1 that causes a chronic autoimmune disease similar to Sjogren's Syndrome -- a condition that leads to extreme dryness of the eyes and mouth that can cause blindness if left untreated.


						
According to the researchers, the TNIP1 mutation may also be responsible for more severe autoimmune diseases including lupus, a debilitating condition that causes inflammation in organs and joints, skin rashes and fatigue. In extreme cases, the disease can be fatal.

The scientists say they were able to successfully reverse the damaging effects of the mutation in mice, bringing them a step closer to developing new drug therapies that do the same in humans.

The findings could lead to new and tailored treatments for Sjogren's Syndrome and lupus that is caused by TNIP1 variants.

Lead author Dr Arti Medhavy, who completed this work as part of her PhD at ANU, said this is the first time scientists have shown a variation of the TNIP1 protein is responsible for causing autoimmune disease in humans.

"Proteins are critical to our growth, development and overall health, but they have a shelf life. Once the proteins have served their purpose, they become deactivated," Dr Medhavy, who is now at Griffith University's Institute for Biomedicine and Glycomics, said.

"That's where TNIP1 comes in. It works in unison with the cell's waste management system. TNIP1 essentially acts as a gatekeeper of the immune system by removing obsolete proteins and taking them to the cell's degradation sites where they are broken down, recycled and repurposed.




"Genetic material is normally packaged within specific compartments of the cell, including the cell's energy factories which are called mitochondria. The same genetic material, however, can trigger alarms in the immune system if detected outside of these specialised compartments.

"Importantly, TNIP1's role in the waste management system includes the removal of damaged or leaky mitochondria, which helps maintain healthy cells.

"But the mutated version of the TNIP1 protein is less efficient at taking these waste proteins and mitochondria to be processed, leading to toxic build-up within cells. If this waste isn't dealt with, these materials can become detrimental to the cell and trigger the immune system, which ultimately promotes the onset of autoimmune disease."

It's believed one in 10 Australians are living with some form of autoimmune disease. Study co-author Dr Vicki Athanasopoulos, from ANU, said Sjogren's Syndrome is a nasty and debilitating condition that affects more than 270,000 Australians.

She said there is a need to develop tailored treatments that specifically target the proteins and biochemical pathways that lead to the onset of autoimmune disease, rather than suppressing the entire immune system.

"There is currently no cure for autoimmune disease. Current therapies help patients better manage their condition, but these treatments have unpleasant side effects that make patients more susceptible to infection, which can lower their quality of life," Dr Athanasopoulos said.




The researchers identified the TNIP1 mutation in two unrelated patients -- one from Australia and the other from China. Despite both having the same TNIP1 mutation, one patient exhibited signs and symptoms of lupus, while the other seemed to possess symptoms of Sjogren's Syndrome.

Using gene-editing technology, the researchers introduced the human equivalent TNIP1 mutation into mice. They found that mice carrying the mutation developed a condition that mimicked the Sjogren's disease-like symptoms seen in one of the human patients.

"The TNIP1 mutant protein is similar to the lupus-causing TLR7 mutation in that it affects the same biochemical pathway. There is work already underway by pharmaceutical companies to develop new drugs and tweak existing ones that inhibit the TLR7 pathway," Dr Athanasopoulos said.

According to Dr Medhavy, although both patients with the TNIP1 mutation had slightly different forms of autoimmune disease, they both had abnormally high levels of IgG4 antibodies in their blood.

"The abnormally high presence of IgG4 in both patients is interesting because clinicians might be able to use IgG4 as a biomarker of TNIP1-driven autoimmune disease," she said.

"By screening patients with autoimmune disease for high levels of igG4, clinicians might be able to test whether patients also possess the TNIP1 mutation, which would indicate that they may respond well to therapies targeting the same TLR7-pathway."

The research is published in Nature Immunology. This work also involved scientists from the Francis Crick Institute in the UK and Shanghai Jiao Tong University in China.
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Historic map reveals how mussel farm is bringing shellfish reefs back to the seabed | ScienceDaily
The UK's first large scale offshore mussel farm is allowing shellfish reefs to return to parts of the seabed off England's south coast for the first time in up to 150 years, a new study has revealed.


						
Researchers have spent the past decade examining the environmental impact of the farm, which was first established in Lyme Bay off the coast of South Devon in 2013.

In that time, the seabed beneath the farm's ropes has begun to undergo a transformation as mussels from the lines are deposited on the seabed below.

This has seen it change from muddy sediment with limited biodiversity into reefs, which research has shown have the potential to benefit a number of commercial fish and crustacean species and the ecosystem more generally.

However, a historic map -- recently uncovered by a Devon-based artist -- has revealed this might in fact be a form of restoration rather than creating habitats never seen in the area before.

Dating from 1871, the French map describes a large area of the seabed -- stretching from Torquay in the west and beyond Lyme Regis to the east -- as being home to "rich shell beds."

Scientists believe these are likely to have been oyster or mussel reefs that have long since been destroyed through the use of bottom towed fishing gear during the 20th century.




With such practices banned following the designation of the Lyme Bay Marine Protected Area (MPA) -- and the mussel farm's three sites located above the old shell beds -- it is allowing the region to become home to shellfish reefs once more.

The map was part of the Marine Biological Association's collection but now donated to artist Hannah Wisdom. She shared it with scientists at the University of Plymouth, who have been working with fishing communities along the Lyme Bay coastline to monitor the impacts of the MPA since 2008, and the mussel farm since 2013.

Dr Emma Sheehan, Associate Professor in Marine Conservation and senior author on the study, said: "When we first started to monitor the mussel farm in 2013, we hoped to find evidence of its potential to restore the health of the seabed. That is something we have shown consistently, with new species of marine flora and fauna regularly being seen within its ropes and on the seabed. However, to find out that such habitats were found in the region 150 years ago is really exciting. It shows that the farm is not only having a positive impact on the health of the ocean now, but also returning the seabed to some semblance of its former state."

In the study, published in Science of the Total Environment, researchers also highlight how the shellfish reefs that have been recreated over the past decade are being used by a number of commercially important species.

Using a combination of acoustic tags and underwater monitoring equipment, scientists found that individual European lobsters (Homarus gammarus) remained beneath the farm for up to 283 days using both the farm anchors -- and areas of seabed dominated by fallen mussels -- for feeding and refuge.

By contrast, brown crabs (Cancer pagurus) showed little willingness to stay within the farm's infrastructure and all tagged crabs had left the area of the farm under surveillance within nine days.

This, scientists say, could be evidence that the mussel farm is providing refuge and similar feeding opportunities for lobster and crab as their typical habitat on rocky reefs.

John Holmyard, Managing Director at Offshore Shellfish Ltd which manages the Lyme Bay mussel farm, said: "These findings show that an area of flat, muddy and degraded seabed can be restored into a productive, biodiverse habitat. Through the location of a carefully designed offshore mussel farm, we are creating an effect comparable to that seen from the statutory protection of a rocky reef area. It is enabling lobsters and crabs to feed and grow within the protection of the farmed area before they move out and provide further benefits to surrounding fisheries."
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Smart fabric converts body heat into electricity | ScienceDaily
Imagine a coat that captures solar energy to keep you cozy on a chilly winter walk, or a shirt that can monitor your heart rate and temperature.Picture clothing athletes can wear to track their performance without the need for bulky battery packs.


						
University of Waterloo researchers have developed a smart fabric with these remarkable capabilities. The fabric has the potential for energy harvesting, health monitoring, and movement tracking applications.

The new fabric developed by a Waterloo research team can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

It can detect temperature changes and a range of other sensors to monitor pressure, chemical composition, and more. One promising application is smart face masks that can track breath temperature and rate and detect chemicals in breath to help identify viruses, lung cancer, and other conditions.

"We have developed a fabric material with multifunctional sensing capabilities and self-powering potential," said Yuning Li, a professor in the Department of Chemical Engineering. "This innovation brings us closer to practical applications for smart fabrics."

Unlike current wearable devices that often depend on external power sources or frequent recharging, this breakthrough research has created a novel fabric which is more stable, durable, and cost-effective than other fabrics on the market.

This research, conducted in collaboration with Professor Chaoxia Wang and PhD student Jun Peng from the College of Textile Science and Engineering at Jiangnan University, showcases the potential of integrating advanced materials such as MXene and conductive polymers with cutting-edge textile technologies to advance smart fabrics for wearable technology.

Li, director of Waterloo's Printable Electronic Materials Lab, highlighted the significance of this advancement, which is the latest in the university's suite of technologies disrupting health boundaries.

"AI technology is evolving rapidly, offering sophisticated signal analysis for health monitoring, food and pharmaceutical storage, environmental monitoring, and more. However, this progress relies on extensive data collection, which conventional sensors, often bulky, heavy, and costly, cannot meet," Li said. "Printed sensors, including those embedded in smart fabrics, are ideal for continuous data collection and monitoring. This new smart fabric is a step forward in making these applications practical."

The next phase of research will focus on further enhancing the fabric's performance and integrating it with electronic components in collaboration with electrical and computer engineers. Future developments may include a smartphone app to track and transmit data from the fabric to healthcare professionals, enabling real-time, non-invasive health monitoring and everyday use.
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Beige fat cells with a 'Sisyphus mechanism' | ScienceDaily
Fat cells come in three colours: white, brown, and beige. White fat cells store fat in our body as an energy reserve. We need these cells, but having too many creates health problems. Brown fat cells are particularly active in infants. They produce heat and thus maintain the baby's body temperature. However, the amount of brown adipose tissue decreases over a person's lifetime; adults have very little of it. Then, finally, the beige fat cells. These can also produce heat, albeit somewhat less well than brown fat cells. Beige fat cells occur in adults as well: scattered throughout the white fatty tissue, especially in the neck and shoulder area, they help in using up excess energy.


						
Now an international research team has discovered and described a new type of beige fat cells, which differ from the ones that were already known. "Fat cells of this new beige type play an important role in energy metabolism in the human body and have a positive effect on metabolic diseases and obesity," says Anand Sharma, a postdoc in ETH Professor Christian Wolfrum's group and coauthor of the study. "That's why it's so important to understand in detail how they work." The study was led by ETH Zurich, the University of Basel, the University of Leipzig Medical Center and the Dana-Farber Cancer Institute in Boston. Numerous other hospitals and research institutions around the world were involved in the project.

Independent of a known protein

The beige fat cells that researchers were already familiar with generate heat in the same way as brown fat cells: via a protein called UCP1. This protein is located in the inner of two membranes that surround the mitochondria, the structural units often referred to as the powerhouse of the cell. As part of their normal function, mitochondria pump protons into the space between the two membranes. Protons are electrically charged elementary particles that generally play an important role in energy conversion processes in cells. Bown fat cells and the classic beige fat cells described earlier have the protein UCP1. It forms a very narrow channel in the inner membrane through which the protons flow back into the mitochondria, thereby generating heat from friction.

In recent years, scientists have discovered that there are also beige fat cells without the UCP1 protein, and that these also consume energy and thus produce heat. The research team from ETH Zurich and the participating institutions has now precisely characterised the new class of beige fat cells and shown how they do this: by means of a "Sisyphus mechanism."

Here's how it works: All biochemical processes that take place in cells always generate some heat. The new class of beige fat cells takes advantage of this and allows individual processes to run back and forth, seemingly without purpose. This primarily involves two conversion processes. In one, the cells break fats down into their components (fatty acids) at full speed and then assemble them into new fats just as quickly. In the other, they apply an enzyme to convert molecules of creatine into creatine phosphate, a related molecule, only to immediately convert it back into creatine. Scientists call these back-and-forth processes "futile cycles." They don't add anything to the biochemical budget overall, but they consume energy and generate heat.

Preventing diabetes and obesity

The research team first described the new type of beige fat cells in mice. They then examined human adipose tissue and were able to show that these fat cells occur there, too. While less than half the population has the previously known type of classical beige fat cells, almost all humans have the new futile-cycle type, albeit in differing amounts.

As the researchers were able to show, people with a high number of beige fat cells -- of either the previously known type or this new type -- are slimmer and tend to have better metabolic health. That makes them less prone to obesity and metabolic disorders such as diabetes. "Because beige fat cells convert energy into heat, they help to break down excess fat," explains Tongtong Wang, an ETH doctoral student in ETH Professor Wolfrum's group and lead author of the study.

The researchers also explain how the new findings could be used medically in the future. For example, it may be possible to transplant beige fat cells into people who have only a few of them and suffer from metabolic diseases or weight problems. It would also be conceivable to develop drugs that activate the beige fat cells, which are often inactive. Such drugs could be used to treat people with high blood sugar levels or formerly overweight people who have reduced their weight through surgery or other means. "Activating their beige fat cells could help them to maintain their lower body weight in the long term," Sharma says.
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Stopping and reversing Alzheimer's at an early stage | ScienceDaily
In the fight against Alzheimer's, researchers at the Technical University of Munich (TUM) have developed a promising, preventative therapeutic approach. They specifically targeted the amyloid beta biomolecule, which triggers the hyperactivity of nerve cells typical of the brain disease in its early stages. The team led by Dr. Benedikt Zott and Prof. Arthur Konnerth from the TUM School of Medicine and Health and Prof. Arne Skerra from the TUM School of Life Sciences succeeded in developing and using a protein drug that can suppress the effects of the harmful molecule.


						
The results obtained on mice in the laboratory indicate that neuronal dysfunctions could even be repaired. The study was published in the journal Nature Communications. The researchers hope that the protein they investigated, which experts refer to as amyloid-beta-binding anticalin (H1GA), can halt the progression of the serious neurodegenerative disease at an early stage.

According to experts there are an estimated 55 million people worldwide living with dementia, most of them suffering from Alzheimer's. Each year, around 10 million new cases are diagnosed. There is currently no medication to combat the basic mechanisms of the disease. Only symptoms such as declining mental performance can be treated.

Dr. Benedikt Zott emphasizes: "We are still a long way from a therapy that can be used in humans, but the results in animal experiments are very encouraging. The effect of completely suppressing neuronal hyperactivity in the early stages of the disease is particularly remarkable."

The researchers obtained the anticalin H1GA by protein design and produced it in genetically modified bacteria of the species Escherichia coli. The active ingredient was injected directly into the hippocampus region of the brain. The previously hyperactive brain cells could then no longer be distinguished from healthy nerve cells in terms of measurable behavior.

It is still unclear whether the effect can actually be achieved in human patients outside the laboratory. In any case, a more effective form of administration of the active ingredient is currently being developed. In 2016, the active substance solanezumab, which was supposed to have a similar effect, proved to be a failure in large-scale clinical trials, but this can be explained by its different molecular structure. Zott and his colleagues also compared their new active ingredient directly with solanezumab in the trials. H1GA showed clearer positive effects.
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Sugar intake decreasing but still too high | ScienceDaily
A high-sugar diet is seen as a risk factor for obesity and chronic illness. University of Bonn researchers have analyzed data on sugar intake among children and adolescents in a long-term study, finding that intake has been declining steadily since 2010 -- but is still above the level recommended by the World Health Organization (WHO). The results, to be published in the European Journal of Nutrition, is already available online.


						
"Our study concerns the intake of free sugars," explains Dr. Ines Perrar, who is a research associate at the University of Bonn Institute of Nutritional and Food Science (IEL) and lead author of the study. "There is debate on whether sugar, like salt and fats, is linked to the development of chronic diseases." The WHO defines "free" sugar as any form of sugar, including honey, syrup and fruit juice concentrates, added by a manufacturer or when preparing food and beverages at home. Free sugar also includes sugar naturally occurring in juices.

For their project, IEL researchers analyzed data from the "Dortmund Nutritional and Anthropometric Longitudinally Designed" cohort study (DONALD). The DONALD study has been ongoing since 1985, gathering detailed data on nutrition, metabolism, growth and health of children and adolescents. "Study participants weigh and document everything they eat and drink on three consecutive days every year," relates Dr. Ute Nothlings, Professor of Nutritional Epidemiology at the IEL. "Referring to our Institute's in-house nutrient database, we are able to estimate intake of certain nutrients, including free sugars."

Sugar intake too high among adolescents in particular

The authors evaluated 4,218 sets of three-day weighing dietary records by 751 children and adolescents between ages three and 18 in the years 2010-2023. "Our finding is that free sugar intake continues to decline," Dr. Perrar notes, "but average daily intake still exceeds the level recommended by the WHO and the German Nutrition Society (Deutsche Gesellschaft fur Ernahrung, DGE) of a maximum 10% of total daily energy intake."

An analysis of DONALD back in 2019 already indicated that free sugar intake has been declining since 2005, then in 2016 a median value of approximately 16% of daily energy intake was determined. That value has subsequently declined further to 11.7%. The researchers surmise this trend may be explained by increased awareness of the health consequences of excessive consumption of sugar-sweetened beverages and certain other sugary foods.

While the decline definitely represents good progress, there are noteworthy age group differences, as Professor Nothlings points out, who is director of the DONALD study, spokesperson for the Transdisciplinary Research Area (TRA) Sustainable Futures and a member of the Life and Health TRA at the University of Bonn: "During the observation period, we saw a relatively high intake of free sugars around 15 percent of the daily energy intake in some cases, particularly among adolescents aged six to 14. The intake then declines significantly with increasing age."

Actual sugar intake likely higher




The findings affirm the purpose of the ongoing federal government policy initiative to lower sugar content in breakfast cereals, sweetened dairy products, soft drinks and fruit drinks by 15% or more by the year 2025. The researchers point out that the actual sugar intake is likely higher than the study data suggests, due in part to potential under-reporting by the study participants self-reporting on what they eat. In addition, the study is not broadly representative of society, as the design of this large study favors participation by families of a rather higher socioeconomic status who are generally more aware regarding nutrition and health issues.

Funding

The DONALD study is funded by the Ministry of Culture and Science of the state of North Rhine-Westphalia.
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A belly full of jelly | ScienceDaily
For a long time, scientists assumed that jellyfish were a dead-end food source for predatory fish. However, a team from the Alfred Wegener Institute together with the Thunen Institute has now discovered that fish in Greenland waters do indeed feed on jellyfish. In two of the analyzed species, they even made up the majority of the food, as the researchers describe in a study published in the journal Royal Society Open Science. The results suggest that the role of jellyfish as prey in marine food webs should be reconsidered, especially in regards to the fact that they could be profiting from climate change and spreading farther and farther north.


						
Jellyfish are found in all oceans, from polar to tropical regions. In the future, gelatinous zooplankton could spread even further, as it is generally one of the winners of climate change: unlike other species, jellyfish are able to better cope with the fact that the global oceans are becoming warmer and more acidic. "Therefore, it is important that we rethink and understand how jellyfish and gelatinous zooplankton generally fit into marine food webs," says Dr Charlotte Havermans, head of the ARJEL junior research group at the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI). In a new study, she and her team have therefore investigated the role of gelatinous zooplankton as prey of fish in Greenlandic waters.

Greenlandic waters are home to large quantities of various types of gelatinous zooplankton. However, whether and to what extent jellyfish and co. are on the menu of the fish that live here was previously unclear. "We analyzed the stomach contents of seven fish species, including commercially used species such as Atlantic cod, haddock and redfish," says Charlotte Havermans. "With the help of DNA metabarcoding, we were able to determine very precisely what the animals fed on."

The results were surprising: "We found DNA of jelly in the stomachs of all examined fish species, albeit in varying quantities," says Annkathrin Dischereit, first author of the study and doctoral student in ARJEL. For two species, the greater silver smelt and the northern wolffish, they even made up the largest proportion of the food. This is despite the fact that gelatinous zooplankton is widely considered a trophic dead end and emergency food for some fish species at best. "This assumption is based on the fact that their tissue is quickly digested by predator fish and jellyfish are therefore rarely recorded as prey in studies," explains Annkathrin Dischereit.

Modern method shows that the role of jellyfish is greater than previously thought

DNA metabarcoding provided a solution to this situation: Using this state-of-the-art method, researchers were able to detect short gene fragments in the stomachs, compare them with genetic reference databases and thus identify those prey species to which the fragments belonged. "We were able to see that every species we analyzed fed on jellyfish or other gelatinous zooplankton," explains Annkathrin Dischereit. "We detected up to 59 species of gelatinous invertebrates in the stomachs of the fish. This clearly shows that they play a significant but previously overlooked role in the subarctic food web." The stomach contents of some of these species had never been analyzed before in this area.

The study shows that we need to rethink our view of the role of jellyfish and co. in marine food webs. Gelatinous zooplankton is more than just stop-gap food. It is regular prey for predator fish higher up the food chain. "Our results raise the question of why fish seem to eat jellyfish surprisingly frequently," says Charlotte Havermans. Despite their low energy density, their contribution to the energy budget of predator fish could be more significant than previously assumed: They could be digested more quickly, are easier to hunt, are increasingly common and provide energy-rich components thanks to their diet. "There is still a need for research here," says Annkathrin Dischereit. "Our study provides a snapshot in time that only takes into account recently digested prey. We need to collect continuous samples throughout the year and link these to how the gelatinous zooplankton communities change over this period of time. Only then can we understand the trophic links between fish and gelatinous zooplankton."

This is absolutely necessary, as Charlotte Havermans says: "Only trophic insights can provide information on why jellyfish are important for fish and other organisms." So far, no proper trophic studies have yet been carried out on several species, such as redfish. "The results of our current study raise doubts about how well we understand subpolar ecosystems and how the recently observed increase in gelatinous zooplankton might affect them."
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Impact of 700 years of Inuvialuit subsistence hunting on beluga whales | ScienceDaily
An international team of researchers, led by scientists from the University of Copenhagen and University of Toronto, analysed beluga whale bones retrieved from archaeological sites in the Mackenzie Delta, Northwest Territories, Canada, to shed light on the sustainability of centuries of Inuvialuit beluga whale subsistence harvests.


						
'Since Inuvialuit ancestors arrived in the Mackenzie Delta around 800 years ago, beluga whales have been central to their livelihood and culture,' said archaeologist and co-senior author Professor Max Friesen from University of Toronto.

'However, little is known of the impact of centuries of sustained subsistence harvests on the beluga population'.

Integrating paleogenomics, genetic simulations, and stable isotope analysis of 45 zooarchaeological beluga remains, and comparing the findings with contemporary data from tissue samples provided by Inuvialuit hunters from their beluga subsistence hunts, the team characterised the effect of 700 years of subsistence harvests on beluga genetic diversity, population structuring, and foraging ecology.

'We found no changes in genetic diversity or population structuring over time, indicating population continuity,' said first author Postdoc Mikkel Skovrind from University of Copenhagen's Globe Institute.

'Our findings suggest Inuvialuit harvests had a negligible impact on the genetic diversity of contemporary Mackenzie belugas'.

The authors used genomic data to sex the belugas and found remarkable shifts in the ratio of females and males harvested across time, suggesting past changes in Inuvialuit resource use.

The stable isotope data showed concurrent shifts in the foraging ecology of female and male belugas, and may suggest changes over time in beluga behaviour or regional ecosystems,' said palaeogeneticist and co-senior author of the study Professor Eline Lorenzen from Globe Institute.

'Our study highlights the applicability of combining genomic sexing and isotope analysis of zooarchaeological remains for advancing our understanding of past hunting practices and faunal ecologies'.
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New mechanism of action kills cancer cells | ScienceDaily
In a first, a Bochum-based team has produced a substance capable of sending cancer cells into ferroptosis, that is a specific form of cell death. This could pave the way for the development of new drugs.


						
Conventional cancer drugs work by triggering apoptosis, that is programmed cell death, in tumor cells. However, tumor cells have the ability to develop strategies to escape apoptosis, rendering the drugs ineffective. In the journal Angewandte Chemie, a research team from Ruhr University Bochum, Germany, describes a new mechanism of action that kills cancer cells through ferroptosis. Ferroptosis is another form of programmed cell death that wasn't discovered until the 2010s. The Bochum group synthesized a metal complex, demonstrated its effectiveness in cell cultures and on microtumors and identified the chemical processes underlying the mechanism of action. The article was published online on August 13, 2024.

The research was carried out in Dr. Johannes Karges' Medicinal Inorganic Chemistry group in collaboration with doctoral student Nicolas Montesdeoca and two Bachelor students, Lukas Johannknecht and Elizaveta Efanova, and with the support of Dr. Jaqueline Heinen-Weiler from the Medical Imaging Center at Ruhr University Bochum.

Two types of programmed cell death

In programmed cell death, certain signaling molecules initiate a kind of suicide program to cause cells to die in a controlled manner. This is an essential step to eliminate damaged cells or to control the number of cells in certain tissues, for example. Apoptosis has long been known as a mechanism for programmed cell death. Ferroptosis is another mechanism that has recently been discovered which, in contrast to other cell death mechanisms, is characterized by the accumulation of lipid peroxides. This process is typically catalyzed by iron -- ferrum in Latin -- which is where the name ferroptosis derives from.

"Searching for an alternative to the mechanism of action of conventional chemotherapeutic agents, we specifically looked for a substance capable of triggering ferroptosis," explains Johannes Karges. His group synthesized a cobalt-containing metal complex that accumulates in the mitochondria of cells and generates reactive oxygen species, more precisely hydroxide radicals. These radicals attack polyunsaturated fatty acids, resulting in the formation of large quantities of lipid peroxides, which in turn trigger ferroptosis. The team was thus the first to produce a cobalt complex designed to specifically trigger ferroptosis.

Effectiveness demonstrated on artificial microtumors

The researchers from Bochum used a variety of cancer cell lines to show that the cobalt complex induces ferroptosis in tumor cells. On top of that, the substance slowed down the growth of artificially produced microtumors.




"We are confident that the development of metal complexes that trigger ferroptosis is a promising new approach for cancer treatment," as Johannes Karges sums up the research, adding: "However, there's still a long way to go before our studies result in a drug." The metal complex must first prove effective in animal studies and clinical trials. What's more, the substance doesn't currently selectively target tumor cells, but would also attack healthy cells. This means that researchers must first find a way to package the cobalt complex in such a way that it damages nothing but tumor cells.

Funding

Johannes Karges is funded by a Liebig Scholarship from the Fonds der Chemischen Industrie as well as the Life Sciences Bridge Award from the Aventis Foundation and the Paul Ehrlich & Ludwig Darmstaedter Early Career Award 2024.
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Surprising mechanism of lupus kidney damage identified | ScienceDaily
A Berlin-led research team has uncovered critical regulators of severe kidney damage in patients with lupus, an autoimmune disorder affecting an estimated five million people worldwide, most of which are young women. A small, specialized population of immune cells -- called innate lymphoid cells (ILCs) -- trigger an avalanche of effects that cause harmful kidney inflammation, also known as lupus nephritis.


						
The research, published  in Nature, upends conventional wisdom that autoantibodies -- proteins produced by immune cells that mistakenly attack healthy tissues -- are primarily responsible for lupus nephritis.

"While autoantibodies are required for tissue damage, they are by themselves not sufficient. Our work reveals that ILCs are required to amplify the organ damage," says Dr. Masatoshi Kanda, a senior paper author who was a Humboldt Fellow at Max Delbruck Center and is now at the Department of Rheumatology and Clinical Immunology, Sapporo Medical University in Japan.

Lupus, or systemic lupus erythematosus, is most often diagnosed between the ages of 15 and 45. Symptoms can range from mild to severe. But what causes kidney damage in some patients -- some to the point of requiring dialysis -- has been unclear.

"The role of ILCs in lupus or lupus nephritis was entirely unknown," says Professor Antigoni Triantafyllopoulou, a senior paper author at the German Rheumatology Research Center (DRFZ), an institute of the Leibniz Association, and at the Department of Rheumatology and Clinical Immunology at Charite -- Universitatsmedizin Berlin. "We have now identified most of the circuit controlled by ILCs by looking at the whole kidney at single-cell resolution."

Unusual immune cells

ILCs are a small group of immune cells that -- unlike most other immune cells that circulate throughout the body -- live in a specific tissue or organ.




"They are in the tissue all the time, from the time of embryonic development, which makes them very different from other immune cells," says Professor Andreas Diefenbach, a senior paper author and director of the Institute of Microbiology, Infectious Diseases and Immunology at Charite -- Universitatsmedizin Berlin.

Diefenbach's lab was among those that discovered ILCs in the mid-2000s. Most of his research is focused on ILCs in the gut and how they modify tissue function. In this study, Triantafyllopoulou and Kanda teamed up with his group and Dr. Mir-Farzin Mashreghi at the DRFZ to find out whether ILCs were present in the kidney and what role they might play in lupus nephritis.

The whole single-cell picture

To unravel this mystery, the team turned to single-cell RNA sequencing, which identifies genes that are active, or "switched on," in individual cells and helps researchers understand the cell's identity and function.

Kanda, a rheumatologist who was studying bioinformatics in Professor Norbert Hubner's lab at the Max Delbruck Center at the time, developed a specialized protocol for single-cell RNA sequencing of mouse and human kidneys. "Masatoshi's protocol was very good at pulling out and preserving multiple types of kidney cells, which gave us a much more complete overview of how lupus affects the whole kidney," explains Triantafyllopoulou. The team sequenced nearly 100,000 individual kidney and immune cells of various types and functions.

The key receptor

Through experiments in mice, the team learned that a subgroup of ILCs with a receptor called NKp46 must be present and activated to cause lupus nephritis. When NKp46 is activated, this subgroup of cells ramped up production of a protein called GM-CSF, which stimulates invading macrophages to multiply. Macrophages are large immune cells that gobble up dying cells and microbes. In the kidney, a flood of incoming macrophages caused severe tissue damage and buildup of scar tissue, called fibrosis.




"These ILCs are really amplifiers in this system," Diefenbach says. "They are small in population, but they seem to fertilize the whole process."

When the team blocked NKp46 with antibodies or the receptor was genetically removed, kidney tissue damage was minimal. They also blocked GM-CSF with similar anti-inflammatory effects.

"Critically, autoantibody levels did not change when NKp46 was inhibited, but kidney tissue damage was reduced, which shows autoantibodies are not directly responsible for kidney inflammation," Triantafyllopoulou explains.

The team also compared the results to sequencing data from tissue taken from human patients with lupus and found ILCs present, though more work is required to fully understand how to target ILCs in human kidneys. Nevertheless, the insights gained through these detailed studies point to new antibody therapies for patients with severe forms of lupus. The hope is to prevent the need for kidney dialysis in these patients.
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How air-powered computers can prevent blood clots | ScienceDaily
A new, air-powered computer sets off alarms when certain medical devices fail. The invention is a more reliable and lower-cost way to help prevent blood clots and strokes -- all without electronic sensors.


						
Described in a paper in the journal Device, the computer not only runs on air, but also uses air to issue warnings. It immediately blows a whistle when it detects a problem with the lifesaving compression machine it is designed to monitor.

Intermittent pneumatic compression or IPC devices are leg sleeves that fill with air periodically and squeeze a person's legs to increase blood flow. This prevents clots that lead to blocked blood vessels, strokes, or death. Typically, these machines are powered and monitored by electronics.

"IPC devices can save lives, but all the electronics in them make them expensive. So, we wanted to develop a pneumatic device that gets rid of some of the electronics, to make these devices cheaper and safer," said William Grover, associate professor of bioengineering at UC Riverside and corresponding paper author.

Pneumatics move compressed air from place to place. Emergency brakes on freight trains operate this way, as do bicycle pumps, tire pressure gauges, respirators, and IPC devices. It made sense to Grover and his colleagues to use one pneumatic logic device to control another and make it safer.

This type of device operates in a similar way to electronic circuits, by making parity bit calculations. "Let's say I want to send a message in ones and zeroes, like 1-0-1, three bits," Grover said. "Decades ago, people realized they could send these three bits with one additional piece of information to make sure the recipient got the right message."

That extra piece of information is called a parity bit. The bit is a number -- 1 if the message contains an odd number of ones, and 0 if the message contains an even number of ones. Should the number one appear at the end of a message with an even number of bits, then it is clear the message was flawed. Many electronic computers send messages this way.




An air-powered computer uses differences in air pressure flowing through 21 tiny valves to count the number of ones and zeroes. If no error in counting has occurred, then the whistle doesn't blow.

If it does blow, that's a sign the machine requires repairs. Grover and his students, in a video demonstrating the air computer, are shown damaging an IPC device with a knife, rendering it unusable. Seconds later, the whistle blows.

"This device is about the size of a box of matches. It replaces a handful of sensors as well as a computer," Grover said. "So, we can reduce costs while still detecting problems in a device. And it could also be used in high humidity or high temperature environments that aren't ideal for electronics."

The IPC device monitoring is only one application for air computing. For his next project, Grover would like to design a device that could eliminate the need for a job that kills people every year -- moving around grain at the top of tall silos.

Tall buildings full of corn or wheat, grain silos are a common sight in the Midwest. Often times, a human has to go inside with a shovel to break up the grains and even out the piles inside.

"A remarkable number of deaths occur because the grain shifts and the person gets trapped. A robot could do this job instead of a person. However, these silos are explosive, and a single electric spark could blow a silo apart, so an electronic robot may not be the best choice," Grover said. "I want to make an air-powered robot that could work in this explosive environment, not generate any sparks, and take humans out of danger."

Air-powered computing is an idea that has been around for at least a century. People used to make air-powered pianos that could play music from punched rolls of paper. After the rise of modern computing, engineers lost interest in pneumatic circuits.

"Once a new technology becomes dominant, we lose awareness of other solutions to problems," Grover said. "One thing I like about this research is that it can show the world that there are situations today when 100-plus-year-old ideas can still be useful."
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New vaccine against cervical cancer combines prophylactic and therapeutic activity | ScienceDaily
A new vaccine against cancer-causing human papillomaviruses (HPV) is intended to help increase the rate of HPV vaccinations, particularly in developing countries. Scientists at the German Cancer Research Center (DKFZ) have developed a completely new vaccination concept for this purpose. The vaccine is inexpensive and protects mice against almost all cancer-causing HPV types. In addition to preventing new infections, the vaccine also triggers cellular immune responses against HPV-infected cells and may therefore also have a therapeutic effect against existing infections.


						
Cervical cancer caused by certain types of human papillomavirus (HPV) is the fourth most common cancer in women worldwide. The majority of cases are diagnosed in less developed countries, particularly in South East Asia, Africa and Latin America. The carcinogenic so-called risk HPVs are mainly transmitted during sexual contact. The infections are very common. It is assumed that up to 80 percent of the population will come into contact with these viruses in their lifetime. In addition to cervical cancer, infections with high-risk HPV are also associated with oral cancer, anal cancer and other cancers of the genital organs.

The vaccines currently available against cancer-causing HPV are effective, but have limitations. They are temperature-sensitive and therefore require continuous refrigerated transportation, which poses a logistical problem in some countries. Their production is complex and expensive. In addition, they are only effective against certain cancer-causing HPV types. Above all, however, the established HPV vaccines show no therapeutic effects on existing infections.

In developing their new HPV vaccine, Muller and his colleagues took a systematic approach to solving all these problems. The basis for this was the "predecessor model" PANHPVAX, which was also developed in Muller's laboratory: this exclusively prophylactic vaccine has already proven to be safe in phase I clinical trials and induces protective antibodies against all cancer-causing HPV as well as against some cutaneous papillomaviruses.

For PANHPVAX, the researchers used small fragments of the L2 protein from eight different HPV types. These fragments differ only slightly between different HPV types and can therefore trigger a very broad immune response. To make these protein snippets immunogenic, they were inserted into a suitable scaffold protein derived from a heat-loving microorganism (Pyrococcus furiosus).

"In our current work, we have added a therapeutic component to PANHPVAX, i.e. an antigen that stimulates the cellular immune response," explains Muller. The DKFZ virologists chose the protein E7 of the two high-risk types HVP16 and 18. It is formed very early in the course of an HPV infection in the infected cells and is therefore an ideal target for a cellular immune response to eliminate these cells. However, E7 is also responsible for the malignant transformation of HPV-infected cells. The researchers therefore first had to modify the vaccine antigen so that it no longer posed a threat.

In preclinical studies, the new vaccine cPANHPVAX was able to trigger neutralizing antibodies against all carcinogenic HPV in mice and simultaneously activate cytotoxic T cells against the HPV16 protein E7.

These positive results encouraged the researchers to now produce cPANHPVAX under conditions that comply with Good Manufacturing Practice (GMP) guidelines for pharmaceuticals. The vaccine produced in this way can be used in clinical trials.

"Our major goal is to increase vaccination rates against HPV worldwide, especially in countries with limited resources. Our new, heat-stable vaccine is inexpensive to produce, protects against all cancer-causing HPV types and can potentially neutralize existing infections by combining it with E7." In order to further investigate the promising properties of cPANHPVAX, the researchers are currently developing a concept for clinical testing of the vaccine.

The research on PANHPVAX and cPANHPVAX was funded by the Wilhelm Sander Foundation.
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Season of birth is associated with the development of asthma and allergic rhinitis | ScienceDaily
Being born in autumn or winter is associated with asthma and allergic rhinitis in Finland, a new registry-based study shows.


						
Season of birth, and specifically being born in autumn or winter, is associated with allergic rhinitis and asthma in Finland, a new study by the University of Eastern Finland, the University of Helsinki and Helsinki University Hospital shows. Conversely, being born in summer was associated with the lowest incidence of asthma and allergic rhinitis.

"When using summer as a reference, we found that being born in any other time of the year was significantly associated with allergic rhinitis, and that being born in autumn or winter was associated with asthma. However, we did not find a statistically significant association of season of birth with chronic rhinosinusitis or NSAID-exacerbated respiratory disease," says Sanna Salmi, Professor of Otorhinolaryngology at the University of Eastern Finland.

The association of season of birth with airway allergies and related diseases may be influenced by seasonal variation in light levels, vitamin D metabolism, vegetation and air pollution, which affect allergenicity and immunological responses, as well as the risk of allergic rhinitis. A previous population-based study in Finland has shown that those born in winter or spring have a higher risk of developing asthma in adulthood.

The new study utilised registry-based follow-up data on 74,868 patients who visited a hospital in the Hospital District of Helsinki and Uusimaa (HUS) in Finland, and their birth date, sex, visit date and comorbidities were collected from electronic health record data during visits from 2005 to 2019. When observing the season of birth groups, the proportion of those having asthma was 43.1% in the winter group, 42.1% in the spring group, 41.1% in the summer group, and 42.7% in the autumn group. The proportion of those having allergic rhinitis was 12.6% in the winter group, 12.0% in the spring group, 10.7% in the summer group, and 12.1% in the autumn group.

Published in Clinical and Translational Allergy, the study aimed to explore whether season of birth is associated with airway allergies and related diseases, such as NSAID-exacerbated respiratory disease, asthma, allergic rhinitis, nonallergic rhinitis, chronic rhinosinusitis with nasal polyps, and chronic rhinosinusitis without nasal polyps in Finland.

"Our results may also suggest that the pathogenesis of chronic rhinosinusitis and NSAID-exacerbated respiratory disease is less dependent on these early life events; however, further research in larger cohorts is needed to confirm this," Professor Salmi notes.
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A method that paves the way for improved fuel cell vehicles | ScienceDaily
More efficient and longer-lasting fuel cells are essential for fuel cell-powered heavy-duty hydrogen vehicles to be an alternative to combustion fuelled counterparts. Researchers at Chalmers University of Technology, Sweden, have developed an innovative method to study and understand how parts of fuel cells degrade over time. This is an important step towards the improved performance of fuel cells and them becoming commercially successful.


						
Hydrogen is a fuel alternative that is becoming increasingly interesting for heavy-duty vehicles. Hydrogen-powered vehicles only emit water vapour as exhaust, and if the hydrogen is produced using renewable energy, it is completely free of carbon dioxide emissions. Unlike battery-powered electric vehicles, hydrogen-powered vehicles do not need to burden the electricity grid, as hydrogen can be produced and stored when electricity is cheap. For some hydrogen-powered vehicles the propulsion comes from a so-called fuel cell. However, hydrogen-fuel-cell-powered vehicles are limited by a relatively short lifespan, because fuel cell components, such as electrodes and membranes, degrade over time. It is this problem that the recent study addresses.

Researchers at Chalmers University of Technology have developed a new method for studying what affects the ageing of fuel cells by tracking a specific particle in the fuel cell during use. The team of researchers have studied an entire fuel cell by taking it apart at regular intervals. Using advanced electron microscopes, they have then been able to follow how the cathode electrode degrades in specific areas during the cycles of use. Previous studies have been done on so-called half-cells, which are similar (but not the same as) half of a fuel-cell and are carried out under conditions that differ significantly from the real fuel cell.

Better understanding with new experimental method 

"It has previously been assumed that the performance would be affected by the fuel cell being disassembled and studied in the way we have done, but it turned out that this assumption is not correct, which is surprising," says research leader Bjorn Wickman, Associate Professor at the Department of Physics at Chalmers.

The researchers at Chalmers have been able to explore how the material in the fuel cell degrades at both the nano and micro level, and pinpoint exactly when and where the degradation occurs. This provides valuable information for the development of new and improved fuel cells with a longer lifespan.

"From previously only looking at how the fuel cell has aged after use, we have now been able to look into the middle stage," says doctoral student Linnea Strandberg at Chalmers. "Being able to follow a single, chosen particle within a specific area, provided a much better understanding of the degradation processes. Greater knowledge of these is an important step on the way to designing new materials for fuel cells or to adjust the control of the fuel cell."

New method paves way for longer lasting fuel cells




The U.S. Department of Energy (DOE) has pointed out that improved lifetime of fuel cells is one of the most important goals to reach before fuel cell-powered hydrogen vehicles can become commercially successful. According to the industry, a truck needs to be able to withstand 20,000 -- 30,000 hours of driving over its lifetime, which a fuel cell-powered hydrogen truck cannot achieve today.

"We have now laid a foundation on which to build for the development of better fuel cells. Now we know more about the processes that take place in the fuel cell and at what point over the lifetime of the fuel cell they occur. In the future, the method will be used to develop and study new materials that can give the fuel cell a longer lifespan," says Bjorn Wickman.

Facts: How a fuel cell works

The core of a fuel cell consists of three active layers, two electrodes -- anode and cathode respectively -- with an ion-conducting membrane in the middle. Each individual cell provides a voltage of about 1 volt. The electrodes contain catalyst material, and hydrogen and oxygen are added to them. The resulting electrochemical process generates clean water and electricity that can be used to power a vehicle.

More about the research:

The research group at Chalmers that has developed the method consists of doctoral student Linnea Strandberg and Associate Professor Bjorn Wickman, both at the Department of Physics, Victor Shokhen, former postdoc at the Department of Physics, and Magnus Skoglundh, professor at the Department of Chemistry and Chemical Engineering.

This project was financially supported by the Swedish Foundation for Strategic Research and the Swedish Research Council and performed within the Competence Centre for Catalysis, which is hosted by Chalmers University of Technology and financially supported by the Swedish Energy Agency and the member companies Johnson Matthey, Perstorp, Powercell, Preem, Scania CV, Umicore and Volvo Group.

Scanning electron microscopy and transmission electron microscopy were performed at Chalmers Materials Analysis Laboratory (CMAL).
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UV rays may boost health in low-sunlight countries | ScienceDaily
The health benefits of spending time in the sun could outweigh the risks for those living in areas with limited sunshine, a study suggests.


						
In low-sunlight locations such as parts of the UK, exposure to higher levels of ultraviolet (UV) radiation -- found in sunlight -- was linked to a drop in deaths due to cardiovascular disease and cancer.

Adapting public health advice to reflect both the risks and benefits of UV exposure may help to reduce disease burden and improve life expectancy in low-sunlight countries, the research team says.

Experts caution that measures should still be taken to protect the skin when UV levels are high, to prevent sunburn and the development of skin cancer.

University of Edinburgh scientists used genetic and health information from the UK BioBank -- an anonymised database of health details from volunteers -- to examine the UV exposure of 395,000 people across the UK. Participants were restricted to those of white European descent, due to the role skin pigmentation plays in the body's response to UV exposure.

The team applied two measures to identify those exposed to higher levels of UV. They used the geographical location of participants to calculate their average annual exposure to solar energy and, separately, whether they used sunbeds.

The findings were adjusted for other factors that might influence health -- including smoking, exercise, social deprivation and gender -- to reduce the chance that these factors were responsible for any of the changes observed.




Living in locations with higher UV levels, for example Cornwall, was associated with a lower risk of death from cardiovascular disease and cancer -- 19 per cent and 12 per cent, respectively -- than living in areas with lower UV levels, such as Edinburgh or Glasgow.

Sunbed use was linked to a 23 per cent lower risk of death from cardiovascular disease and a 14 per cent lower risk of death from cancer, compared to non-users. It is possible that people who use sunbeds may also seek out greater sun exposure and so this result may reflect broader sun seeking behaviour, the team says.

Those with a higher estimated UV exposure had a slightly increased risk of being diagnosed with melanoma -- a type of skin cancer -- but their risk of dying from the condition was not raised.

As the study is based on UK data from a white European population, the findings are of most relevance to similar groups in low-sunlight countries. Further research into locations with higher UV exposure is needed to build a clearer picture of the potential benefits to health, experts say.
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Rising mercury pollution in soil could be related to climate change | ScienceDaily
In 2017, the Minamata Convention on Mercury went into effect, designed to help curb mercury emissions and limit exposure across the globe. However, a new study of mercury levels in soil suggests that the treaty's provisions might not be enough. The study published in ACS' Environmental Science & Technology estimates that soil stores substantially more mercury than previously thought, and it predicts that increases in plant growth due to climate change may add even more.


						
Mercury is a persistent environmental pollutant, moving through air, water and soil, and accumulating within plants and animals. Soil is the primary reservoir for mercury, storing three times the amount found in the oceans and 150 times the amount found in the atmosphere. Typically, the heavy metal naturally moves through these reservoirs, but humans have altered this cycling. Human-caused climate change increases carbon dioxide levels, promoting vegetation growth and most likely depositing more mercury in the soil when the vegetation decomposes. Previous studies on soil mercury levels have mostly focused on small, regional scales. But Xuejun Wang, Maodian Liu and colleagues wanted to develop a more accurate, worldwide model of soil mercury levels that could take into account the effects of a continuously warming climate.

The team began by compiling nearly 19,000 previously published soil mercury measurements, producing one of the largest databases of its kind. The dataset was fed into a machine learning algorithm to estimate the global distribution of mercury in both topsoil and subsoil. They found that the total amount of mercury stored in the first 40 inches (around 1 meter) of soil is approximately 4.7 million tons. This value is double what some previous estimates concluded, though some of those studies accounted for a shallower depth of soil. The team's model identified the highest levels of mercury in plant-dense areas such as low latitudes of the tropics, but also in permafrost and areas with high human density. Conversely, bare land such as shrubland or grassland had relatively low levels of soil mercury.

To understand how climate warming could affect mercury soil levels, the researchers combined their initial model with datasets of environmental factors representing future climate scenarios. Their model predicts that as temperatures increase around the globe, vegetation growth will be promoted as well, which could raise soil mercury levels in turn. This symbiotic effect would outweigh the reduction efforts proposed by current worldwide control schemes, like those in the Minamata Convention. Though additional research and observations are needed, the researchers say that this work emphasizes the need for stricter, long-term and simultaneous control of mercury and carbon dioxide emissions.
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Early life exposure to common chemical permanently disrupts gut microbiome, study suggests | ScienceDaily
Early life exposure to 'forever chemicals' in the environment permanently disrupts the gut microbiome in mice, contributing to the development of metabolic disease in later life, according to new research led by Penn State. The results, published today (Aug. 14) in the journal Environmental Health Perspectives, suggest that human exposure to these chemicals during early childhood may be contributing to the recent epidemic of metabolic disorders, including obesity and type 2 diabetes among adults.


						
The researchers focused specifically on 2,3,7,8-tetrachlorodibenzofuran (TCDF), a widespread persistent organic pollutant (POP) that is a byproduct of waste incineration, metal production, and fossil-fuel and wood combustion. TCDF accumulates in the food chain, and humans are primarily exposed through consumption of high-fat foods, such as meat, dairy products and some fish. Babies can be exposed through consumption of breast milk.

"POPs are pervasive in the environment and nearly every living organism has been exposed," said Andrew Patterson, John T. and Paige S. Smith Professor of Molecular Toxicology and of Biochemistry and Molecular Biology, Penn State. "The negative health effects of these chemicals are well documented and include birth defects and cancer. Our study is the first to suggest that early-life exposure to a certain POP, called TCDF, also disrupts the gut microbiome and is associated with metabolic disorders later in life."

The team examined the effects of TCDF in two groups of mice -- a test group, or those treated with TCDF and a control group, or those receiving no treatment. The team fed four-week-old mice from pills containing either 0.46 micrograms (mg) of TCDF or a control pill that did not contain any TCDF for five days. While 0.46 mg is higher than what is typically found in the diets of humans, it is not high enough to cause toxic illness.

"In our study we used a dose that is relatively high compared to typical human exposures; however, we can use this information to identify new toxicity high points, including in the gut microbiome, and begin to extrapolate what might happen at even lower doses. Of course, we also must consider how complex mixtures of these POPs interact with us and our microbial partners because a single exposure does not perfectly mimic real life scenarios."

Next, the researchers examined the animals' gut microbiomes, along with several indicators of the animals' health, including body weight, glucose tolerance, and the amounts of triglycerides in their livers and mucus in their feces, among other markers of metabolic disease. They collected these data immediately following the five-day course of TCDF, as well as three months after the last dose. In humans, these time points are equivalent to an infant and a young adult.

"We found that early life exposure to TCDF permanently disrupted the gut microbiomes of the wild-type mice," said Yuan Tian, lead author and associate research professor, Penn State. "We also found that these mice had higher body weight and glucose intolerance at age four months."

To further explore the effects of TCDF on the gut microbiome, the scientists gave mice without microbiomes intestinal microbiome transplants from the mice with TCDF-disrupted microbiomes and measured their health outcomes. They found that the mice with the transplants developed metabolic disorders, indicating that the altered microbiome is the cause of the metabolic disease.




"These results suggest that early-life TCDF exposure may be causing the disturbances in gut microbiome function and health outcomes later in life, even well after the TCDF has been eliminated from the body," Tian said.

She explained that the gut microbiome disturbances were marked by a decrease in certain bacterial species, including Akkermansia muciniphila, a bacterium that is also typically found in the human gut microbiome.

"This is important because Akkermansia is recognized as important for overall gut health, but now we know that it can be adversely affected by TCDF," Tian said.

To investigate the importance of Akkermansia muciniphila in influencing health outcomes, the team experimented with administering the bacterium as a probiotic to TCDF-treated mice. The probiotic restored the microbiome to its normal state.

"Our findings suggest that these bacteria are influenced by toxic exposure and play an important role in mediating health outcomes," Patterson said. "It may be possible that with more research we could one day restore a person's microbiome to its optimal state through supplementation with pre- and probiotics."

Other Penn State authors on the paper include Jordan Bisanz, assistant professor of biochemistry and molecular biology; Imhoi Koo, assistant research professor; Iain Murray, assistant research professor; Shigetoshi Yokoyama, assistant research professor; Sergei Koshkin, assistant research professor; Bipin Rimal, graduate student; Wei Gui, research technologist; Shaneice Nettleford, graduate student; Fangcong Dong, postdoctoral fellow; Sandeep Prabhu, head, Department of Veterinary and Biomedical Sciences; and Gary Perdew, H. Thomas and Dorothy Willits Hallowell Chair in Agricultural Sciences. Other authors include Trenton Wolfe, graduate student, Montana State University; Peter Turnbaugh, professor of microbiology and immunology, University of California, San Francisco; and Seth Walk, professor of microbiology and immunology, Montana State University.

The U.S. National Institutes of Health, U.S. National Institute of Food and Agriculture and Pennsylvania Department of Health supported this research.
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Rocks collected on Mars hold key to water and perhaps life on the planet: Bring them back to Earth | ScienceDaily
Over the course of nearly five months in 2022, NASA's Perseverance rover collected rock samples from Mars that could rewrite the history of water on the Red Planet and even contain evidence for past life on Mars.


						
But the information they contain can't be extracted without more detailed analysis on Earth, which requires a new mission to the planet to retrieve the samples and bring them back. Scientists hope to have the samples on Earth by 2033, though NASA's sample return mission may be delayed.

"These samples are the reason why our mission was flown," said paper co-author David Shuster, professor of earth and planetary science at the University of California, Berkeley, and a member of NASA's science team for sample collection. "This is exactly what everyone was hoping to accomplish. And we've accomplished it. These are what we went looking for."

The critical importance of these rocks, sampled from river deposits in a dried-up lake that once filled a crater called Jezero, is detailed in a study to be published Aug. 14 in AGU Advances, a journal of the American Geophysical Union.

"These are the first and only sedimentary rocks that have been studied and collected from a planet other than Earth," said paper co-author David Shuster, professor of earth and planetary science at the University of California, Berkeley, and a member of NASA's science team for sample collection. "Sedimentary rocks are important because they were transported by water, deposited into a standing body of water and subsequently modified by chemistry that involved liquid water on the surface of Mars at some point in the past. The whole reason that we came to Jezero was to study this sort of rock type. These are absolutely fantastic samples for the overarching objectives of the mission."

Shuster is co-author of the paper with first author Tanja Bosak, a geobiologist at the Massachusetts Institute of Technology (MIT) in Cambridge.

"These rock cores are likely the oldest materials sampled from any known environment that may have supported life," Bosak said. "When we bring them back to Earth, they can tell us so much about when, why and for how long Mars contained liquid water, and whether some organic, prebiotic and potentially even biological evolution may have taken place on that planet."

Significantly, some of the samples contain very fine-grained sediments that are the most likely type of rock to retain evidence of past microbial life on Mars -- if there ever was or is life on the planet.




"Liquid water is a key element in all of this because it is the key ingredient for biological activity, as far as we understand it," said Shuster, a geochemist. "Fine-grained sedimentary rocks on Earth are those that are most likely to preserve signatures of past biological activity, including organic molecules. That's why these samples are so important."

NASA announced on July 25 that Perseverance had collected new rock samples from an outcrop named Cheyava Falls that also might contain signs of past life on Mars. The rover's scientific instruments detected evidence of organic molecules, while "leopard spot" inclusions in the rocks are similar to features that on Earth are often associated with fossilized microbial life.

In a statement, Ken Farley, Perseverance project scientist at Caltech, said, "Scientifically, Perseverance has nothing more to give. To fully understand what really happened in that Martian river valley at Jezero crater billions of years ago, we'd want to bring the Cheyava Falls sample back to Earth, so it can be studied with the powerful instruments available in laboratories."

Sediments hold the answers

Shuster noted that Jezero and the fan of sediments left behind by the river that once flowed into it likely formed 3.5 billion years ago. That abundant water is now gone, either trapped underground or lost to space. But Mars was wet at a time when life on Earth -- in the form of microbes -- was already everywhere.

"Life was doing its thing on Earth at that point in time, 3.5 billion years ago," he said. "The basic question is: Was life also doing its thing on Mars at that point in time?"

"Anywhere on Earth over the last 3.5 billion years, if you give me the scenario of a river flowing into a crater transporting materials to a standing body of water, biology would have taken hold there and left its mark, in one way or another," Shuster said. "And in the fine-grained sediment, specifically, we would have a very good chance of recording that biology in the laboratory observations that we can make on that material on Earth."




Shuster and Bosak acknowledge that the organic analysis equipment aboard the rover did not detect organic molecules in the four samples from the sedimentary fan. Organic molecules are used and produced by the type of life we're familiar with on Earth, though their presence is not unequivocal evidence of life.

"We did not clearly observe organic compounds in these key samples," Shuster said. "But just because that instrument did not detect organic compounds does not mean that they are not in these samples. It just means they weren't at a concentration detectable by the rover instrumentation in those particular rocks."

To date, Perseverance has collected a total of 25 samples, including duplicates and atmospheric samples, plus three "witness tubes" that capture possible contaminants around the rover. Eight duplicate rock samples plus an atmospheric sample and witness tube were deposited in the so-called Three Forks cache on the surface of Jezero as a backup in case the rover suffers problems and the onboard samples can't be retrieved. The other 15 samples -- including the Cheyava Falls sample collected July 21 -- remain aboard the rover awaiting recovery.

Shuster was part of a team that analyzed the first eight rock samples collected, two from each site on the crater floor, all of which were igneous rocks likely created when a meteor impact smashed into the surface and excavated the crater. Those results were reported in a 2023 paper, based on analyses by the instruments aboard Perseverance.

The new paper is an analysis of seven more samples, three of them duplicates now cached on Mars' surface, collected between July 7 and November 29 of 2022 from the front of the western sediment fan in Jezero. Bosak, Shuster and their colleagues found the rocks to be composed mostly of sandstone and mudstone, all created by fluvial processes.

"Perseverance encountered aqueously deposited sedimentary rocks at the front, top and margin of the western Jezero fan and collected a sample suite composed of eight carbonate-bearing sandstones, a sulfate-rich mudstone, a sulfate-rich sandstone, a sand-pebble conglomerate," Bosak said. "The rocks collected at the fan front are the oldest, whereas the rocks collected at the fan top are likely the youngest rocks produced during aqueous activity and sediment deposition in the western fan."

While Bosak is most interested in possible biosignatures in the fine-grained sediments, the coarse-grained sediments also contain key information about water on Mars, Shuster said. Though less likely to preserve organic matter or potential biological materials, they contain carbonate materials and detritus washed from upstream by the now-vanished river. They thus could help determine when water actually flowed on Mars, the main emphasis of Shuster's own research.

"With lab analysis of those detrital minerals, we could make quantitative statements about when the sediments were deposited and the chemistry of that water. What was the pH (acidity) of that water when those secondary phases precipitated? At what point in time was that chemical alteration taking place?" he said. "We have this combination of samples now in the sample suite that are going to enable us to understand the environmental conditions when the liquid water was flowing into the crater. When was that liquid water flowing into the crater? Was it intermittent?"

Answers to these questions rely upon analyses of the returned materials in terrestrial laboratories to uncover the organic, isotopic, chemical, morphological, geochronological and paleomagnetic information they record, the researchers emphasized.

"One of the most important planetary science objectives is to bring these samples back," Shuster said.
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        Researchers unveil mysteries of ancient Earth
        A team of researchers has made strides in understanding the formation of massif-type anorthosites, enigmatic rocks that only formed during the middle part of Earth's history. These plagioclase-rich igneous rock formations, which can cover areas as large as 42,000 square kilometers and host titanium ore deposits, have puzzled scientists for decades due to conflicting theories about their origins.

      

      
        International study detects consciousness in unresponsive patients
        New research found that brain scans can detect consciousness in some patients with brain injury who are unresponsive. In the study, 241 participants with severe brain injury who do not respond when given a simple instruction were assessed with functional MRI (fMRI), electroencephalography (EEG), or both tests, while hearing instructions, such as 'imagine opening and closing your hand.' Their brain responses showed that 25 percent of participants repeatedly followed this instruction covertly over ...

      

      
        New brain-computer interface allows man with ALS to 'speak' again
        A new brain-computer interface translates brain signals into speech with up to 97 percent accuracy. Researchers implanted sensors in the brain of a man with severely impaired speech due to amyotrophic lateral sclerosis (ALS). The man was able to communicate his intended speech within minutes of activating the system.

      

      
        Engineers conduct first in-orbit test of 'swarm' satellite autonomous navigation
        With 2D cameras and space robotics algorithms, astronautics engineers have created a navigation system able to manage multiple satellites using visual data only. They just tested it in space for the first time.

      

      
        Physicists throw world's smallest disco party
        A new milestone has been set for levitated optomechanics as a group of scientists observed the Berry phase of electron spins in nano-sized diamonds levitated in vacuum.

      

      
        Galaxies in dense environments tend to be larger, settling one cosmic question and raising others
        A new study has found galaxies with more neighbors tend to be larger than their counterparts that have a similar shape and mass, but reside in less dense environments. The team, which used a machine-learning algorithm to analyze millions of galaxies, reports that galaxies found in denser regions of the universe are as much as 25% larger than isolated galaxies. The findings resolve a long-standing debate among astrophysicists over the relationship between a galaxy's size and its environment, but a...

      

      
        How bread dough gave rise to civilization
        A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.

      

      
        Tropical Atlantic mixing rewrites climate pattern rules
        Changes in the Atlantic Ocean's mixed layer are the primary force behind the Atlantic Multidecadal Variability (AMV).

      

      
        Rare archaeological site reveals 'surprising' Neanderthal behaviour at Pyrenees foothills
        An unchartered area in the foothills of the Southern Pyrenees in Spain is providing insights into a poorly known period of Neanderthal history, offering clues that could help archaeologists uncover the mystery of their downfall, according to new research.

      

      
        Smart fabric converts body heat into electricity
        Researchers have developed a smart fabric that can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

      

      
        Beige fat cells with a 'Sisyphus mechanism'
        A new class of fat cells makes people healthier. The cells consume energy and produce heat through seemingly pointless biochemical reactions.

      

      
        Stopping and reversing Alzheimer's at an early stage
        In the fight against Alzheimer's, researchers have developed a promising, preventative therapeutic approach. They specifically targeted the amyloid beta biomolecule, which triggers the hyperactivity of nerve cells typical of the brain disease in its early stages. They succeeded in developing and using a protein drug that can suppress the effects of the harmful molecule.

      

      
        Impact of 700 years of Inuvialuit subsistence hunting on beluga whales
        An international team of researchers analyzed beluga whale bones retrieved from archaeological sites in the Mackenzie Delta, Northwest Territories, Canada, to shed light on the sustainability of centuries of Inuvialuit beluga whale subsistence harvests.

      

      
        Early life exposure to common chemical permanently disrupts gut microbiome, study suggests
        Early life exposure to 'forever chemicals' in the environment permanently disrupts the gut microbiome in mice, contributing to the development of metabolic disease in later life, according to new research. The results suggest that human exposure to these chemicals during early childhood may be contributing to the recent epidemic of metabolic disorders, including obesity and type 2 diabetes among adults.

      

      
        Rocks from Mars' Jezero Crater, which likely predate life on Earth, contain signs of water
        Scientists report that rock samples from Mars' Jezero Crater contain minerals that are typically formed in water. While the presence of organic matter is inconclusive, the rocks could be scientists' best chance at finding remnants of ancient Martian life.

      

      
        Great Scott! Stonehenge's Altar Stone origins reveal advanced ancient Britain
        New research has revealed Stonehenge's monumental six-ton Altar Stone, long believed to originate from Wales, actually hails from Scotland.

      

      
        Decoding the world's largest animal genome
        Scientists have sequenced the largest genome of all animals, the lungfish genome. Their data help to explain how the fish-ancestors of today's land vertebrates were able to conquer land.

      

      
        Patterns of intelligence
        The coordinated activity of brain cells, like birds flying in formation, helps us behave intelligently in new situations, according to a new study. The work is the first to illuminate the neurological processes known as abstraction and inference in the human brain.

      

      
        Climate change raised the odds of unprecedented wildfires in 2023-24
        Unprecedented wildfires in Canada and parts of Amazonia last year were at least three times more likely due to climate change and contributed to high levels of CO2 emissions from burning globally, according to the a new systematic review. The State of Wildfires report takes stock of extreme wildfires of the 2023-2024 fire season (March 2023-February 2024), explains their causes, and assesses whether events could have been predicted. It also evaluates how the risk of similar events will change in ...

      

      
        SwRI-led team finds evidence of hydration on Asteroid Psyche
        Using data from NASA's James Webb Space Telescope, astronomers have confirmed hydroxyl molecules on the surface of the metallic asteroid Psyche. The presence of hydrated minerals suggests a complex history for Psyche, important context for the NASA spacecraft en route to this interesting asteroid orbiting the Sun between Mars and Jupiter.

      

      
        Scientists achieve more than 98% efficiency removing nanoplastics from water
        Linked to cardiovascular and respiratory diseases in people, nanoplastics continue to build up, largely unnoticed, in the world's bodies of water. The challenge remains to develop a cost-effective solution to get rid of nanoplastics while leaving clean water behind. That's where Mizzou comes in. Recently, researchers created a new liquid-based solution that eliminates more than 98% of these microscopic plastic particles from water.

      

      
        Measuring Martian winds with sound
        Martian landers have been able capture measurements of wind speeds -- some gauging the cooling rate of heated materials when winds blow over them, others using cameras to image 'tell-tales' that blow in the wind -- but there's still room for improvement. Researchers now demonstrate a novel sonic anemometric system featuring a pair of narrow-band piezoelectric transducers to measure the travel time of sound pulses through Martian air. The study accounted for variables including transducer diffract...

      

      
        Say 'aah' and get a diagnosis on the spot: is this the future of health?
        A computer algorithm has achieved a 98% accuracy in predicting different diseases by analyzing the color of the human tongue. The proposed imaging system can diagnose diabetes, stroke, anemia, asthma, liver and gallbladder conditions, COVID-19, and a range of vascular and gastrointestinal issues, according to new research.

      

      
        Significant link found between heme iron, found in red meat and other animal products, and type 2 diabetes risk
        Higher intake of heme iron, the type found in red meat and other animal products -- as opposed to non-heme iron, found mostly in plant-based foods -- was associated with a higher risk of developing type 2 diabetes (T2D) in a new study. While the link between heme iron and T2D has been reported previously, the study's findings more clearly establish and explain the link.

      

      
        New interpretation of runic inscription reveals pricing in Viking age
        A new interpretation of the runic inscription on the Forsa Ring (Forsaringen in Swedish), provides fresh insights into the Viking Age monetary system and represents the oldest documented value record in Scandinavia. The inscription describes how the Vikings handled fines in a flexible and practical manner.

      

      
        Rewriting the evolutionary history of critical components of the nervous system
        A new study has rewritten the conventionally understood evolutionary history of certain ion channels -- proteins critical for electrical signaling in the nervous system. The study shows that the Shaker family of ion channels were present in microscopic single cell organisms well before the common ancestor of all animals and thus before the origin of the nervous system.

      

      
        Reduce, reuse, 're-fly-cle'
        Black soldier flies are now commercially used to consume organic waste -- but genetic modifications proposed by bioscientists could see the insects digesting a wider variety of refuse, while also creating raw ingredients for industry.

      

      
        Ships now spew less sulfur, but warming has sped up
        New findings document fewer ship tracks, reduced cloud cover, and boosted warming after ship emissions regulations took effect in 2020.

      

      
        Engineers make tunable, shape-changing metamaterial inspired by vintage toys
        Common push puppet toys in the shapes of animals and popular figures can move or collapse with the push of a button at the bottom of the toys' base. Now, a team of engineers has created a new class of tunable dynamic material that mimics the inner workings of push puppets, with applications for soft robotics, reconfigurable architectures and space engineering.

      

      
        AI poses no existential threat to humanity, new study finds
        Large Language Models (LLMs) are entirely controllable through human prompts and lack 'emergent abilities'; that is, the means to form their own insights or conclusions. Increasing model size does not lead LLMs to gain emergent reasoning abilities, meaning they will not develop hazardous abilities and therefore do not pose an existential threat. A new study sheds light on the (until now unexplained) capabilities and shortcomings of LLMs, including the need for carefully engineered prompts to exhi...

      

      
        Scientists find oceans of water on Mars: It's just too deep to tap
        Quakes and meteor impacts on Mars generate seismic waves that can help map the interior. A new study analyzed seismic waves detected by the Insight lander and concludes that 11-20 kilometers beneath the surface, a zone of pores and fractures is filled with liquid water -- more than was thought to fill Mars' surface oceans before they disappeared 3 billion years ago. Though too deep to drill, the reservoir is a possible refuge for life.

      

      
        New genetically engineered wood can store carbon and reduce emissions
        Researchers genetically modified poplar trees to produce high-performance, structural wood without the use of chemicals or energy intensive processing.

      

      
        Engineers bring efficient optical neural networks into focus
        Researchers have published a programmable framework that overcomes a key computational bottleneck of optics-based artificial intelligence systems. In a series of image classification experiments, they used scattered light from a low-power laser to perform accurate, scalable computations using a fraction of the energy of electronics.

      

      
        Parents who use humor have better relationships with their children, study finds
        In a pilot study, most people viewed humor as an effective parenting tool and that a parent or caregiver's use of humor affected the quality of their relationship with their children, according to new research. Among those whose parents used humor, the majority viewed their relationship with their parents and the way they were parented in a positive light.

      

      
        Long-distance relationship revealed in the seemingly random behavior of bowhead whales
        Applying chaos theory to the movement of iconic arctic whales uncovered a 24-hour diving cycle and a long-range (~100 km) synchronization.

      

      
        Millions of years for plants to recover from global warming
        Catastrophic volcanic eruptions that warmed the planet millions of years ago shed new light on how plants evolve and regulate climate. Researchers reveal the long-term effects of disturbed natural ecosystems on climate in geological history and its implications for today.

      

      
        Potential new approach to enhancing stem-cell transplants
        A discovery may boost the effectiveness of stem-cell transplants, commonly used for patients with cancer, blood disorders, or autoimmune diseases caused by defective stem cells, which produce all the body's different blood cells.

      

      
        Largest protein yet discovered builds algal toxins
        While seeking to unravel how marine algae create their chemically complex toxins, scientists have discovered the largest protein yet identified in biology. Uncovering the biological machinery the algae evolved to make its intricate toxin also revealed previously unknown strategies for assembling chemicals, which could unlock the development of new medicines and materials.

      

      
        Study reveals ways in which 40Hz sensory stimulation may preserve brain's 'white matter'
        Scientists report that gamma frequency light and sound stimulation preserves myelination in mouse models and reveal molecular mechanisms that may underlie the benefit.

      

      
        Bacteria encode hidden genes outside their genome--do we?
        A 'loopy' discovery in bacteria is raising fundamental questions about the makeup of our own genome -- and revealing a potential wellspring of material for new genetic therapies.

      

      
        Greenland mega-tsunami led to week-long oscillating fjord wave
        In September 2023, a megatsunami in remote eastern Greenland sent seismic waves around the world, piquing the interest of the global research community. The event created a week-long oscillating wave in Dickson Fjord, according to a new report in The Seismic Record.

      

      
        New technology uses light to engrave erasable 3D images
        Researchers invented a technique that uses a specialized light projector and a photosensitive chemical additive to imprint two- and three-dimensional images inside any polymer. The light-based engraving remains in the polymer until heat or light are applied, which erases the image and makes it ready to use again. The technology is intended for any situation where having detailed, precise visual data in a compact and easily customizable format could be critical, such as planning surgeries and deve...

      

      
        Record-breaking recovery of rocks that originated in Earth's mantle could reveal secrets of planet's history
        Scientists have recovered the first long section of rocks that originated in the Earth's mantle, the layer below the crust and the planet's largest component. The rocks will help unravel the mantle's role in the origins of life on Earth, the volcanic activity generated when it melts, and how it drives the global cycles of important elements such as carbon and hydrogen.
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Researchers unveil mysteries of ancient Earth | ScienceDaily
A team of researchers has made strides in understanding the formation of massif-type anorthosites, enigmatic rocks that only formed during the middle part of Earth's history. These plagioclase-rich igneous rock formations, which can cover areas as large as 42,000 square kilometers and host titanium ore deposits, have puzzled scientists for decades due to conflicting theories about their origins.


						
A new study published in  Science Advances on Aug. 14 highlights the intricate connections between Earth's evolving mantle and crust and the tectonic forces that have shaped the planet throughout its history. It also provides new ways to explore when plate tectonics began, how subduction dynamics operated billions of years ago and the evolution of Earth's crust.

The research team, led by Rice's Duncan Keller and Cin-Ty Lee, studied massif-type anorthosites to test ideas about the magmas that formed them. The research focused on the Marcy and Morin anorthosites, classic examples from North America's Grenville orogen that are about 1.1 billion years old.

By analyzing the isotopes of boron, oxygen, neodymium and strontium in the rocks as well as conducting petrogenetic modeling, the researchers discovered that the magmas that formed these anorthosites were rich in melts derived from oceanic crust altered by seawater at low temperatures. They also found isotopic signatures corresponding to other subduction zone rocks such as abyssal serpentinite.

"Our research indicates that these giant anorthosites likely originated from the extensive melting of subducted oceanic crust beneath convergent continental margins," said Keller, the Clever Planets Postdoctoral Research Associate, Earth, Environmental and Planetary Sciences and the study's lead author. "Because the mantle was hotter in the past, this process directly connects the formation of massif-type anorthosites to Earth's thermal and tectonic evolution."

The study, which combines classical methods with the novel application of boron isotopic analysis to massif-type anorthosites, suggests that these rocks formed during very hot subduction that may have been prevalent billions of years ago.

Because massif-type anorthosites don't form on Earth today, the new evidence linking these rocks to very hot subduction on the early Earth opens new interdisciplinary approaches for understanding how these rocks chronicle the physical evolution of our planet.

"This research advances our understanding of ancient rock formations and sheds light on the broader implications for Earth's tectonic and thermal history," said Lee, the Harry Carothers Wiess Professor of Geology, professor of Earth, environmental and planetary sciences and study co-author.

The study's other co-authors include William Peck of the Department of Earth and Environmental Geosciences at Colgate University; Brian Monteleone of the Department of Geology and Geophysics at Woods Hole Oceanographic Institution; Celine Martin of the Department of Earth and Planetary Sciences at the American Museum of Natural History; Jeffrey Vervoort of the School of the Environment at Washington State University; and Louise Bolge of the Lamont-Doherty Earth Observatory at Columbia University.

This study was supported by NASA and the U.S. National Science Foundation.
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International study detects consciousness in unresponsive patients | ScienceDaily
New research co-led by experts at Mass General Brigham found that brain scans can detect consciousness in some patients with brain injury who are unresponsive.


						
In the study, 241 participants with severe brain injury who do not respond when given a simple instruction were assessed with functional MRI (fMRI), electroencephalography (EEG), or both tests. During these tests, participants heard instructions, such as "imagine opening and closing your hand" followed, 15-30 seconds later by "stop imagining opening and closing your hand." The fMRI and EEG brain responses showed that 60 (25 percent) of participants repeatedly followed this instruction covertly over minutes. According to the authors of the study, published August 15 in the New England Journal of Medicine, patients who demonstrate this phenomenon, called cognitive motor dissociation, understand language, remember instructions and can sustain attention, even though they appear unresponsive. For these patients, cognitive (i.e., thinking) abilities exceed, and are therefore dissociated from, motor abilities.

"Some patients with severe brain injury do not appear to be processing their external world. However, when they are assessed with advanced techniques such as task-based fMRI and EEG, we can detect brain activity that suggests otherwise," said lead study author Yelena Bodien, PhD, an investigator for the Spaulding-Harvard Traumatic Brain Injury Model Systems and Massachusetts General Hospital's Center for Neurotechnology and Neurorecovery. "These results bring up critical ethical, clinical, and scientific questions -- such as how can we harness that unseen cognitive capacity to establish a system of communication and promote further recovery?"

Following a significant brain injury, individuals may have a disorder of consciousness, which can include coma, a vegetative state or minimally conscious state. Since the first study demonstrating cognitive motor dissociation in individuals with disorders of consciousness was published nearly two decades ago, centers around the world have found that this condition occurs in approximately 15 to 20 percent of unresponsive patients. However, the current study suggests it could be present in 25 percent of patients, or even more. Cognitive motor dissociation was most common in participants assessed with fMRI and EEG, suggesting that multiple tests, using different approaches, may be required to ensure consciousness is not missed.

This study included participant data from six different sites spanning the United States, United Kingdom, and Europe collected over approximately 15 years. Each site developed and rigorously tested their methods for detecting cognitive motor dissociation to minimize the possibility that a positive result was obtained spuriously. Some sites recruited participants from the intensive care unit just days after they sustained a severe brain injury, often from a trauma such as a car accident, a stroke or cardiac arrest. Other sites included participants who were months to years after their injury or illness and were living in nursing facilities or at home.

In addition to studying the 241 participants who did not respond to simple instructions, the research included 112 participants who did respond to simple instructions at the bedside. This latter group would be expected to perform well on the fMRI and EEG tests, but, in 62 percent of those participants, researchers did not detect brain responses suggesting they were covertly following instructions. The authors note that this finding may reflect the complexity of the fMRI and EEG tasks and underscores the high-level of thinking skills required to perform them.

Just knowing that somebody is cognitively aware and more capable than is immediately apparent, can alter their clinical care substantially. "Families have told us that once a positive test result revealing cognitive motor dissociation is shared with the patients' clinical team, it can change the way that the team interacts with their loved one," Bodien said. "Suddenly, the team is paying more attention to subtle behavioral signs that could be under volitional control, or speaking to the patient, or playing music in the room. On the other hand, failing to detect cognitive motor dissociation can have serious consequences, including premature withdrawal of life support, missed signs of awareness, and lack of access to intensive rehabilitation."

"We find that this kind of sharp dissociation of retained cognitive capabilities and no behavioral evidence of them is not uncommon. I think we now have an ethical obligation to engage with these patients, to try to help them connect to the world," said senior study author Nicholas Schiff, MD, the Jerold B. Katz Professor of Neurology and Neuroscience in the Feil Family Brain and Mind Research Institute at Weill Cornell Medicine and administrative lead of the consortium. "What we need here is what we in our consortium have been trying to get started for twenty years: a sustained effort to benefit patients who have disorders of consciousness with systematic medical research, technology development, and better clinical infrastructure.




One limitation of the study was that the testing was not standardized; each of the study sites tested patients in their own way, creating variability within the data. In addition, many participants were enrolled because family members heard about the study and reached out to researchers. This recruitment approach limits the researchers' ability to determine the global prevalence of cognitive motor dissociation. There are no professional guidelines that stipulate how cognitive motor dissociation should be assessed and most centers are unable to provide this testing; clinical translation will need to be a focal point for future research.

"To continue our progress in this field, we need to validate our tools and to develop approaches for systematically and pragmatically assessing unresponsive patients so that the testing is more accessible," said Bodien. "The Emerging Consciousness Program at Mass General Hospital offers these evaluations clinically, however elsewhere, a patient may have to enroll in a research study to get tested. We know that cognitive motor dissociation is not uncommon, but resources and infrastructure are required to optimize detection of this condition and provide adequate support to patients and their families."

The researchers added that the findings may spur research of specific interventions to foster effective communication, including brain-computer interfaces.
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New brain-computer interface allows man with ALS to 'speak' again | ScienceDaily
A new brain-computer interface (BCI) developed at UC Davis Health translates brain signals into speech with up to 97% accuracy -- the most accurate system of its kind.


						
The researchers implanted sensors in the brain of a man with severely impaired speech due to amyotrophic lateral sclerosis (ALS). The man was able to communicate his intended speech within minutes of activating the system.

A study about this work was published today in the New England Journal of Medicine.

ALS, also known as Lou Gehrig's disease, affects the nerve cells that control movement throughout the body. The disease leads to a gradual loss of the ability to stand, walk and use one's hands. It can also cause a person to lose control of the muscles used to speak, leading to a loss of understandable speech.

The new technology is being developed to restore communication for people who can't speak due to paralysis or neurological conditions like ALS. It can interpret brain signals when the user tries to speak and turns them into text that is 'spoken' aloud by the computer.

"Our BCI technology helped a man with paralysis to communicate with friends, families and caregivers," said UC Davis neurosurgeon David Brandman. "Our paper demonstrates the most accurate speech neuroprosthesis (device) ever reported."

Brandman is the co-principal investigator and co-senior author of this study. He is an assistant professor in the UC Davis Department of Neurological Surgery and co-director of the UC Davis Neuroprosthetics Lab.




The new BCI breaks the communication barrier

When someone tries to speak, the new BCI device transforms their brain activity into text on a computer screen. The computer can then read the text out loud.

To develop the system, the team enrolled Casey Harrell, a 45-year-old man with ALS, in the BrainGate clinical trial. At the time of his enrollment, Harrell had weakness in his arms and legs (tetraparesis). His speech was very hard to understand (dysarthria) and required others to help interpret for him.

In July 2023, Brandman implanted the investigational BCI device. He placed four microelectrode arrays into the left precentral gyrus, a brain region responsible for coordinating speech. The arrays are designed to record the brain activity from 256 cortical electrodes.

"We're really detecting their attempt to move their muscles and talk," explained neuroscientist Sergey Stavisky. Stavisky is an assistant professor in the Department of Neurological Surgery. He is the co-director of the UC Davis Neuroprosthetics Lab and co-principal investigator of the study. "We are recording from the part of the brain that's trying to send these commands to the muscles. And we are basically listening into that, and we're translating those patterns of brain activity into a phoneme -- like a syllable or the unit of speech -- and then the words they're trying to say."

Faster training, better results

Despite recent advances in BCI technology, efforts to enable communication have been slow and prone to errors. This is because the machine-learning programs that interpreted brain signals required a large amount of time and data to perform.




"Previous speech BCI systems had frequent word errors. This made it difficult for the user to be understood consistently and was a barrier to communication," Brandman explained. "Our objective was to develop a system that empowered someone to be understood whenever they wanted to speak."

Harrell used the system in both prompted and spontaneous conversational settings. In both cases, speech decoding happened in real time, with continuous systemupdates to keep it working accurately.

The decoded words were shown on a screen. Amazingly, they were read aloud in a voice that sounded like Harrell's before he had ALS. The voice was composed using software trained with existing audio samples of his pre-ALS voice.

At the first speech data training session, the system took 30 minutes to achieve 99.6% word accuracy with a 50-word vocabulary.

"The first time we tried the system, he cried with joy as the words he was trying to say correctly appeared on-screen. We all did," Stavisky said.

In the second session, the size of the potential vocabulary increased to 125,000 words. With just an additional 1.4 hours of training data, the BCI achieved a 90.2% word accuracy with this greatly expanded vocabulary. After continued data collection, the BCI has maintained 97.5% accuracy.

"At this point, we can decode what Casey is trying to say correctly about 97% of the time, which is better than many commercially available smartphone applications that try to interpret a person's voice," Brandman said. "This technology is transformative because it provides hope for people who want to speak but can't. I hope that technology like this speech BCI will help future patients speak with their family and friends."

The study reports on 84 data collection sessions over 32 weeks. In total, Harrell used the speech BCI in self-paced conversations for over 248 hours to communicate in person and over video chat.

"Not being able to communicate is so frustrating and demoralizing. It is like you are trapped," Harrell said. "Something like this technology will help people back into life and society."

"It has been immensely rewarding to see Casey regain his ability to speak with his family and friends through this technology," said the study's lead author, Nicholas Card. Card is a postdoctoral scholar in the UC Davis Department of Neurological Surgery.

"Casey and our other BrainGate participants are truly extraordinary. They deserve tremendous credit for joining these early clinical trials. They do this not because they're hoping to gain any personal benefit, but to help us develop a system that will restore communication and mobility for other people with paralysis," said co-author and BrainGate trial sponsor-investigator Leigh Hochberg. Hochberg is a neurologist and neuroscientist at Massachusetts General Hospital, Brown University and the VA Providence Healthcare System.

Brandman is the site-responsible principal investigator of the BrainGate2 clinical trial. The trial is enrolling participants. To learn more about the study, visit: https://www.braingate.org/
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Engineers conduct first in-orbit test of 'swarm' satellite autonomous navigation | ScienceDaily
Someday, instead of large, expensive individual space satellites, teams of smaller satellites -- known by scientists as a "swarm" -- will work in collaboration, enabling greater accuracy, agility, and autonomy. Among the scientists working to make these teams a reality are researchers at Stanford University's Space Rendezvous Lab, who recently completed the first-ever in-orbit test of a prototype system able to navigate a swarm of satellites using only visual information shared through a wireless network.


						
"It's a milestone paper and the culmination of 11 years of effort by my lab, which was founded with this goal of surpassing the current state of the art and practice in distributed autonomy in space," said Simone D'Amico, associate professor of aeronautics and astronautics and senior author of the study. "Starling is the first demonstration ever made of an autonomous swarm of satellites."

The test is known as Starling Formation-Flying Optical Experiment, or StarFOX. In it, the team successfully navigated four small satellites working in tandem using only visual information gathered from onboard cameras to calculate their trajectories (or orbits). The researchers presented their findings from the initial StarFOX test at a gathering of swarm satellite experts at the Small Satellite Conference in Logan, Utah.

All the angles

D'Amico described the challenge as one that has driven his team for more than a decade. "Our team has been advocating for distributed space systems since the lab's inception. Now it has become mainstream. NASA, the Department of Defense, the U.S. Space Force -- all have understood the value of multiple assets in coordination to accomplish objectives which would otherwise be impossible or very difficult to achieve by a single spacecraft," he said. "Advantages include improved accuracy, coverage, flexibility, robustness, and potentially new objectives not yet imagined."

Robust navigation of the swarm presents a considerable technological challenge. Current systems rely on the Global Navigation Satellite System (GNSS), requiring frequent contact with terrestrial systems. Beyond Earth's orbit, there is the Deep Space Network, but it is relatively slow and not easily scalable to future endeavors. What's more, neither system can help satellites avoid what D'Amico calls "non-cooperative objects" like space debris that might knock a satellite out of commission.

The swarm needs a self-contained navigation system that allows a high degree of autonomy and robustness, D'Amico said. Such systems are likewise made more attractive by minimal technical requirements and financial costs of today's miniaturized cameras and other hardware. The cameras used in the StarFOX test are proven, relatively inexpensive 2D cameras called star-trackers found on any satellite today.




"At its core, angles-only navigation requires no additional hardware even when used on small and inexpensive spacecraft," D'Amico said. "And exchanging visual information between swarm members provides a new distributed optical navigation capability."

Written in the stars

StarFOX combines visual measurements from single cameras mounted on each satellite in a swarm. Similar to a mariner of old navigating the high seas with a sextant, the field of known stars in the background is used as reference to extract bearing angles to the swarming satellites. These angles are then processed onboard through accurate physics-based force models to estimate the position and velocity of the satellites with respect to the orbited planet -- in this case, Earth, but the moon, Mars, or other planetary objects would work as well.

StarFOX employs the Space Rendezvous Lab's angles-only Absolute and Relative Trajectory Measurement System -- ARTMS, for short -- which integrates three new space robotics algorithms. An Image Processing algorithm detects and tracks multiple targets in images and computes target-bearing angles -- the angles at which objects, including space debris, are moving toward or away from each other. The Batch Orbit Determination algorithm then estimates each satellite's coarse orbit from these angles. Last but not least, the Sequential Orbit Determination algorithm refines swarm trajectories with the processing of new images through time to potentially feed autonomous guidance, control, and collision avoidance algorithms onboard.

Data is shared over an inter-satellite communication link (or wireless network). It is all used to calculate robust absolute and relative position and velocity to a remarkable degree of accuracy without GNSS. Under the most challenging conditions, using just a single observer satellite, StarFOX was able to calculate relative position -- the position of individual satellites to one another -- to within 0.5% of their distance. When multiple observers were added in, those error rates dropped to just 0.1%.

The Starling test was deemed promising enough that NASA has extended the project, now known as StarFOX+, through 2025 to further explore these improved capabilities and pave the way for future space situational awareness and positioning technologies.
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Physicists throw world's smallest disco party | ScienceDaily
A new milestone has been set for levitated optomechanics as Prof. Tongcang Li's group observed the Berry phase of electron spins in nano-sized diamonds levitated in vacuum.


						
Physicists at Purdue are throwing the world's smallest disco party. The disco ball itself is a fluorescent nanodiamond, which they have levitated and spun at incredibly high speeds. The fluorescent diamond emits and scatters multicolor lights in different directions as it rotates. The party continues as they study the effects of fast rotation on the spin qubits within their system and are able to observe the Berry phase. The team, led by Tongcang Li, professor of Physics and Astronomy and Electrical and Computer Engineering at Purdue University, published their results in Nature Communications. Reviewers of the publication described this work as "arguably a groundbreaking moment for the study of rotating quantum systems and levitodynamics" and "a new milestone for the levitated optomechanics community."

"Imagine tiny diamonds floating in an empty space or vacuum. Inside these diamonds, there are spin qubits that scientists can use to make precise measurements and explore the mysterious relationship between quantum mechanics and gravity," explains Li, who is also a member of the Purdue Quantum Science and Engineering Institute. "In the past, experiments with these floating diamonds had trouble in preventing their loss in vacuum and reading out the spin qubits. However, in our work, we successfully levitated a diamond in a high vacuum using a special ion trap. For the first time, we could observe and control the behavior of the spin qubits inside the levitated diamond in high vacuum."

The team made the diamonds rotate incredibly fast -- up to 1.2 billion times per minute! By doing this, they were able to observe how the rotation affected the spin qubits in a unique way known as the Berry phase.

"This breakthrough helps us better understand and study the fascinating world of quantum physics," he says.

The fluorescent nanodiamonds, with an average diameter of about 750 nm, were produced through high-pressure, high-temperature synthesis. These diamonds were irradiated with high-energy electrons to create nitrogen-vacancy color centers, which host electron spin qubits. When illuminated by a green laser, they emitted red light, which was used to read out their electron spin states. An additional infrared laser was shone at the levitated nanodiamond to monitor its rotation. Like a disco ball, as the nanodiamond rotated, the direction of the scattered infrared light changed, carrying the rotation information of the nanodiamond.

The authors of this paper were mostly from Purdue University and are members of Li's research group: Yuanbin Jin (postdoc), Kunhong Shen (PhD student), Xingyu Gao (PhD student) and Peng Ju (recent PhD graduate). Li, Jin, Shen, and Ju conceived and designed the project and Jin and Shen built the setup. Jin subsequently performed measurements and calculations and the team collectively discussed the results. Two non-Purdue authors are Alejandro Grine, principal member of technical staff at Sandia National Laboratories, and Chong Zu, assistant professor at Washington University in St. Louis. Li's team discussed the experiment results with Grine and Zu who provided suggestions for improvement of the experiment and manuscript.




"For the design of our integrated surface ion trap," explains Jin, "we used a commercial software, COMSOL Multiphysics, to perform 3D simulations. We calculate the trapping position and the microwave transmittance using different parameters to optimize the design. We added extra electrodes to conveniently control the motion of a levitated diamond. And for fabrication, the surface ion trap is fabricated on a sapphire wafer using photolithography. A 300-nm-thick gold layer is deposited on the sapphire wafer to create the electrodes of the surface ion trap."

So which way are the diamonds spinning and can they be speed or direction manipulated? Shen says yes, they can adjust the spin direction and levitation.

"We can adjust the driving voltage to change the spinning direction," he explains. "The levitated diamond can rotate around the z-axis (which is perpendicular to the surface of the ion trap), shown in the schematic, either clockwise or counterclockwise, depending on our driving signal. If we don't apply the driving signal, the diamond will spin omnidirectionally, like a ball of yarn."

Levitated nanodiamonds with embedded spin qubits have been proposed for precision measurements and creating large quantum superpositions to test the limit of quantum mechanics and the quantum nature of gravity.

"General relativity and quantum mechanics are two of the most important scientific breakthroughs in the 20th century. However, we still do not know how gravity might be quantized," says Li. "Achieving the ability to study quantum gravity experimentally would be a tremendous breakthrough. In addition, rotating diamonds with embedded spin qubits provide a platform to study the coupling between mechanical motion and quantum spins."

This discovery could have a ripple effect in industrial applications. Li says that levitated micro and nano-scale particles in vacuum can serve as excellent accelerometers and electric field sensors. For example, the US Air Force Research Laboratory (AFRL) are using optically-levitated nanoparticles to develop solutions for critical problems in navigation and communication.

"At Purdue University, we have state-of-the-art facilities for our research in levitated optomechanics," says Li. "We have two specialized, home-built systems dedicated to this area of study. Additionally, we have access to the shared facilities at the Birck Nanotechnology Center, which enables us to fabricate and characterize the integrated surface ion trap on campus. We are also fortunate to have talented students and postdocs capable of conducting cutting-edge research. Furthermore, my group has been working in this field for ten years, and our extensive experience has allowed us to make rapid progress."

This research was supported by the National Science Foundation (grant number PHY-2110591), the Office of Naval Research (grant number N00014-18-1-2371), and the Gordon and Betty Moore Foundation (grant DOI 10.37807/gbmf12259). The project is also partially supported by the Laboratory Directed Research and Development program at Sandia National Laboratories.
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Galaxies in dense environments tend to be larger, settling one cosmic question and raising others | ScienceDaily
For decades, scientists have known that some galaxies reside in dense environments with lots of other galaxies nearby. Others drift through the cosmos essentially alone, with few or no other galaxies in their corner of the universe.


						
A new study has found a major difference between galaxies in these divergent settings: Galaxies with more neighbors tend to be larger than their counterparts, which have a similar shape and mass, but reside in less dense environments. In a paper published Aug. 14 in the Astrophysical Journal, researchers at the University of Washington, Yale University, the Leibniz Institute for Astrophysics Potsdam in Germany and Waseda University in Japan report that galaxies found in denser regions of the universe are as much as 25% larger than isolated galaxies.

The research, which used a new machine-learning tool to analyze millions of galaxies, helps resolve a long-standing debate among astrophysicists over the relationship between a galaxy's size and its environment. The findings also raise new questions about how galaxies form and evolve over billions of years.

"Current theories of galaxy formation and evolution cannot adequately explain the finding that clustered galaxies are larger than their identical counterparts in less dense regions of the universe," said lead author Aritra Ghosh, a UW postdoctoral researcher in astronomy and an LSST-DA Catalyst Fellow with the UW's DiRAC Institute. "That's one of the most interesting things about astrophysics. Sometimes what the theories predict we should find and what a survey actually finds are not in agreement, and so we go back and try to modify existing theories to better explain the observations."

Past studies that looked into the relationship between galaxy size and environment came up with contradictory results. Some determined that galaxies in clusters were smaller than isolated galaxies. Others came to the opposite conclusion. The studies were generally much smaller in scope, based on observations of hundreds or thousands of galaxies.

In this new study, Ghosh and his colleagues utilized a survey of millions of galaxies conducted using the Subaru Telescope in Hawaii. This endeavor, known as the Hyper Suprime-Cam Subaru Strategic Program, took high-quality images of each galaxy. The team selected approximately 3 million galaxies with the highest-quality data and used a machine learning algorithm to determine the size of each one. Next, the researchers essentially placed a circle -- one with a radius of 30 million light years -- around each galaxy. The circle represents the galaxy's immediate vicinity. They then asked a simple question: How many neighboring galaxies lie within that circle?

The answer showed a clear general trend: Galaxies with more neighbors were also on average larger.




There could be many reasons why. Perhaps densely clustered galaxies are simply larger when they first form, or are more likely to undergo efficient mergers with close neighbors. Perhaps dark matter -- that mysterious substance that makes up most of the matter in the universe, yet cannot be detected directly by any current means -- plays a role. After all, galaxies form within individual "halos" of dark matter and the gravitational pull from those halos plays a critical role in how galaxies evolve.

"Theoretical astrophysicists will have to perform more comprehensive studies using simulations to conclusively establish why galaxies with more neighbors tend to be larger," said Ghosh. "For now, the best we can say is that we're confident that this relationship between galaxy environment and galaxy size exists."

Utilizing an incredibly large dataset like the Hyper Suprime-Cam Subaru Strategic Program helped the team reach a clear conclusion. But that's only part of the story. The novel machine learning tool they used to help determine the size of each individual galaxy also accounted for inherent uncertainties in the measurements of galaxy size.

"One important lesson we had learned prior to this study is that settling this question doesn't just require surveying large numbers of galaxies," said Ghosh. "You also need careful statistical analysis. A part of that comes from machine learning tools that can accurately quantify the degree of uncertainty in our measurements of galaxy properties."

The machine learning tool that they used is called GaMPEN -- or Galaxy Morphology Posterior Estimation Network. As a doctoral student at Yale, Ghosh led development of GaMPEN, which was unveiled in papers published in 2022 and 2023 in the Astrophysical Journal. The tool is freely available online and could be adapted to analyze other large surveys, said Ghosh.

Though this new study focuses on galaxies, it also forecasts the types of research -- centered on complex analyses of incredibly large datasets -- that will soon take astronomy by storm. When a generation of new telescopes with powerful cameras, including the Vera C. Rubin Observatory in Chile, come online, they will collect massive amounts of data on the cosmos every night. In anticipation, scientists have been developing new tools like GaMPEN that can utilize these large datasets to answer pressing questions in astrophysics.

"Very soon, large datasets will be the norm in astronomy," said Ghosh. "This study is a perfect demonstration of what you can do with them -- when you have the right tools."

Co-authors on the study are Meg Urry, professor of physics and of astronomy at Yale; Meredith Powell, a research fellow with the Leibniz Institute; Rhythm Shimakawa, associate professor at Waseda University; Frank van den Bosch, a Yale professor of astronomy; Daisuke Nagai, professor of physics and of astronomy at Yale; Kaustav Mitra, a doctoral student at Yale; and Andrew Connolly, professor of astronomy at the UW and faculty member in the DiRAC Institute and the eScience Institute. The research was funded by NASA, the Yale Graduate School of Arts & Sciences, the John Templeton Foundation, the Charles and Lisa Simonyi Fund for Arts and Sciences, the Washington Research Foundation and the UW eScience Institute.
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How bread dough gave rise to civilization | ScienceDaily
A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.


						
"Our findings shed new light on an iconic event in our civilisation that created a new kind of agriculture and allowed humans to settle down and form societies," said Professor Brande Wulff, a wheat researcher at KAUST (King Abdullah University of Science and Technology) and one of the lead authors of the study which appears in Nature.

Professor Cristobal Uauy, a group leader at the John Innes Centre and one of authors of the study said: "This work exemplifies the importance of global collaboration and sharing of data and seeds across countries; we can achieve so much by combining resources and expertise across institutes and across international boundaries."

The secret of bread wheat's success, according to the research by institutes that make up the Open Wild Wheat Consortium (OWWC), lies in the genetic diversity of a wild grass called Aegilops tauschii.

Bread wheat is a hybrid between three wild grasses containing three genomes, (A, B and D) within one complex plant.

Aegilops tauschii, an otherwise inconspicuous weed, provided bread wheat's D-genome when it crossed with early cultivated pasta wheat in the Fertile Crescent sometime between eight and eleven thousand years ago.

The chance hybridisation on the banks of the southern Caspian Sea spawned an agricultural revolution. Cultivation of bread wheat rapidly spread across a wide new range of climates and soils as farmers enthusiastically adopted this dynamic new crop, with its high gluten content that creates an airier elasticated breadmaking dough.




This rapid geographical advance has puzzled wheat researchers. There is no wild bread wheat: and the kind of hybridisation event that added the new D genome to wheat's existing A and B genomes created a genetic bottleneck, whereby the new species had a much-reduced genetic diversity compared to its surrounding wild grasses.

This bottleneck effect coupled with the fact that wheat is an in-breeding species -- meaning it is self-pollinating -- would suggest that bread wheat might struggle outside its Fertile Crescent origins. So how did it become well-travelled and widely adopted across the region?

In solving this conundrum, the international collaboration assembled a diversity panel of 493 unique accessions spanning the geographical range of Aegilops tauschii from north-western Turkey to eastern China.

From this panel the researchers selected 46 accessions reflecting the species traits and genetic diversity, to create a Pangenome, a high-quality genetic map of Aegilops tauschii.

Using this map, they scanned 80,000 bread wheat landraces -- locally adapted varieties -- held by CIMMYT and collected from around the world.

This data showed that around 75% of the bread wheat D-genome is derived from the lineage (L2) of Aegilops tauschii which originates from the southern Caspian Sea. The remaining 25% of its genetic make-up is derived from lineages across its range.




"This 25% influx of genetic material from other lineages of tauschii has contributed and defined the success of bread wheat," said Professor Simon Krattinger, lead author of the study.

"Without the genetic viability that this diversity brings, we would most likely not eat bread on the scale we do today. Otherwise, bread wheat today would be a regional crop -- important to the Middle East but I doubt that it would have become globally dominant without this plasticity that enabled bread wheat to adapt."

A previous study by OWWC revealed the existence of a distinct lineage of Aegilops tauschii geographically restricted to present day Georgia in the Caucasus region -- 500 kilometers from the Fertile Crescent. This Aegilops tauschii lineage (L3) is significant because it has provided bread wheat with the best-known gene for dough quality.

In this study the researchers hypothesised that if this were an historic introgression, akin to a Neanderthal genetic footprint in the human genome, they would find landraces in the CIMMYT collections that had a higher proportion of it.

Data analysis showed that CIMMYT wheat landraces collected from the Georgian region contained 7% L3 introgressions in the genome, seven times more than that of bread wheat landraces collected from the Fertile Crescent.

"We used the L3 tauschii accessions as a guinea pig to track and trace the hybridizations using 80,000 bread wheat landraces," said Professor Krattinger.

"The data beautifully supports a picture where bread wheat emerges in the southern Caspian, then with migration and agricultural expansion it reached Georgia and here with gene flow and hybridisations with the peculiar, genetically distinct and geographically restricted L3 accessions it resulted in the influx of new genetic material."

"This is one of the novel aspects of our study and it confirms that using our new resources we can trace the dynamics of these introgressions in bread wheat."

In addition to solving this age-old biological mystery the new Aegilops tauschii open source Pangenome and germplasm made available by the OWWC, are being used by researchers and breeders worldwide to discover new disease resistance genes that will protect wheat crops against age-old agricultural plagues like wheat rust. They can also mine this wild grass species for climate resilient genes which can be bred into elite wheat cultivars.

Researchers at the John Innes Centre worked closely with colleagues from KAUST using bioinformatic approaches to track levels of DNA contributed to bread wheat by the L3 lineage of Aegilops tauschii.

Professor Uauy concluded: "The study highlights the importance of maintaining genetic resources such as the BBSRC funded Germplasm Resources Unit here at the John Innes Centre which maintains historic collections of wild grasses that can be used to breed valuable traits such as disease resistance and pest resistance into modern wheat."
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Tropical Atlantic mixing rewrites climate pattern rules | ScienceDaily
The churning of the upper ocean in the tropics of Atlantic Ocean plays a crucial role in shaping long-term climate patterns across the world, a new study has found.


						
Researchers have discovered that changes in the ocean's mixed layer -- the topmost section where wind and waves blend warm surface waters with cooler depths -- are the primary force behind a climate phenomenon known as Atlantic Multidecadal Variability (AMV) in the tropics.

The AMV has far-reaching effects on global climate. It influences weather patterns from North America to Europe and Africa, affecting everything from hurricane activity in the Caribbean to rainfall in the Sahel region.

Dr Balaji Senapati, lead author of the study at the University of Reading, said: "Until now, it was believed that changes in heat exchange between the ocean and atmosphere drove the climate patterns that affect weather in the various parts of the world. Our new study challenges that view, demonstrating that the depth of the ocean's mixed layer is the key player in global climate variability.

"This research advances our understanding of Atlantic climate variability and highlights the complex relationship between the ocean and atmosphere in shaping our planet's climate. Insights into natural climate variability become increasingly valuable for developing effective mitigation strategies as we face the challenges of climate change."

Forecasting improvements

The study, published this month in Geophysical Research Letters, found that when the extratropical North Atlantic is warmer than average, trade winds become weaker. This weakening causes the mixed layer of the ocean to become shallower, especially during summer. As a result, the sun's energy warms a thinner layer of water, leading to more intense warming of the tropical Atlantic.

This process creates a feedback loop: warmer waters in the northern part of the Atlantic weaken the trade winds, which then leads to a shallower mixed layer and further warming in the tropics. When the AMV shifts to its cooler phase, this process reverses, resulting in cooler temperatures across the Atlantic.

The findings have significant implications for climate modelling and long-range forecasting. Many current climate models may not accurately represent these upper-ocean processes, potentially leading to poor predictions of the AMV and its global impacts. By incorporating this new understanding of ocean mixing into climate models, scientists hope to improve their ability to forecast long-term climate trends and their associated effects on weather patterns worldwide.
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Rare archaeological site reveals 'surprising' Neanderthal behaviour at Pyrenees foothills | ScienceDaily
An unchartered area in the foothills of the Southern Pyrenees in Spain is providing insights into a poorly known period of Neanderthal history, offering clues that could help archaeologists uncover the mystery of their downfall, according to new research from The Australian National University (ANU).


						
Abric Pizarro is one of only a few sites worldwide dating from 100,000 to 65,000 years ago during a period called MIS 4. The researchers have gathered hundreds of thousands of artefacts, including stone tools, animal bones and other evidence, providing significant data about the Neanderthal way of life during that time -- largely unknown in human history until now.

The findings reveal Neanderthals were able to adapt to their environment, challenging the archaic humans' reputation as slow-footed cavemen and shedding light on their survival and hunting skills.

Lead author and ANU archaeologist, Dr Sofia Samper Carro, said that the findings show that Neanderthals knew the best ways to exploit the area and territory and were resilient through harsh climate conditions.

"Our surprising findings at Abric Pizarro show how adaptable Neanderthals were. The animal bones we have recovered indicate that they were successfully exploiting the surrounding fauna, hunting red deer, horses and bison, but also eating freshwater turtles and rabbits, which imply a degree of planning rarely considered for Neanderthals," she said.

According to the researchers, these new insights challenge widespread beliefs that Neanderthals only hunted large animals, such as horses and rhinoceros.

"Through the bones that we are finding, which display cut marks, we have direct proof that Neanderthals were capable of hunting small animals," Dr Samper Carro said.




"The bones on this site are very well preserved, and we can see marks of how Neanderthals processed and butchered these animals.

"Our analysis of the stone artefacts also demonstrates variability in the type of tools produced, indicating Neanderthals' capability to exploit the available resources in the area."

Shedding light on this crucial transitional period helps archaeologists edge closer to solving a mystery that has plagued researchers for decades: what drove the Neanderthals to extinction?

According to the researchers, finding sites like Abric Pizarro, from this specific and not well-recorded period, gives information about how Neanderthals lived when modern humans were not in the area yet and shows that they were thriving.

"The unique site at Abric Pizarro gives a glimpse of Neanderthal behaviour in a landscape they had been roaming for hundreds of thousands of years," Dr Samper Carro said.

"Neanderthals disappeared around 40,000 years ago. Suddenly, we modern humans appear in this region of the Pyrenees, and the Neanderthals disappear. But before that, Neanderthals had been living in Europe for almost 300,000 years.




"They clearly knew what they were doing. They knew the area and how to survive for a long time.

"This is one of the most interesting things about this site, to have this unique information about when Neanderthals were alone and living in harsh conditions and how they thrived before modern humans appeared."

Thanks to modern excavation techniques, Abric Pizarro and other nearby Neanderthal sites provide fine-grain data to understand Neanderthal behaviour.

"We 3D plot every single remain found larger than one to two centimetres. This makes our work slow, and we have been excavating some of these sites for over 20 years, but it turns into a uniquely precise recording of the sites," Dr Samper Carro said.

"We are interested in how the different data relates to each other, from stone tools to bones and hearths. This more thorough excavation gives archaeologists information on how Neanderthals lived and how long they were in an area.

"It's not only the individual materials that give us clues, but also where exactly they are found in relation to other materials on the site that helps us understand how and when Neanderthals were visiting these sites. Were they settled there or just passing through?"

The research team also included scientists from the Autonomous University of Barcelona (CEPAP-UAB). Research in the Catalan Pre-Pyrenees is supported by The Spanish Ministry of Science and Innovation and the Culture Department of the Catalan Government.
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Smart fabric converts body heat into electricity | ScienceDaily
Imagine a coat that captures solar energy to keep you cozy on a chilly winter walk, or a shirt that can monitor your heart rate and temperature.Picture clothing athletes can wear to track their performance without the need for bulky battery packs.


						
University of Waterloo researchers have developed a smart fabric with these remarkable capabilities. The fabric has the potential for energy harvesting, health monitoring, and movement tracking applications.

The new fabric developed by a Waterloo research team can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

It can detect temperature changes and a range of other sensors to monitor pressure, chemical composition, and more. One promising application is smart face masks that can track breath temperature and rate and detect chemicals in breath to help identify viruses, lung cancer, and other conditions.

"We have developed a fabric material with multifunctional sensing capabilities and self-powering potential," said Yuning Li, a professor in the Department of Chemical Engineering. "This innovation brings us closer to practical applications for smart fabrics."

Unlike current wearable devices that often depend on external power sources or frequent recharging, this breakthrough research has created a novel fabric which is more stable, durable, and cost-effective than other fabrics on the market.

This research, conducted in collaboration with Professor Chaoxia Wang and PhD student Jun Peng from the College of Textile Science and Engineering at Jiangnan University, showcases the potential of integrating advanced materials such as MXene and conductive polymers with cutting-edge textile technologies to advance smart fabrics for wearable technology.

Li, director of Waterloo's Printable Electronic Materials Lab, highlighted the significance of this advancement, which is the latest in the university's suite of technologies disrupting health boundaries.

"AI technology is evolving rapidly, offering sophisticated signal analysis for health monitoring, food and pharmaceutical storage, environmental monitoring, and more. However, this progress relies on extensive data collection, which conventional sensors, often bulky, heavy, and costly, cannot meet," Li said. "Printed sensors, including those embedded in smart fabrics, are ideal for continuous data collection and monitoring. This new smart fabric is a step forward in making these applications practical."

The next phase of research will focus on further enhancing the fabric's performance and integrating it with electronic components in collaboration with electrical and computer engineers. Future developments may include a smartphone app to track and transmit data from the fabric to healthcare professionals, enabling real-time, non-invasive health monitoring and everyday use.
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Beige fat cells with a 'Sisyphus mechanism' | ScienceDaily
Fat cells come in three colours: white, brown, and beige. White fat cells store fat in our body as an energy reserve. We need these cells, but having too many creates health problems. Brown fat cells are particularly active in infants. They produce heat and thus maintain the baby's body temperature. However, the amount of brown adipose tissue decreases over a person's lifetime; adults have very little of it. Then, finally, the beige fat cells. These can also produce heat, albeit somewhat less well than brown fat cells. Beige fat cells occur in adults as well: scattered throughout the white fatty tissue, especially in the neck and shoulder area, they help in using up excess energy.


						
Now an international research team has discovered and described a new type of beige fat cells, which differ from the ones that were already known. "Fat cells of this new beige type play an important role in energy metabolism in the human body and have a positive effect on metabolic diseases and obesity," says Anand Sharma, a postdoc in ETH Professor Christian Wolfrum's group and coauthor of the study. "That's why it's so important to understand in detail how they work." The study was led by ETH Zurich, the University of Basel, the University of Leipzig Medical Center and the Dana-Farber Cancer Institute in Boston. Numerous other hospitals and research institutions around the world were involved in the project.

Independent of a known protein

The beige fat cells that researchers were already familiar with generate heat in the same way as brown fat cells: via a protein called UCP1. This protein is located in the inner of two membranes that surround the mitochondria, the structural units often referred to as the powerhouse of the cell. As part of their normal function, mitochondria pump protons into the space between the two membranes. Protons are electrically charged elementary particles that generally play an important role in energy conversion processes in cells. Bown fat cells and the classic beige fat cells described earlier have the protein UCP1. It forms a very narrow channel in the inner membrane through which the protons flow back into the mitochondria, thereby generating heat from friction.

In recent years, scientists have discovered that there are also beige fat cells without the UCP1 protein, and that these also consume energy and thus produce heat. The research team from ETH Zurich and the participating institutions has now precisely characterised the new class of beige fat cells and shown how they do this: by means of a "Sisyphus mechanism."

Here's how it works: All biochemical processes that take place in cells always generate some heat. The new class of beige fat cells takes advantage of this and allows individual processes to run back and forth, seemingly without purpose. This primarily involves two conversion processes. In one, the cells break fats down into their components (fatty acids) at full speed and then assemble them into new fats just as quickly. In the other, they apply an enzyme to convert molecules of creatine into creatine phosphate, a related molecule, only to immediately convert it back into creatine. Scientists call these back-and-forth processes "futile cycles." They don't add anything to the biochemical budget overall, but they consume energy and generate heat.

Preventing diabetes and obesity

The research team first described the new type of beige fat cells in mice. They then examined human adipose tissue and were able to show that these fat cells occur there, too. While less than half the population has the previously known type of classical beige fat cells, almost all humans have the new futile-cycle type, albeit in differing amounts.

As the researchers were able to show, people with a high number of beige fat cells -- of either the previously known type or this new type -- are slimmer and tend to have better metabolic health. That makes them less prone to obesity and metabolic disorders such as diabetes. "Because beige fat cells convert energy into heat, they help to break down excess fat," explains Tongtong Wang, an ETH doctoral student in ETH Professor Wolfrum's group and lead author of the study.

The researchers also explain how the new findings could be used medically in the future. For example, it may be possible to transplant beige fat cells into people who have only a few of them and suffer from metabolic diseases or weight problems. It would also be conceivable to develop drugs that activate the beige fat cells, which are often inactive. Such drugs could be used to treat people with high blood sugar levels or formerly overweight people who have reduced their weight through surgery or other means. "Activating their beige fat cells could help them to maintain their lower body weight in the long term," Sharma says.
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Stopping and reversing Alzheimer's at an early stage | ScienceDaily
In the fight against Alzheimer's, researchers at the Technical University of Munich (TUM) have developed a promising, preventative therapeutic approach. They specifically targeted the amyloid beta biomolecule, which triggers the hyperactivity of nerve cells typical of the brain disease in its early stages. The team led by Dr. Benedikt Zott and Prof. Arthur Konnerth from the TUM School of Medicine and Health and Prof. Arne Skerra from the TUM School of Life Sciences succeeded in developing and using a protein drug that can suppress the effects of the harmful molecule.


						
The results obtained on mice in the laboratory indicate that neuronal dysfunctions could even be repaired. The study was published in the journal Nature Communications. The researchers hope that the protein they investigated, which experts refer to as amyloid-beta-binding anticalin (H1GA), can halt the progression of the serious neurodegenerative disease at an early stage.

According to experts there are an estimated 55 million people worldwide living with dementia, most of them suffering from Alzheimer's. Each year, around 10 million new cases are diagnosed. There is currently no medication to combat the basic mechanisms of the disease. Only symptoms such as declining mental performance can be treated.

Dr. Benedikt Zott emphasizes: "We are still a long way from a therapy that can be used in humans, but the results in animal experiments are very encouraging. The effect of completely suppressing neuronal hyperactivity in the early stages of the disease is particularly remarkable."

The researchers obtained the anticalin H1GA by protein design and produced it in genetically modified bacteria of the species Escherichia coli. The active ingredient was injected directly into the hippocampus region of the brain. The previously hyperactive brain cells could then no longer be distinguished from healthy nerve cells in terms of measurable behavior.

It is still unclear whether the effect can actually be achieved in human patients outside the laboratory. In any case, a more effective form of administration of the active ingredient is currently being developed. In 2016, the active substance solanezumab, which was supposed to have a similar effect, proved to be a failure in large-scale clinical trials, but this can be explained by its different molecular structure. Zott and his colleagues also compared their new active ingredient directly with solanezumab in the trials. H1GA showed clearer positive effects.
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Impact of 700 years of Inuvialuit subsistence hunting on beluga whales | ScienceDaily
An international team of researchers, led by scientists from the University of Copenhagen and University of Toronto, analysed beluga whale bones retrieved from archaeological sites in the Mackenzie Delta, Northwest Territories, Canada, to shed light on the sustainability of centuries of Inuvialuit beluga whale subsistence harvests.


						
'Since Inuvialuit ancestors arrived in the Mackenzie Delta around 800 years ago, beluga whales have been central to their livelihood and culture,' said archaeologist and co-senior author Professor Max Friesen from University of Toronto.

'However, little is known of the impact of centuries of sustained subsistence harvests on the beluga population'.

Integrating paleogenomics, genetic simulations, and stable isotope analysis of 45 zooarchaeological beluga remains, and comparing the findings with contemporary data from tissue samples provided by Inuvialuit hunters from their beluga subsistence hunts, the team characterised the effect of 700 years of subsistence harvests on beluga genetic diversity, population structuring, and foraging ecology.

'We found no changes in genetic diversity or population structuring over time, indicating population continuity,' said first author Postdoc Mikkel Skovrind from University of Copenhagen's Globe Institute.

'Our findings suggest Inuvialuit harvests had a negligible impact on the genetic diversity of contemporary Mackenzie belugas'.

The authors used genomic data to sex the belugas and found remarkable shifts in the ratio of females and males harvested across time, suggesting past changes in Inuvialuit resource use.

The stable isotope data showed concurrent shifts in the foraging ecology of female and male belugas, and may suggest changes over time in beluga behaviour or regional ecosystems,' said palaeogeneticist and co-senior author of the study Professor Eline Lorenzen from Globe Institute.

'Our study highlights the applicability of combining genomic sexing and isotope analysis of zooarchaeological remains for advancing our understanding of past hunting practices and faunal ecologies'.
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Early life exposure to common chemical permanently disrupts gut microbiome, study suggests | ScienceDaily
Early life exposure to 'forever chemicals' in the environment permanently disrupts the gut microbiome in mice, contributing to the development of metabolic disease in later life, according to new research led by Penn State. The results, published today (Aug. 14) in the journal Environmental Health Perspectives, suggest that human exposure to these chemicals during early childhood may be contributing to the recent epidemic of metabolic disorders, including obesity and type 2 diabetes among adults.


						
The researchers focused specifically on 2,3,7,8-tetrachlorodibenzofuran (TCDF), a widespread persistent organic pollutant (POP) that is a byproduct of waste incineration, metal production, and fossil-fuel and wood combustion. TCDF accumulates in the food chain, and humans are primarily exposed through consumption of high-fat foods, such as meat, dairy products and some fish. Babies can be exposed through consumption of breast milk.

"POPs are pervasive in the environment and nearly every living organism has been exposed," said Andrew Patterson, John T. and Paige S. Smith Professor of Molecular Toxicology and of Biochemistry and Molecular Biology, Penn State. "The negative health effects of these chemicals are well documented and include birth defects and cancer. Our study is the first to suggest that early-life exposure to a certain POP, called TCDF, also disrupts the gut microbiome and is associated with metabolic disorders later in life."

The team examined the effects of TCDF in two groups of mice -- a test group, or those treated with TCDF and a control group, or those receiving no treatment. The team fed four-week-old mice from pills containing either 0.46 micrograms (mg) of TCDF or a control pill that did not contain any TCDF for five days. While 0.46 mg is higher than what is typically found in the diets of humans, it is not high enough to cause toxic illness.

"In our study we used a dose that is relatively high compared to typical human exposures; however, we can use this information to identify new toxicity high points, including in the gut microbiome, and begin to extrapolate what might happen at even lower doses. Of course, we also must consider how complex mixtures of these POPs interact with us and our microbial partners because a single exposure does not perfectly mimic real life scenarios."

Next, the researchers examined the animals' gut microbiomes, along with several indicators of the animals' health, including body weight, glucose tolerance, and the amounts of triglycerides in their livers and mucus in their feces, among other markers of metabolic disease. They collected these data immediately following the five-day course of TCDF, as well as three months after the last dose. In humans, these time points are equivalent to an infant and a young adult.

"We found that early life exposure to TCDF permanently disrupted the gut microbiomes of the wild-type mice," said Yuan Tian, lead author and associate research professor, Penn State. "We also found that these mice had higher body weight and glucose intolerance at age four months."

To further explore the effects of TCDF on the gut microbiome, the scientists gave mice without microbiomes intestinal microbiome transplants from the mice with TCDF-disrupted microbiomes and measured their health outcomes. They found that the mice with the transplants developed metabolic disorders, indicating that the altered microbiome is the cause of the metabolic disease.




"These results suggest that early-life TCDF exposure may be causing the disturbances in gut microbiome function and health outcomes later in life, even well after the TCDF has been eliminated from the body," Tian said.

She explained that the gut microbiome disturbances were marked by a decrease in certain bacterial species, including Akkermansia muciniphila, a bacterium that is also typically found in the human gut microbiome.

"This is important because Akkermansia is recognized as important for overall gut health, but now we know that it can be adversely affected by TCDF," Tian said.

To investigate the importance of Akkermansia muciniphila in influencing health outcomes, the team experimented with administering the bacterium as a probiotic to TCDF-treated mice. The probiotic restored the microbiome to its normal state.

"Our findings suggest that these bacteria are influenced by toxic exposure and play an important role in mediating health outcomes," Patterson said. "It may be possible that with more research we could one day restore a person's microbiome to its optimal state through supplementation with pre- and probiotics."

Other Penn State authors on the paper include Jordan Bisanz, assistant professor of biochemistry and molecular biology; Imhoi Koo, assistant research professor; Iain Murray, assistant research professor; Shigetoshi Yokoyama, assistant research professor; Sergei Koshkin, assistant research professor; Bipin Rimal, graduate student; Wei Gui, research technologist; Shaneice Nettleford, graduate student; Fangcong Dong, postdoctoral fellow; Sandeep Prabhu, head, Department of Veterinary and Biomedical Sciences; and Gary Perdew, H. Thomas and Dorothy Willits Hallowell Chair in Agricultural Sciences. Other authors include Trenton Wolfe, graduate student, Montana State University; Peter Turnbaugh, professor of microbiology and immunology, University of California, San Francisco; and Seth Walk, professor of microbiology and immunology, Montana State University.

The U.S. National Institutes of Health, U.S. National Institute of Food and Agriculture and Pennsylvania Department of Health supported this research.
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Rocks from Mars' Jezero Crater, which likely predate life on Earth, contain signs of water | ScienceDaily

The seven samples were collected by NASA's Perseverance rover in 2022 during its exploration of the crater's western slope, where some rocks were hypothesized to have formed in what is now a dried-up ancient lake. Members of the Perseverance science team, including MIT scientists, have studied the rover's images and chemical analyses of the samples, and confirmed that the rocks indeed contain signs of water, and that the crater was likely once a watery, habitable environment.

Whether the crater was actually inhabited is yet unknown. The team found that the presence of organic matter -- the starting material for life -- cannot be confirmed, at least based on the rover's measurements. But judging from the rocks' mineral content, scientists believe the samples are their best chance of finding signs of ancient Martian life once the rocks are returned to Earth for more detailed analysis.

"These rocks confirm the presence, at least temporarily, of habitable environments on Mars," says the study's lead author, Tanja Bosak, professor of geobiology in MIT's Department of Earth, Atmospheric, and Planetary Sciences (EAPS). "What we've found is that indeed there was a lot of water activity. For how long, we don't know, but certainly for long enough to create these big sedimentary deposits."

What's more, some of the collected samples may have originally been deposited in the ancient lake more than 3.5 billion years ago -- before even the first signs of life on Earth.

"These are the oldest rocks that may have been deposited by water, that we've ever laid hands or rover arms on," says co-author Benjamin Weiss, the Robert R. Shrock Professor of Earth and Planetary Sciences at MIT. "That's exciting, because it means these are the most promising rocks that may have preserved fossils, and signatures of life."

The study's MIT co-authors include postdoc Eva Scheller, and research scientist Elias Mansbach, along with members of the Perseverance science team.




At the front

The new rock samples were collected in 2022 as part of the rover's Fan Front Campaign -- an exploratory phase during which Perseverance traversed Jezero Crater's western slope, where a fan-like region contains sedimentary, layered rocks. Scientists suspect that this "fan front" is an ancient delta that was created by sediment that flowed with a river and settled into a now bone-dry lakebed. If life existed on Mars, scientists believe that it could be preserved in the layers of sediment along the fan front.

In the end, Perseverance collected seven samples from various locations along the fan front. The rover obtained each sample by drilling into the Martian bedrock and extracting a pencil-sized core, which it then sealed in a tube to one day be retrieved and returned to Earth for detailed analysis.

Prior to extracting the cores, the rover took images of the surrounding sediments at each of the seven locations. The science team then processed the imaging data to estimate a sediment's average grain size and mineral composition. This analysis showed that all seven collected samples likely contain signs of water, suggesting that they were initially deposited by water.

Specifically, Bosak and her colleagues found evidence of certain minerals in the sediments that are known to precipitate out of water.

"We found lots of minerals like carbonates, which are what make reefs on Earth," Bosak says. "And it's really an ideal material that can preserve fossils of microbial life."

Interestingly, the researchers also identified sulfates in some samples that were collected at the base of the fan front. Sulfates are minerals that form in very salty water -- another sign that water was present in the crater at one time -- though very salty water, Bosak notes, "is not necessarily the best thing for life." If the entire crater was once filled with very salty water, then it would be difficult for any form of life to thrive. But if only the bottom of the lake were briny, that could be an advantage, at least for preserving any signs of life that may have lived further up, in less salty layers, that eventually died and drifted down to the bottom.




"However salty it was, if there were any organics present, it's like pickling something in salt," Bosak says. "If there was life that fell into the salty layer, it would be very well-preserved."

Fuzzy fingerprints

But the team emphasizes that organic matter has not been confidently detected by the rover's instruments. Organic matter can be signs of life, but can also be produced by certain geological processes that have nothing to do with living matter. Perseverance's predecessor, the Curiosity rover, had detected organic matter throughout Mars' Gale Crater, which scientists suspect may have come from asteroids that made impact with Mars in the past.

And in a previous campaign, Perseverance detected what appeared to be organic molecules at multiple locations along Jezero Crater's floor. These observations were taken by the rover's Scanning Habitable Environments with Raman and Luminescence for Organics and Chemicals (SHERLOC) instrument, which uses ultraviolet light to scan the Martian surface. If organics are present, they can glow, similar to material under a blacklight. The wavelengths at which the material glows act as a sort of fingerprint for the kind of organic molecules that are present.

In Perseverance's previous exploration of the crater floor, SHERLOC appeared to pick up signs of organic molecules throughout the region, and later, at some locations along the fan front. But a careful analysis, led by MIT's Eva Scheller, has found that while the particular wavelengths observed could be signs of organic matter, they could just as well be signatures of substances that have nothing to do with organic matter.

"It turns out that cerium metals incorporated in minerals actually produce very similar signals as the organic matter," Scheller says. "When investigated, the potential organic signals were strongly correlated with phosphate minerals, which always contain some cerium."

Scheller's work shows that the rover's measurements cannot be interpreted definitively as organic matter.

"This is not bad news," Bosak says. "It just tells us there is not very abundant organic matter. It's still possible that it's there. It's just below the rover's detection limit."

When the collected samples are finally sent back to Earth, Bosak says laboratory instruments will have more than enough sensitivity to detect any organic matter that might lie within.

"On Earth, once we have microscopes with nanometer-scale resolution, and various types of instruments that we cannot staff on one rover, then we can actually attempt to look for life," she says.

This work was supported in part by NASA.
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Great Scott! Stonehenge's Altar Stone origins reveal advanced ancient Britain | ScienceDaily
New research led by Curtin University has revealed Stonehenge's monumental six-tonne Altar Stone, long believed to originate from Wales, actually hails from Scotland.


						
Furthermore, the findings point to the existence of unexpectedly advanced transport methods and societal organisation at the time of the stone's arrival at its current location in southern England about 5000 years ago.

Curtin researchers studied the age and chemistry of mineral grains within fragments of the Altar Stone, which is a 50cm thick sandstone block measuring 5 x 1 metres, that sits at the centre of Stonehenge's iconic stone circle in Wiltshire.

Lead author PhD student Anthony Clarke from the Timescales of Mineral Systems Group within Curtin's School of Earth and Planetary Sciences said analysis of the age and chemical composition of minerals within fragments of the Altar Stone matched it with rocks from northeast Scotland, while also clearly differentiating them from Welsh bedrock.

"Our analysis found specific mineral grains in the Altar Stone are mostly between 1000 to 2000 million years old, while other minerals are around 450 million years old," Mr Clarke said.

"This provides a distinct chemical fingerprint suggesting the stone came from rocks in the Orcadian Basin, Scotland, at least 750 kilometres away from Stonehenge.

"Given its Scottish origins, the findings raise fascinating questions, considering the technological constraints of the Neolithic era, as to how such a massive stone was transported over vast distances around 2600 BC.




"This discovery also holds personal significance for me. I grew up in the Mynydd Preseli, Wales, where some of Stonehenge's stones came from. I first visited Stonehenge when I was one year old and now at 25, I returned from Australia to help make this scientific discovery -- you could say I've come full circle at the stone circle."

Study co-author Professor Chris Kirkland, also from the Timescales of Mineral Systems Group at Curtin, said the findings had significant implications for understanding ancient communities, their connections, and their transportation methods.

"Our discovery of the Altar Stone's origins highlights a significant level of societal coordination during the Neolithic period and helps paint a fascinating picture of prehistoric Britain," Professor Kirkland said.

"Transporting such massive cargo overland from Scotland to southern England would have been extremely challenging, indicating a likely marine shipping route along the coast of Britain.

"This implies long-distance trade networks and a higher level of societal organisation than is widely understood to have existed during the Neolithic period in Britain."

Funded by an Australian Research Council Discovery Project, the research was performed in collaboration with Aberystwyth University, The University of Adelaide and University College London.




Co-author Professor Richard Bevins from Aberystwyth University said the findings overturned what had been thought for the past century.

"We have succeeded in working out, if you like, the age and chemical fingerprints of perhaps one of the most famous of stones in the world-renowned ancient monument," Professor Bevins said.

"While we can now say that this iconic rock is Scottish and not Welsh, the hunt will still very much be on to pin down where exactly in the north-east of Scotland the Altar Stone came from."

Co-author Dr Robert Ixer of the UCL Institute of Archaeology said the findings were genuinely shocking, but if plate tectonics and atomic physics were correct, then the Altar Stone is Scottish.

"The work prompts two important questions: why and exactly how was the Altar Stone transported from the very north of Scotland, a distance of more than 700 kilometres, to Stonehenge?"

Curtin Vice-Chancellor Professor Harlene Hayne said much of the research and analysis done by Mr Clarke and Professor Kirkland was undertaken at the University's John de Laeter Centre.

"This fascinating study is another example of the stellar work being undertaken by Curtin University's Timescales of Mineral Systems Group with the John de Laeter Centre, using state-of-the-art equipment in our GeoHistory Facility that supports important minerals research," Professor Hayne said.

"It offers specialist mass spectrometers which are used to examine the composition of materials such as rock-forming minerals, archaeological artefacts, meteorites, ceramics and even biological substances such as teeth, bones and shell.

"Ongoing investment is required to maintain cutting-edge facilities like this, which are crucial for attracting the world's best minds. In this case, we are delighted that our outstanding research reputation and facilities led PhD student Anthony Clarke to travel 15,000 kilometres from his home in Wales to study at Curtin and make this significant finding."

Mr Clarke said he chose Curtin for his PhD because it also offered the chance to work alongside renowned researchers, such as Professor Kirkland.

"Curtin has given us the freedom and independence to explore fascinating work, such as Stonehenge and access to the world's most advanced equipment and expert staff means I can complete all my work there," Mr Clarke said.

"Western Australia itself as home to the oldest minerals on Earth, is an outstanding natural laboratory. So I'm very grateful to have had the opportunity to do this research in this outstanding place."
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Decoding the world's largest animal genome | ScienceDaily
Thirty times the size of the human genome: An international team of researchers led by Konstanz evolutionary biologist Axel Meyer and Wurzburg biochemist Manfred Schartl has sequenced the largest genome of all animals, the lungfish genome. Their data help to explain how the fish ancestors of today's land vertebrates were able to conquer land.


						
Join us as we travel back in time! We have arrived in the Devonian period, some 420 to 360 million years ago. In a shallow area near the water's edge, something happened that would forever change life on our planet: a fish from the class of lobe-finned fishes uses its pair of powerful pectoral fins to pull itself out of the shallow water onto land, moving its body across the sludgy surface at the shoreline. The fish is in no hurry to return to the water. It can easily breathe air, because this fish already has lungs, like we land vertebrates still do today.

This scenario or one similar to it could have been the first time a vertebrate moved on land, one of the most important events in evolutionary history. Because all later land vertebrates, or tetrapods, can be traced back to a fish. This encompasses not only amphibians, reptiles and birds, but also mammals -- humans included. Yet one mystery remains: Why were the fish of this lobe-finned lineage so well prepared to conquer land?

A look at its living relatives

To find the answer to this question after such a long time, the genetic material of the closest living relatives of our Devonian ancestor has now been analysed, making it possible to draw conclusions about its appearance. Only three lineages of these closest relatives, the lungfish, are still alive today: one in Africa, one in South America and one in Australia. It seems that evolution has forgotten them, because these ancient "living fossils" still look very much like their ancestors. Since our genetic material, the DNA, is made up of nucleobases and the sequence of these nucleobases contains the actual genetic information, a comparative analysis of the lungfish genomes is only possible with knowledge of their complete sequences.

We already knew that the genomes of lungfish are huge, but how gigantic they really are and what can be learned from them was not clear until now. Accordingly, the sequencing of the lungfish genomes was very labour intensive and complicated from both a technical and a bioinformatic perspective. However, an international research team led by Konstanz biologist Axel Meyer and Wurzburg biochemist Manfred Schartl has now succeeded in fully sequencing the genome of the South American lungfish and that of a member of the African lineage. The previously largest genome sequence of the Australian lungfish (Neoceratodus) had already been sequenced by the same team. The findings of their latest research were published in the journal Nature.

Very, very big, but why?

The genetic material of the South American lungfish in particular breaks all records for size: "With over 90 gigabases (in other words, 90 billion bases), the DNA of the South American species is the largest of all animal genomes and more than twice as large as the genome of the previous record holder, the Australian lungfish. 18 of the 19 chromosomes of the South American lungfish are each individually larger than the entire human genome with its almost 3 billion bases," says Meyer. Autonomous transposons are responsible for the fact that the lungfish genome has ballooned to this enormous size over time. These are DNA sequences that "replicate" and then change their position in the genome, which in turn causes the genome to grow.




Although this occurs in other organisms as well, the research team's analyses showed that the expansion rate of the genome of the South American lungfish is by far the fastest on record: Every 10 million years in the past, its genome has grown by the size of the entire human genome. "And it continues to grow," reports Meyer. "We have found evidence that the transposons responsible are still active." The researchers identified the mechanism for this gigantic genome growth: The extreme expansion is at least partially due to very low piRNA abundance. This type of RNA is part of a molecular mechanism that normally silences transposons.

Remarkably stable nonetheless

Because transposons replicate and jump around in the genome, thereby contributing to its growth, they can greatly alter and destabilise the genetic material of an organism. This is not always detrimental, and it can even be an important driver of evolution, as these "jumping genes" sometimes also cause evolutionary innovations by altering gene functions. This makes it all the more surprising that the current study found no correlation between the enormous transposon surplus and genome instability -- the genome of the lungfish is unexpectedly stable and the gene arrangement is surprisingly conservative. This fact enabled the research team to reconstruct the original architecture of the set of chromosomes (karyotype) of the ancestral tetrapod from the sequences of the lungfish species that are still alive today.

In addition, the comparison of the lungfish genomes enabled them to draw conclusions about the genetic basis of differences between the lineages still alive today. The Australian lungfish, for example, still has the limb-like fins that once enabled its relatives to move on land. In today's other lungfish species from Africa and South America, these fins, which are similar in bone structure to our arms, evolved back into filamentous fins over the last 100 million years or so. "In our research, we also used experiments with CRISPR-Cas transgenic mice to show that this simplification of the fins is attributable to a change in what is known as the Shh-signalling pathway," says Meyer.

During the embryonic development of mice, for example, the Shh-signalling pathway controls the number and development of the fingers, among other things. The research findings thus provide additional evidence of the evolutionary link between the ray fins of bony fish and the fingers of land vertebrates. As scientists now have the complete genome sequences of all current lungfish families at their disposal thanks to the new research, additional comparative genomic studies will provide further insights into the lobe-finned ancestors of land vertebrates in the future -- and help solve the mystery of how vertebrates made their way onto land.
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Patterns of intelligence | ScienceDaily
The coordinated activity of brain cells, like birds flying in formation, helps us behave intelligently in new situations, according to a study led by Cedars-Sinai investigators. The work, published in the peer-reviewed journal Nature, is the first to illuminate the neurological processes known as abstraction and inference in the human brain.


						
"Abstraction allows us to ignore irrelevant details and focus on the information we need in order to act, and inference is the use of knowledge to make educated guesses about the world around us," said Ueli Rutishauser, PhD, professor and Board of Governors Chair in Neurosciences at Cedars-Sinai and co-corresponding author of the study. "Both are important parts of cognition and learning."

Humans often use these two cognitive processes together to rapidly learn about and act appropriately in new environments. One example of this is an American driver who rents a car in London for the first time.

"The English drive on the right-hand side of the car and on the left-hand side of the road, the opposite of the way we do in the U.S.," Rutishauser said. "For someone from the U.S., driving in London means reversing many of the rules they have learned, and making that mental shift requires abstraction to focus on driving-sidedness, and making inferences to avoid pulling directly into oncoming traffic."

In the study, investigators worked with 17 hospitalized patients who had electrodes surgically implanted in their brains as part of a procedure to diagnose epilepsy. In total, the researchers recorded the firing of thousands of brain cells as participants performed an inference task on a computer.

Looking at the activity of so many brain cells required the use of artificial intelligence to extract the responses that were relevant, allowing investigators to see the coordination between the neurons during successful inference.

"These are high-dimensional geometrical shapes that we cannot imagine or visualize on a computer monitor," said Stefano Fusi, PhD, a principal investigator at Columbia University's Zuckerman Mind Brain Behavior Institute and co-corresponding author of the study. "But we can use mathematical techniques to visualize simplified renditions of them in 3D."

During the recordings, participants were repeatedly shown four pictures -- a person, a monkey, a car and a watermelon. In response to each picture, they were asked to press a left-hand or right-hand button. Individuals then received a "correct" or "incorrect" message.




Through repetition, participants eventually learned the correct response for each of the four pictures. At that point, the rules of the game were reversed without the participants being informed, and the opposite response for each picture was counted as correct.

After the switch, some participants were able to quickly figure out the rule change and infer the correct responses without relearning them, meaning they performed inference.

Investigators saw striking geometric patterns in the brains of those participants. Groups of neurons were firing together, much like birds flying in formation or a crowd of people spontaneously taking up a chant at a sporting event. The way the neurons coordinated their activity and encoded the relevant information indicated that the subjects had gained the conceptual knowledge needed to perform the task. Investigators saw no such patterns in the brains of participants who were not successful in using inference.

"Building conceptual knowledge is an important aspect of learning," said Hristos Courellis, PhD, a researcher at Cedars-Sinai and first author of the study. "In our study, we identified a neural basis for this process, which in cognitive psychology is referred to as abstraction."

Some subjects were initially not able to perform inference from experience with the task alone. For these subjects, investigators provided verbal instructions that allowed the subjects to then infer the correct answers.

"A remarkable discovery was that the same neural geometries emerged in participants who received verbal instructions as in those whose ability to infer was based on experiential learning," said Adam Mamelak, MD, director of the Functional Neurosurgery Program and professor of Neurosurgery at Cedars-Sinai and co-author of the study. "This crucial discovery shows that verbal input can result in neural representations that otherwise might take a long time to learn through experience."

The study, which relied on data from Cedars-Sinai and the University of Toronto, was led by Cedars-Sinai and conducted as part of a multi-institutional consortium funded by the National Institutes of Health's The Brain Research Through Advancing Innovative Neurotechnologies Initiative, or The BRAIN Initiative.




"This study provides new insights into how our brains allow us to learn and carry out tasks flexibly and in response to changing conditions and experiences," said Merav Sabri, PhD, program director for The BRAIN Initiative. "These insights build on the body of knowledge that could one day lead us toward interventions for neurologic and psychiatric conditions that involve deficits in memory and decision-making."

A surprise to investigators was the discovery that these particular patterns of brain activity emerged only in the hippocampus, a region deep in the center of the brain that is known to be crucial for the formation of new long-term memories.

"Our finding expands our knowledge of the role of the hippocampus in learning," Rutishauser said. "This is the first direct demonstration of the involvement of the human hippocampus in the learning of abstract knowledge and inference behavior. Many neurological conditions, including Alzheimer's disease, obsessive-compulsive disorder and schizophrenia, affect this brain region, and our finding could help explain the impaired decision-making we see in these patients."
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Climate change raised the odds of unprecedented wildfires in 2023-24 | ScienceDaily
Unprecedented wildfires in Canada and parts of Amazonia last year were at least three times more likely due to climate change and contributed to high levels of CO2 emissions from burning globally, according to the first edition of a new systematic annual review.


						
The State of Wildfires report takes stock of extreme wildfires of the 2023-2024 fire season (March 2023-February 2024), explains their causes, and assesses whether events could have been predicted. It also evaluates how the risk of similar events will change in future under different climate change scenarios.

The report, which will be published annually, is co-led by the University of East Anglia (UEA, UK), the UK Centre for Ecology & Hydrology (UKCEH), the Met Office (UK) and European Centre for Medium-Range Weather Forecasts (ECMWF, UK).

Published today in the journal Earth System Science Data, the report finds that carbon emissions from wildfires globally were 16% above average, totalling 8.6 billion tonnes of carbon dioxide. Emissions from fires in the Canadian boreal forests were over nine times the average of the past two decades and contributed almost a quarter of the global emissions.

If it had not been a quiet fire season in the African savannahs, then the 2023-24 fire season would have set a new record for CO2 emissions from fires globally.

As well as generating large CO2 emissions, fires in Canada led to more than 230,000 evacuations and eight firefighters lost their lives. An unusually high number of fires were also seen in northern parts of South America, particularly in Brazil's Amazonas state and in neighbouring areas of Bolivia, Peru, and Venezuela. This led to the Amazon region experiencing among the worst air quality ratings on the planet.

Elsewhere in the world, individual wildfires that burned intensely and spread quickly in Chile, Hawaii, and Greece led to 131, 100, and 19 direct fatalities, respectively. These were among the many wildfires worldwide with significant impacts on society, the economy, and the environment.




"Last year, we saw wildfires killing people, destroying properties and infrastructure, causing mass evacuations, threatening livelihoods, and damaging vital ecosystems," said the lead author of this year's analysis, Dr Matthew Jones, Research Fellow at the Tyndall Centre for Climate Change Research at UEA.

"Wildfires are becoming more frequent and intense as the climate warms, and both society and the environment are suffering from the consequences."

The loss of carbon stocks from boreal forests in Canada and tropical forests in South America have lasting implications for the Earth's climate. Forests take decades to centuries to recover from fire disturbance, meaning that extreme fire years such as 2023-24 result in a lasting deficit in carbon storage for many years to come.

"In Canada, almost a decade's worth of carbon emissions from fire were recorded in a single fire season -- more than 2 billion tonnes of CO2," said Dr Jones. "In turn, this raises atmospheric concentrations of CO2 and exacerbates global warming."

Climate change made the 2023-24 fire season more extreme

As well as cataloguing high-impact fires globally, the report focused on explaining the causes of extreme fire extent in three regions: Canada, western Amazonia, and Greece.




Fire weather -- characterised by hot, dry conditions that promote fire -- has shifted significantly in all three focal regions when compared to a world without climate change. Climate change made the extreme fire-prone weather of 2023-24 at least three times more likely in Canada, 20 times more likely in Amazonia, and twice as likely in Greece.

The report also used cutting-edge attribution tools to distinguish how climate change has altered the area burned by fires versus a world without climate change. It found that the vast extent of wildfires in Canada and Amazonia in the 2023-24 fire season was almost certainly greater due to climate change (with more than 99% confidence).

"It is virtually certain that fires were larger during the 2023 wildfires in Canada and Amazonia due to climate change," said Dr Chantelle Burton, Senior Climate Scientist at the Met Office.

"We are already seeing the impact of climate change on weather patterns all over the world, and this is disrupting normal fire regimes in many regions. It is important for fire research to explore how climate change is affecting fires, which gives insights into how they may change further in the future."

Likelihood of extreme wildfires will rise but can be mitigated

Climate models used in the report suggest that the frequency and intensity of extreme wildfires will increase by the end of the century, particularly in future scenarios where greenhouse gas emissions remain high.

The report shows that by 2100, under a mid-to-high greenhouse gas emissions scenario (SSP370), wildfires similar in scale to the 2023-24 season will become over six times more common in Canada. Western Amazonia could see an extreme fire season like 2023-24 almost three times more frequently. Similarly, years with fires on the scale of those seen in Greece during 2023-2024 are projected to double in frequency.

"As long as greenhouse gas emissions continue to rise, the risk of extreme wildfires will escalate," said Dr Douglas Kelley, Senior Fire Scientist at the UK Centre for Ecology & Hydrology.

Increases in the future likelihood of extreme wildfire events, on the scale of 2023-2024, can be minimised by reducing greenhouse gas emissions. Following a low emissions scenario (SSP126) can limit the future likelihood of extreme fires. In western Amazonia, the frequency of events like 2023-24 is projected to be no larger in 2100 than in the current decade under a low emissions scenario. In Canada, the future increase in frequency of extreme fires is reduced from a factor of six to a factor of two, while in Greece the increase is limited to 30%.

"Whatever emissions scenario we follow, risks of extreme wildfires will increase in Canada, highlighting that society must not only cut emissions but also adapt to changing wildfire risks," said Dr Kelley.

"These projections highlight the urgent need to rapidly reduce greenhouse gas emissions and manage vegetation in order to reduce the risk and impacts of increasingly severe wildfires on society and ecosystems."

Disentangling the causes of extreme fires

Several factors control fire, including weather conditions influenced by climate change, the density of vegetation on the landscape influenced by climate and land management, and ignition opportunities influenced by people and lightning.

Disentangling the influence of these factors can be complex, but the report used cutting-edge fire models to reveal the influence of different factors on extreme fire activity.

The report found that the area burned by fires in Canada and Greece would likely have been larger if the landscape had not been altered by people. Activities such as agriculture, forestry, and dedicated fire management efforts all influence the landscape, and can reduce the density of vegetation. In addition, firefighters also help to reduce fire spread by tackling active wildfires. When wildfires meet areas with sparse vegetation or more aggressive firefighting strategies, they can run out of fuel or be contained.

"In Canada and Greece, a mix of severe fire weather and plenty of dry vegetation reinforced one another to drive a major uptick in the number and extent of fires last year," said Dr Francesca Di Giuseppe, Senior Scientist at ECMWF.

She added: "But our analysis also shows that factors such as suppression and landscape fragmentation related to human activities likely played important roles in limiting the final extent of the burned areas.

"Human practices played an important role in the most extreme events we analysed. However, we found that the final extent of these fires was determined by the simultaneous occurrence of multiple predictable factors -- principally weather, fuel abundance, and moisture -- rather than direct human influence."

The report found that human activities increased the extent of the 2023 wildfires in western Amazonia. In this region, the expansion of agriculture has resulted in widespread deforestation and forest degradation. This has left forests more vulnerable to fire during periods of drought and fire weather, amplifying the effect of climate change.

During 2023-24, the fourth most powerful El Nino event on record drove a prolonged drought and heatwave in South America. This natural feature of Earth's climate increases temperatures and reduces rainfall in Amazonia every three to eight years, but it is increasingly superimposed on higher temperatures due to climate change.

"In many tropical forests like Amazonia, deforestation and the expansion of agriculture have exacerbated the effects of climate change on wildfire risk, leaving these vital ecosystems more vulnerable," said Dr Burton.

An eye towards the 2024-2025 fire season

Forecasting fire risk is a growing research area and early warning systems have already been built based on weather factors alone. For example, in Canada, extreme fire weather was predicted two months in advance and provided early indications of high fire potential in 2023. Events in Greece and Amazonia had shorter windows of predictability.

For the 2024-25 season, forecasts suggested a continued above-average likelihood of fire weather -- hot, dry, and windy conditions -- in parts of North and South America, which presented favourable conditions for wildfires in California, Alberta, British Columbia, and in the Brazilian Pantanal in June and July.

Dr Di Giuseppe said: "We're not particularly surprised by some of the recent fires in the news, as above-average fire weather was predicted in parts of North and South America. However, the extensive Arctic fires we've witnessed recently have caught us by surprise -- something to look at in our next report."
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SwRI-led team finds evidence of hydration on Asteroid Psyche | ScienceDaily
Using data from NASA's James Webb Space Telescope, a Southwest Research Institute-led team has confirmed hydroxyl molecules on the surface of the metallic asteroid Psyche. The presence of hydrated minerals suggests a complex history for Psyche, important context for the NASA spacecraft en route to this interesting asteroid orbiting the Sun between Mars and Jupiter.


						
At about 140 miles in diameter, Psyche is one of the most massive objects in the main asteroid belt. Previous observations indicate that Psyche is a dense, largely metallic object that could be a leftover core from a planet that experienced a catastrophic collision. On Oct. 13, 2023, NASA launched the Psyche spacecraft, which is traveling 2.2 billion miles to arrive at the asteroid in August 2029.

"Using telescopes at different wavelengths of infrared light, the SwRI-led research will provide different but complementary information to what the Psyche spacecraft is designed to study," said SwRI's Dr. Tracy Becker, second author of a new American Astronomical Society's Planetary Science Journal paper discussing these findings.

"Our understanding of solar system evolution is closely tied to interpretations of asteroid composition, particularly the M-class asteroids that contain higher concentrations of metal," said Center for Astrophysics | Harvard & Smithsonian's Dr. Stephanie Jarmak, the paper's lead author, who conducted much of this research while at SwRI. "These asteroids were initially thought to be the exposed cores of differentiated planetesimals, a hypothesis based on their spectral similarity to iron meteorites."

The Webb data point to hydroxyl and perhaps water on Psyche's surface. The hydrated minerals could result from external sources, including impactors. If the hydration is native or endogenous, then Psyche may have a different evolutionary history than current models suggest.

"Asteroids are leftovers from the planetary formation process, so their compositions vary depending on where they formed in the solar nebula," said SwRI's Dr. Anicia Arredondo, another co-author. "Hydration that is endogenous could suggest that Psyche is not the remnant core of a protoplanet. Instead, it could suggest that Psyche originated beyond the 'snow line,' the minimum distance from the Sun where protoplanetary disc temperatures are low enough for volatile compounds to condense into solids, before migrating to the outer main belt."

However, the paper found the variability in the strength of the hydration features across the observations implies a heterogeneous distribution of hydrated minerals. This variability suggests a complex surface history that could be explained by impacts from carbonaceous chondrite asteroids thought to be very hydrated.

Understanding the location of asteroids and their compositions tells us how materials in the solar nebula were distributed and have evolved since formation. How water is distributed in our solar system will provide insight into the distribution of water in other solar systems and, because water is necessary for all life on Earth, will drive where to look for potential life, both in our solar system and beyond.

NASA's Webb telescope, developed in partnership with the European and Canadian space agencies, is part of the Space Telescope Science Institute, operated by the Association of Universities for Research in Astronomy. The Psyche mission is led by Arizona State University. NASA's Jet Propulsion Laboratory is responsible for mission management, operations and navigation.
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Scientists achieve more than 98% efficiency removing nanoplastics from water | ScienceDaily
University of Missouri scientists are battling against an emerging enemy of human health: nanoplastics. Much smaller in size than the diameter of an average human hair, nanoplastics are invisible to the naked eye.


						
Linked to cardiovascular and respiratory diseases in people, nanoplastics continue to build up, largely unnoticed, in the world's bodies of water. The challenge remains to develop a cost-effective solution to get rid of nanoplastics while leaving clean water behind.

That's where Mizzou comes in. Recently, researchers at the university created a new liquid-based solution that eliminates more than 98% of these microscopic plastic particles from water.

"Nanoplastics can disrupt aquatic ecosystems and enter the food chain, posing risks to both wildlife and humans," said Piyuni Ishtaweera, a recent alumna who led the study while earning her doctorate in nano and materials chemistry at Mizzou. "In layman's terms, we're developing better ways to remove contaminants such as nanoplastics from water."

The innovative method -- using water-repelling solvents made from natural ingredients -- not only offers a practical solution to the pressing issue of nanoplastic pollution but also paves the way for further research and development in advanced water purification technologies.

"Our strategy uses a small amount of designer solvent to absorb plastic particles from a large volume of water," said Gary Baker, an associate professor in Mizzou's Department of Chemistry and the study's corresponding author. "Currently, the capacity of these solvents is not well understood. In future work, we aim to determine the maximum capacity of the solvent. Additionally, we will explore methods to recycle the solvents, enabling their reuse multiple times if necessary."

Initially, the solvent sits on the water's surface the way oil floats on water. Once mixed with water and allowed to reseparate, the solvent floats back to the surface, carrying the nanoplastics within its molecular structure.




In the lab, the researchers simply use a pipette to remove the nanoplastic-laden solvent, leaving behind clean, plastic-free water. Baker said future studies will work to scale up the entire process so that it can be applied to larger bodies of water like lakes and, eventually, oceans.

Ishtaweera, who now works at the U.S. Food and Drug Administration in St. Louis, noted that the new method is effective in both fresh and saltwater.

"These solvents are made from safe, non-toxic components, and their ability to repel water prevents additional contamination of water sources, making them a highly sustainable solution," she said. "From a scientific perspective, creating effective removal methods fosters innovation in filtration technologies, provides insights into nanomaterial behavior and supports the development of informed environmental policies."

The Mizzou team tested five different sizes of polystyrene-based nanoplastics, a common type of plastic used in the making of Styrofoam cups. Their results outperformed previous studies that largely focused on just a single size of plastic particles.
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Measuring Martian winds with sound | ScienceDaily
Mars has a notoriously inhospitable environment, with temperatures that fluctuate dramatically over the course of a Martian day and average minus 80 degrees Fahrenheit. Its surface is mostly covered in red dust, with terrain typified by craters, canyons, and volcanoes. And its atmosphere is extremely thin, comprising only about 1% of the density of Earth's.


						
Needless to say, measuring wind speeds on the red planet is challenging. Martian landers have been able capture measurements -- some gauging the cooling rate of heated materials when winds blow over them, others using cameras to image "tell-tales" that blow in the wind. Both anemometric methods have yielded valuable insight into the planet's climate and atmosphere.

But there's still room for improvement in the astronomical toolshed, especially as plans to send astronauts to Mars unfold in the coming years.

In JASA, published on behalf of the Acoustical Society of America by AIP Publishing, researchers from Canada and the U.S. demonstrated a novel sonic anemometric system featuring a pair of narrowband piezoelectric transducers to measure the travel time of sound pulses through Martian air. The study accounted for variables including transducer diffraction effects and wind direction.

"By measuring sound travel time differences both forward and backward, we can accurately measure wind in three dimensions," said author Robert White. "The two major advantages of this method are that it's fast and it works well at low speeds."

The researchers hope to be able to measure up to 100 wind speeds per second and at speeds as low as 1 cm/s, a remarkable contrast to previous methods that could register only about 1 wind speed per second and struggled to track speeds below 50 cm/s.

"By measuring quickly and accurately, we hope to be able to measure not only mean winds, but also turbulence and fluctuating winds," said White. "This is important for understanding atmospheric variables that could be problematic for small vehicles such as the Ingenuity helicopter that flew on Mars recently."

The researchers characterized ultrasonic transducers and sensors over a wide range of temperatures and a narrow range of pressures in carbon dioxide, the primary atmospheric gas on Mars. With their selections, they showed only nominal error rates would result from temperature and pressure changes.

"The system we're developing will be 10 times faster and 10 times more accurate than anything previously used," said White. "We hope it will produce more valuable data as future missions to Mars are considered and provide useful information on the Martian climate, perhaps also with implications for better understanding the climate of our own planet."
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Say 'aah' and get a diagnosis on the spot: is this the future of health? | ScienceDaily
A computer algorithm has achieved a 98% accuracy in predicting different diseases by analysing the colour of the human tongue.


						
The proposed imaging system developed by Iraqi and Australian researchers can diagnose diabetes, stroke, anaemia, asthma, liver and gallbladder conditions, COVID-19, and a range of vascular and gastrointestinal issues.

Engineering researchers from Middle Technical University (MTU) and the University of South Australia (UniSA) achieved the breakthrough in a series of experiments where they used 5260 images to train machine learning algorithms to detect tongue colour.

Two teaching hospitals in the Middle East supplied 60 tongue images from patients with various health conditions. The artificial intelligence (AI) model was able to match the tongue colour with the disease in almost all cases.

A new paper published in Technologies outlines how the proposed system analyses tongue colour to provide on-the-spot diagnosis, confirming that AI holds the key to many advances in medicine.

Senior author, MTU and UniSA Adjunct Associate Professor Ali Al-Naji, says AI is replicating a 2000-year-old practice widely used in traditional Chinese medicine -- examining the tongue for signs of disease.

"The colour, shape and thickness of the tongue can reveal a litany of health conditions," he says.




"Typically, people with diabetes have a yellow tongue; cancer patients a purple tongue with a thick greasy coating; and acute stroke patients present with an unusually shaped red tongue.

"A white tongue can indicate anaemia; people with severe cases of COVID-19 are likely to have a deep red tongue; and an indigo or violet coloured tongue indicates vascular and gastrointestinal issues or asthma."

In the study, cameras placed 20 centimetres from a patient captured their tongue colour and the imaging system predicted their health condition in real time.

Co-author UniSA Professor Javaan Chahl says that down the track, a smartphone will be used to diagnose disease in this way.

"These results confirm that computerised tongue analysis is a secure, efficient, user friendly and affordable method for disease screening that backs up modern methods with a centuries-old practice," Prof Chahl says.
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Significant link found between heme iron, found in red meat and other animal products, and type 2 diabetes risk | ScienceDaily
Higher intake of heme iron, the type found in red meat and other animal products -- as opposed to non-heme iron, found mostly in plant-based foods -- was associated with a higher risk of developing type 2 diabetes (T2D) in a new study led by researchers at Harvard T.H. Chan School of Public Health. While the link between heme iron and T2D has been reported previously, the study's findings more clearly establish and explain the link.


						
"Compared to prior studies that relied solely on epidemiological data, we integrated multiple layers of information, including epidemiological data, conventional metabolic biomarkers, and cutting-edge metabolomics," said lead author Fenglei Wang, research associate in the Department of Nutrition. "This allowed us to achieve a more comprehensive understanding of the association between iron intake and T2D risk, as well as potential metabolic pathways underlying this association."

The study will be published August 13 in Nature Metabolism.

The researchers assessed the link between iron and T2D using 36 years of dietary reports from 206,615 adults enrolled in the Nurses' Health Studies I and II and the Health Professionals Follow-up Study. They examined participants' intake of various forms of iron -- total, heme, non-heme, dietary (from foods), and supplemental (from supplements) -- and their T2D status, controlling for other health and lifestyle factors.

The researchers also analyzed the biological mechanisms underpinning heme iron's relationship to T2D among smaller subsets of the participants. They looked at 37,544 participants' plasma metabolic biomarkers, including those related to insulin levels, blood sugar, blood lipids, inflammation, and two biomarkers of iron metabolism. They then looked at 9,024 participants' metabolomic profiles -- plasma levels of small-molecule metabolites, which are substances derived from bodily processes such as breaking down food or chemicals.

The study found a significant association between higher heme iron intake and T2D risk. Participants in the highest intake group had a 26% higher risk of developing T2D than those in the lowest intake group. In addition, the researchers found that heme iron accounted for more than half of the T2D risk associated with unprocessed red meat and a moderate proportion of the risk for several T2D-related dietary patterns. In line with previous studies, the researchers found no significant associations between intakes of non-heme iron from diet or supplements and risk of T2D.

The study also found that higher heme iron intake was associated with blood metabolic biomarkers associated with T2D. A higher heme iron intake was associated with higher levels of biomarkers such as C-peptide, triglycerides, C-reactive protein, leptin, and markers of iron overload, as well as lower levels of beneficial biomarkers like HDL cholesterol and adiponectin.




The researchers also identified a dozen blood metabolites -- including L-valine, L-lysine, uric acid, and several lipid metabolites -- that may play a role in the link between heme iron intake and TD2 risk. These metabolites have been previously associated with risk of T2D.

On a population level, the study findings carry important implications for dietary guidelines and public health strategies to reduce rates of diabetes, according to the researchers. In particular, the findings raise concerns about the addition of heme to plant-based meat alternatives to enhance their meaty flavor and appearance. These products are gaining in popularity, but health effects warrant further investigation.

"This study underscores the importance of healthy dietary choices in diabetes prevention," said corresponding author Frank Hu, Fredrick J. Stare Professor of Nutrition and Epidemiology. "Reducing heme iron intake, particularly from red meat, and adopting a more plant-based diet can be effective strategies in lowering diabetes risk."

The researchers noted that the study had several limitations, including the potential for incomplete accounting for confounders and measurement errors in the epidemiological data. In addition, the findings -- based on a study population that was mostly white -- need to be replicated in other racial and ethnic groups.

Other Harvard Chan authors included Andrea Glenn, Anne-Julie Tessier, Danielle Haslam, Marta Guasch-Ferre, Deirdre Tobias, Heather Eliassen, JoAnn Manson, Kyu Ha Lee, Eric Rimm, Dong Wang, Qi Sun, Liming Liang, and Walter Willett.
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New interpretation of runic inscription reveals pricing in Viking age | ScienceDaily
A new interpretation of the runic inscription on the Forsa Ring (Forsaringen in Swedish), provides fresh insights into the Viking Age monetary system and represents the oldest documented value record in Scandinavia. The inscription describes how the Vikings handled fines in a flexible and practical manner. This is highlighted in research from the Department of Economic History and International Relations at Stockholm University, recently published in the Scandinavian Economic History Review.


						
"The Forsaringen inscription "uksa ... auk aura tua" was previously interpreted to mean that fines had to be paid with both an ox and two ore of silver. This would imply that the guilty party had to pay with two different types of goods, which would have been both impractical and time-consuming," says Rodney Edvinsson, Professor of Economic History at Stockholm University, who conducted the study.

The Forsa Ring is an iron ring from Halsingland, dated to the 9th or 10th century. The runic inscription on the ring describes fines for a specific offense, where payment was to be made in the form of oxen and silver. The ring is believed to have been used as a door handle and is currently the oldest known preserved legal text in Scandinavia. By changing the translation of the word "auk" from the previous interpretation "and" to the new interpretation "also," the meaning changes so that fines could be paid either with an ox or with two ore of silver. An ore was equivalent to about 25 grams of silver.

"This indicates a much more flexible system, where both oxen and silver could be used as units of payment. If a person had easier access to oxen than to silver, they could pay their fines with an ox. Conversely, if someone had silver but no oxen, they could pay with two ore of silver," says Rodney Edvinsson.

The new interpretation shows that the Vikings had a system where both oxen and silver served as units of payment. This system allowed for multiple types of units of accounts to be used concurrently, reducing transaction complexity and making it easier for people to meet their financial obligations. The new interpretation also aligns better with how the system functioned later according to later regional laws and is, according to Rodney Edvinsson, significant for our understanding of both Scandinavian and European monetary history.

"As an economic historian, I particularly look for historical data to be economically logical, that is, to fit into other contemporary or historical economic systems. The valuation of an ox at two ore, or 50 grams of silver, in 10th-century Sweden resembles contemporary valuations in other parts of Europe, indicating a high degree of integration and exchange between different economies," says Rodney Edvinsson.

He has previously contributed to developing a historical consumer price index extending back to the 13th century, but this new interpretation provides insights into price levels even earlier in history.




"The price level during the Viking Age in silver was much lower than in the early 14th century and late 16th century, but approximately at the same level as in the late 15th century and the 12th century, when there was a silver shortage," says Rodney Edvinsson.

The study highlights the importance of using modern economic theories to interpret historical sources. By combining economic theory with archaeological and historical findings, new opportunities for interdisciplinary research and a deeper understanding of early economic systems are opened up.

What Did Things Cost During the Viking Age?

According to the new interpretation, an ox would cost 2 ore of silver, about 50 grams of silver, during the Viking Age. This corresponds to roughly 100,000 Swedish kronor today, if compared to the value of an hour's work. The Forsa Ring's fine amount was therefore quite high. One ore was likely equivalent to about nine Arabic dirhams, a currency that circulated in large quantities among the Vikings. A common price for a thrall was 12 ore of silver, or approximately 600,000 Swedish kronor today. The wergild for a free man, i.e., the fine paid to the family of the murdered to avoid blood revenge, was much higher, around 5 kilos of silver, which is about 10 million Swedish kronor today. The significant difference in value between a thrall and a free man reflects the power dynamics between free individuals and thralls in a slave society.

The relevant inscription of the Forsa Ring translated to modern English: One ox and [also/or] two ore of silver to the staff for the restoration of a sanctuary in a valid state for the first time; two oxen and [also/or] four ore of silver for the second time; but for the third time four oxen and eight ore of silver.
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Rewriting the evolutionary history of critical components of the nervous system | ScienceDaily
A new study has rewritten the conventionally understood evolutionary history of certain proteins critical for electrical signaling in the nervous system. The study, led by Penn State researchers, shows that the well-studied family of proteins -- potassium ion channels in the Shaker family -- were present in microscopic single cell organisms well before the common ancestor of all animals. This suggests that, rather than evolving alongside the nervous system as previously thought, these ion channels were present before the origin of the nervous system.


						
The study appeared in the Proceedings of the National Academy of Sciences.

"We tend to think of evolution as a one-way march toward greater and greater complexity, but that often isn't what occurs in the natural world," said Timothy Jegla, associate professor of biology in the Penn State Eberly College of Science and leader of the research team. "For example, it was thought that as different kinds of animals evolved and the nervous system became more complex, ion channels arose and diversified to match that complexity. But our research suggests that this is not the case. We have previously shown that the oldest living animals, those with simple nerve nets, have the highest ion channel diversity. This new finding adds to growing evidence that many of the building blocks for the nervous system were already in place in our protozoan ancestors -- before the nervous system even existed."

Ion channels are located in the membranes of cells and regulate how charged particles called ions move in and out of the cell, a process that results in the electrical signals that are the foundation of communication in the nervous system. The Shaker family of ion channels is found in a large range of animals, from humans to mice and fruit flies, and specifically regulates how potassium ions flow out of the cell to terminate electrical signals called action potentials. These channels can open or close based on changes in the electric field, much like transistors in computer chips.

"Much of what we know about how ion channels work on a molecular level comes from mechanistic studies of the Shaker family of ion channels," Jegla said. "We previously thought that the Shaker family of voltage-gated potassium channels were only found in animals, but now we see that the genes that code for this family of ion channels were present in several species of the closest living relatives of animals, a group of single cell organisms called choanoflagellates."

The researchers had previously looked for these genes in two species of choanoflagellates but failed to find them. In the current study, they expanded their search to 21 choanoflagellates species and found evidence of Shaker family genes in three of these species.

Several subfamilies, or types, of ion channels within the Shaker family are present across the animal kingdom. The research team previously found that comb jellies -- animals with a comparatively simple "nerve nets" (that are) thought to be similar to the very first animal nervous systems -- have only one of these types, called Kv1. This led the team to believe that the common ancestor of animals likely had only Kv1, with other types evolving later. However, Jegla and colleagues found that the Shaker family genes in choanoflagellates were more closely related to types Kv2, Kv3 and Kv4.




"We thought types 2 through 4 were thought to have evolved on a more recent timeline, but our new work suggests that the Kv2-4-like channels found in choanoflagellates are actually the oldest subtype," Jegla said.

Additionally, this finding indicates that multiple subtypes were present at the base of the animal family tree, including Kv1, which are found in comb jellies, and the Kv2-4-like channels, which are found in choanoflagellates.

"The genes for Kv2-4-like were lost in the living descendants of the earliest animal groups like comb jellies and sponges, so the only reason we know that they were present in the earliest animals are thanks to the choanoflagellates," Jegla added. "Gene loss is really common in evolution -- about as common as evolution of new genes -- though it can be hard to detect. Now that genetic sequencing is cheap enough that scientists can broadly sample species, rather than looking at just a few representative species, we can detect a lot more of these gene losses and that will change our views of how many of our own gene families first evolved."

This work also adds to growing evidence that many elements of the nervous system were present before the nervous system as a whole evolved, Jegla noted.

"Most of the functionally important proteins that we use in electrical signaling, which underlie neuronal communication and neuromuscular movement, are all based on proteins that existed before animals," Jegla said. "It seems that animals were able to cobble together a functioning nervous system very early in their evolution simply because most of the necessary proteins were already there."

Jegla added that understanding how these ion channels evolved helps us understand how they function and that in turn may have implications for the treatment of disorders related to ion channel dysfunction, such as heart arrhythmias and epilepsy.

In addition to Jegla, the research team includes Benjamin Simonson, graduate student in the molecular, cellular and integrative biosciences program in the Huck Institutes of the Life Sciences and the Eberly College of Science at Penn State who recently defended his dissertation, and David Spafford, associate professor of biology at the University of Waterloo who specializes in choanoflagellate physiology. Funding from the Penn State Department of Biology and the Huck Institutes of the Life Sciences supported this work.
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Reduce, reuse, 're-fly-cle' | ScienceDaily
A Macquarie University team proposes using genetically engineered black soldier flies (Hermetia illucens) to address worldwide pollution challenges and produce valuable raw materials for industry, including the USD $500 billion global animal feed market.


						
In a new paper published on 24 July in the journal Communications Biology, scientists at Macquarie University outline a future where engineered flies could transform waste management and sustainable biomanufacturing, addressing multiple United Nations Sustainable Development Goals (SDGs).

Synthetic biologist Dr Kate Tepper is lead author of the paper and a Postdoctoral Research Fellow at Applied BioSciences, Macquarie University.

"One of the great challenges in developing circular economies is making high-value products that can be produced from waste," says Dr Tepper.

Landfill Emitters

An estimated 40 to 70 per cent of global organic waste finds its way to landfills.

"The landfilling of organic waste creates about five per cent of annual global greenhouse gas emissions and we need to get this to zero per cent," Dr Tepper says.




Organic by-products from sewage treatment -- municipal biosolids -- can be used as an alternative to synthetic fertiliser to grow crops and close nutrient cycles.

However Dr Tepper notes there are rising concerns about toxic chemicals in waste, including dangerous 'forever chemicals' such as per- and poly-fluoroalkyl substances (PFAS).

In developing countries, organic wastes dumped in open areas can contaminate water used for drinking or irrigation, attracting pests, spreading disease and degrading natural habitat, and farmers often burn leftover crop parts they can't use, causing air pollution.

Black soldier flies are already valued in waste management where they consume commercial organic wastes before being processed as 'insect biomass' into foods for domestic pets and commercial chicken and fish farmers.

But the Macquarie team believes genetic engineering could extend the usefulness of the black soldier fly, enabling them to turn waste inputs into enhanced animal feeds or valuable industrial raw materials.

The larvae could bio-manufacture industrial enzymes currently for use in livestock, textile, food and pharmaceutical industries and representing a global market worth billions of dollars annually.




The flies can also be engineered to generate specialised lipids for use in biofuels and lubricants, replacing fossil-fuel derived products.

Engineering insects to make industrial enzymes and lipids that are not used in food supply chains will expand the types of organic wastes that can be used, and the research team propose modifying the fly so it can digest contaminated organic wastes, sewage sludge, and other complex organic wastes.

"Even the fly-poo, called 'frass,' could be enhanced to improve fertiliser," Dr. Tepper says. "The flies could be engineered to clean up chemical contaminants in their frass, which can be applied as pollutant free fertiliser to grow crops and prevent contaminants entering our food supply chains."

Sustainable biomanufacturing

Senior author Dr Maciej Maselko, who heads an animal synthetic biology lab at Macquarie University's Applied BioSciences, says: "Insects will be the next frontier for synthetic biology applications, dealing with some of the huge waste-management challenges we haven't been able to solve with microbes."

Genetically engineered microbes require sterile environments to prevent contamination, along with lots of water and refined nutrient inputs.

"We can feed black soldier flies straight, dirty trash rather than sterilised or thoroughly pre-processed. When it is just chopped into smaller pieces black soldier flies will consume large volumes of waste a lot faster than microbes," Dr Maselko says.

The researchers suggest genetic engineering could piggyback on the existing framework, elevating the flies from simple waste processors to high-tech biomanufacturing platforms. In the paper the researchers outline a roadmap calling for better genetic engineering tools in key insects.

"Physical containment is part of a series of protections. We are also developing additional layers of genetic containment so that any escapees can't reproduce or survive in the wild," Dr Maselko says.

Commercialisation

Macquarie University in partnership with some members of the research team has filed patent applications related to black soldier fly biomanufacturing, already underway through a Macquarie University spin-out company, EntoZyme.

Dr Tepper says that the introduction of genetically engineered insects has potential, not just in the multi-billion dollar waste management market, but also in the production of a range of high-value industrial inputs.

"If we want a sustainable circular economy, the economics of that have to work," says Dr Tepper.

"When there is an economic incentive to implement sustainable technologies, such as engineering insects to get more value from waste products, that will help to drive this transition more rapidly."
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Ships now spew less sulfur, but warming has sped up | ScienceDaily
Last year marked Earth's warmest year on record. A new study finds that some of 2023's record warmth, nearly 20 percent, likely came as a result of reduced sulfur emissions from the shipping industry. Much of this warming concentrated over the northern hemisphere.


						
The work, led by scientists at the Department of Energy's Pacific Northwest National Laboratory, published today in the journal Geophysical Research Letters.

Regulations put into effect in 2020 by the International Maritime Organization required a roughly 80 percent reduction in the sulfur content of shipping fuel used globally. That reduction meant fewer sulfur aerosols flowed into Earth's atmosphere.

When ships burn fuel, sulfur dioxide flows into the atmosphere. Energized by sunlight, chemical intermingling in the atmosphere can spur the formation of sulfur aerosols. Sulfur emissions, a form of pollution, can cause acid rain. The change was made to improve air quality around ports.

In addition, water likes to condense on these tiny sulfate particles, ultimately forming linear clouds known as ship tracks, which tend to concentrate along maritime shipping routes. Sulfate can also contribute to forming other clouds after a ship has passed. Because of their brightness, these clouds are uniquely capable of cooling Earth's surface by reflecting sunlight.

The authors used a machine learning approach to scan over a million satellite images and quantify the declining count of ship tracks, estimating a 25 to 50 percent reduction in visible tracks. Where the cloud count was down, the degree of warming was generally up.

Further work by the authors simulated the effects of the ship aerosols in three climate models and compared the cloud changes to observed cloud and temperature changes since 2020. Roughly half of the potential warming from the shipping emission changes materialized in just four years, according to the new work. In the near future, more warming is likely to follow as the climate response continues unfolding.




Many factors -- from oscillating climate patterns to greenhouse gas concentrations -- determine global temperature change. The authors note that changes in sulfur emissions aren't the sole contributor to the record warming of 2023. The magnitude of warming is too significant to be attributed to the emissions change alone, according to their findings.

Due to their cooling properties, some aerosols mask a portion of the warming brought by greenhouse gas emissions. Though aerosols can travel great distances and impose a strong effect on Earth's climate, they are much shorter-lived than greenhouse gasses.

When atmospheric aerosol concentrations suddenly dwindle, warming can spike. It's difficult, however, to estimate just how much warming may come as a result. Aerosols are one of the most significant sources of uncertainty in climate projections.

"Cleaning up air quality faster than limiting greenhouse gas emissions may be accelerating climate change," said Earth scientist Andrew Gettelman, who led the new work.

"As the world rapidly decarbonizes and dials down all anthropogenic emissions, sulfur included, it will become increasingly important to understand just what the magnitude of the climate response could be. Some changes could come quite quickly."

The work also illustrates that real-world changes in temperature may result from changing ocean clouds, either incidentally with sulfur associated with ship exhaust, or with a deliberate climate intervention by adding aerosols back over the ocean. But lots of uncertainties remain. Better access to ship position and detailed emissions data, along with modeling that better captures potential feedback from the ocean, could help strengthen our understanding.

In addition to Gettelman, Earth scientist Matthew Christensen is also a PNNL author of the work. This work was funded in part by the National Oceanic and Atmospheric Administration.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240812195932.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Engineers make tunable, shape-changing metamaterial inspired by vintage toys | ScienceDaily
Common push puppet toys in the shapes of animals and popular figures can move or collapse with the push of a button at the bottom of the toys' base. Now, a team of UCLA engineers has created a new class of tunable dynamic material that mimics the inner workings of push puppets, with applications for soft robotics, reconfigurable architectures and space engineering.


						
Inside a push puppet, there are connecting cords that, when pulled taught, will make the toy stand stiff. But by loosening these cords, the "limbs" of the toy will go limp. Using the same cord tension-based principle that controls a puppet, researchers have developed a new type of metamaterial, a material engineered to possess properties with promising advanced capabilities.

Published in Materials Horizons, the UCLA study demonstrates the new lightweight metamaterial, which is outfitted with either motor-driven or self-actuating cords that are threaded through interlocking cone-tipped beads. When activated, the cords are pulled tight, causing the nesting chain of bead particles to jam and straighten into a line, making the material turn stiff while maintaining its overall structure.

The study also unveiled the material's versatile qualities that could lead to its eventual incorporation into soft robotics or other reconfigurable structures:
    	The level of tension in the cords can "tune" the resulting structure's stiffness -- a fully taut state offers the strongest and stiffest level, but incremental changes in the cords' tension allow the structure to flex while still offering strength. The key is the precision geometry of the nesting cones and the friction between them.
    	Structures that use the design can collapse and stiffen over and over again, making them useful for long-lasting designs that require repeated movements. The material also offers easier transportation and storage when in its undeployed, limp state.
    	After deployment, the material exhibits pronounced tunability, becoming more than 35 times stiffer and changing its damping capability by 50%.
    	The metamaterial could be designed to self-actuate, through artificial tendons that trigger the shape without human control

"Our metamaterial enables new capabilities, showing great potential for its incorporation into robotics, reconfigurable structures and space engineering," said corresponding author and UCLA Samueli School of Engineering postdoctoral scholar Wenzhong Yan. "Built with this material, a self-deployable soft robot, for example, could calibrate its limbs' stiffness to accommodate different terrains for optimal movement while retaining its body structure. The sturdy metamaterial could also help a robot lift, push or pull objects."

"The general concept of contracting-cord metamaterials opens up intriguing possibilities on how to build mechanical intelligence into robots and other devices," Yan said.

A 12-second video of the metamaterial in action is available here, via the UCLA Samueli YouTube Channel.




Senior authors on the paper are Ankur Mehta, a UCLA Samueli associate professor of electrical and computer engineering and director of the Laboratory for Embedded Machines and Ubiquitous Robots of which Yan is a member, and Jonathan Hopkins, a professor of mechanical and aerospace engineering who leads UCLA's Flexible Research Group.

According to the researchers, potential applications of the material also include self-assembling shelters with shells that encapsulate a collapsible scaffolding. It could also serve as a compact shock absorber with programmable dampening capabilities for vehicles moving through rough environments.

"Looking ahead, there's a vast space to explore in tailoring and customizing capabilities by altering the size and shape of the beads, as well as how they are connected," said Mehta, who also has a UCLA faculty appointment in mechanical and aerospace engineering.

While previous research has explored contracting cords, this paper has delved into the mechanical properties of such a system, including the ideal shapes for bead alignment, self-assembly and the ability to be tuned to hold their overall framework.

Other authors of the paper are UCLA mechanical engineering graduate students Talmage Jones and Ryan Lee -- both members of Hopkins' lab, and Christopher Jawetz, a Georgia Institute of Technology graduate student who participated in the research as a member of Hopkins' lab while he was an undergraduate aerospace engineering student at UCLA.

The research was funded by the Office of Naval Research and the Defense Advanced Research Projects Agency, with additional support from the Air Force Office of Scientific Research, as well as computing and storage services from the UCLA Office of Advanced Research Computing.
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AI poses no existential threat to humanity, new study finds | ScienceDaily
ChatGPT and other large language models (LLMs) cannot learn independently or acquire new skills, meaning they pose no existential threat to humanity, according to new research from the University of Bath and the Technical University of Darmstadt in Germany.


						
The study, published today as part of the proceedings of the 62nd Annual Meeting of the Association for Computational Linguistics (ACL 2024) -- the premier international conference in natural language processing -- reveals that LLMs have a superficial ability to follow instructions and excel at proficiency in language, however, they have no potential to master new skills without explicit instruction. This means they remain inherently controllable, predictable and safe.

This means they remain inherently controllable, predictable and safe.

The research team concluded that LLMs -- which are being trained on ever larger datasets -- can continue to be deployed without safety concerns, though the technology can still be misused.

With growth, these models are likely to generate more sophisticated language and become better at following explicit and detailed prompts, but they are highly unlikely to gain complex reasoning skills.

"The prevailing narrative that this type of AI is a threat to humanity prevents the widespread adoption and development of these technologies, and also diverts attention from the genuine issues that require our focus," said Dr Harish Tayyar Madabushi, computer scientist at the University of Bath and co-author of the new study on the 'emergent abilities' of LLMs.

The collaborative research team, led by Professor Iryna Gurevych at the Technical University of Darmstadt in Germany, ran experiments to test the ability of LLMs to complete tasks that models have never come across before -- the so-called emergent abilities.




As an illustration, LLMs can answer questions about social situations without ever having been explicitly trained or programmed to do so. While previous research suggested this was a product of models 'knowing' about social situations, the researchers showed that it was in fact the result of models using a well-known ability of LLMs to complete tasks based on a few examples presented to them, known as `in-context learning' (ICL).

Through thousands of experiments, the team demonstrated that a combination of LLMs ability to follow instructions (ICL), memory and linguistic proficiency can account for both the capabilities and limitations exhibited by LLMs.

Dr Tayyar Madabushi said: "The fear has been that as models get bigger and bigger, they will be able to solve new problems that we cannot currently predict, which poses the threat that these larger models might acquire hazardous abilities including reasoning and planning.

"This has triggered a lot of discussion -- for instance, at the AI Safety Summit last year at Bletchley Park, for which we were asked for comment -- but our study shows that the fear that a model will go away and do something completely unexpected, innovative and potentially dangerous is not valid.

"Concerns over the existential threat posed by LLMs are not restricted to non-experts and have been expressed by some of the top AI researchers across the world."

However, Dr Tayyar Madabushi maintains this fear is unfounded as the researchers' tests clearly demonstrated the absence of emergent complex reasoning abilities in LLMs.

"While it's important to address the existing potential for the misuse of AI, such as the creation of fake news and the heightened risk of fraud, it would be premature to enact regulations based on perceived existential threats," he said.

"Importantly, what this means for end users is that relying on LLMs to interpret and perform complex tasks which require complex reasoning without explicit instruction is likely to be a mistake. Instead, users are likely to benefit from explicitly specifying what they require models to do and providing examples where possible for all but the simplest of tasks."

Professor Gurevych added: "... our results do not mean that AI is not a threat at all. Rather, we show that the purported emergence of complex thinking skills associated with specific threats is not supported by evidence and that we can control the learning process of LLMs very well after all. Future research should therefore focus on other risks posed by the models, such as their potential to be used to generate fake news."
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Scientists find oceans of water on Mars: It's just too deep to tap | ScienceDaily
Using seismic activity to probe the interior of Mars, geophysicists have found evidence for a large underground reservoir of liquid water -- enough to fill oceans on the planet's surface.


						
The data from NASA's Insight lander allowed the scientists to estimate that the amount of groundwater could cover the entire planet to a depth of between 1 and 2 kilometers, or about a mile.

While that's good news for those tracking the fate of water on the planet after its oceans disappeared more than 3 billion years ago, the reservoir won't be of much use to anyone trying to tap into it to supply a future Mars colony. It's located in tiny cracks and pores in rock in the middle of the Martian crust, between 11.5 and 20 kilometers below the surface. Even on Earth, drilling a hole a kilometer deep is a challenge.

The finding does pinpoint another promising place to look for life on Mars, however, if the reservoir can be accessed. For the moment, it helps answer questions about the geological history of the planet.

"Understanding the Martian water cycle is critical for understanding the evolution of the climate, surface and interior," said Vashan Wright, a former UC Berkeley postdoctoral fellow who is now an assistant professor at UC San Diego's Scripps Institution of Oceanography. "A useful starting point is to identify where water is and how much is there."

Wright, alongside colleagues Michael Manga of UC Berkeley and Matthias Morzfeld of Scripps Oceanography, detailed their analysis in a paper that will appear this week in the journal Proceedings of the National Academy of Sciences.

The scientists employed a mathematical model of rock physics, identical to models used on Earth to map underground aquifers and oil fields, to conclude that the seismic data from Insight are best explained by a deep layer of fractured igneous rock saturated with liquid water. Igneous rocks are cooled hot magma, like the granite of the Sierra Nevada.




"Establishing that there is a big reservoir of liquid water provides some window into what the climate was like or could be like," said Manga, a UC Berkeley professor of earth and planetary science. "And water is necessary for life as we know it. I don't see why [the underground reservoir] is not a habitable environment. It's certainly true on Earth -- deep, deep mines host life, the bottom of the ocean hosts life. We haven't found any evidence for life on Mars, but at least we have identified a place that should, in principle, be able to sustain life."

Manga was Wright's postdoctoral adviser. Morzfeld was a former postdoctoral fellow in UC Berkeley's mathematics department and is now an associate professor of geophysics at Scripps Oceanography.

Manga noted that lots of evidence -- river channels, deltas and lake deposits, as well as water-altered rock -- supports the hypothesis that water once flowed on the planet's surface. But that wet period ended more than 3 billion years ago, after Mars lost its atmosphere. Planetary scientists on Earth have sent many probes and landers to the planet to find out what happened to that water -- the water frozen in Mars' polar ice caps can't account for it all -- as well as when it happened, and whether life exists or used to exist on the planet.

The new findings are an indication that much of the water did not escape into space but filtered down into the crust.

The Insight lander was sent by NASA to Mars in 2018 to investigate the crust, mantle, core and atmosphere, and it recorded invaluable information about Mars' interior before the mission ended in 2022.

"The mission greatly exceeded my expectations," Manga said. "From looking at all the seismic data that Insight collected, they've figured out the thickness of the crust, the depth of the core, the composition of the core, even a little bit about the temperature within the mantle."

Insight detected Mars quakes up to about a magnitude of 5, meteor impacts and rumblings from volcanic areas, all of which produced seismic waves that allowed geophysicists to probe the interior.




An earlier paper reported that above a depth of about 5 kilometers, the upper crust did not contain water ice, as Manga and others suspected. That may mean that there's little accessible frozen groundwater outside the polar regions.

The new paper analyzed the deeper crust and concluded that the "available data are best explained by a water-saturated mid-crust" below Insight's location. Assuming the crust is similar throughout the planet, the team argued, there should be more water in this mid-crust zone than the "volumes proposed to have filled hypothesized ancient Martian oceans."

The Canadian Institute for Advanced Research, the National Science Foundation and the U.S. Office of Naval Research supported the work.
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New genetically engineered wood can store carbon and reduce emissions | ScienceDaily
Researchers at the University of Maryland genetically modified poplar trees to produce high-performance, structural wood without the use of chemicals or energy intensive processing. Made from traditional wood, Engineered wood is often seen as a renewable replacement for traditional building materials like steel, cement, glass and plastic. It also has the potential to store carbon for a longer time than traditional wood because it can resist deterioration, making it useful in efforts to reduce carbon emissions.


						
But the hurdle to true sustainability in engineered wood is that it requires processing with volatile chemicals and a significant amount of energy, and produces considerable waste. The researchers edited one gene in live poplar trees, which then grew wood ready for engineering without processing.

The research was published online on August 12, 2024, in the Journal Matter.

"We are very excited to demonstrate an innovative approach that combines genetic engineering and wood engineering, to sustainably sequester and store carbon in a resilient super wood form, said Yiping Qi, a professor in the Department of Plant Science and Landscape Architecture at UMD and a corresponding author of the study, "Carbon sequestration is critical in our fight against climate change, and such engineered wood may find many uses in the future bioeconomy."

Before wood can be treated to impart structural properties such as increased strength or UV resistance, which allows it to be substituted for steel or concrete, it must be stripped of one of its main components, called lignin.

Previously, UMD researchers successfully developed methods for removing lignin using various chemicals, and others have explored the use of enzymes and microwave technology. With this new research, Qi and his colleagues sought to develop a method that does not rely on chemicals, produce chemical wastes or rely on large amounts of energy.

Using a technology called base editing to knock out a key gene called 4CL1, the researchers were able to grow poplars with 12.8% lower lignin content than wild-type poplar trees. This is comparable to the chemical treatments used in processing engineered wood products.




Qi and his collaborators grew their knock-out trees side by side with unmodified trees in a greenhouse for six months. They observed no difference in growth rates and no significant differences in structure between the modified and unmodified trees.

To test the viability of their genetically modified poplar, the team, led by professor of materials science and engineering, Liangbing Hu, used it to produce small samples of high-strength compressed wood similar to particle board, which is often used in building furniture.

Compressed wood is made by soaking wood in water under a vacuum and then hot-pressing it until it is nearly 1/5 of its original thickness. The process increases the density of the wood fibers. In natural wood, lignin helps cells maintain their structure, and prevents them from being compressed. The lower lignin content of chemically treated or genetically modified wood allows the cells to compress to a higher density, increasing the strength of the final product.

To evaluate the performance of their genetically edited trees the team also produced compressed wood from the natural poplar, using untreated wood and wood that they treated with the traditional chemical process to reduce the lignin content.

They found that the compressed genetically modified poplar performed on a par with the chemically processed natural wood. Both were denser and more than 1.5 times stronger than compressed, untreated, natural wood.

The compressed genetically modified wood had a tensile strength comparable to aluminum alloy 6061 and the compressed wood that had been chemically treated.

This work opens the door to producing a variety of building products in a relatively low-cost, environmentally sustainable way at a scale that can play an important role in the battle against climate change.
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Engineers bring efficient optical neural networks into focus | ScienceDaily
EPFL researchers have published a programmable framework that overcomes a key computational bottleneck of optics-based artificial intelligence systems. In a series of image classification experiments, they used scattered light from a low-power laser to perform accurate, scalable computations using a fraction of the energy of electronics.


						
As digital artificial intelligence systems grow in size and impact, so does the energy required to train and deploy them -- not to mention the associated carbon emissions. Recent research suggests that if current AI server production continues at its current pace, their annual energy consumption could outstrip that of a small country by 2027. Deep neural networks, inspired by the architecture of the human brain, are especially power-hungry due to the millions or even billions of connections between multiple layers of neuron-like processors.

To counteract this mushrooming energy demand, researchers have doubled down on efforts to implement optical computing systems, which have existed experimentally since the 1980s. These systems rely on photons to process data, and although light can theoretically be used to perform computations much faster and more efficiently than electrons, a key challenge has hindered optical systems' ability to surpass the electronic state-of-the art.

"In order to classify data in a neural network, each node, or 'neuron', must make a 'decision' to fire or not based on weighted input data. This decision leads to what is known as a nonlinear transformation of the data, meaning the output is not directly proportional to the input," says Christophe Moser, head of the Laboratory of Applied Photonics Devices in EPFL's School of Engineering.

Moser explains that while digital neural networks can easily perform nonlinear transformations with transistors, in optical systems, this step requires very powerful lasers. Moser worked with students Mustafa Yildirim, Niyazi Ulas Dinc, and Ilker Oguz, as well as Optics Laboratory head Demetri Psaltis, to develop an energy-efficient method for performing these nonlinear computations optically. Their new approach involves encoding data, like the pixels of an image, in the spatial modulation of a low-power laser beam. The beam reflects back on itself several times, leading to a nonlinear multiplication of the pixels.

"Our image classification experiments on three different datasets showed that our method is scalable, and up to 1,000 times more power-efficient than state-of-the-art deep digital networks, making it a promising platform for realizing optical neural networks," says Psaltis.

The research, supported by a Sinergia grant from the Swiss National Science Foundation, has recently been published in Nature Photonics.

A simple structural solution 




In nature, photons do not directly interact with each other the way charged electrons do. To achieve nonlinear transformations in optical systems, scientists have therefore had to 'force' photons to interact indirectly, for example by using a light intense enough to modify the optical properties of the glass or other material it passes through.

The scientists worked around this need for a high-power laser with an elegantly simple solution: they encoded the pixels of an image spatially on the surface of a low-power laser beam. By performing this encoding twice, via adjustment of the trajectory of the beam in the encoder, the pixels are multiplied by themselves, i.e., squared. Since squaring is a non-linear transformation, this structural modification achieves the non-linearity essential to neural network calculations, at a fraction of the energy cost. This encoding can be carried out two, three or even ten times, increasing the non-linearity of the transformation and the precision of the calculation.

"We estimate that using our system, the energy required to optically compute a multiplication is eight orders of magnitude less than that required for an electronic system," Psaltis says.

Moser and Psaltis emphasize that the scalability of their low-energy approach is a major advantage, as the ultimate goal would be to use hybrid electronic-optical systems to mitigate the energy consumption of digital neural networks. However, further engineering research is needed to achieve such scale-up. For example, because optical systems use different hardware than electronic systems, a next step that the researchers are already working on is developing a compiler to translate digital data into code that optical systems can use.
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Parents who use humor have better relationships with their children, study finds | ScienceDaily
They say that laughter is the best medicine, but it could be a good parenting tool too, according to a new study led by researchers from Penn State.


						
In a pilot study, the research team found that most people viewed humor as an effective parenting tool and that a parent or caregiver's use of humor affected the quality of their relationship with their children. Among those whose parents used humor, the majority viewed their relationship with their parents and the way they were parented in a positive light. The researchers published their findings in the journal PLOS One.

"Humor can teach people cognitive flexibility, relieve stress, and promote creative problem solving and resilience," said Benjamin Levi, professor of pediatrics and humanities at Penn State College of Medicine and senior author of the study. "My father used humor and it was very effective. I use humor in my clinical practice and with my own children. The question became, how does one constructively use humor?"

While aspects of humor and play have been studied across various settings and in child development, the use of humor in parenting hasn't been formally studied, the researchers said.

"There's an interesting parallel between business and parenting, which are both hierarchical. In business, humor has been shown to help reduce hierarchies, create better environments for collaboration and creativity and diffuse tension," said first author Lucy Emery, who was a medical student at Penn State College of Medicine at the time of the research and currently a pediatrics resident at Boston Children's Hospital. "While parent-child relationships are more loving than business relationships, stressful situations happen a lot when parenting. Humor can help diffuse that tension and hierarchy and help both parties feel better about a stressful situation."

This preliminary research was a first step to examine how people view the relationship between humor, their experience being parented and their experience of parenting. The study will help lay the groundwork for understanding how to use humor constructively and the kinds of situations that are riskier for using humor.

They surveyed 312 people between the ages of 18 and 45. More than half said they were raised by people who used humor and 71.8% agreed that humor can be an effective parenting tool. The majority said they do or plan to use humor with their children and believe that it has more potential benefit than harm.




The team also found a correlation between a parent's use of humor and the way their children, who are now adults, viewed the way they were parented and their relationship with their parents. Of those who reported that their parents used humor, 50.5% said they had a good relationship with their parents and 44.2% reported they felt their parents did a good job parenting them. On the other hand, of those who said their parents didn't use humor, only 2.9% reported a good relationship with their parents and 3.6% reported that they thought their parents did a good job parenting them.

While it's not surprising that parents would use humor with their children if they were raised by caregivers who did the same, Levi said the stark differences between the two groups was unexpected.

The research team is expanding on this preliminary study and are surveying a larger and more diverse cohort of parents as well as collecting qualitative research based on parents' experience using humor.

"My hope is that people can learn to use humor as an effective parenting tool, not only to diffuse tension but develop resilience and cognitive and emotional flexibility in themselves and model it for their children," Levi said.

Erik Lehman, biostatistician at Penn State, and Anne Libera, director of comedy studies at Chicago's The Second City, also contributed to the paper.

The humanities department at Penn State College of Medicine helped support this work.
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Long-distance relationship revealed in the seemingly random behavior of bowhead whales | ScienceDaily
Applying chaos theory to the movement of iconic arctic whales uncovered a 24-hour diving cycle and a long-range (~100 km) synchronization.


						
Bowhead whales are among the largest and longest-lived mammals in the world. They play a vital role in the marine ecosystems of the Arctic Ocean, yet relatively little is known about their foraging and diving behaviors. Now, in a paper to be published in the journal Physical Review Research, a team of scientists from Japan, Greenland and Denmark have detected patterns in the whales' behavior that could offer clues into how they forage and socialize.

Associate Professor Evgeny A. Podolskiy at the Arctic Research Center, Hokkaido University, Professor Jonas Teilmann at the Department of Ecoscience, Aarhus University, and Professor Mads Peter Heide-Jorgensen at the Department of Birds and Mammals, Greenland Institute of Natural Resources, studied 144 days of diving records of 12 bowhead whales tagged in Disko Bay, West Greenland. Because whale diving behavior can be seen as a chaotic, self-sustained oscillation that balances the need for food at depths with the need for oxygen at the surface, the researchers used a dynamical systems chaos approach to uncover patterns within the apparently disorderly collective behavior.

Their analysis detected a 24-hour cycle of diving during the spring, with the whales swimming deepest in the afternoon to track the daily movement of their prey towards the surface, a phenomenon known as the diel vertical migration.

"We find that foraging whales dive deeper during the daytime in spring, with this diving behavior being in apparent synchrony with their vertically migrating prey," said Heide-Jorgensen. "Until now, this hasn't been shown for spring, and remained contradictory for autumn."

The research team also made the surprising discovery of two bowhead whales diving in synchrony over the course of a week at a time, even when they were around one hundred kilometers apart. The pair -- one female and one of unknown sex -- were sometimes as close as five kilometers and sometimes hundreds of kilometers apart, yet they would closely time their diving bouts for durations of up to a week, although to different depths. The synchronization was observed when they were within acoustic range of each other, which can exceed 100 kilometers, although the researchers didn't record the whales' sounds to determine whether they were interacting, as it remains a technically challenging task.

"Without direct observations, such as recordings of the two whales, it isn't possible to determine that the individuals were exchanging calls," said Teilmann, nevertheless, "the observed subsurface behavior might be the first evidence supporting the acoustic herd theory of long-range signaling in baleen whales proposed by Payne and Webb back in 1971."

"The possibility of acoustically connected whales, which seem to be diving alone but are actually together, is mind bending. Our study identifies a framework for studying the sociality and behavior of such chaotically moving, unrestrained marine animals, and we encourage the research community to collect more simultaneous tag data to confirm if our interpretation is appropriate," Podolskiy concluded.
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Millions of years for plants to recover from global warming | ScienceDaily
Scientists often seek answers to humanity's most pressing challenges in nature. When it comes to global warming, geological history offers a unique, long-term perspective. Earth's geological history is spiked by periods of catastrophic volcanic eruptions that released vast amounts of carbon into the atmosphere and oceans. The increased carbon triggered rapid climate warming that resulted in mass extinctions on land and in marine ecosystems. These periods of volcanism may also have disrupted carbon-climate regulation systems for millions of years.


						
Ecological imbalance

Earth and environmental scientists at ETH Zurich led an international team of researchers from the University of Arizona, University of Leeds, CNRS Toulouse, and the Swiss Federal Institute for Forest Snow and Landscape Research (WSL) in a study on how vegetation responds and evolves in response to major climatic shifts and how such shifts affect Earth's natural carbon-climate regulation system.

Drawing on geochemical analyses of isotopes in sediments, the research team compared the data with a specially designed model, which included a representation of vegetation and its role in regulating the geological climate system. They used the model to test how the Earth system responds to the intense release of carbon from volcanic activity in different scenarios. They studied three significant climatic shifts in geological history, including the Siberian Traps event that caused the Permian-Triassic mass extinction about 252 million years ago. ETH Zurich professor, Taras Gerya points out, "The Siberian Traps event released some 40,000 gigatons (Gt) of carbon over 200,000 years. The resulting increase in global average temperatures between 5 -- 10degC caused Earth's most severe extinction event in the geologic record."

Move, adapt, or perish

"The recovery of vegetation from the Siberian Traps event took several millions of years and during this time Earth's carbon-climate regulation system would have been weak and inefficient resulting in long-term climate warming," explains lead author, Julian Rogger, ETH Zurich.

Researchers found that the severity of such events is determined by how fast emitted carbon can be returned to Earth's interior -- sequestered through silicate mineral weathering or organic carbon production, removing carbon from Earth's atmosphere. They also found that the time it takes for the climate to reach a new state of equilibrium depended on how fast vegetation adapted to increasing temperatures. Some species adapted by evolving and others by migrating geographically to cooler regions. However, some geological events were so catastrophic that plant species simply did not have enough time to migrate or adapt to the sustained increase in temperature. The consequences of which left its geochemical mark on climate evolution for thousands, possibly millions, of years.

Today's human-induced climate crisis

What does this mean for human induced climate change? The study found that a disruption of vegetation increased the duration and severity of climate warming in the geologic past. In some cases, it may have taken millions of years to reach a new stable climatic equilibrium due to a reduced capacity of vegetation to regulate Earth's carbon cycle.

"Today, we find ourselves in a major global bioclimatic crisis," comments Loic Pellissier, Professor of Ecosystems and Landscape Evolution at ETH Zurich and WSL. "Our study demonstrates the role of a functioning of vegetation to recover from abrupt climatic changes. We are currently releasing greenhouse gases at a faster rate than any previous volcanic event. We are also the primary cause of global deforestation, which strongly reduces the ability of natural ecosystems to regulate the climate. This study, in my perspective, serves as 'wake-up call' for the global community."
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Potential new approach to enhancing stem-cell transplants | ScienceDaily
A discovery by a three-member Albert Einstein College of Medicine research team may boost the effectiveness of stem-cell transplants, commonly used for patients with cancer, blood disorders, or autoimmune diseases caused by defective stem cells, which produce all the body's different blood cells. The findings, made in mice, were published today in the journal Science.


						
"Our research has the potential to improve the success of stem-cell transplants and expand their use," explained Ulrich Steidl, M.D., Ph.D., professor and chair of cell biology, interim director of the Ruth L. and David S. Gottesman Institute for Stem Cell Research and Regenerative Medicine, and the Edward P. Evans Endowed Professor for Myelodysplastic Syndromes at Einstein, and deputy director of the National Cancer Institute-designated Montefiore Einstein Comprehensive Cancer Center (MECCC).

Dr. Steidl, Einstein's Britta Will, Ph.D., and Xin Gao, Ph.D., a former Einstein postdoctoral fellow, now at the University of Wisconsin in Madison, are co-corresponding authors on the paper.

Mobilizing Stem Cells

Stem-cell transplants treat diseases in which an individual's hematopoietic (blood-forming) stem cells (HSCs) have become cancerous (as in in leukemia or myelodysplastic syndromes) or too few in number (as in bone marrow failure and severe autoimmune disorders). The therapy involves infusing healthy HSCs obtained from donors into patients. To harvest those HSCs, donors are given a drug that causes HSCs to mobilize, or escape, from their normal homes in the bone marrow and enter the blood, where HSCs can be separated from other blood cells and then transplanted. However, drugs used to mobilize HSCs often don't liberate enough of them for the transplant to be effective.

"It's normal for a tiny fraction of HSCs to exit the bone marrow and enter the blood stream, but what controls this mobilization isn't well understood," said Dr. Will, associate professor of oncology and of medicine, and the Diane and Arthur B. Belfer Faculty Scholar in Cancer Research at Einstein, and the co-leader of the Stem Cell and Cancer Biology research program at MECCC. "Our research represents a fundamental advance in our understanding, and points to a new way to improve HSC mobilization for clinical use."

Tracking Trogocytosis

The researchers suspected that variations in proteins on the surface of HSCs might influence their propensity to exit the bone marrow. In studies involving HSCs isolated from mice, they observed that a large subset of HSCs display surface proteins normally associated with macrophages, a type of immune cell. Moreover, HSCs with these surface proteins largely stayed in the bone marrow, while those without the markers readily exited the marrow when drugs for boosting HSCs mobilization were given.




After mixing HSCs with macrophages, the researchers discovered that some HSCs engaged in trogocytosis, a mechanism whereby one cell type extracts membrane fractions of another cell type and incorporates them into their own membranes. Those HSCs expressing high levels of the protein c-Kit on their surface were able to carry out trogocytosis, causing their membranes to be augmented with macrophage proteins -- and making them far more likely than other HSCs to stay in the bone marrow. The findings suggest that impairing c-Kit would prevent trogocytosis, leading to more HSCs being mobilized and made available for transplantation.

"Trogocytosis plays a role in regulating immune responses and other cellular systems, but this is the first time anyone has seen stem cells engage in the process. We are still seeking the exact mechanism for how HSCs regulate trogocytosis," said Dr. Gao, assistant professor of pathology and laboratory medicine at the University of Wisconsin-Madison, Madison, WI.

The researchers intend to continue their investigation into this process: "Our ongoing efforts will look for other functions of trogocytosis in HSCs, including potential roles in blood regeneration, eliminating defective stem cells and in hematologic malignancies," added Dr. Will.

The study originated in the laboratory of the late Paul S. Frenette, M.D., a pioneer in hematopoietic stem cell research and founding director of the Ruth L. and David S. Gottesman Institute for Stem Cell Biology and Regenerative Medicine Research at Einstein. Other key contributors include Randall S. Carpenter, Ph.D., and Philip E. Boulais, Ph.D., both postdoctoral scientists at Einstein.

The Science paper is titled, "Regulation of the hematopoietic stem cell pool by c-Kit-associated trogocytosis." Additional authors are Huihui Li, Ph.D., and Maria Maryanovich, Ph.D., both at Einstein, Christopher R. Marlein, Ph.D., at Einstein and FUJIFILM Diosynth Biotechnologies, Wilton, England, and Dachuan Zhang, Ph.D., at Einstein and Shanghai Jiao Tong University School of Medicine, Shanghai, China, Matthew Smith at the University of Wisconsin-Madison, and David J. Chung, M.D., Ph.D., at Memorial Sloan Kettering Cancer Center, New York, NY.

The study was funded by grants from the National Institutes of Health (U01DK116312, R01DK056638, R01DK112976, R01HL069438, DK10513, CA230756, R01HL157948 and R35CA253127).
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Largest protein yet discovered builds algal toxins | ScienceDaily
While seeking to unravel how marine algae create their chemically complex toxins, scientists at UC San Diego's Scripps Institution of Oceanography have discovered the largest protein yet identified in biology. Uncovering the biological machinery the algae evolved to make its intricate toxin also revealed previously unknown strategies for assembling chemicals, which could unlock the development of new medicines and materials.


						
Researchers found the protein, which they named PKZILLA-1, while studying how a type of algae called Prymnesium parvum makes its toxin, which is responsible for massive fish kills.

"This is the Mount Everest of proteins," said Bradley Moore, a marine chemist with joint appointments at Scripps Oceanography and Skaggs School of Pharmacy and Pharmaceutical Sciences and senior author of a new study detailing the findings. "This expands our sense of what biology is capable of."

PKZILLA-1 is 25% larger than titin, the previous record holder, which is found in human muscles and can reach 1 micron in length (0.0001 centimeter or 0.00004 inch).

Published today in Science and funded by the National Institutes of Health and the National Science Foundation, the study shows that this giant protein and another super-sized but not record-breaking protein -- PKZILLA-2 -- are key to producing prymnesin -- the big, complex molecule that is the algae's toxin. In addition to identifying the massive proteins behind prymnesin, the study also uncovered unusually large genes that provide Prymnesium parvum with the blueprint for making the proteins.

Finding the genes that undergird the production of the prymnesin toxin could improve monitoring efforts for harmful algal blooms from this species by facilitating water testing that looks for the genes rather than the toxins themselves.

"Monitoring for the genes instead of the toxin could allow us to catch blooms before they start instead of only being able to identify them once the toxins are circulating," said Timothy Fallon, a postdoctoral researcher in Moore's lab at Scripps and co-first author of the paper.




Discovering the PKZILLA-1 and PKZILLA-2 proteins also lays bare the alga's elaborate cellular assembly line for building the toxins, which have unique and complex chemical structures. This improved understanding of how these toxins are made could prove useful for scientists trying to synthesize new compounds for medical or industrial applications.

"Understanding how nature has evolved its chemical wizardry gives us as scientific practitioners the ability to apply those insights to creating useful products, whether it's a new anti-cancer drug or a new fabric," said Moore.

Prymnesium parvum, commonly known as golden algae, is an aquatic single-celled organism found all over the world in both fresh and saltwater. Blooms of golden algae are associated with fish die offs due to its toxin prymnesin, which damages the gills of fish and other water breathing animals. In 2022, a golden algae bloom killed 500-1,000 tons of fish in the Oder River adjoining Poland and Germany. The microorganism can cause havoc in aquaculture systems in places ranging from Texas to Scandinavia.

Prymnesin belongs to a group of toxins called polyketide polyethers that includes brevetoxin B, a major red tide toxin that regularly impacts Florida, and ciguatoxin, which contaminates reef fish across the South Pacific and Caribbean. These toxins are among the largest and most intricate chemicals in all of biology, and researchers have struggled for decades to figure out exactly how microorganisms produce such large, complex molecules.

Beginning in 2019, Moore, Fallon and Vikram Shende, a postdoctoral researcher in Moore's lab at Scripps and co-first author of the paper, began trying to figure out how golden algae make their toxin prymnesin on a biochemical and genetic level.

The study authors began by sequencing the golden alga's genome and looking for the genes involved in producing prymnesin. Traditional methods of searching the genome didn't yield results, so the team pivoted to alternate methods of genetic sleuthing that were more adept at finding super long genes.




"We were able to locate the genes, and it turned out that to make giant toxic molecules this alga uses giant genes," said Shende.

With the PKZILLA-1 and PKZILLA-2 genes located, the team needed to investigate what the genes made to tie them to the production of the toxin. Fallon said the team was able to read the genes' coding regions like sheet music and translate them into the sequence of amino acids that formed the protein.

When the researchers completed this assembly of the PKZILLA proteins they were astonished at their size. The PKZILLA-1 protein tallied a record-breaking mass of 4.7 megadaltons, while PKZILLA-2 was also extremely large at 3.2 megadaltons. Titin, the previous record-holder, can be up to 3.7 megadaltons -- about 90-times larger than a typical protein.

After additional tests showed that golden algae actually produce these giant proteins in life, the team sought to find out if the proteins were involved in making the toxin prymnesin. The PKZILLA proteins are technically enzymes, meaning they kick off chemical reactions, and the team played out the lengthy sequence of 239 chemical reactions entailed by the two enzymes with pens and notepads.

"The end result matched perfectly with the structure of prymnesin," said Shende.

Following the cascade of reactions that golden algae uses to make its toxin revealed previously unknown strategies for making chemicals in nature, said Moore. "The hope is that we can use this knowledge of how nature makes these complex chemicals to open up new chemical possibilities in the lab for the medicines and materials of tomorrow," he added.

Finding the genes behind the prymnesin toxin could allow for more cost effective monitoring for golden algae blooms. Such monitoring could use tests to detect the PKZILLA genes in the environment akin to the PCR tests that became familiar during the COVID-19 pandemic. Improved monitoring could boost preparedness and allow for more detailed study of the conditions that make blooms more likely to occur.

Fallon said the PKZILLA genes the team discovered are the first genes ever causally linked to the production of any marine toxin in the polyether group that prymnesin is part of.

Next, the researchers hope to apply the non-standard screening techniques they used to find the PKZILLA genes to other species that produce polyether toxins. If they can find the genes behind other polyether toxins, such as ciguatoxin which may affect up to 500,000 people annually, it would open up the same genetic monitoring possibilities for a suite of other toxic algal blooms with significant global impacts.

In addition to Fallon, Moore and Shende from Scripps, David Gonzalez and Igor Wierzbikci of UC San Diego along with Amanda Pendleton, Nathan Watervoort, Robert Auber and Jennifer Wisecaver of Purdue University co-authored the study.
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Study reveals ways in which 40Hz sensory stimulation may preserve brain's 'white matter' | ScienceDaily
Early-stage trials in Alzheimer's disease patients and studies in mouse models of the disease have suggested positive impacts on pathology and symptoms from exposure to light and sound presented at the "gamma" band frequency of 40 Hz. A new study zeroes in on how 40Hz sensory stimulation helps to sustain an essential process in which the signal-sending branches of neurons, called axons, are wrapped in a fatty insulation called myelin. Often called the brain's "white matter," myelin protects axons and insures better electrical signal transmission in brain circuits.


						
"Previous publications from our lab have mainly focused on neuronal protection," said Li-Huei Tsai, Picower Professor in The Picower Institute for Learning and Memory and the Department of Brain and Cognitive Sciences at MIT and senior author of the new study in Nature Communications. Tsai also lead's MIT's Aging Brain Initiative. "But this study shows that it's not just the gray matter, but also the white matter that's protected by this method."

This year Cognito Therapeutics, the spin-off company that licensed MIT's sensory stimulation technology, published phase II human trial results in the Journal of Alzheimer's Disease indicating that 40Hz light and sound stimulation significantly slowed the loss of myelin in volunteers with Alzheimer's. Also this year Tsai's lab published a study showing that gamma sensory stimulation helped mice withstand neurological effects of chemotherapy medicines, including by preserving myelin. In the new study, members of Tsai's lab led by former postdoc Daniela Rodrigues Amorim used a common mouse model of myelin loss -- a diet with the chemical cuprizone -- to explore how sensory stimulation preserves myelination.

Amorim and Tsai's team found that 40Hz light and sound not only preserved myelination in the brains of cuprizone-exposed mice, it also appeared to protect oligodendrocytes (the cells that myelinate neural axons), sustain the electrical performance of neurons, and preserve a key marker of axon structural integrity. When the team looked into the molecular underpinnings of these benefits, they found clear signs of specific mechanisms including preservation of neural circuit connections called synapses; a reduction in a cause of oligodendrocyte death called "ferroptosis;" reduced inflammation; and an increase in the ability of microglia brain cells to clean up myelin damage so that new myelin could be restored.

"Gamma stimulation promotes a healthy environment," said Amorim who is now a Marie Curie Fellow at the University of Galway in Ireland. "There are several ways we are seeing different effects."

The findings suggest that gamma sensory stimulation may help not only Alzheimer's disease patients but also people battling other diseases involving myelin loss, such as multiple sclerosis, the authors wrote in the study.

Maintaining myelin

To conduct the study, Tsai and Amorim's team fed some male mice a diet with cuprizone and gave other male mice a normal diet for six weeks. Halfway into that period, when cuprizone is known to begin causing its most acute effects on myelination, they exposed some mice from each group to gamma sensory stimulation for the remaining three weeks. In this way they had four groups: completely unaffected mice, mice that received no cuprizone but did get gamma stimulation, mice that received cuprizone and constant (but not 40Hz) light and sound as a control, and mice that received cuprizone and also gamma stimulation.




After the six weeks elapsed, the scientists measured signs of myelination throughout the brains of the mice in each group. Mice that weren't fed cuprizone maintained healthy levels, as expected. Mice that were fed cuprizone and didn't receive 40Hz gamma sensory stimulation showed drastic levels of myelin loss. Cuprizone-fed mice that received 40Hz stimulation retained significantly more myelin, rivaling the health of mice never fed cuprizone by some, but not all, measures.

The researchers also looked at numbers of oligodendrocytes to see if they survived better with sensory stimulation. Several measures revealed that in mice fed cuprizone, oligodendrocytes in the corpus callosum region of the brain (a key point for the transit of neural signals because it connects the brain's hemispheres) were markedly reduced. But in mice fed cuprizone and also treated with gamma stimulation, the number of cells were much closer to healthy levels.

Electrophysiological tests among neural axons in the corpus callosum showed that gamma sensory stimulation was associated with improved electrical performance in cuprizone-fed mice who received gamma stimulation compared to cuprizone-fed mice left untreated by 40Hz stimulation. And when researchers looked in the anterior cingulate cortex region of the brain, they saw that MAP2, a protein that signals the structural integrity of axons, was much better preserved in mice that received cuprizone and gamma stimulation compared to cuprizone-fed mice who did not.

Molecular mechanisms

A key goal of the study was to identify possible ways in which 40Hz sensory stimulation may protect myelin.

To find out, the researchers conducted a sweeping assessment of protein expression in each mouse group and identified which proteins were differentially expressed based on cuprizone diet and exposure to gamma frequency stimulation. The analysis revealed distinct sets of effects between the cuprizone mice exposed to control stimulation and cuprizone-plus-gamma mice.




A highlight of one set of effects was the increase in MAP2 in gamma-treated cuprizone-fed mice. A highlight of another set was that cuprizone mice who received control stimulation showed a substantial deficit in expression of proteins associated with synapses. The gamma-treated cuprizone-fed mice did not show any significant loss, mirroring results in a 2019 Alzheimer's 40Hz study that showed synaptic preservation. This result is important, the researchers wrote, because neural circuit activity, which depends on maintaining synapses, is associated with preserving myelin. They confirmed the protein expression results by looking directly at brain tissues.

Another set of protein expression results hinted at another important mechanism: ferroptosis. This phenomenon, in which errant metabolism of iron leads to a lethal buildup of reactive oxygen species in cells, is a known problem for oligodendrocytes in the cuprizone mouse model. Among the signs was an increase in cuprizone-fed, control stimulation mice in expression of the protein HMGB1, which is a marker of ferroptosis-associated damage that triggers an inflammatory response. Gamma stimulation, however, reduced levels of HMGB1.

Looking more deeply at the cellular and molecular response to cuprizone demyelination and the effects of gamma stimulation, the team assessed gene expression using single-cell RNA sequencing technology. They found that astrocytes and microglia became very inflammatory in cuprizone-control mice but gamma stimulation calmed that response. Fewer cells became inflammatory and direct observations of tissue showed that microglia became more proficient at clearing away myelin debris, a key step in effecting repairs.

The team also learned more about how oligodendrocytes in cuprizone-fed mice exposed to 40Hz sensory stimulation managed to survive better. Expression of protective proteins such as HSP70 increased and as did expression of GPX4, a master regulator of processes that constrain ferroptosis.

In addition to Amorim and Tsai, the paper's other authors are Lorenzo Bozzelli, TaeHyun Kim, Liwang Liu, Oliver Gibson, Cheng-Yi Yang, Mitch Murdock, Fabiola Galiana-Melendez, Brooke Schatz, Alexis Davison, Md Rezaul Islam, Dong Shin Park, Ravikiran M. Raju, Fatema Abdurrob, Alissa J. Nelson, Jian Min Ren, Vicky Yang and Matthew P. Stokes.

Fundacion Bancaria la Caixa, The JPB Foundation, The Picower Institute for Learning and Memory, the Carol and Gene Ludwig Family Foundation, Lester A. Gimpelson, Eduardo Eurnekian, The Dolby Family, Kathy and Miguel Octavio, the Marc Haas Foundation, Ben Lenail and Laurie Yoler, and the National Institutes of Health provided funding for the study.
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Bacteria encode hidden genes outside their genome--do we? | ScienceDaily
A "loopy" discovery in bacteria is raising fundamental questions about the makeup of our own genome -- and revealing a potential wellspring of material for new genetic therapies.


						
Since the genetic code was first deciphered in the 1960s, our genes seemed like an open book. By reading and decoding our chromosomes as linear strings of letters, like sentences in a novel, we can identify the genes in our genome and learn why changes in a gene's code affect health.

This linear rule of life was thought to govern all forms of life -- from humans down to bacteria.

But a new study by Columbia researchers shows that bacteria break that rule and can create free-floating and ephemeral genes, raising the possibility that similar genes exist outside of our own genome.

"What this discovery upends is the notion that the chromosome has the complete set of instructions that cells use to produce proteins," says Samuel Sternberg, associate professor of biochemistry & molecular biology at the Vagelos College of Physicians and Surgeons, who led the research with Stephen Tang, an MD/PhD student at the medical school.

"We now know that, at least in bacteria, there can be other instructions not preserved in the genome that are nonetheless essential for cell survival."

"Astonishing" and "alien biology"

The scientific reaction had already made news a few months ago when the paper first appeared as a preprint. In a Nature News article, scientists called the discovery "alien biology," "astonishing," and "shocking."




"It repeatedly left us in disbelief," Tang says, "and we went from doubt to amazement as the mechanism gradually came into view."

Bacteria and their viruses have been locked in battle for eons, as viruses try to inject their DNA into the bacterial genome and bacteria devise cunning methods (e.g. CRISPR) to defend themselves. Many bacterial defense mechanisms remain unexplored but could lead to new genome editing tools.

The bacterial defense system Sternberg and Tang picked to explore is an odd one: The system involves a piece of RNA with unknown function and a reverse transcriptase, an enzyme that synthesizes DNA from an RNA template. The most common defense systems in bacteria cut or degrade incoming viral DNA, "so we were puzzled by the idea of defending the genome by DNA synthesis," Tang says.

Free-floating genes

To learn how the odd defense works, Tang first created a new technique to identify the DNA produced by the reverse transcriptase. The DNA he found was long but repetitive, containing multiple copies of a short sequence within the defense system's RNA molecule.

He then realized that this portion of the RNA molecule folds into a loop, and the reverse transcriptase travels numerous times around the loop to create the repetitive DNA. "It's like you were intending to photocopy a book, but the copier just started churning out the same page over and over again," Sternberg says.




The researchers originally thought something might be wrong with their experiments, or that the enzyme was making a mistake and the DNA it created was meaningless.

"This is when Stephen did some ingenious digging and found that the DNA molecule is a fully functioning, free-floating, transient gene," Sternberg says.

The protein coded by this gene, the researchers found, is a critical part of the bacteria's antiviral defense system. Viral infection triggers production of the protein (dubbed Neo by the researchers), which prevents the virus from replicating and infecting neighboring cells.

Extrachromosomal genes in humans?

If similar genes are found freely floating around in cells of higher organisms, "that would really be a game-changing discovery," Sternberg says. "There might be genes, or DNA sequences, that don't reside in any of the 23 human chromosomes. Maybe they're only made in certain environments, in certain developmental or genetic contexts, and yet provide critical coding information that we rely on for our normal physiology."

The lab is now using Tang's methods to look for human extrachromosomal genes produced by reverse transcriptases.

Thousands of reverse transcriptase genes exist in the human genome and many have still undiscovered functions. "There is a significant gap to be filled that might reveal some more interesting biology," Sternberg says.

Gene-editing wellspring

Though gene therapies that take advantage of CRISPR editing are in clinical trials (and one was approved last year for sickle cell), CRISPR is not the perfect technology.

New techniques that combine CRISPR with a reverse transcriptase are giving genome engineers more power. "The reverse transcriptase gives you the ability to write in new information at sites that CRISPR cuts, which CRISPR alone cannot do," Tang says, "but everyone uses the same reverse transcriptase that was discovered decades ago."

The reverse transcriptase that creates Neo has certain properties that may make it a better option for genome editing in the lab and for creating new gene therapies. And more mysterious reverse transcriptases exist in bacteria that are waiting to be explored.

"We think bacteria may have a treasure trove of reverse transcriptases that could be opportune starting points for new technologies once we understand how they work," Sternberg says.
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Greenland mega-tsunami led to week-long oscillating fjord wave | ScienceDaily
In September 2023, a megatsunami in remote eastern Greenland sent seismic waves around the world, piquing the interest of the global research community.


						
The event created a week-long oscillating wave in Dickson Fjord, according to a new report in The Seismic Record.

Angela Carrillo-Ponce of GFZ German Research Centre for Geoscience and her colleagues identified two distinct signals in the seismic data from the event: one high-energy signal caused by the massive rockslide that generated the tsunami, and one very long-period (VLP) signal that lasted over a week.

Their analysis of the VLP signal -- which was detected as far as 5000 kilometers away -- suggests that the landslide and resulting tsunami created a seiche, or a standing wave that oscillates in a body of water. In this case, the seiche was churning for days between the shores of Dickson Fjord.

"The fact that the signal of a rockslide-triggered sloshing wave in a remote area of Greenland can be observed worldwide and for over a week is exciting, and as seismologists this signal was what mostly caught our attention," said Carrillo-Ponce.

"The analysis of the seismic signal can give us some answers regarding the processes involved and may even lead to improved monitoring of similar events in the future. If we had not studied this event seismically, then we would not have known about the seiche produced in the fjord system," she added.

The findings will help researchers as they study the impacts of landslides in Greenland and similar regions around the world where global warming and the loss of permafrost are making rocky slopes and glaciers increasingly unstable.




In western Greenland, recent tsunamis have had devastating consequences, such as the 2017 Karrat Fjord event where an avalanche caused a tsunami that flooded the village of Nuugaatsiaq and killed four people. Megatsunamis over 100 meters high off the east coast of Greenland have also reached Europe.

The 16 September 2023 megatsunami took place in Dickson Fjord in a remote part of East Greenland, and was first noted in social media posts and in a report of waves hitting a military installation on Ella Island.

Carrillo-Ponce and colleagues studied both seismic signals and satellite imagery from the area to precisely locate and reconstruct the series of events.

Their analysis of an initial high-energy seismic signal, combined with satellite images of a missing rock patch along a cliff along Dickson Fjord, allowed them to trace the direction of the landslide as it picked up glacier ice and became a mixed rock-ice avalanche before it reached the water. The resulting megatsunami run-up was more than 200 meters near the water entry point and an average of 60 meters along a 10-kilometer stretch of the fjord.

"While we were able to obtain information on the direction and magnitude of the force exerted by the landslide, we do not have data to investigate the original cause of the landslide," Carrillo-Ponce said.

The strength, radiation pattern and duration of the later seismic VLP signal best fit a scenario where the tsunami created a long-lasting seiche in the fjord, the researchers found.

VLP signals have been observed previously in Greenland, but they are usually associated with iceberg collapse due to glacial earthquakes. "In our case we observed a VLP signal too, but the main difference is the long duration," Carrillo-Ponce explained. "It is quite impressive to see that we could use good-quality data from stations located as far as Germany, Alaska and North America, and that those records were strong enough for at least one week."

The researchers say their approach might prove useful in studying similar past events, and their possible link to climate and environmental change.

"We have compared our results with remote sensing data to validate our solutions, and our study shows that the force produced by the signals is well resolved," Carrillo-Ponce said. "Therefore it becomes a useful analysis as seismic signals contain information on the type of source generating the signal and how the energy is radiated."
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New technology uses light to engrave erasable 3D images | ScienceDaily
Dartmouth and Southern Methodist University researchers invented a technique that uses a specialized light projector and a photosensitive chemical additive to imprint two- and three-dimensional images inside any polymer. The light-based engraving remains in the polymer until heat or light are applied, which erases the image and makes it ready to use again. The technology is intended for any situation where having detailed, precise visual data in a compact and easily customizable format could be critical, such as planning surgeries and developing architectural designs.


						
Imagine if physicians could capture three-dimensional projections of medical scans, suspending them inside an acrylic cube to create a hand-held reproduction of a patient's heart, brain, kidneys, or other organs. Then, when the visit is done, a quick blast of heat erases the projection and the cube is ready for the next scan.

A new report in the journal Chem by researchers at Dartmouth and Southern Methodist University (SMU) outlines a technical breakthrough that could enable such scenarios, and others with widespread utility.

The study introduces a technique that uses a specialized light projector to imprint two-dimensional and 3D images inside any polymer that contains a photosensitive chemical additive the team developed. The light-based engraving remains in the polymer until heat is applied, which erases the image and makes it ready to use again.

In short, the researchers write with light and erase with heat or light, says Ivan Aprahamian, professor and chair of chemistry at Dartmouth and co-corresponding author on the paper. In test trials, the researchers produced high-resolution images in polymers ranging from thin films to six inches thick.

The technology is intended for any situation where having detailed, precise visual data in a compact and easily customizable format could be critical, Aprahamian says, such as planning surgeries and developing architectural designs. The device also could be used for generating 3D images for education and even creating art, he says.

"This is like 3D printing that is reversible," Aprahamian says. "You can take any polymer that has the optimal optic properties -- that is, it's translucent -- and enhance it with our chemical switch. Now that polymer is a 3D display. You do not need virtual reality headsets or complicated instrumentation. All you need is the right piece of plastic and our technology."

Readily available polymers -- such as an acrylic cube -- could be transformed into a display with the addition of the light-sensitive chemical "switch" formulated by Aprahamian and Qingkai Qi, a postdoctoral researcher at Dartmouth and the study's first author. The switch consists of a compound called azobenzene that reacts to light paired with boron difluoride, which enhances the switch's optical properties.




Once integrated with a polymer, the switch reacts to wavelengths of red and blue light beamed from a projector developed in the lab of Alex Lippert, professor of chemistry at SMU and co-corresponding author of the study. Study co-author Joshua Plank is a PhD candidate in Lippert's lab. The red light acts like ink by activating the chemical additive to create the image, Aprahamian says. Blue light can then be used to erase it.

The projector illuminates the treated polymer from different angles with various patterns of light, Lippert explains. The photosensitive chemical developed in Aprahamian's lab at Dartmouth is activated where these patterns intersect to produce 3D patterns. Creating 3D projections from 2D images such as a chest X-ray would mean projecting slices of the original image into a polymer cube or other shape until the slices combine to form the full 3D image, Lippert says.

The researchers have been able to produce animated images in polymers and future work revolves around improving that process. In the meantime, the technology reported in Chem could be developed for practical use in its current form, such as for industry or health care.

"Scaling up requires tuning the chemical switch properties to improve resolution, contrast, and refresh rate," Lippert says. "The projector system can in principle be scaled up and developed into a turnkey system with automated hardware and associated software for easy use."
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Record-breaking recovery of rocks that originated in Earth's mantle could reveal secrets of planet's history | ScienceDaily
Scientists have recovered the first long section of rocks that originated in the Earth's mantle, the layer below the crust and the planet's largest component.


						
The rocks will help unravel the mantle's role in the origins of life on Earth, the volcanic activity generated when it melts, and how it drives the global cycles of important elements such as carbon and hydrogen, according to the team.

The nearly continuous 1,268 metres of mantle rock was recovered from a "tectonic window," a section of the seabed where rocks from the mantle were exposed along the Mid-Atlantic Ridge, during Expedition 399 "Building Blocks of Life, Atlantis Massif" of the ocean drilling vessel JOIDES Resolution in Spring 2023.

With attempts dating back to the early 1960s, the recovery was a record-breaking achievement led by the International Ocean Discovery Program, an international marine research consortium of more than 20 countries that retrieves cores -- cylindrical samples of sediment and rock -- from the ocean floor to study Earth's history.

Since then, the expedition team has been compiling an inventory of the recovered mantle rocks to understand their composition, structure and context.

Their findings, presented in the journal Science, reveal a more extensive history of melting in the recovered rocks than expected.

Lead author Professor Johan Lissenberg from Cardiff University's School of Earth and Environmental Sciences, said: "When we recovered the rocks last year, it was a major achievement in the history of the Earth sciences, but, more than that, its value is in what the cores of mantle rocks could tell us about the makeup and evolution of our planet.




"Our study begins to look at the composition of the mantle by documenting the mineralogy of the recovered rocks, as well as their chemical makeup.

"Our results differ from what we expected. There is a lot less of the mineral pyroxene in the rocks, and the rocks have got very high concentrations of magnesium, both of which results from much higher amounts of melting than what we would have predicted."

This melting occurred as the mantle rose from the deeper parts of the Earth towards the surface.

Results from further analysis of this process could have major implications for the understanding of how magma is formed and leads to volcanism, the researchers claim.

"We also found channels through which melt was transported through the mantle, and so we are able to track the fate of magma after it is formed and travels upwards to the Earth's surface.

"This is important because it tells us how the mantle melts and feeds volcanoes, particularly those on the ocean floor that account for the majority of volcanism on Earth. Having access to these mantle rocks will allow us to make the connection between the volcanoes and the ultimate source of their magmas."

The study also provides initial results on how olivine, an abundant mineral in mantle rocks, reacts with seawater, leading to a series of chemical reactions that produce hydrogen and other molecules that can fuel life.




Scientists believe this might have been one of the underpinning processes in the origin of life on Earth.

Dr Susan Q Lang, an associate scientist in Geology and Geophysics at the Woods Hole Oceanographic Institution, who was a co-chief scientist on the expedition and part of a team continuing to analyse rock and fluid samples, said: "The rocks that were present on early Earth bear a closer resemblance to those we retrieved during this expedition than the more common rocks that make up our continents today.

"Analysing them gives us a critical view into the chemical and physical environments that would have been present early in Earth's history, and that could have provided a consistent source of fuel and favorable conditions over geologically long timeframes to have hosted the earliest forms of life."

The international team of more than 30 scientists from the JOIDES Resolution expedition will continue their research on the recovered drill cores to address a wide range of problems.

Dr. Andrew McCaig, an Associate Professor in the School of Earth and Environment at the University of Leeds, who was the lead proponent of Expedition 399 and a co-chief scientist on the Expedition added: "Everyone involved in Expedition 399, starting with the first proposal in 2018, can be proud of the achievements documented in this paper. Our new deep hole will be a type section for decades to come in disciplines as diverse as melting processes in the mantle, chemical exchange between rocks and the ocean, organic geochemistry and microbiology. All data from the expedition will be fully available, an exemplar of how international science should be conducted."
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        Singing from memory unlocks a surprisingly common musical superpower
        Psychologists studied 'earworms,' the types of songs that get stuck in your head and play automatically on a loop, to show that highly accurate pitch memory is much more common than might be expected.

      

      
        Candidate malaria vaccine provides lasting protection in NIH-sponsored trials
        Recent trials of an experimental malaria vaccine in healthy Malian adults found that all three tested regimens were safe. One of the trials enrolled 300 healthy women ages 18 to 38 years who anticipated becoming pregnant soon after immunization. That trial began with drug treatment to remove malaria parasites, followed by three injections spaced over a month of either saline placebo or the investigational vaccine at one of two dosages.

      

      
        International study detects consciousness in unresponsive patients
        New research found that brain scans can detect consciousness in some patients with brain injury who are unresponsive. In the study, 241 participants with severe brain injury who do not respond when given a simple instruction were assessed with functional MRI (fMRI), electroencephalography (EEG), or both tests, while hearing instructions, such as 'imagine opening and closing your hand.' Their brain responses showed that 25 percent of participants repeatedly followed this instruction covertly over ...

      

      
        Patients with unexplainable chronic itch have unique blood biomarkers that could eventually lead to new targeted treatments
        Millions of patients worldwide suffer from a chronic itching condition with no identifiable cause -- a condition known as chronic pruritus of unknown origin (CPUO) -- that has no targeted therapies approved to treat it. Many of these patients suffer for years with little relief, but a new study may provide hope for future treatments. Patients were found to have lower than normal levels of metabolite biomarkers in the blood plasma that could point to a cause of their excruciating symptoms.

      

      
        New research poised to transform approach to diagnosing and treating acute leukemia in children
        Researchers announced a significant paradigm shift in the understanding of T-lineage acute lymphoblastic leukemia (T-ALL), an aggressive and high-risk form of cancer, to one frequently driven by genetic changes in non-coding portions of our DNA.

      

      
        New clue into the curious case of our aging immune system
        A new study could help solve a long-standing mystery into why a key immune organ in our bodies shrinks and loses its function as we get older.

      

      
        Venting your frustrations can make friends like you better -- if you do it right
        Venting about your frustrations with one friend to another may feel good, but it doesn't necessarily reduce anger. Experiments showed that people who listened to a friend vent liked and supported that person more than those who were vented about -- but only if the person venting didn't derogate or seem aggressive toward the other friend. Venting might be an effective tool of competition for listeners' affections precisely because it is not readily recognized as a tool of competition.

      

      
        New brain-computer interface allows man with ALS to 'speak' again
        A new brain-computer interface translates brain signals into speech with up to 97 percent accuracy. Researchers implanted sensors in the brain of a man with severely impaired speech due to amyotrophic lateral sclerosis (ALS). The man was able to communicate his intended speech within minutes of activating the system.

      

      
        Good news for people with MS: COVID-19 vaccine not tied to relapse, study finds
        People with multiple sclerosis (MS) have an increased risk of severe coronavirus infection, but there has been concern regarding potential relapse after vaccination. A new study finds that people with MS may not have a higher risk of relapse after COVID-19 vaccination.

      

      
        Do people with high blood pressure have a higher risk of Alzheimer's disease?
        People 60 and older with untreated high blood pressure may have an increased risk of Alzheimer's disease compared to both people who have been or are being treated for high blood pressure as well as people without the chronic condition. These results do not prove that untreated high blood pressure causes Alzheimer's disease, they only show an association.

      

      
        New way inflammation impacts cell communication
        Researchers have made significant progress in understanding how cells communicate during inflammation.

      

      
        Dark rituals: Understanding society's fascination with death and disaster
        Understanding why the popularity of organized events steeped in themes of death, disaster and suffering, such as the well-known Dia de los Muertos (Day of the Dead), Jack the Ripper Walking Tours and Remembrance Sunday, could be key to a deeper understanding of society, say researchers.

      

      
        Child-parent therapy has biological benefits for traumatized kids
        Psychotherapy sessions with caregivers may help prevent serious disease later in life for young children who have experienced significant trauma, a new study found.

      

      
        Hydrometeorology and location affect hospitalizations for waterborne infectious diseases in the US
        An analysis of 12 years of data collected from over 500 hospitals in 25 different states shows that weather, geographic location, and urban or rural location all appear to influence hospitalizations for waterborne infectious diseases.

      

      
        Alzheimer's cognitive decline predicted by patient's age, sex, and irregular heart rhythm
        Older age, female sex, irregular heart rhythms, and daily activity levels can help to predict how much Alzheimer's Disease patients' cognitive function will decline, and how much they will depend on their caregivers over the next two years. The results suggest new ways to predict cognitive decline in patients, and that caregivers need to be considered in treatment plans.

      

      
        Unveiling the brain's reward circuitry
        A research team has made a significant breakthrough in understanding the complex neural circuitry underlying reward and addiction by identifying 34 distinct subtypes of medium spiny neurons (MSNs) in the nucleus accumbens (NAc), a key brain region involved in pleasure and motivation. The findings offer insights into the diversity of these neurons and their potential roles in substance use disorders.

      

      
        How bread dough gave rise to civilization
        A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.

      

      
        New research identifies early sensorimotor markers for autism spectrum disorder
        A study has uncovered significant findings related to the early sensorimotor features and cognitive abilities of toddlers who are later diagnosed with autism spectrum disorder (ASD).

      

      
        Shingles increases risk of subsequent cognitive decline, study suggests
        This new study found that an episode of shingles is associated with about a 20 percent higher long-term risk of subjective cognitive decline.

      

      
        Scientists discover breakthrough method to activate dormant stem cells in the brain
        Scientists have discovered a novel pathway to wake up dormant neural stem cells, offering potential new therapies for neurodevelopmental disorders such as autism, learning disabilities, and cerebral palsy.

      

      
        Eye-opening discovery offers fresh hope for disease that can cause blindness
        Scientists have identified a rare, mutated version of a protein called TNIP1 that causes a chronic autoimmune disease similar to Sjogren's Syndrome -- a condition that leads to extreme dryness of the eyes and mouth that can cause blindness if left untreated.

      

      
        Smart fabric converts body heat into electricity
        Researchers have developed a smart fabric that can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

      

      
        Beige fat cells with a 'Sisyphus mechanism'
        A new class of fat cells makes people healthier. The cells consume energy and produce heat through seemingly pointless biochemical reactions.

      

      
        Stopping and reversing Alzheimer's at an early stage
        In the fight against Alzheimer's, researchers have developed a promising, preventative therapeutic approach. They specifically targeted the amyloid beta biomolecule, which triggers the hyperactivity of nerve cells typical of the brain disease in its early stages. They succeeded in developing and using a protein drug that can suppress the effects of the harmful molecule.

      

      
        Sugar intake decreasing but still too high
        A high-sugar diet is seen as a risk factor for obesity and chronic illness. Researchers have analyzed data on sugar intake among children and adolescents in a long-term study, finding that intake has been declining steadily since 2010 -- but is still above the level recommended by the World Health Organization (WHO).

      

      
        New mechanism of action kills cancer cells
        Conventional cancer drugs work by triggering apoptosis, that is programmed cell death, in tumor cells. However, tumor cells have the ability to develop strategies to escape apoptosis, rendering the drugs ineffective. A research team now describes a new mechanism of action that kills cancer cells through ferroptosis.

      

      
        Surprising mechanism of lupus kidney damage identified
        A team defined key cells behind severe kidney damage in lupus. The research can inform future antibody therapies.

      

      
        How air-powered computers can prevent blood clots
        A new, air-powered computer sets off alarms when certain medical devices fail. The invention is a more reliable and lower-cost way to help prevent blood clots and strokes -- all without electronic sensors.

      

      
        New vaccine against cervical cancer combines prophylactic and therapeutic activity
        A vaccine against cancer-causing human papillomaviruses (HPV) is intended to help increase the rate of HPV vaccinations, particularly in developing countries. Scientists developed a completely new vaccination concept for this purpose. The vaccine is inexpensive and protects mice against almost all cancer-causing HPV types. In addition to preventing new infections, the vaccine also triggers cellular immune responses against HPV-infected cells and may therefore also have a therapeutic effect agains...

      

      
        Season of birth is associated with the development of asthma and allergic rhinitis
        Being born in autumn or winter is associated with asthma and allergic rhinitis in Finland, a new registry-based study shows.

      

      
        UV rays may boost health in low-sunlight countries
        The health benefits of sunshine could outweigh the risks for people living in places with limited sunlight, such as parts of the UK, a study suggests. Exposure to higher levels of ultraviolet (UV) radiation in areas with low sunlight was linked to a drop in deaths from cardiovascular disease and cancer, according to the research.

      

      
        Early life exposure to common chemical permanently disrupts gut microbiome, study suggests
        Early life exposure to 'forever chemicals' in the environment permanently disrupts the gut microbiome in mice, contributing to the development of metabolic disease in later life, according to new research. The results suggest that human exposure to these chemicals during early childhood may be contributing to the recent epidemic of metabolic disorders, including obesity and type 2 diabetes among adults.

      

      
        Researchers find possible inaccuracies in crash-reported child passenger injuries
        Researchers found discrepancies between crash reports and hospital data that might paint an incomplete or inaccurate picture of how crashes impact the safety of child passengers. Enhancing the quality of injury data reported in crash reports can aid researchers in assessing the effectiveness of various transportation safety strategies for children.

      

      
        C-section antibiotics impact the infant microbiome far less than infant diet
        Caesarean section recipients are usually given prophylactic antibiotics just before the procedure to prevent later infections at the surgical site. But there have been concerns about whether these antibiotics may have a negative impact on newborns and their microbiomes if the drugs travel through the umbilical cord and reach the baby before the cord is cut. Now, a study has confirmed that although these antibiotics can cause subtle changes to the infant microbiome, they are much less significant ...

      

      
        An implantable sensor could reverse opioid overdoses
        A new implantable sensor could reverse opioid overdoses. The device rapidly releases naloxone when an overdose is detected.

      

      
        A ketogenic diet could improve the response to pancreatic cancer therapy
        Scientists have discovered a way to get rid of pancreatic cancer in mice by putting them on a high fat, or ketogenic, diet and giving them cancer therapy.

      

      
        Patterns of intelligence
        The coordinated activity of brain cells, like birds flying in formation, helps us behave intelligently in new situations, according to a new study. The work is the first to illuminate the neurological processes known as abstraction and inference in the human brain.

      

      
        Immune cell regulator discovery could lead to treatments for arthritis and severe COVID
        The discovery of a new regulator affecting immune cells could lead to new treatments to reduce inflammation in diseases including arthritis and severe COVID-19.

      

      
        Larger teams in academic research worsen career prospects, study finds
        Researchers reveal that individuals who finish their PhD in situations where the average team in their field is larger have worse academic career options.

      

      
        Work-related stress may increase the risk of an irregular heart rhythm
        Job strain and effort-reward imbalance at work were associated with a greater chance of developing an abnormal heart rhythm condition, finds a new study.

      

      
        Policing may play a role in youth mental health crises
        New York City neighborhoods subject to higher rates of policing during the Stop and Frisk years also experienced higher burdens of psychiatric hospitalization among their adolescent and young adult residents -- independent of underlying neighborhood socio-economic characteristics.

      

      
        Swipe up! Health apps deliver real results en masse
        They're the little digital tools you can download in a few seconds, but despite their literal size, health and fitness apps pack a real punch when it comes to getting results, say researchers.

      

      
        Australia offers lessons for increasing American life expectancy
        A new study comparing expected lifespans among six high-income English-speaking countries found that Australians live the longest while American lifespans faltered over the last three decades.

      

      
        Childhood maltreatment is associated with greater cognitive difficulties than previously thought
        New research suggests that the overreliance on retrospective self-reports of maltreatment in research has resulted in a biased evidence base that overlooks the challenges faced by children and young people with documented exposure to maltreatment.

      

      
        Two new studies show how immunotherapies collaborate to boost T cell responses in melanoma
        Two recent studies uncover how immunotherapies targeting the immune checkpoints PD1 and LAG3 work together to activate immune responses. The findings shed light on why combination therapies targeting both checkpoints can improve outcomes for melanoma patients compared to monotherapies targeting only PD1.

      

      
        Exciting advance in stem cell therapy
        A new technique for mechanically manipulating stem cells could lead to new stem cell treatments, which have yet to fulfill their therapeutic potential.

      

      
        New research explores the urea cycle's strong connection to fatty liver disease
        A physician scientist is making strides in understanding the molecular origins of fatty liver disease, a leading cause of liver failure in the United States.

      

      
        Less sleep and later bedtime in childhood linked to future substance use
        Adolescents were more likely to have consumed alcohol or tried marijuana by age 15 if they had later bedtimes and slept fewer hours during the night during childhood and adolescence, according to a new study.

      

      
        Children born prematurely fall into three groups
        A new study finds that preterm-born children fit into three profiles, with markedly different results on tests that measure cognition and behavior.

      

      
        Scientists achieve more than 98% efficiency removing nanoplastics from water
        Linked to cardiovascular and respiratory diseases in people, nanoplastics continue to build up, largely unnoticed, in the world's bodies of water. The challenge remains to develop a cost-effective solution to get rid of nanoplastics while leaving clean water behind. That's where Mizzou comes in. Recently, researchers created a new liquid-based solution that eliminates more than 98% of these microscopic plastic particles from water.
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Singing from memory unlocks a surprisingly common musical superpower | ScienceDaily
New research from UC Santa Cruz is finally giving you the go-ahead to sing in the shower as loud as you want. Because, as it turns out, you probably sound pretty darn good.


						
Psychologists wanted to study "earworms," the types of songs that get stuck in your head and play automatically on a loop. So they asked people to sing out any earworms they were experiencing and record them on their phones when prompted at random times throughout the day. When researchers analyzed the recordings, they found that a remarkable proportion of them perfectly matched the pitch of the original songs they were based upon.

More specifically, 44.7% of recordings had a pitch error of 0 semitones, and 68.9% were accurate within 1 semitone of the original song. These findings were recently published in the journal Attention, Perception, & Psychophysics.

"What this shows is that a surprisingly large portion of the population has a type of automatic, hidden 'perfect pitch' ability," said Cognitive Psychology Ph.D. candidate Matt Evans, who led the study with support from Psychology Professor Nicolas Davidenko and undergraduate research assistant Pablo Gaeta.

"Interestingly, if you were to ask people how they thought they did in this task, they would probably be pretty confident that they had the melody right, but they would be much less certain that they were singing in the right key," Evans said. "As it turns out, many people with very strong pitch memory may not have very good judgment of their own accuracy, and that may be because they don't have the labeling ability that comes with true perfect pitch."

Evans explained that true perfect pitch is the ability to accurately produce or identify a given note on the first try and without a reference pitch. Less than 1 in 10,000 people possess that ability, with the list including famed musicians like Ludwig van Beethoven, Ella Fitzgerald, and Mariah Carey. But, scientists are increasingly finding that accurate pitch memory is much more common.

Prior research has shown that participants in laboratory settings who are asked to recall a well-known song and sing it from memory end up singing it in the right key at least 15% of the time, which is much more often than could be expected by chance. But there are still a lot of unknowns about how this memory process works, and that included questions about whether it took deliberate effort for people to recall songs in the right key, or if it happened automatically.




That's where earworms came in handy. Because earworms are a type of musical memory experience that happens involuntarily, the UC Santa Cruz team decided to use them to test whether pitch memory was still relatively accurate when music wasn't being recalled purposefully. The team's findings that earworms did in fact very strongly follow the key of the original song suggests that there may be something unique about musical memories and the ways they are encoded and maintained inside our brains.

"People who study memory often think about long-term memories as capturing the gist of something, where the brain takes shortcuts to represent information, and one way our brains could try to represent the gist of music would be to forget what the original key was," explained Professor Davidenko. "Music sounds very similar in different keys, so it would be a good shortcut for the brain to just ignore that information, but it turns out that it's not ignored. These musical memories are actually highly accurate representations that defy the typical gist formation that happens in some other domains of long-term memory."

As researchers continue working to unpack the mechanisms behind musical memory, Evans says he hopes the current findings will also help more people have the confidence to participate in music. He noted that the pitch accuracy of participants in the study was not predicted by any objective measures of singing ability, and none of the participants were musicians or reported having perfect pitch. In other words, you don't have to have special abilities to demonstrate this foundational musical skill.

"Music and singing are uniquely human experiences that so many people don't allow themselves to engage with because they don't think they can, or they've been told they can't," Evans said. "But in reality, you don't have to be Beyonce to have what it takes to make music. Your brain is already doing some of it automatically and accurately, despite that part of you that thinks you can't."
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Candidate malaria vaccine provides lasting protection in NIH-sponsored trials | ScienceDaily
Two National Institutes of Health (NIH)-supported trials of an experimental malaria vaccine in healthy Malian adults found that all three tested regimens were safe. One of the trials enrolled 300 healthy women ages 18 to 38 years who anticipated becoming pregnant soon after immunization. That trial began with drug treatment to remove malaria parasites, followed by three injections spaced over a month of either saline placebo or the investigational vaccine at one of two dosages. Both dosages of the vaccine candidate conferred a significant degree of protection from parasite infection and clinical malaria that was sustained over a span of two years without the need for a booster dose -- a first for any malaria vaccine. In an exploratory analysis of women who conceived during the study, the vaccine significantly protected them from malaria in pregnancy. If confirmed through additional clinical trials, the approach modeled in this study could open improved ways to prevent malaria in pregnancy.


						
Spread by Anopheles mosquitoes, malaria parasites, including those of the species Plasmodium falciparum (Pf), can cause illness in people of any age. However, pregnant women, infants and very young children are especially vulnerable to life-threatening disease. Malarial parasitemia in pregnancy is estimated to cause up to 50,000 maternal deaths and 200,000 stillbirths in Africa each year.

The trials were co-led by investigators from the NIH's National Institute of Allergy and Infectious Diseases (NIAID) and the University of Sciences, Techniques and Technologies, Bamako (USTTB), Mali. The investigational vaccine used in both trials was PfSPZ Vaccine, a radiation-attenuated vaccine based on Pf sporozoites (a stage of the parasite's lifecycle), manufactured by Sanaria Inc., Rockville, Maryland. Multiple previous clinical trials of PfSPZ Vaccine have shown it to be safe, including in malaria-endemic countries such as Mali. In results published in 2022, for example, an NIAID-sponsored, placebo-controlled trial of a three-dose regimen of PfSPZ Vaccine in Burkina Faso found that the vaccine had up to 46% efficacy that lasted at least 18 months.

In the first year of the current trial, 55 women became pregnant within 24 weeks of the third vaccine dose. Among these women, vaccine efficacy against parasitemia (whether before or during pregnancy) was 65% in those who received the lower dose vaccine and 86% in those who received the higher dose. Among 155 women who became pregnant across both study years, vaccine efficacy was 57% for those who received lower dose vaccine and 49% in those in the higher dosage group.

Women who received the investigational vaccine at either of the dosages conceived sooner than those who received placebo, although this finding did not reach the level of statistical significance, reported the investigators. The researchers speculate that the PfSPZ Vaccine might avert malaria-related early pregnancy losses since parasitemia risk during the periconception period was reduced by 65 to 86%.

"Preconception immunization is a new strategy to reduce mortality for women with malaria in pregnancy," the researchers note. They plan to investigate the safety of PfSPZ Vaccine administered during pregnancy, then examine the efficacy of PfSPZ given preconception or during pregnancy in larger clinical trials. "Existing measures are not protecting women from malaria in pregnancy," they added. "A safe and effective vaccine is urgently needed, and our results indicate PfSPZ Vaccine might be a suitable candidate," they conclude.

The PfSPZ Vaccine Study Team was led by Alassane Dicko, M.D., of the Malaria Research and Training Center (MRTC), USTTB, Mali, Stephen L. Hoffman, M.D., of Sanaria Inc., and Patrick E. Duffy, M.D., of the NIAID Laboratory of Malaria Immunology and Vaccinology. Joint co-first authors were Halimatou Diawara, M.D., of MRTC, and Sara A. Healy, M.D., NIAID.
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International study detects consciousness in unresponsive patients | ScienceDaily
New research co-led by experts at Mass General Brigham found that brain scans can detect consciousness in some patients with brain injury who are unresponsive.


						
In the study, 241 participants with severe brain injury who do not respond when given a simple instruction were assessed with functional MRI (fMRI), electroencephalography (EEG), or both tests. During these tests, participants heard instructions, such as "imagine opening and closing your hand" followed, 15-30 seconds later by "stop imagining opening and closing your hand." The fMRI and EEG brain responses showed that 60 (25 percent) of participants repeatedly followed this instruction covertly over minutes. According to the authors of the study, published August 15 in the New England Journal of Medicine, patients who demonstrate this phenomenon, called cognitive motor dissociation, understand language, remember instructions and can sustain attention, even though they appear unresponsive. For these patients, cognitive (i.e., thinking) abilities exceed, and are therefore dissociated from, motor abilities.

"Some patients with severe brain injury do not appear to be processing their external world. However, when they are assessed with advanced techniques such as task-based fMRI and EEG, we can detect brain activity that suggests otherwise," said lead study author Yelena Bodien, PhD, an investigator for the Spaulding-Harvard Traumatic Brain Injury Model Systems and Massachusetts General Hospital's Center for Neurotechnology and Neurorecovery. "These results bring up critical ethical, clinical, and scientific questions -- such as how can we harness that unseen cognitive capacity to establish a system of communication and promote further recovery?"

Following a significant brain injury, individuals may have a disorder of consciousness, which can include coma, a vegetative state or minimally conscious state. Since the first study demonstrating cognitive motor dissociation in individuals with disorders of consciousness was published nearly two decades ago, centers around the world have found that this condition occurs in approximately 15 to 20 percent of unresponsive patients. However, the current study suggests it could be present in 25 percent of patients, or even more. Cognitive motor dissociation was most common in participants assessed with fMRI and EEG, suggesting that multiple tests, using different approaches, may be required to ensure consciousness is not missed.

This study included participant data from six different sites spanning the United States, United Kingdom, and Europe collected over approximately 15 years. Each site developed and rigorously tested their methods for detecting cognitive motor dissociation to minimize the possibility that a positive result was obtained spuriously. Some sites recruited participants from the intensive care unit just days after they sustained a severe brain injury, often from a trauma such as a car accident, a stroke or cardiac arrest. Other sites included participants who were months to years after their injury or illness and were living in nursing facilities or at home.

In addition to studying the 241 participants who did not respond to simple instructions, the research included 112 participants who did respond to simple instructions at the bedside. This latter group would be expected to perform well on the fMRI and EEG tests, but, in 62 percent of those participants, researchers did not detect brain responses suggesting they were covertly following instructions. The authors note that this finding may reflect the complexity of the fMRI and EEG tasks and underscores the high-level of thinking skills required to perform them.

Just knowing that somebody is cognitively aware and more capable than is immediately apparent, can alter their clinical care substantially. "Families have told us that once a positive test result revealing cognitive motor dissociation is shared with the patients' clinical team, it can change the way that the team interacts with their loved one," Bodien said. "Suddenly, the team is paying more attention to subtle behavioral signs that could be under volitional control, or speaking to the patient, or playing music in the room. On the other hand, failing to detect cognitive motor dissociation can have serious consequences, including premature withdrawal of life support, missed signs of awareness, and lack of access to intensive rehabilitation."

"We find that this kind of sharp dissociation of retained cognitive capabilities and no behavioral evidence of them is not uncommon. I think we now have an ethical obligation to engage with these patients, to try to help them connect to the world," said senior study author Nicholas Schiff, MD, the Jerold B. Katz Professor of Neurology and Neuroscience in the Feil Family Brain and Mind Research Institute at Weill Cornell Medicine and administrative lead of the consortium. "What we need here is what we in our consortium have been trying to get started for twenty years: a sustained effort to benefit patients who have disorders of consciousness with systematic medical research, technology development, and better clinical infrastructure.




One limitation of the study was that the testing was not standardized; each of the study sites tested patients in their own way, creating variability within the data. In addition, many participants were enrolled because family members heard about the study and reached out to researchers. This recruitment approach limits the researchers' ability to determine the global prevalence of cognitive motor dissociation. There are no professional guidelines that stipulate how cognitive motor dissociation should be assessed and most centers are unable to provide this testing; clinical translation will need to be a focal point for future research.

"To continue our progress in this field, we need to validate our tools and to develop approaches for systematically and pragmatically assessing unresponsive patients so that the testing is more accessible," said Bodien. "The Emerging Consciousness Program at Mass General Hospital offers these evaluations clinically, however elsewhere, a patient may have to enroll in a research study to get tested. We know that cognitive motor dissociation is not uncommon, but resources and infrastructure are required to optimize detection of this condition and provide adequate support to patients and their families."

The researchers added that the findings may spur research of specific interventions to foster effective communication, including brain-computer interfaces.
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Patients with unexplainable chronic itch have unique blood biomarkers that could eventually lead to new targeted treatments | ScienceDaily
Millions of patients worldwide suffer from a chronic itching condition with no identifiable cause -- a condition known as chronic pruritus of unknown origin (CPUO) -- that has no targeted therapies approved to treat it. Many of these patients suffer for years with little relief, but a new University of Maryland School of Medicine study may provide hope for future treatments. Patients were found to have lower than normal levels of metabolite biomarkers in the blood plasma that could point to a cause of their excruciating symptoms.


						
Findings were recently published in the journal Scientific Reports.

"Our study found a distinct deficit in certain metabolite biomarkers, including several important amino acids and other metabolites involved in immune system regulation in patients with CPUO compared to a healthy control group," said study principal investigator Shawn Kwatra, MD, the Joseph W. Burnett Endowed Professor and Chair of Dermatology at UMSOM and Chief of Service Dermatology at the University of Maryland Medical Center (UMMC). "This is an exciting finding because it provides novel insights into the cause of this condition and identifies potential future therapeutic targets to consider."

Chronic pruritus of unknown origin is most prevalent among older adults and causes severe itching lasting longer than six weeks. Current therapies used to help manage symptoms are off-label and have poor efficacy, with many patients having a significantly impaired quality of life.

In the latest study, Dr. Kwatra and his colleagues compared blood plasma samples from patients with CPUO and matched healthy control patients. They found lower levels of nine amino acids in the CPUO patients compared to the control group and that the lower levels correlated with itch severity.

Previous animal studies have correlated low levels of these amino acids with itch symptoms in mice. These amino acids serve as building blocks for neurotransmitters, or brain chemicals, that play a role in the body's itch response and other allergic skin reactions. Providing mice with medications like antidepressants to boost neurotransmitters like serotonin was found to reduce itch symptoms.

"Many of these biomarkers that we found in depleted amounts in the blood of CPUO patients, like tryptophan and glycine, could contribute to the underlying pathogenesis of this condition, but we certainly need larger studies to investigate this further," said Dr. Kwatra.




Study co-authors also included faculty from Johns Hopkins University School of Medicine and Duke University Medical Center.

In June, Dr. Kwatra published a study in JAMA Dermatology showing that a drug targeting inflammation (abrocitinib), which is approved to treat eczema, provided significant improvement in itching symptoms in those with CPUO as well as another itching disorder called prurigo nodularis. He also led a study, published last year in the New England Journal of Medicine, demonstrating the efficacy of the monoclonal antibody, nemolizumab, in treating prurigo nodularis. The drug was approved on August 13 by the US Food and Drug Administration and is one of the first FDA-approved treatments for this skin condition, which disproportionately affects African-American patients.

Dr. Kwatra is a consultant/advisor to several pharmaceutical companies, including the manufacturers of abrocitinib and nemolizumab.

Since beginning his position at UMSOM earlier this year, Dr. Kwatra has created the Maryland Itch Center at the University of Maryland Medical Center.
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New research poised to transform approach to diagnosing and treating acute leukemia in children | ScienceDaily
Researchers at Children's Hospital of Philadelphia (CHOP), St. Jude Children's Research Hospital (St. Jude) and the Children's Oncology Group (COG) today announced a significant paradigm shift in the understanding of T-lineage acute lymphoblastic leukemia (T-ALL), an aggressive and high-risk form of cancer, to one frequently driven by genetic changes in non-coding portions of our DNA. The collaborative study, supported by the Gabriella Miller Kids First Pediatric Research Program (Kids First) and National Institutes of Health (NIH) Common Fund, was published today in the journal Nature.


						
Many children, adolescents, and young adult patients with T-ALL traditionally respond well to initial treatment. However, patients who relapse or have treatment-resistant disease often face a dire prognosis. Given the aggressive nature and rapid progression of the disease, and limited understanding of the genetic basis of T-ALL, researchers saw an urgent need for new and effective approaches to diagnosis and treatment.

"This paper is the first to transcend previous barriers and comprehensively profile the whole genome, uncovering critical insights in more than 1,300 children, adolescents and young adults with T-ALL," said David T. Teachey, MD, an attending physician, Director of Clinical Research at the Center for Childhood Cancer Research at CHOP and Chair of the Acute Lymphoblastic Leukemia disease committee in the COG. "These findings are a significant clinical advancement, as the goal in treating T-ALL is to prevent relapse, which requires identifying the patients most at risk. This data now makes it possible to risk stratify patients with T-cell leukemia, identifying those with a high-risk of relapsing so we can treat them with newer or alternative medicines."

Prior studies were unable to identify important genetic changes in T-ALL, as they focused on the coding genome, the part of DNA that encodes proteins, the building blocks of cells. However, only 1% of DNA is coding, while the other 99% is termed non-coding.

Once considered useless, scientists now recognize that the non-coding region plays a key role in regulating biological processes. It signals the cell when to produce certain proteins, like a crossing guard aiding people to safely cross the street.

In this case, researchers studied more than 1,300 patients treated on the COG AALL0434 clinical trial and sequenced both the tumor and non-tumor genomes of each patient. While the researchers previously suspected that non-coding DNA in T-ALL played an important role, this study's findings are the first ever to establish that at a large scale.

The study found that approximately 60% of the genetic changes driving T-ALL cancer cells are non-coding changes. This fundamentally alters the way researchers think about T-ALL, offering a better understanding of disease biology. This leads to innovative treatments, including new immunotherapies developed at CHOP and St. Jude.




Traditionally, patients with T-All have been categorized by risk based on their therapy response and immunophenotype, which profiles cell surface proteins as part of the diagnostic workup. While cell surface protein expression helps define T-ALL subtypes, it hasn't proven effective in consistently identifying which patients have a good prognosis. The new comprehensive data revealed why, strongly suggesting that a genomic approach replace the current immunophenotypic classification. As a result, the researchers developed models that incorporate genetics and response to treatment to risk stratify patients with T-ALL accurately and are currently in the process of validating results using patient samples from the next COG trial of T-ALL.

"It was striking how abundant these non-coding changes were and how many of them were enhancer perturbation events, whether it was hijacking or co-option of an existing enhancer, or changes that generated a new enhancer," said Charles Mullighan, MBBS, MD, St. Jude Children's Research Hospital, Comprehensive Cancer Center deputy director and Department of Pathology member. "We now have a much stronger framework to take these alterations back to the lab and say now we've got better information to build the right models to understand the biology, and then to test therapy. We have very clear information that these are the sorts of alterations that people need to focus on to build a diagnostic test."

Researchers were able to classify T-ALL into 15 subtypes with distinct gene expression and genomic drivers, including previously undefined subtypes. They refined the classification of known subtypes and showed that driver lesions, other genetic changes, and the original cell type work together to define the genomic subtype and the clinical and biological characteristics of a condition. They also observed a significant link between the type of gene alterations and outcomes in T-ALL. This new observation shows it is not only which gene is altered in the cancer cells, but also how it is altered, that helps define prognosis and chance of a cure.

"Future research must continue to determine broader applications for this approach," said Teachey. "These findings offer a strong a roadmap for improving patient outcomes and curing more children and adults with T-ALL."
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New clue into the curious case of our aging immune system | ScienceDaily
A WEHI study could help solve a long-standing mystery into why a key immune organ in our bodies shrinks and loses its function as we get older.


						
The thymus is an organ essential for good health due to its ability to produce special immune cells that are responsible for fighting infections and cancer.

In a world-first, researchers have uncovered new cells that drive this ageing process in the thymus -- significant findings that could unlock a way to restore function in the thymus and prevent our immunity from waning as we age.

 At a glance
    	The thymus is an organ essential for our immune defence but it shrinks and weakens as we get older. The reason for this loss remains a long-standing mystery.
    	A new study has been able to visualise, for the first time, how two cell types drive this ageing process and cause the thymus to lose its function and regeneration abilities over time.
    	The findings could help uncover a way to stop the thymus from ageing and, critically, develop methods to restore immunity in vulnerable people in the future.

T cells, also known as T lymphocytes, are a type of white blood cell that plays a crucial role in our immune system. T cells are essential for identifying and responding to pathogens, such as viruses and bacteria, and for eliminating infected or cancerous cells.

The thymus is a small, but mighty, organ that sits behind the breastbone. It is the only organ in the body that can make T cells.

But a curious feature of the thymus is that it is the first organ in our bodies toshrink as we get older. As this happens, the T cell growth areas in the thymus are replaced with fatty tissue, diminishing T cell production and contributing to a weakened immune system.




While the thymus is capable of regenerating from damage, to date researchers have been unable to figure out how to unlock this ability and boost immunity in humans as we age.

WEHI Laboratory Head Professor Daniel Gray said the new findings, published in Nature Immunology, could help solve this mystery that has stumped researchers for decades.

"The number of new T cells produced in the body significantly declines after puberty, irrespective of how fit you are. By age 65, the thymus has virtually retired," Prof Gray said.

"This weakening of the thymus makes it harder for the body to deal with new infections, cancers and regulate immunity as we age.

"This is also why adults who have depleted immune systems, for example due to cancer treatment or stem cell transplants, take much longer than children to recover.

"These adults need years to recover their T cells -- or sometimes never do -- putting them at higher risk of contracting potentially life-threatening infections for the rest of their lives.




"Exploring ways to restore thymic function is critical to finding new therapies that can improve outcomes for these vulnerable patients and find a way to ensure a healthy level of T cells are produced throughout our lives."

The new study, an international collaboration with groups at the Fred Hutch Cancer Center (Seattle) and Memorial Sloan Kettering Cancer Centre (NYC), provides crucial new insights that could help achieve this goal.

"Our discovery provides a new angle for thymic regeneration and immune restoration, could unravel a way to boost immune function in vulnerable patients in the future," Prof Gray said.

Scarring effects 

Using advanced imaging techniques at WEHI's Centre for Dynamic Imaging and animal models, the research team discovered two new cell types that cause the thymus to lose its function.

These cells, which appeared only in the defective thymus of older mice and humans, were found to form clusters around T cell growth areas, impairing the organ's ability to make these important immune cells.

In a world-first, the researchers discovered these clusters also formed 'scars' in the thymus which prevented the organ from restoring itself after damage.

Dr Kelin Zhao, who led the imaging efforts, said the findings showed for the first time how this scarring process acts as a barrier to thymic regeneration and function.

"While a large focus of research into thymic loss of function has focused on the shrinking process, we've proven that changes that occur inside the organ also impact its ability to function with age," Dr Zhao said.

"By capturing these cell clusters in the act and showing how they contribute to loss of thymic function, we've been able to do something no one else has ever done before, largely thanks to the incredible advanced imaging platforms we have at WEHI.

"This knowledge enables us to investigate whether these cells can be therapeutically targeted in future, to help turn back the clock on the ageing thymus and boost T cell function in humans as we get older. This is the goal our team is working towards."
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Venting your frustrations can make friends like you better -- if you do it right | ScienceDaily
Venting about your frustrations with one friend to another isn't necessarily cathartic, but it can make the friend you're talking to like and treat you better, UCLA psychologists say. Their experiments show that under certain conditions, it can be an effective form of competition that makes listeners feel closer to the person venting and like the target less.


						
However, this was not the case when people's friends overtly derogated others. The real benefits of venting, the researchers conclude, are the strengthening of bonds that might pay off in the future -- and the improved health and happiness enjoyed by people who are well liked by their friends.

"Since the 1950s, we've known the Freudian catharsis explanation for venting is wrong. It can feel good to vent, but venting doesn't reliably decrease anger and sometimes even amplifies anger," said lead author Jaimie Krems, an associate professor of psychology at UCLA. "We didn't have a good explanation for what venting does for us. So we tested a novel alliance view of venting -- that under certain parameters, venting can make the people we vent to support us over the people we vent about."

Most research on close relationships has focused on romantic partnerships. Yet, especially for younger people, friendship plays some of the roles that have traditionally been found in romantic relationships; the U.S. surgeon general has also talked about the "loneliness epidemic." There is a need to better understand friendship, researchers say, including how people might 'compete' to make their friends like them better than other friends.

"As much as people readily admit that we compete for romantic partners' finite time and affection, people seem less willing to admit to competing for friends," Krems said. "But if being relatively better liked means getting better support from friends, then we should expect some friend competition, whether or not we like that it exists."

In a paper published in Evolution and Human Behavior, Krems and colleagues at Oklahoma State University and Hamilton College asked participants to listen to a friend vent or gossip about or derogate a mutual friend. Although the vignettes varied across experiments, those venting typically began by telling participants, "I'm so frustrated and hurt right now..." before venting about a mutual friend canceling on them at the last minute.

In the derogation condition, this same complaint was prefaced with: "I'm so frustrated and angry right now..." In other conditions, the participant heard the speaker gossip about having dinner with the mutual friend or vent about the speaker's car problems.




After reading the vignette, participants rated their feelings about the speaker and the target on an 11-point sliding scale. Participants who heard people vent about a friend canceling on them liked the speaker better than the target. This was not the case when speakers derogated the target for the same behavior, shared neutral gossip about targets or vented about their car troubles.

In another experiment, participants heard their friends vent about or derogate the target and were asked to divide a pot of lottery tickets between the speaker and target. Participants gave more tickets to the speaker than to the target, but only in the venting -- not the derogation -- condition.

However, venting backfired in an additional experiment. When researchers hinted the person venting was secretly rivalrous with the targeted friend, participants no longer liked that person better than the target.

The results show that venting makes the speaker more likable only when listeners do not perceive the speaker as having any aggressive intent toward the target. This suggests venting might be an effective tool of competition for listeners' affections precisely because it isn't readily recognized as such.

The benefits of being relatively better liked by one's friends can include being given preferential treatment, as in the ticket example above, but could also have less tangible effects. For example, friends are associated with improved economic mobility, health, well-being and longevity.

The researchers emphasize that none of this competition has to be conscious, and some other scholars have suggested that such tactics might work best if we're fooling ourselves that we're not competing. If we don't think we're doing it to be aggressive, others might be less likely to realize we're engaging in what might be an act of aggression.

The researchers also emphasize the ways in which venting can fail, such as when those venting are perceived as aggressive, choose the wrong thing to vent about or the wrong person to vent to. That venting works at all suggests, they say, that people can be deeply -- if not consciously -- strategic about what they vent about and to whom.

"People are so lonely right now, and that puts even greater pressure on us as researchers to be honest about how friendship works," Krems said. "As much as we want it to be all unicorns and rainbows, sometimes it's more like a koala: cuddly but also vicious."
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New brain-computer interface allows man with ALS to 'speak' again | ScienceDaily
A new brain-computer interface (BCI) developed at UC Davis Health translates brain signals into speech with up to 97% accuracy -- the most accurate system of its kind.


						
The researchers implanted sensors in the brain of a man with severely impaired speech due to amyotrophic lateral sclerosis (ALS). The man was able to communicate his intended speech within minutes of activating the system.

A study about this work was published today in the New England Journal of Medicine.

ALS, also known as Lou Gehrig's disease, affects the nerve cells that control movement throughout the body. The disease leads to a gradual loss of the ability to stand, walk and use one's hands. It can also cause a person to lose control of the muscles used to speak, leading to a loss of understandable speech.

The new technology is being developed to restore communication for people who can't speak due to paralysis or neurological conditions like ALS. It can interpret brain signals when the user tries to speak and turns them into text that is 'spoken' aloud by the computer.

"Our BCI technology helped a man with paralysis to communicate with friends, families and caregivers," said UC Davis neurosurgeon David Brandman. "Our paper demonstrates the most accurate speech neuroprosthesis (device) ever reported."

Brandman is the co-principal investigator and co-senior author of this study. He is an assistant professor in the UC Davis Department of Neurological Surgery and co-director of the UC Davis Neuroprosthetics Lab.




The new BCI breaks the communication barrier

When someone tries to speak, the new BCI device transforms their brain activity into text on a computer screen. The computer can then read the text out loud.

To develop the system, the team enrolled Casey Harrell, a 45-year-old man with ALS, in the BrainGate clinical trial. At the time of his enrollment, Harrell had weakness in his arms and legs (tetraparesis). His speech was very hard to understand (dysarthria) and required others to help interpret for him.

In July 2023, Brandman implanted the investigational BCI device. He placed four microelectrode arrays into the left precentral gyrus, a brain region responsible for coordinating speech. The arrays are designed to record the brain activity from 256 cortical electrodes.

"We're really detecting their attempt to move their muscles and talk," explained neuroscientist Sergey Stavisky. Stavisky is an assistant professor in the Department of Neurological Surgery. He is the co-director of the UC Davis Neuroprosthetics Lab and co-principal investigator of the study. "We are recording from the part of the brain that's trying to send these commands to the muscles. And we are basically listening into that, and we're translating those patterns of brain activity into a phoneme -- like a syllable or the unit of speech -- and then the words they're trying to say."

Faster training, better results

Despite recent advances in BCI technology, efforts to enable communication have been slow and prone to errors. This is because the machine-learning programs that interpreted brain signals required a large amount of time and data to perform.




"Previous speech BCI systems had frequent word errors. This made it difficult for the user to be understood consistently and was a barrier to communication," Brandman explained. "Our objective was to develop a system that empowered someone to be understood whenever they wanted to speak."

Harrell used the system in both prompted and spontaneous conversational settings. In both cases, speech decoding happened in real time, with continuous systemupdates to keep it working accurately.

The decoded words were shown on a screen. Amazingly, they were read aloud in a voice that sounded like Harrell's before he had ALS. The voice was composed using software trained with existing audio samples of his pre-ALS voice.

At the first speech data training session, the system took 30 minutes to achieve 99.6% word accuracy with a 50-word vocabulary.

"The first time we tried the system, he cried with joy as the words he was trying to say correctly appeared on-screen. We all did," Stavisky said.

In the second session, the size of the potential vocabulary increased to 125,000 words. With just an additional 1.4 hours of training data, the BCI achieved a 90.2% word accuracy with this greatly expanded vocabulary. After continued data collection, the BCI has maintained 97.5% accuracy.

"At this point, we can decode what Casey is trying to say correctly about 97% of the time, which is better than many commercially available smartphone applications that try to interpret a person's voice," Brandman said. "This technology is transformative because it provides hope for people who want to speak but can't. I hope that technology like this speech BCI will help future patients speak with their family and friends."

The study reports on 84 data collection sessions over 32 weeks. In total, Harrell used the speech BCI in self-paced conversations for over 248 hours to communicate in person and over video chat.

"Not being able to communicate is so frustrating and demoralizing. It is like you are trapped," Harrell said. "Something like this technology will help people back into life and society."

"It has been immensely rewarding to see Casey regain his ability to speak with his family and friends through this technology," said the study's lead author, Nicholas Card. Card is a postdoctoral scholar in the UC Davis Department of Neurological Surgery.

"Casey and our other BrainGate participants are truly extraordinary. They deserve tremendous credit for joining these early clinical trials. They do this not because they're hoping to gain any personal benefit, but to help us develop a system that will restore communication and mobility for other people with paralysis," said co-author and BrainGate trial sponsor-investigator Leigh Hochberg. Hochberg is a neurologist and neuroscientist at Massachusetts General Hospital, Brown University and the VA Providence Healthcare System.

Brandman is the site-responsible principal investigator of the BrainGate2 clinical trial. The trial is enrolling participants. To learn more about the study, visit: https://www.braingate.org/
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Good news for people with MS: COVID-19 vaccine not tied to relapse, study finds | ScienceDaily
People with multiple sclerosis (MS) have an increased risk of severe coronavirus infection, but there has been concern regarding potential relapse after vaccination. A new study finds that people with MS may not have a higher risk of relapse after COVID-19 vaccination. The study is published in the August 14, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
"People with MS have an increased risk of severe COVID infection due to their level of motor disability or exposure to treatments that suppress their immune systems," said study author Xavier Moisset, MD, PhD, of Clermont Auvergne University in Clermont-Ferrand, France. "Some previous studies have found relapses following vaccination, leading some people to not seek the recommended booster doses. The good news is that our study found that there was no increased risk of relapse after COVID-19 vaccination for nearly all participants."

Researchers found a small increase in relapse risk after a booster dose for patients with high MS activity, who have had at least two relapses in the previous two years, especially those who were not taking any MS medications.

The study involved 124,545 people with MS in France. They had been living with MS for an average of 14 years and were followed for 45 days after vaccination, as potential vaccine-induced relapses generally occur within 28 days after vaccination.

During the study, 102,524 people, or 82%, received at least one dose of a COVID-19 vaccine. A total of 95% received a second dose and 59% received an additional booster dose.

Participants received one or more of the following vaccines: Pfizer BioNTech, Moderna, AstraZeneca or Janssen.

In the 45 days following vaccination, researchers looked at relapses requiring treatment with high-dose corticosteroids.




After adjusting for other factors that could affect the likelihood of a relapse, such as time of year and the effect of disease-modifying therapy, researchers found that COVID-19 vaccination did not increase the risk of severe relapse. These results remained consistent after each dose.

To confirm the findings, researchers compared people who had relapses to those without. Again, they found no increased risk of vaccine exposure. They identified a small decrease in relapse risk after vaccination.

"Our findings are reassuring that these vaccines can be used without any worry about the risk of relapse," Moisset said. "The absence of such a risk is encouraging for people with MS that they may receive booster shots when needed, especially if booster shots are to be repeated in the future."

Moisset said, "Particular caution is needed for patients with the highest inflammatory activity, who should first receive disease-modifying treatment before their booster vaccination. People who were untreated and those with a highly active disease showed a small increased risk after the third vaccine dose. The risk was highest if both factors were combined."

A limitation of the study is that researchers looked only at relapses requiring corticosteroids, so benign relapses that were not reviewed by neurologists or not needing the use of corticosteroid therapy were not considered.
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Do people with high blood pressure have a higher risk of Alzheimer's disease? | ScienceDaily
People 60 and older with untreated high blood pressure may have an increased risk of Alzheimer's disease compared to both people who have been or are being treated for high blood pressure as well as people without the chronic condition. The new research, a meta-analysis, is published in the August 14, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. These results do not prove that untreated high blood pressure causes Alzheimer's disease, they only show an association.


						
"High blood pressure is a leading cause of stroke and cerebrovascular disease, and yet it can be controlled with medication, reducing a person's risk of these diseases," said author Matthew J. Lennon, MD, PhD, of the University of New South Wales in Australia. "Taking blood pressure medications has also been found in previous research to reduce a person's risk of dementias overall, but less is known about how blood pressure affects a person's risk of Alzheimer's disease. Our meta-analysis looked at older people and found that not treating blood pressure may indeed increase a person's risk."

For the meta-analysis, researchers looked at 31,250 people with an average age of 72 who were enrolled in 14 studies that measured cognitive change and dementia diagnosis over time. Participants were from Australia, Brazil, China, France, Germany, Greece, Italy, Japan, Korea, Nigeria, Republic of Congo, Spain, Sweden and the United States. Participants were followed for an average of four years and 1,415 developed Alzheimer's disease.

For each participant, researchers looked at blood pressure measurements, high blood pressure diagnosis and the use of blood pressure medication. They found 9% had untreated high blood pressure, 51% were taking blood pressure medications, 36% did not have high blood pressure and 4% were noted as uncertain.

After adjusting for factors such as age, sex and education, researchers found people with untreated high blood pressure had 36% increased risk of Alzheimer's disease when compared to people without high blood pressure, and a 42% increased risk of Alzheimer's when compared to people with the condition who were taking blood pressure medications.

"Our meta-analysis that included people from around the world found that taking blood pressure medications was associated with decreased risk of Alzheimer's disease throughout later life," said Lennon. "These results suggest that treating high blood pressure as a person ages continues to be a crucial factor in reducing their risk of Alzheimer's disease."

A limitation of the meta-analysis was that definitions for high blood pressure varied by location, which could lead to possible discrepancies in diagnosis.

The meta-analysis was funded by the National Health and Medical Research Council in Australia as well as the U.S. National Institute on Aging of the National Institutes of Health.
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New way inflammation impacts cell communication | ScienceDaily
Indiana University School of Medicine researchers have made significant progress in understanding how cells communicate during inflammation. The study, recently published in PNAS, was conducted over a period of five years and focused on the molecules that enable cells to function during inflammation, particularly in the central nervous system where diseases like multiple sclerosis occur.


						
"Communication is key in any relationship, even at the level of cells that cause disease," said Mark Kaplan, PhD, chair of the Department of Microbiology and Immunology at the IU School of Medicine and senior author of the study. "The molecules that allow cells to function in inflammation are essentially text messages sent between or within cells. We have been studying what cells get those text messages and how they respond in an inflammatory environment in the central nervous system that leads to diseases like multiple sclerosis."

The signaling molecule is called STAT4 and was previously believed to primarily function in T cells, which are part of the immune system. But the team found it plays a crucial role in dendritic cells, a specific cell type that responds to extracellular text messages IL-12 and IL-23.

"Our work identified how STAT4 might be a viable target for treating inflammatory disease in the central nervous system," Kaplan said. "By understanding the communication between cells and the role of STAT4, we can potentially develop therapeutics to modify immune responses and alleviate the symptoms of diseases like multiple sclerosis."

The lead author of the study, Nada Alakhras, PhD, is a recent IU School of Medicine graduate who now works at Eli Lilly and Company. Other authors include Wenwu Zhang, Nicolas Barros, James Ropa, Raj Priya and Frank Yang, all from IU. and Anchal Sharma of Eli Lilly and Company.
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Dark rituals: Understanding society's fascination with death and disaster | ScienceDaily
Understanding why the popularity of organised events steeped in themes of death, disaster and suffering, such as the well-known Dia de los Muertos (Day of the Dead), Jack the Ripper Walking Tours and Remembrance Sunday, could be key to a deeper understanding of society, say researchers from the University of Surrey.


						
In a study published by Annals of Tourism Research, researchers introduce a comprehensive framework to analyse these events, drawing from fields as diverse as thanatology (the scientific study of death and the practices associated with it), dark tourism, and collective memory studies.

Dark events include a broad spectrum, from historical commemorations and sports competitions to cultural festivals and horror experiences.

Dr James Kennell, co-author of the study and Associate Professor of Events and Hospitality at the University of Surrey, said:

People are fascinated with dark events for several reasons, embedded in psychological, cultural, and sociological aspects of human behaviour. There is a natural human curiosity about the darker aspects of life, including death, tragedy, and the macabre. Dark events often provide a safe and controlled environment for people to explore these themes. Dr James Kennell, Associate Professor in Events & Hospitality

The framework developed in this study advances understanding of the evolving landscape of dark events by identifying six key concepts crucial for researching dark events:
    	Commercialisation -- how dark events are marketed, consumed, and monetised.

    	Perspectives from disciplines such as thanatology, dark tourism, and collective memory studies.

    	Public sphere engagement -- how dark events interact with the public sphere and how they fit in broader societal discourse -- including media coverage, politics, public reactions, and the impact on social norms and values.

    	Deviant behaviour -- examines participant motivations, such as thrill-seeking or taboo exploration of violence, criminality or general harm.

    	Experiential aspects -- analysing how dark events evoke emotions such as fear, fascination, or reflection within the participants or audience.

    	The presence of death -- centres on the symbolic and literal presence of death within dark events, including: non-human death, death symbolism and actual death.

Metod Suligoj, co-author and Associate Professor of Tourism Studies at the University of Primorska, said:

"The fascination with dark events stems from a complex interplay of curiosity, thrill-seeking behaviour, cultural traditions, psychological exploration, and the desire for communal and shared experiences. These events allow individuals to engage with themes of death, disaster, and suffering in ways that are meaningful, educational, and sometimes transformative."
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Child-parent therapy has biological benefits for traumatized kids | ScienceDaily
Psychotherapy sessions with caregivers may help prevent serious disease later in life for young children who have experienced significant trauma, a new UC San Francisco study finds.


						
Past research has shown that young children benefit psychologically for up to nine years after dyadic, child-parent treatment for trauma, but this is the first time a biological benefit from this treatment has been found.

UCSF researchers looked at the effects of dyadic therapy on a biomarker they dubbed "age acceleration" that tells how fast or slow a person's body is aging compared to their chronological age.

This "epigenetic clock" runs faster for people who have experienced early childhood trauma; that in turn puts them at greater risk for heart disease, cancer, obesity and asthma.

The study compared two groups of Bay Area children between the ages of 2 and 6 years old with traumatic experiences. Before treatment, both groups had similar rates of biological age acceleration.

One group received up to 20 weekly sessions of Child-Parent Psychotherapy (CPP), a program designed by Alicia Lieberman, PhD, director of UCSF's Child Trauma Research Program and the study's co-author. The other group did not receive CPP.

The 45 children who participated in the therapy had less age acceleration than the 110 who didn't. Though the difference was not great, it still may be significant, as even small biological changes early on can lead to big differences in health outcomes over the life course, noted senior author Nicole Bush, PhD, a psychologist and chief of UCSF's Division of Developmental Medicine.




"These findings bolster the case for making sure families who experience trauma and stress can access child-parent therapies, in order to improve mental and physical health," said Bush, who is the Lisa and John Pritzker Distinguished Professor of Developmental and Behavioral Health.

The study appears August 14 in Psychological Science.

Relationships matter to health 

More than 80% of the children in the treatment group and two-thirds of the comparison group were Latinx, which is important because families of color and low-income families are more frequently exposed to trauma than white families with higher incomes, yet they are typically not included in medical research.

The level of trauma was higher for the participants than is typically studied in children, which makes the findings even more noteworthy, said Lieberman, who is the Irving B. Harris Endowed Chair in Infant Mental Health.

"We're talking about very acute trauma in young children, things like loss of a parent, maltreatment and community violence," said Lieberman. "The children in the intervention had an average of five traumatic events under age six, when the literature shows that if you have four or more before age 18, you are more likely to develop one of the 10 leading causes of death as an adult."

Their parents, meanwhile, had an average of 13 traumatic events, which puts them at greater risk of difficulty with regulating their own emotions and actions in response to the challenging behavior of their children, said Lieberman.




In Child-Parent Psychotherapy, therapists incorporate toys to help children process emotions and thoughts related to their traumatic experiences, and to help parents understand how their children's behavior is linked to their experiences. They also facilitate the parent-child bond by guiding the duo through positive social interactions.

"When both parent and child have experienced trauma, it exacerbates the effects of the trauma," Lieberman said. "Our approach is to heal the relationship and the trauma of both child and adult in sessions together. Relationships are the key to health, starting in early childhood."

"Parents can sometimes feel helpless in the face of their children's exposure to trauma," added psychologist Allie Sullivan, PhD, co-first author of the study and a postdoctoral scholar in the Department of Psychiatry and Behavioral Sciences at UCSF. "We hope these results reassure parents that they have the capacity and strength to protect their children from adversity."

A critical time for development 

Interventions before age five, when a child's brain undergoes its most dramatic period of development, have the largest effect on a child's mental and physical health later in life.

In recent years, California's Department of Health Care Services has created benefits to support family therapy and dyadic care for pediatric Medi-Cal patients, starting at birth. Zuckerberg San Francisco General Hospital provides this care and offers technical assistance to medical practices across California on how to provide it, and be reimbursed for it.

The researchers hope their work will demonstrate the social, ethical and economic value of therapy-based alternatives to medication when it comes to treating family trauma.

"Something as fundamental as putting families together and naming the trauma, and creating a setting of emotional safety and healing, can lead to biological repair that may benefit mental and physical health across the life course," Bush said. "We hope policymakers and practitioners take notice."
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Hydrometeorology and location affect hospitalizations for waterborne infectious diseases in the US | ScienceDaily
An analysis of 12 years of data collected from over 500 hospitals in 25 different states shows that weather, geographic location, and urban or rural location all appear to influence hospitalizations for waterborne infectious diseases, according to a study published August 7, 2024 in the open-access journal PLOS Water by Victoria Lynch and Jeffrey Shaman from Columbia University.


						
Waterborne infectious diseases caused by bacteria, parasites, and viruses still affect over 7,000,000 people annually in the United States. Lynch and Shaman analyzed potential links between weather and hospitalizations for waterborne infectious diseases, specifically looking at whether these associations were influenced by drinking water source, location (rural/urban), and region.

The authors looked at hospitalizations caused by 12 specific water-borne pathogens, including bacteria like Escherichia coli, parasites like Cryptosporidium, biofilm-forming bacteria such as Pseudomonas and the pathogen causing Legionnaires' disease -- distinct from other bacterial pathogens because they naturally inhabit environmental water -- and Norovirus. They used data from 516 hospitals in 25 states collected over 2000-2011 as part of the National Inpatient Sample (NIS) from the Healthcare Cost and Utilization Project (HCUP), along with weather and soil data from the NASA/ NOAA North American Land Data Assimilation System 2 (NLDAS-2) dataset.

There were 57,335 hospitalizations for waterborne disease between 2000 and 2011 from 516 hospitals in the United States. The biofilm-forming bacteria comprised nearly 81 percent of all hospitalizations (66 percent due to respiratory Pseudomonas infections alone.) Hospitalization rates for enteric and biofilm-forming bacterial pathogens were significantly higher in areas that used groundwater as a drinking water source instead of surface water. They also found that precipitation, water runoff, and rural locations were positively associated with hospitalizations for some enteric bacterial and parasitic infections, particularly in the Midwestern region. Specifically, parasitic hospitalizations (predominantly due to Cryptosporidium) increased 9 percent (95% CI: 4%-15%) with a 1-SD increase in precipitation. Conversely, hospitalizations for biofilm-forming bacterial infections were associated with soil moisture (a proxy for flooding). Incidences of Legionnaires' disease specifically increased 124 percent (95% CI: 90%-157%) with a 1-SD increase in soil moisture, and were the only infection more common in urban areas. In general, associations between hospitalization rates and meteorological conditions, location, and drinking water source varied depending on the specific pathogens.

The authors note they weren't able to include data on specific water quality (critical to assess the probable route of exposure for pathogens that can also be present in tainted food, like E. coli), or data from much of the Southeast (where states did not report monthly data to HCUP). Lynch and Shaman hope future work will be able to incorporate this information and additionally track outbreaks linked with extreme weather events to further clarify the links between hydrometeorology and waterborne diseases.

The authors add: "Our results show how analyses focused on specific pathogens can provide insight into distinct routes of exposure and risk factors for waterborne infectious diseases. This work can help inform weather preparedness efforts, which is particularly important as heavy rain becomes more severe and frequent in a warming climate."
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Alzheimer's cognitive decline predicted by patient's age, sex, and irregular heart rhythm | ScienceDaily
Older age, female sex, irregular heart rhythms, and daily activity levels can help to predict how much Alzheimer's Disease patients' cognitive function will decline, and how much they will depend on their caregivers over the next two years. The results suggest new ways to predict cognitive decline in patients, and that caregivers need to be considered in treatment plans. Liane Kaufmann from the Ernst von Bergmann Clinic in Potsdam, Germany, Josef Marksteiner from the General Hospital in Hall, Austria, and colleagues present these findings in the open access journal PLOS ONE on August 14, 2024.


						
Alzheimer's Disease affects between 50 and 70% of patients diagnosed with dementia. To understand which patient characteristics might best predict cognitive decline in these patients, the authors of this study followed an initial cohort of 500 Austrian patients with probable and possible Alzheimer's Disease for 2 years. After taking a history of conditions such as heart disease, atrial fibrillation, and diabetes the researchers tracked cognitive function, daily living activities, depression, pain, and neuropsychiatric symptoms over a period of two years. The researchers also assessed the burden on the patients' caregivers.

All patients experienced significant cognitive decline over the two-year period, associated with decreased daily life activities and increased dependence on their caregivers. Age, female sex, difficulty with daily activities and depression predicted cognitive decline at every time point. Older age, female sex, inability to carry out daily activities and a history of atrial fibrillation -- rapid, unrhythmic contractions of the top chambers of the heart -- predicted the most severe cognitive decline after two years. The changes in cognitive function were strongly associated with increased burden on caregivers.

The study had a high dropout rate, and also did not include lifestyle variables like physical activity, smoking or alcohol use. However, the authors believe their findings suggest that a combination of demographics (such as age and sex) alongside measures of daily function and previous medical conditions could help predict cognitive decline, and that caregiver load should also be an important factor in diagnosing and treating Alzheimer's patients.

The authors add: "The results of our large-scale prospective study on patients with early-onset Alzheimer's Dementia (AD) identify a combination of high age, female sex, atrial fibrillation (above and beyond other somatic risk factors), low activities of daily living and depressive symptomatology as significant (and partly modifiable) risk factors for cognitive deterioration. Moreover, our findings disclose strong correlations between caregiver load and various patient-related measures. Thus, we propose that the clinical management of early-stage AD should be targeted at the patient-caregiver dyad (instead of solely focusing on the patient)."
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Unveiling the brain's reward circuitry | ScienceDaily
A research team -- co-led by Penn Nursing -- has made a significant breakthrough in understanding the complex neural circuitry underlying reward and addiction by identifying 34 distinct subtypes of medium spiny neurons (MSNs) in the nucleus accumbens (NAc), a key brain region involved in pleasure and motivation. The findings, published in the journal Scientific Reports by Nature, offer insights into the diversity of these neurons and their potential roles in substance use disorders.


						
MSNs are the primary type of neuron in the NAc and have long been classified based on their expression of dopamine receptors. However, this new research reveals a far more intricate picture of MSN diversity. By analyzing a massive dataset of single-nucleus RNA sequencing data from rat brains, the researchers identified 34 distinct MSN subtypes, each with its own unique genetic profile.

"Our study challenges the traditional view of MSNs as a homogenous population," said co-lead author Heath D. Schmidt, PhD,Professor in Penn Nursing's Department of Biobehavioral Health Sciences."By uncovering this level of diversity, we can begin to understand how specific MSN subtypes contribute to different aspects of reward processing and addiction."

The researchers also found that these MSN subtypes are conserved across species, suggesting that the findings may have broad implications for human brain function and behavior. Additionally, by analyzing genetic data linked to substance use disorders, the team identified potential differences in the roles of specific MSN subtypes in these conditions.

This groundbreaking research provides a foundation for future studies aimed at developing targeted therapies for addiction and other brain disorders. By understanding the specific functions of different MSN subtypes, scientists can develop treatments that precisely target these cells, potentially leading to more effective and less harmful interventions.

This work was supported in part by a State of Pennsylvania Department of Health Nonformula Tobacco Settlement Act Grant, Pharmacogenetics of Opioid Use Disorder; National Institutes of Health grants R01 DA037897, R21 DA045792, R21 DA 057458, R21 DA 055846, NIH/NIDA DP1DA054394, K01 AA028292, and R01 AA030056; Tobacco-Related Disease Research Program (TRDRP) Grant Number T32IR5226; and Department of Veterans Affairs grant I01 BX004820. The researchers have no conflicts of interest to report.
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How bread dough gave rise to civilization | ScienceDaily
A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.


						
"Our findings shed new light on an iconic event in our civilisation that created a new kind of agriculture and allowed humans to settle down and form societies," said Professor Brande Wulff, a wheat researcher at KAUST (King Abdullah University of Science and Technology) and one of the lead authors of the study which appears in Nature.

Professor Cristobal Uauy, a group leader at the John Innes Centre and one of authors of the study said: "This work exemplifies the importance of global collaboration and sharing of data and seeds across countries; we can achieve so much by combining resources and expertise across institutes and across international boundaries."

The secret of bread wheat's success, according to the research by institutes that make up the Open Wild Wheat Consortium (OWWC), lies in the genetic diversity of a wild grass called Aegilops tauschii.

Bread wheat is a hybrid between three wild grasses containing three genomes, (A, B and D) within one complex plant.

Aegilops tauschii, an otherwise inconspicuous weed, provided bread wheat's D-genome when it crossed with early cultivated pasta wheat in the Fertile Crescent sometime between eight and eleven thousand years ago.

The chance hybridisation on the banks of the southern Caspian Sea spawned an agricultural revolution. Cultivation of bread wheat rapidly spread across a wide new range of climates and soils as farmers enthusiastically adopted this dynamic new crop, with its high gluten content that creates an airier elasticated breadmaking dough.




This rapid geographical advance has puzzled wheat researchers. There is no wild bread wheat: and the kind of hybridisation event that added the new D genome to wheat's existing A and B genomes created a genetic bottleneck, whereby the new species had a much-reduced genetic diversity compared to its surrounding wild grasses.

This bottleneck effect coupled with the fact that wheat is an in-breeding species -- meaning it is self-pollinating -- would suggest that bread wheat might struggle outside its Fertile Crescent origins. So how did it become well-travelled and widely adopted across the region?

In solving this conundrum, the international collaboration assembled a diversity panel of 493 unique accessions spanning the geographical range of Aegilops tauschii from north-western Turkey to eastern China.

From this panel the researchers selected 46 accessions reflecting the species traits and genetic diversity, to create a Pangenome, a high-quality genetic map of Aegilops tauschii.

Using this map, they scanned 80,000 bread wheat landraces -- locally adapted varieties -- held by CIMMYT and collected from around the world.

This data showed that around 75% of the bread wheat D-genome is derived from the lineage (L2) of Aegilops tauschii which originates from the southern Caspian Sea. The remaining 25% of its genetic make-up is derived from lineages across its range.




"This 25% influx of genetic material from other lineages of tauschii has contributed and defined the success of bread wheat," said Professor Simon Krattinger, lead author of the study.

"Without the genetic viability that this diversity brings, we would most likely not eat bread on the scale we do today. Otherwise, bread wheat today would be a regional crop -- important to the Middle East but I doubt that it would have become globally dominant without this plasticity that enabled bread wheat to adapt."

A previous study by OWWC revealed the existence of a distinct lineage of Aegilops tauschii geographically restricted to present day Georgia in the Caucasus region -- 500 kilometers from the Fertile Crescent. This Aegilops tauschii lineage (L3) is significant because it has provided bread wheat with the best-known gene for dough quality.

In this study the researchers hypothesised that if this were an historic introgression, akin to a Neanderthal genetic footprint in the human genome, they would find landraces in the CIMMYT collections that had a higher proportion of it.

Data analysis showed that CIMMYT wheat landraces collected from the Georgian region contained 7% L3 introgressions in the genome, seven times more than that of bread wheat landraces collected from the Fertile Crescent.

"We used the L3 tauschii accessions as a guinea pig to track and trace the hybridizations using 80,000 bread wheat landraces," said Professor Krattinger.

"The data beautifully supports a picture where bread wheat emerges in the southern Caspian, then with migration and agricultural expansion it reached Georgia and here with gene flow and hybridisations with the peculiar, genetically distinct and geographically restricted L3 accessions it resulted in the influx of new genetic material."

"This is one of the novel aspects of our study and it confirms that using our new resources we can trace the dynamics of these introgressions in bread wheat."

In addition to solving this age-old biological mystery the new Aegilops tauschii open source Pangenome and germplasm made available by the OWWC, are being used by researchers and breeders worldwide to discover new disease resistance genes that will protect wheat crops against age-old agricultural plagues like wheat rust. They can also mine this wild grass species for climate resilient genes which can be bred into elite wheat cultivars.

Researchers at the John Innes Centre worked closely with colleagues from KAUST using bioinformatic approaches to track levels of DNA contributed to bread wheat by the L3 lineage of Aegilops tauschii.

Professor Uauy concluded: "The study highlights the importance of maintaining genetic resources such as the BBSRC funded Germplasm Resources Unit here at the John Innes Centre which maintains historic collections of wild grasses that can be used to breed valuable traits such as disease resistance and pest resistance into modern wheat."
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New research identifies early sensorimotor markers for autism spectrum disorder | ScienceDaily

Autism Spectrum Disorder, typically diagnosed around the ages of 4 to 5 years, is a neurodevelopmental disorder with complex and varied presentations, including atypical communication and restrictive and repetitive patterns of behavior. Moreover, cognitive abilities are often lower in individuals with ASD. Despite the established link between lower intelligence quotient (IQ) in infancy and a future diagnosis of ASD, not all children with ASD exhibit lower cognitive abilities during infancy. The study addresses the critical gap in knowledge regarding the early features that differentiate children with varying cognitive abilities who later develop ASD.

The research team investigated the relationship between movement and cognitive abilities in toddlers before their ASD diagnosis, both during sleep and wakefulness. The study posed two key questions: Do ASD children with lower IQ exhibit altered movement during sleep compared to children with higher IQ? Additionally, are lower motor skills during wakefulness characteristic of lower-IQ children with ASD compared to those of higher-IQ ASD toddlers?

The research was conducted in two stages. In the first sample, the team examined sensorimotor features obtained from sleep functional magnetic resonance imaging (fMRI) in 111 toddlers with ASD. In the second, independent sample, they analyzed sensorimotor functioning during wakefulness in over 1,000 toddlers with ASD, categorized by lower vs. higher cognitive abilities.

The findings revealed that toddlers with ASD and lower IQs have significantly altered sensorimotor features compared to toddlers with ASD and higher IQs. Interestingly, the sensorimotor features of higher-IQ ASD toddlers were nearly indistinguishable from typically developing (TD) toddlers. This suggests that a higher IQ may confer resilience to atypical sensorimotor functioning, and conversely, that poor sensorimotor functioning may be a key marker for lower IQ in childhood autism.

Moreover, the study found that lower-IQ ASD toddlers consistently exhibited lower gross motor skills across various age milestones (6, 12, 18, 24, and 30 months). This disruption in early sensorimotor learning during critical developmental periods indicates a potential vulnerability in the brain's motor control circuitry, associated with lower cognitive abilities in toddlers who later receive an ASD diagnosis.

"The implications of these findings are far-reaching," said Denisova. "They underscore the need for more precise, tailored interventions for children with ASD, particularly those with lower cognitive abilities. Interventions for lower-IQ autistic children may need to focus on enhancing both sensorimotor and cognitive skills, while interventions for higher-IQ autistic children might prioritize leveraging their strengths to mitigate potential mental health consequences."

Denisova emphasized the importance of future research in this area, particularly involving underserved families who face barriers in accessing early intervention services.

This research was made possible with support from the National Institute of Mental Health of the National Institutes of Health. Research in the Denisova lab is also supported by the Simons Foundation Autism Research Initiative and faculty start-up funds.
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Shingles increases risk of subsequent cognitive decline, study suggests | ScienceDaily
A new study led by investigators from Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, found that an episode of shingles is associated with about a 20 percent higher long-term risk of subjective cognitive decline. The study's findings provide additional support for getting the shingles vaccine to decrease risk of developing shingles, according to the researchers. Their results are published in Alzheimer's Research & Therapy.


						
"Our findings show long-term implications of shingles and highlight the importance of public health efforts to prevent and promote uptake of the shingles vaccine," said corresponding author Sharon Curhan, MD, of the Channing Division for Network Medicine at Brigham and Women's Hospital. "Given the growing number of Americans at risk for this painful and often disabling disease and the availability of a very effective vaccine, shingles vaccination could provide a valuable opportunity to reduce the burden of shingles and possibly reduce the burden of subsequent cognitive decline."

Shingles, medically known as "herpes zoster," is a viral infection that often causes a painful rash. Shingles is caused by the varicella zoster virus (VZV), the same virus that causes chickenpox. After a person has chickenpox, the virus stays in their body for the rest of their life. Most of the time, our immune system keeps the virus at bay. Years and even decades later, the virus may reactivate as shingles.

Almost all individuals in the US age 50 years and older have been infected with VZV and are therefore at risk for shingles. There's a growing body of evidence that herpes viruses, including VZV, can influence cognitive decline. Subjective cognitive decline is an individual's self-perceived experience of worsening or more frequent confusion or memory loss. It is a form of cognitive impairment and is one of the earliest noticeable symptoms of Alzheimer's disease and related dementias.

Previous studies of shingles and dementia have been conflicting. Some research indicates that shingles increases the risk of dementia, while others indicate there's no association or a negative association. In recent studies, the shingles vaccine was associated with a reduced risk of dementia.

To learn more about the link between shingles and cognitive decline, Curhan and her team used data from three large, well-characterized studies of men and women over long periods: The Nurses' Health Study, the Nurses' Health Study 2, and the Health Professionals Follow-Up Study. The study included 149,327 participants who completed health status surveys every two years, including questions about shingles episodes and cognitive decline. They compared those who had shingles with those who didn't.

Curhan designed the study with first author Tian-Shin Yeh, formerly of the Harvard TH Chan School of Public Health. The researchers found that a history of shingles was significantly and independently associated with a higher risk -- approximately 20 percent higher -- of subjective cognitive decline in both women and men. That risk was higher among men who were carriers of the gene APOE4, which is linked to cognitive impairment and dementia. That same association wasn't present in the women.




Researchers don't know the mechanisms that link the virus to cognitive health, but there are several possible ways it may contribute to cognitive decline. There is growing evidence linking VZV to vascular disease, called VZV vasculopathy, in which the virus causes damage to blood vessels in the brain or body. Curhan's group previously found that shingles was associated with higher long-term risk of stroke or heart disease.

Other mechanisms that may explain how the virus may lead to cognitive decline include causing inflammation in the brain, directly damaging the nerve and brain cells, and the activation of other herpesviruses.

The limitations of this research include that it was an observational study, information was based on self-report, and included a mostly white, highly educated population. In future studies, the researchers hope to learn more about preventing shingles and its complications.

"We're evaluating to see if we can identify risk factors that could be modified to help reduce people's risk of developing shingles," Curhan said. "We also want to study whether the shingles vaccine can help reduce the risk of adverse health outcomes from shingles, such as cardiovascular disease and cognitive decline."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240814124638.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists discover breakthrough method to activate dormant stem cells in the brain | ScienceDaily
Scientists from Duke-NUS Medical School and the Mechanobiology Institute (MBI) at the National University of Singapore (NUS) have discovered a novel pathway to wake up dormant neural stem cells, offering potential new therapies for neurodevelopmental disorders such as autism, learning disabilities, and cerebral palsy.


						
In the mammalian adult brain, most neural stem cells, which originate from the nervous system and can grow into various types of brain cells, stay dormant until they receive specific signals that activate them. Once woken up, they produce new neurons, aiding in brain repair and growth.

Defects in neural stem cell activation are associated with ageing-related cognitive decline and neurodevelopmental disorders such as microcephaly, a condition where a baby's head is much smaller than expected because its brain has not developed properly. Neurodevelopmental disorders affect around five per cent of children and adolescents worldwide and lead to impaired cognition, communication, adaptive behaviour and psychomotor skills[1].

To study this activation, the scientists turned to Drosophila or fruit flies. Similar to mammals, the neural stem cells of fruit flies stay dormant till they are awakened. Their findings, published in Science Advances, showed that a type of glial cell named astrocytes -- traditionally thought to provide structural and nutritional support -- are important for waking up dormant neural stem cells in the brains of fruit flies.

Using super-resolution microscopy with 10-times magnifying power, the team of scientists examined the tiny fibre structures that are a hallmark of dormant neural stem cells of fruit flies. These fine structures, around 1.5 mm in diameter (or 20 times smaller than the diameter of a human hair), are protrusions extending from the cell body, and are rich in actin or protein filaments. A specific type of Formin protein can activate these filaments and cause them to assemble.

Dr Lin Kun Yang, who was a research fellow at Duke-NUS at the time of the study and the first author, said:

"We decided to home in on this pathway as variants in Formin levels are associated with neurodevelopmental disorders like microcephaly in humans. Understanding this pathway could provide new insights into developing solutions to treat neurodevelopmental disorders."

The scientists observed that astrocytes release a type of signalling protein called Folded gastrulation or Fog, which sparks a chain reaction that includes activating the Formin protein pathway to control the movement of actin filaments. Ultimately, these processes rouse neural stem cells from their dormant state. They then start to divide, creating new neurons that contribute to brain repair and development.




The receptor protein named GPCR in neural stem cells then responds to Fog secreted from astrocytes, activating the signalling pathway that controls the formation of actin filaments in neural stem cells. GPCRs have major roles in fundamental cell processes. As a result, the GPCR protein family has become a major drug target for treatments of various human diseases: 34 per cent of FDA-approved drugs target this family of proteins[2]. Therefore, understanding how this signalling pathway controls neural stem cell reactivation may provide a potential strategy for using existing drugs to treat neurodevelopmental disorders.

Professor Wang Hongyan, Acting Programme Director of Duke-NUS' Neuroscience & Behavioural Disorders Research Programme; and the senior author of the study, said:

"Our findings add new knowledge to the limited body of research on mechanisms governing the reactivation of dormant neural stem cells. With our discovery of astrocytes as a key player in the reactivation of neural stem cells, we now have a new way to influence neural stem cell behaviour."

Professor Patrick Tan, Senior Vice-Dean for Research at Duke-NUS, said:

"This not only advances our fundamental understanding of how astrocytes influence brain cell development but also opens new avenues for advancing therapies for neurological disorders, brain ageing and injury."

The scientists are currently investigating other signals from astrocytes that might influence the activity of neural stem cells. They also plan to explore whether similar mechanisms are involved in the development of the human brain.




Duke-NUS is a leader in medical research and education, with a commitment to improving patient care through innovative scientific discovery. This study is part of its ongoing efforts to deepen understanding of the fundamental mechanisms at play in the human brain to create new therapeutic approaches, especially for patients with neurological conditions.

This work was mainly supported by the National Research Foundation, Singapore under the National Medical Research Council (NMRC) Open Fund -- Individual Research Grant (MOH-000143) and Open Fund -- Young Individual Research Grant (MOH-001236) and administered by the Singapore Ministry of Health through the NMRC Office, MOH Holdings Pte Ltd, with additional support from several other grants.

Notes:

[1] Dietrich, K. N. et al. Principles and practices of neurodevelopmental assessment in children: lessons learned from the Centers for Children's Environmental Health and Disease Prevention Research. Environ. Health Perspect. 113, 1437-1446 (2005).

[2] A. S. Hauser, M. M. Attwood, M. Rask-Andersen, H. B. Schioth, D. E. Gloriam, Trends in GPCR drug discovery: new agents, targets and indications. Nat Rev Drug Discov 16, 829-842 (2017).
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Eye-opening discovery offers fresh hope for disease that can cause blindness | ScienceDaily
An international team of scientists including researchers from The Australian National University (ANU) have identified a rare, mutated version of a protein called TNIP1 that causes a chronic autoimmune disease similar to Sjogren's Syndrome -- a condition that leads to extreme dryness of the eyes and mouth that can cause blindness if left untreated.


						
According to the researchers, the TNIP1 mutation may also be responsible for more severe autoimmune diseases including lupus, a debilitating condition that causes inflammation in organs and joints, skin rashes and fatigue. In extreme cases, the disease can be fatal.

The scientists say they were able to successfully reverse the damaging effects of the mutation in mice, bringing them a step closer to developing new drug therapies that do the same in humans.

The findings could lead to new and tailored treatments for Sjogren's Syndrome and lupus that is caused by TNIP1 variants.

Lead author Dr Arti Medhavy, who completed this work as part of her PhD at ANU, said this is the first time scientists have shown a variation of the TNIP1 protein is responsible for causing autoimmune disease in humans.

"Proteins are critical to our growth, development and overall health, but they have a shelf life. Once the proteins have served their purpose, they become deactivated," Dr Medhavy, who is now at Griffith University's Institute for Biomedicine and Glycomics, said.

"That's where TNIP1 comes in. It works in unison with the cell's waste management system. TNIP1 essentially acts as a gatekeeper of the immune system by removing obsolete proteins and taking them to the cell's degradation sites where they are broken down, recycled and repurposed.




"Genetic material is normally packaged within specific compartments of the cell, including the cell's energy factories which are called mitochondria. The same genetic material, however, can trigger alarms in the immune system if detected outside of these specialised compartments.

"Importantly, TNIP1's role in the waste management system includes the removal of damaged or leaky mitochondria, which helps maintain healthy cells.

"But the mutated version of the TNIP1 protein is less efficient at taking these waste proteins and mitochondria to be processed, leading to toxic build-up within cells. If this waste isn't dealt with, these materials can become detrimental to the cell and trigger the immune system, which ultimately promotes the onset of autoimmune disease."

It's believed one in 10 Australians are living with some form of autoimmune disease. Study co-author Dr Vicki Athanasopoulos, from ANU, said Sjogren's Syndrome is a nasty and debilitating condition that affects more than 270,000 Australians.

She said there is a need to develop tailored treatments that specifically target the proteins and biochemical pathways that lead to the onset of autoimmune disease, rather than suppressing the entire immune system.

"There is currently no cure for autoimmune disease. Current therapies help patients better manage their condition, but these treatments have unpleasant side effects that make patients more susceptible to infection, which can lower their quality of life," Dr Athanasopoulos said.




The researchers identified the TNIP1 mutation in two unrelated patients -- one from Australia and the other from China. Despite both having the same TNIP1 mutation, one patient exhibited signs and symptoms of lupus, while the other seemed to possess symptoms of Sjogren's Syndrome.

Using gene-editing technology, the researchers introduced the human equivalent TNIP1 mutation into mice. They found that mice carrying the mutation developed a condition that mimicked the Sjogren's disease-like symptoms seen in one of the human patients.

"The TNIP1 mutant protein is similar to the lupus-causing TLR7 mutation in that it affects the same biochemical pathway. There is work already underway by pharmaceutical companies to develop new drugs and tweak existing ones that inhibit the TLR7 pathway," Dr Athanasopoulos said.

According to Dr Medhavy, although both patients with the TNIP1 mutation had slightly different forms of autoimmune disease, they both had abnormally high levels of IgG4 antibodies in their blood.

"The abnormally high presence of IgG4 in both patients is interesting because clinicians might be able to use IgG4 as a biomarker of TNIP1-driven autoimmune disease," she said.

"By screening patients with autoimmune disease for high levels of igG4, clinicians might be able to test whether patients also possess the TNIP1 mutation, which would indicate that they may respond well to therapies targeting the same TLR7-pathway."

The research is published in Nature Immunology. This work also involved scientists from the Francis Crick Institute in the UK and Shanghai Jiao Tong University in China.
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Smart fabric converts body heat into electricity | ScienceDaily
Imagine a coat that captures solar energy to keep you cozy on a chilly winter walk, or a shirt that can monitor your heart rate and temperature.Picture clothing athletes can wear to track their performance without the need for bulky battery packs.


						
University of Waterloo researchers have developed a smart fabric with these remarkable capabilities. The fabric has the potential for energy harvesting, health monitoring, and movement tracking applications.

The new fabric developed by a Waterloo research team can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

It can detect temperature changes and a range of other sensors to monitor pressure, chemical composition, and more. One promising application is smart face masks that can track breath temperature and rate and detect chemicals in breath to help identify viruses, lung cancer, and other conditions.

"We have developed a fabric material with multifunctional sensing capabilities and self-powering potential," said Yuning Li, a professor in the Department of Chemical Engineering. "This innovation brings us closer to practical applications for smart fabrics."

Unlike current wearable devices that often depend on external power sources or frequent recharging, this breakthrough research has created a novel fabric which is more stable, durable, and cost-effective than other fabrics on the market.

This research, conducted in collaboration with Professor Chaoxia Wang and PhD student Jun Peng from the College of Textile Science and Engineering at Jiangnan University, showcases the potential of integrating advanced materials such as MXene and conductive polymers with cutting-edge textile technologies to advance smart fabrics for wearable technology.

Li, director of Waterloo's Printable Electronic Materials Lab, highlighted the significance of this advancement, which is the latest in the university's suite of technologies disrupting health boundaries.

"AI technology is evolving rapidly, offering sophisticated signal analysis for health monitoring, food and pharmaceutical storage, environmental monitoring, and more. However, this progress relies on extensive data collection, which conventional sensors, often bulky, heavy, and costly, cannot meet," Li said. "Printed sensors, including those embedded in smart fabrics, are ideal for continuous data collection and monitoring. This new smart fabric is a step forward in making these applications practical."

The next phase of research will focus on further enhancing the fabric's performance and integrating it with electronic components in collaboration with electrical and computer engineers. Future developments may include a smartphone app to track and transmit data from the fabric to healthcare professionals, enabling real-time, non-invasive health monitoring and everyday use.
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Beige fat cells with a 'Sisyphus mechanism' | ScienceDaily
Fat cells come in three colours: white, brown, and beige. White fat cells store fat in our body as an energy reserve. We need these cells, but having too many creates health problems. Brown fat cells are particularly active in infants. They produce heat and thus maintain the baby's body temperature. However, the amount of brown adipose tissue decreases over a person's lifetime; adults have very little of it. Then, finally, the beige fat cells. These can also produce heat, albeit somewhat less well than brown fat cells. Beige fat cells occur in adults as well: scattered throughout the white fatty tissue, especially in the neck and shoulder area, they help in using up excess energy.


						
Now an international research team has discovered and described a new type of beige fat cells, which differ from the ones that were already known. "Fat cells of this new beige type play an important role in energy metabolism in the human body and have a positive effect on metabolic diseases and obesity," says Anand Sharma, a postdoc in ETH Professor Christian Wolfrum's group and coauthor of the study. "That's why it's so important to understand in detail how they work." The study was led by ETH Zurich, the University of Basel, the University of Leipzig Medical Center and the Dana-Farber Cancer Institute in Boston. Numerous other hospitals and research institutions around the world were involved in the project.

Independent of a known protein

The beige fat cells that researchers were already familiar with generate heat in the same way as brown fat cells: via a protein called UCP1. This protein is located in the inner of two membranes that surround the mitochondria, the structural units often referred to as the powerhouse of the cell. As part of their normal function, mitochondria pump protons into the space between the two membranes. Protons are electrically charged elementary particles that generally play an important role in energy conversion processes in cells. Bown fat cells and the classic beige fat cells described earlier have the protein UCP1. It forms a very narrow channel in the inner membrane through which the protons flow back into the mitochondria, thereby generating heat from friction.

In recent years, scientists have discovered that there are also beige fat cells without the UCP1 protein, and that these also consume energy and thus produce heat. The research team from ETH Zurich and the participating institutions has now precisely characterised the new class of beige fat cells and shown how they do this: by means of a "Sisyphus mechanism."

Here's how it works: All biochemical processes that take place in cells always generate some heat. The new class of beige fat cells takes advantage of this and allows individual processes to run back and forth, seemingly without purpose. This primarily involves two conversion processes. In one, the cells break fats down into their components (fatty acids) at full speed and then assemble them into new fats just as quickly. In the other, they apply an enzyme to convert molecules of creatine into creatine phosphate, a related molecule, only to immediately convert it back into creatine. Scientists call these back-and-forth processes "futile cycles." They don't add anything to the biochemical budget overall, but they consume energy and generate heat.

Preventing diabetes and obesity

The research team first described the new type of beige fat cells in mice. They then examined human adipose tissue and were able to show that these fat cells occur there, too. While less than half the population has the previously known type of classical beige fat cells, almost all humans have the new futile-cycle type, albeit in differing amounts.

As the researchers were able to show, people with a high number of beige fat cells -- of either the previously known type or this new type -- are slimmer and tend to have better metabolic health. That makes them less prone to obesity and metabolic disorders such as diabetes. "Because beige fat cells convert energy into heat, they help to break down excess fat," explains Tongtong Wang, an ETH doctoral student in ETH Professor Wolfrum's group and lead author of the study.

The researchers also explain how the new findings could be used medically in the future. For example, it may be possible to transplant beige fat cells into people who have only a few of them and suffer from metabolic diseases or weight problems. It would also be conceivable to develop drugs that activate the beige fat cells, which are often inactive. Such drugs could be used to treat people with high blood sugar levels or formerly overweight people who have reduced their weight through surgery or other means. "Activating their beige fat cells could help them to maintain their lower body weight in the long term," Sharma says.
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Stopping and reversing Alzheimer's at an early stage | ScienceDaily
In the fight against Alzheimer's, researchers at the Technical University of Munich (TUM) have developed a promising, preventative therapeutic approach. They specifically targeted the amyloid beta biomolecule, which triggers the hyperactivity of nerve cells typical of the brain disease in its early stages. The team led by Dr. Benedikt Zott and Prof. Arthur Konnerth from the TUM School of Medicine and Health and Prof. Arne Skerra from the TUM School of Life Sciences succeeded in developing and using a protein drug that can suppress the effects of the harmful molecule.


						
The results obtained on mice in the laboratory indicate that neuronal dysfunctions could even be repaired. The study was published in the journal Nature Communications. The researchers hope that the protein they investigated, which experts refer to as amyloid-beta-binding anticalin (H1GA), can halt the progression of the serious neurodegenerative disease at an early stage.

According to experts there are an estimated 55 million people worldwide living with dementia, most of them suffering from Alzheimer's. Each year, around 10 million new cases are diagnosed. There is currently no medication to combat the basic mechanisms of the disease. Only symptoms such as declining mental performance can be treated.

Dr. Benedikt Zott emphasizes: "We are still a long way from a therapy that can be used in humans, but the results in animal experiments are very encouraging. The effect of completely suppressing neuronal hyperactivity in the early stages of the disease is particularly remarkable."

The researchers obtained the anticalin H1GA by protein design and produced it in genetically modified bacteria of the species Escherichia coli. The active ingredient was injected directly into the hippocampus region of the brain. The previously hyperactive brain cells could then no longer be distinguished from healthy nerve cells in terms of measurable behavior.

It is still unclear whether the effect can actually be achieved in human patients outside the laboratory. In any case, a more effective form of administration of the active ingredient is currently being developed. In 2016, the active substance solanezumab, which was supposed to have a similar effect, proved to be a failure in large-scale clinical trials, but this can be explained by its different molecular structure. Zott and his colleagues also compared their new active ingredient directly with solanezumab in the trials. H1GA showed clearer positive effects.
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Sugar intake decreasing but still too high | ScienceDaily
A high-sugar diet is seen as a risk factor for obesity and chronic illness. University of Bonn researchers have analyzed data on sugar intake among children and adolescents in a long-term study, finding that intake has been declining steadily since 2010 -- but is still above the level recommended by the World Health Organization (WHO). The results, to be published in the European Journal of Nutrition, is already available online.


						
"Our study concerns the intake of free sugars," explains Dr. Ines Perrar, who is a research associate at the University of Bonn Institute of Nutritional and Food Science (IEL) and lead author of the study. "There is debate on whether sugar, like salt and fats, is linked to the development of chronic diseases." The WHO defines "free" sugar as any form of sugar, including honey, syrup and fruit juice concentrates, added by a manufacturer or when preparing food and beverages at home. Free sugar also includes sugar naturally occurring in juices.

For their project, IEL researchers analyzed data from the "Dortmund Nutritional and Anthropometric Longitudinally Designed" cohort study (DONALD). The DONALD study has been ongoing since 1985, gathering detailed data on nutrition, metabolism, growth and health of children and adolescents. "Study participants weigh and document everything they eat and drink on three consecutive days every year," relates Dr. Ute Nothlings, Professor of Nutritional Epidemiology at the IEL. "Referring to our Institute's in-house nutrient database, we are able to estimate intake of certain nutrients, including free sugars."

Sugar intake too high among adolescents in particular

The authors evaluated 4,218 sets of three-day weighing dietary records by 751 children and adolescents between ages three and 18 in the years 2010-2023. "Our finding is that free sugar intake continues to decline," Dr. Perrar notes, "but average daily intake still exceeds the level recommended by the WHO and the German Nutrition Society (Deutsche Gesellschaft fur Ernahrung, DGE) of a maximum 10% of total daily energy intake."

An analysis of DONALD back in 2019 already indicated that free sugar intake has been declining since 2005, then in 2016 a median value of approximately 16% of daily energy intake was determined. That value has subsequently declined further to 11.7%. The researchers surmise this trend may be explained by increased awareness of the health consequences of excessive consumption of sugar-sweetened beverages and certain other sugary foods.

While the decline definitely represents good progress, there are noteworthy age group differences, as Professor Nothlings points out, who is director of the DONALD study, spokesperson for the Transdisciplinary Research Area (TRA) Sustainable Futures and a member of the Life and Health TRA at the University of Bonn: "During the observation period, we saw a relatively high intake of free sugars around 15 percent of the daily energy intake in some cases, particularly among adolescents aged six to 14. The intake then declines significantly with increasing age."

Actual sugar intake likely higher




The findings affirm the purpose of the ongoing federal government policy initiative to lower sugar content in breakfast cereals, sweetened dairy products, soft drinks and fruit drinks by 15% or more by the year 2025. The researchers point out that the actual sugar intake is likely higher than the study data suggests, due in part to potential under-reporting by the study participants self-reporting on what they eat. In addition, the study is not broadly representative of society, as the design of this large study favors participation by families of a rather higher socioeconomic status who are generally more aware regarding nutrition and health issues.

Funding

The DONALD study is funded by the Ministry of Culture and Science of the state of North Rhine-Westphalia.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240814124610.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New mechanism of action kills cancer cells | ScienceDaily
In a first, a Bochum-based team has produced a substance capable of sending cancer cells into ferroptosis, that is a specific form of cell death. This could pave the way for the development of new drugs.


						
Conventional cancer drugs work by triggering apoptosis, that is programmed cell death, in tumor cells. However, tumor cells have the ability to develop strategies to escape apoptosis, rendering the drugs ineffective. In the journal Angewandte Chemie, a research team from Ruhr University Bochum, Germany, describes a new mechanism of action that kills cancer cells through ferroptosis. Ferroptosis is another form of programmed cell death that wasn't discovered until the 2010s. The Bochum group synthesized a metal complex, demonstrated its effectiveness in cell cultures and on microtumors and identified the chemical processes underlying the mechanism of action. The article was published online on August 13, 2024.

The research was carried out in Dr. Johannes Karges' Medicinal Inorganic Chemistry group in collaboration with doctoral student Nicolas Montesdeoca and two Bachelor students, Lukas Johannknecht and Elizaveta Efanova, and with the support of Dr. Jaqueline Heinen-Weiler from the Medical Imaging Center at Ruhr University Bochum.

Two types of programmed cell death

In programmed cell death, certain signaling molecules initiate a kind of suicide program to cause cells to die in a controlled manner. This is an essential step to eliminate damaged cells or to control the number of cells in certain tissues, for example. Apoptosis has long been known as a mechanism for programmed cell death. Ferroptosis is another mechanism that has recently been discovered which, in contrast to other cell death mechanisms, is characterized by the accumulation of lipid peroxides. This process is typically catalyzed by iron -- ferrum in Latin -- which is where the name ferroptosis derives from.

"Searching for an alternative to the mechanism of action of conventional chemotherapeutic agents, we specifically looked for a substance capable of triggering ferroptosis," explains Johannes Karges. His group synthesized a cobalt-containing metal complex that accumulates in the mitochondria of cells and generates reactive oxygen species, more precisely hydroxide radicals. These radicals attack polyunsaturated fatty acids, resulting in the formation of large quantities of lipid peroxides, which in turn trigger ferroptosis. The team was thus the first to produce a cobalt complex designed to specifically trigger ferroptosis.

Effectiveness demonstrated on artificial microtumors

The researchers from Bochum used a variety of cancer cell lines to show that the cobalt complex induces ferroptosis in tumor cells. On top of that, the substance slowed down the growth of artificially produced microtumors.




"We are confident that the development of metal complexes that trigger ferroptosis is a promising new approach for cancer treatment," as Johannes Karges sums up the research, adding: "However, there's still a long way to go before our studies result in a drug." The metal complex must first prove effective in animal studies and clinical trials. What's more, the substance doesn't currently selectively target tumor cells, but would also attack healthy cells. This means that researchers must first find a way to package the cobalt complex in such a way that it damages nothing but tumor cells.

Funding

Johannes Karges is funded by a Liebig Scholarship from the Fonds der Chemischen Industrie as well as the Life Sciences Bridge Award from the Aventis Foundation and the Paul Ehrlich & Ludwig Darmstaedter Early Career Award 2024.
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Surprising mechanism of lupus kidney damage identified | ScienceDaily
A Berlin-led research team has uncovered critical regulators of severe kidney damage in patients with lupus, an autoimmune disorder affecting an estimated five million people worldwide, most of which are young women. A small, specialized population of immune cells -- called innate lymphoid cells (ILCs) -- trigger an avalanche of effects that cause harmful kidney inflammation, also known as lupus nephritis.


						
The research, published  in Nature, upends conventional wisdom that autoantibodies -- proteins produced by immune cells that mistakenly attack healthy tissues -- are primarily responsible for lupus nephritis.

"While autoantibodies are required for tissue damage, they are by themselves not sufficient. Our work reveals that ILCs are required to amplify the organ damage," says Dr. Masatoshi Kanda, a senior paper author who was a Humboldt Fellow at Max Delbruck Center and is now at the Department of Rheumatology and Clinical Immunology, Sapporo Medical University in Japan.

Lupus, or systemic lupus erythematosus, is most often diagnosed between the ages of 15 and 45. Symptoms can range from mild to severe. But what causes kidney damage in some patients -- some to the point of requiring dialysis -- has been unclear.

"The role of ILCs in lupus or lupus nephritis was entirely unknown," says Professor Antigoni Triantafyllopoulou, a senior paper author at the German Rheumatology Research Center (DRFZ), an institute of the Leibniz Association, and at the Department of Rheumatology and Clinical Immunology at Charite -- Universitatsmedizin Berlin. "We have now identified most of the circuit controlled by ILCs by looking at the whole kidney at single-cell resolution."

Unusual immune cells

ILCs are a small group of immune cells that -- unlike most other immune cells that circulate throughout the body -- live in a specific tissue or organ.




"They are in the tissue all the time, from the time of embryonic development, which makes them very different from other immune cells," says Professor Andreas Diefenbach, a senior paper author and director of the Institute of Microbiology, Infectious Diseases and Immunology at Charite -- Universitatsmedizin Berlin.

Diefenbach's lab was among those that discovered ILCs in the mid-2000s. Most of his research is focused on ILCs in the gut and how they modify tissue function. In this study, Triantafyllopoulou and Kanda teamed up with his group and Dr. Mir-Farzin Mashreghi at the DRFZ to find out whether ILCs were present in the kidney and what role they might play in lupus nephritis.

The whole single-cell picture

To unravel this mystery, the team turned to single-cell RNA sequencing, which identifies genes that are active, or "switched on," in individual cells and helps researchers understand the cell's identity and function.

Kanda, a rheumatologist who was studying bioinformatics in Professor Norbert Hubner's lab at the Max Delbruck Center at the time, developed a specialized protocol for single-cell RNA sequencing of mouse and human kidneys. "Masatoshi's protocol was very good at pulling out and preserving multiple types of kidney cells, which gave us a much more complete overview of how lupus affects the whole kidney," explains Triantafyllopoulou. The team sequenced nearly 100,000 individual kidney and immune cells of various types and functions.

The key receptor

Through experiments in mice, the team learned that a subgroup of ILCs with a receptor called NKp46 must be present and activated to cause lupus nephritis. When NKp46 is activated, this subgroup of cells ramped up production of a protein called GM-CSF, which stimulates invading macrophages to multiply. Macrophages are large immune cells that gobble up dying cells and microbes. In the kidney, a flood of incoming macrophages caused severe tissue damage and buildup of scar tissue, called fibrosis.




"These ILCs are really amplifiers in this system," Diefenbach says. "They are small in population, but they seem to fertilize the whole process."

When the team blocked NKp46 with antibodies or the receptor was genetically removed, kidney tissue damage was minimal. They also blocked GM-CSF with similar anti-inflammatory effects.

"Critically, autoantibody levels did not change when NKp46 was inhibited, but kidney tissue damage was reduced, which shows autoantibodies are not directly responsible for kidney inflammation," Triantafyllopoulou explains.

The team also compared the results to sequencing data from tissue taken from human patients with lupus and found ILCs present, though more work is required to fully understand how to target ILCs in human kidneys. Nevertheless, the insights gained through these detailed studies point to new antibody therapies for patients with severe forms of lupus. The hope is to prevent the need for kidney dialysis in these patients.
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How air-powered computers can prevent blood clots | ScienceDaily
A new, air-powered computer sets off alarms when certain medical devices fail. The invention is a more reliable and lower-cost way to help prevent blood clots and strokes -- all without electronic sensors.


						
Described in a paper in the journal Device, the computer not only runs on air, but also uses air to issue warnings. It immediately blows a whistle when it detects a problem with the lifesaving compression machine it is designed to monitor.

Intermittent pneumatic compression or IPC devices are leg sleeves that fill with air periodically and squeeze a person's legs to increase blood flow. This prevents clots that lead to blocked blood vessels, strokes, or death. Typically, these machines are powered and monitored by electronics.

"IPC devices can save lives, but all the electronics in them make them expensive. So, we wanted to develop a pneumatic device that gets rid of some of the electronics, to make these devices cheaper and safer," said William Grover, associate professor of bioengineering at UC Riverside and corresponding paper author.

Pneumatics move compressed air from place to place. Emergency brakes on freight trains operate this way, as do bicycle pumps, tire pressure gauges, respirators, and IPC devices. It made sense to Grover and his colleagues to use one pneumatic logic device to control another and make it safer.

This type of device operates in a similar way to electronic circuits, by making parity bit calculations. "Let's say I want to send a message in ones and zeroes, like 1-0-1, three bits," Grover said. "Decades ago, people realized they could send these three bits with one additional piece of information to make sure the recipient got the right message."

That extra piece of information is called a parity bit. The bit is a number -- 1 if the message contains an odd number of ones, and 0 if the message contains an even number of ones. Should the number one appear at the end of a message with an even number of bits, then it is clear the message was flawed. Many electronic computers send messages this way.




An air-powered computer uses differences in air pressure flowing through 21 tiny valves to count the number of ones and zeroes. If no error in counting has occurred, then the whistle doesn't blow.

If it does blow, that's a sign the machine requires repairs. Grover and his students, in a video demonstrating the air computer, are shown damaging an IPC device with a knife, rendering it unusable. Seconds later, the whistle blows.

"This device is about the size of a box of matches. It replaces a handful of sensors as well as a computer," Grover said. "So, we can reduce costs while still detecting problems in a device. And it could also be used in high humidity or high temperature environments that aren't ideal for electronics."

The IPC device monitoring is only one application for air computing. For his next project, Grover would like to design a device that could eliminate the need for a job that kills people every year -- moving around grain at the top of tall silos.

Tall buildings full of corn or wheat, grain silos are a common sight in the Midwest. Often times, a human has to go inside with a shovel to break up the grains and even out the piles inside.

"A remarkable number of deaths occur because the grain shifts and the person gets trapped. A robot could do this job instead of a person. However, these silos are explosive, and a single electric spark could blow a silo apart, so an electronic robot may not be the best choice," Grover said. "I want to make an air-powered robot that could work in this explosive environment, not generate any sparks, and take humans out of danger."

Air-powered computing is an idea that has been around for at least a century. People used to make air-powered pianos that could play music from punched rolls of paper. After the rise of modern computing, engineers lost interest in pneumatic circuits.

"Once a new technology becomes dominant, we lose awareness of other solutions to problems," Grover said. "One thing I like about this research is that it can show the world that there are situations today when 100-plus-year-old ideas can still be useful."
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New vaccine against cervical cancer combines prophylactic and therapeutic activity | ScienceDaily
A new vaccine against cancer-causing human papillomaviruses (HPV) is intended to help increase the rate of HPV vaccinations, particularly in developing countries. Scientists at the German Cancer Research Center (DKFZ) have developed a completely new vaccination concept for this purpose. The vaccine is inexpensive and protects mice against almost all cancer-causing HPV types. In addition to preventing new infections, the vaccine also triggers cellular immune responses against HPV-infected cells and may therefore also have a therapeutic effect against existing infections.


						
Cervical cancer caused by certain types of human papillomavirus (HPV) is the fourth most common cancer in women worldwide. The majority of cases are diagnosed in less developed countries, particularly in South East Asia, Africa and Latin America. The carcinogenic so-called risk HPVs are mainly transmitted during sexual contact. The infections are very common. It is assumed that up to 80 percent of the population will come into contact with these viruses in their lifetime. In addition to cervical cancer, infections with high-risk HPV are also associated with oral cancer, anal cancer and other cancers of the genital organs.

The vaccines currently available against cancer-causing HPV are effective, but have limitations. They are temperature-sensitive and therefore require continuous refrigerated transportation, which poses a logistical problem in some countries. Their production is complex and expensive. In addition, they are only effective against certain cancer-causing HPV types. Above all, however, the established HPV vaccines show no therapeutic effects on existing infections.

In developing their new HPV vaccine, Muller and his colleagues took a systematic approach to solving all these problems. The basis for this was the "predecessor model" PANHPVAX, which was also developed in Muller's laboratory: this exclusively prophylactic vaccine has already proven to be safe in phase I clinical trials and induces protective antibodies against all cancer-causing HPV as well as against some cutaneous papillomaviruses.

For PANHPVAX, the researchers used small fragments of the L2 protein from eight different HPV types. These fragments differ only slightly between different HPV types and can therefore trigger a very broad immune response. To make these protein snippets immunogenic, they were inserted into a suitable scaffold protein derived from a heat-loving microorganism (Pyrococcus furiosus).

"In our current work, we have added a therapeutic component to PANHPVAX, i.e. an antigen that stimulates the cellular immune response," explains Muller. The DKFZ virologists chose the protein E7 of the two high-risk types HVP16 and 18. It is formed very early in the course of an HPV infection in the infected cells and is therefore an ideal target for a cellular immune response to eliminate these cells. However, E7 is also responsible for the malignant transformation of HPV-infected cells. The researchers therefore first had to modify the vaccine antigen so that it no longer posed a threat.

In preclinical studies, the new vaccine cPANHPVAX was able to trigger neutralizing antibodies against all carcinogenic HPV in mice and simultaneously activate cytotoxic T cells against the HPV16 protein E7.

These positive results encouraged the researchers to now produce cPANHPVAX under conditions that comply with Good Manufacturing Practice (GMP) guidelines for pharmaceuticals. The vaccine produced in this way can be used in clinical trials.

"Our major goal is to increase vaccination rates against HPV worldwide, especially in countries with limited resources. Our new, heat-stable vaccine is inexpensive to produce, protects against all cancer-causing HPV types and can potentially neutralize existing infections by combining it with E7." In order to further investigate the promising properties of cPANHPVAX, the researchers are currently developing a concept for clinical testing of the vaccine.

The research on PANHPVAX and cPANHPVAX was funded by the Wilhelm Sander Foundation.
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Season of birth is associated with the development of asthma and allergic rhinitis | ScienceDaily
Being born in autumn or winter is associated with asthma and allergic rhinitis in Finland, a new registry-based study shows.


						
Season of birth, and specifically being born in autumn or winter, is associated with allergic rhinitis and asthma in Finland, a new study by the University of Eastern Finland, the University of Helsinki and Helsinki University Hospital shows. Conversely, being born in summer was associated with the lowest incidence of asthma and allergic rhinitis.

"When using summer as a reference, we found that being born in any other time of the year was significantly associated with allergic rhinitis, and that being born in autumn or winter was associated with asthma. However, we did not find a statistically significant association of season of birth with chronic rhinosinusitis or NSAID-exacerbated respiratory disease," says Sanna Salmi, Professor of Otorhinolaryngology at the University of Eastern Finland.

The association of season of birth with airway allergies and related diseases may be influenced by seasonal variation in light levels, vitamin D metabolism, vegetation and air pollution, which affect allergenicity and immunological responses, as well as the risk of allergic rhinitis. A previous population-based study in Finland has shown that those born in winter or spring have a higher risk of developing asthma in adulthood.

The new study utilised registry-based follow-up data on 74,868 patients who visited a hospital in the Hospital District of Helsinki and Uusimaa (HUS) in Finland, and their birth date, sex, visit date and comorbidities were collected from electronic health record data during visits from 2005 to 2019. When observing the season of birth groups, the proportion of those having asthma was 43.1% in the winter group, 42.1% in the spring group, 41.1% in the summer group, and 42.7% in the autumn group. The proportion of those having allergic rhinitis was 12.6% in the winter group, 12.0% in the spring group, 10.7% in the summer group, and 12.1% in the autumn group.

Published in Clinical and Translational Allergy, the study aimed to explore whether season of birth is associated with airway allergies and related diseases, such as NSAID-exacerbated respiratory disease, asthma, allergic rhinitis, nonallergic rhinitis, chronic rhinosinusitis with nasal polyps, and chronic rhinosinusitis without nasal polyps in Finland.

"Our results may also suggest that the pathogenesis of chronic rhinosinusitis and NSAID-exacerbated respiratory disease is less dependent on these early life events; however, further research in larger cohorts is needed to confirm this," Professor Salmi notes.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240814124544.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



UV rays may boost health in low-sunlight countries | ScienceDaily
The health benefits of spending time in the sun could outweigh the risks for those living in areas with limited sunshine, a study suggests.


						
In low-sunlight locations such as parts of the UK, exposure to higher levels of ultraviolet (UV) radiation -- found in sunlight -- was linked to a drop in deaths due to cardiovascular disease and cancer.

Adapting public health advice to reflect both the risks and benefits of UV exposure may help to reduce disease burden and improve life expectancy in low-sunlight countries, the research team says.

Experts caution that measures should still be taken to protect the skin when UV levels are high, to prevent sunburn and the development of skin cancer.

University of Edinburgh scientists used genetic and health information from the UK BioBank -- an anonymised database of health details from volunteers -- to examine the UV exposure of 395,000 people across the UK. Participants were restricted to those of white European descent, due to the role skin pigmentation plays in the body's response to UV exposure.

The team applied two measures to identify those exposed to higher levels of UV. They used the geographical location of participants to calculate their average annual exposure to solar energy and, separately, whether they used sunbeds.

The findings were adjusted for other factors that might influence health -- including smoking, exercise, social deprivation and gender -- to reduce the chance that these factors were responsible for any of the changes observed.




Living in locations with higher UV levels, for example Cornwall, was associated with a lower risk of death from cardiovascular disease and cancer -- 19 per cent and 12 per cent, respectively -- than living in areas with lower UV levels, such as Edinburgh or Glasgow.

Sunbed use was linked to a 23 per cent lower risk of death from cardiovascular disease and a 14 per cent lower risk of death from cancer, compared to non-users. It is possible that people who use sunbeds may also seek out greater sun exposure and so this result may reflect broader sun seeking behaviour, the team says.

Those with a higher estimated UV exposure had a slightly increased risk of being diagnosed with melanoma -- a type of skin cancer -- but their risk of dying from the condition was not raised.

As the study is based on UK data from a white European population, the findings are of most relevance to similar groups in low-sunlight countries. Further research into locations with higher UV exposure is needed to build a clearer picture of the potential benefits to health, experts say.
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Early life exposure to common chemical permanently disrupts gut microbiome, study suggests | ScienceDaily
Early life exposure to 'forever chemicals' in the environment permanently disrupts the gut microbiome in mice, contributing to the development of metabolic disease in later life, according to new research led by Penn State. The results, published today (Aug. 14) in the journal Environmental Health Perspectives, suggest that human exposure to these chemicals during early childhood may be contributing to the recent epidemic of metabolic disorders, including obesity and type 2 diabetes among adults.


						
The researchers focused specifically on 2,3,7,8-tetrachlorodibenzofuran (TCDF), a widespread persistent organic pollutant (POP) that is a byproduct of waste incineration, metal production, and fossil-fuel and wood combustion. TCDF accumulates in the food chain, and humans are primarily exposed through consumption of high-fat foods, such as meat, dairy products and some fish. Babies can be exposed through consumption of breast milk.

"POPs are pervasive in the environment and nearly every living organism has been exposed," said Andrew Patterson, John T. and Paige S. Smith Professor of Molecular Toxicology and of Biochemistry and Molecular Biology, Penn State. "The negative health effects of these chemicals are well documented and include birth defects and cancer. Our study is the first to suggest that early-life exposure to a certain POP, called TCDF, also disrupts the gut microbiome and is associated with metabolic disorders later in life."

The team examined the effects of TCDF in two groups of mice -- a test group, or those treated with TCDF and a control group, or those receiving no treatment. The team fed four-week-old mice from pills containing either 0.46 micrograms (mg) of TCDF or a control pill that did not contain any TCDF for five days. While 0.46 mg is higher than what is typically found in the diets of humans, it is not high enough to cause toxic illness.

"In our study we used a dose that is relatively high compared to typical human exposures; however, we can use this information to identify new toxicity high points, including in the gut microbiome, and begin to extrapolate what might happen at even lower doses. Of course, we also must consider how complex mixtures of these POPs interact with us and our microbial partners because a single exposure does not perfectly mimic real life scenarios."

Next, the researchers examined the animals' gut microbiomes, along with several indicators of the animals' health, including body weight, glucose tolerance, and the amounts of triglycerides in their livers and mucus in their feces, among other markers of metabolic disease. They collected these data immediately following the five-day course of TCDF, as well as three months after the last dose. In humans, these time points are equivalent to an infant and a young adult.

"We found that early life exposure to TCDF permanently disrupted the gut microbiomes of the wild-type mice," said Yuan Tian, lead author and associate research professor, Penn State. "We also found that these mice had higher body weight and glucose intolerance at age four months."

To further explore the effects of TCDF on the gut microbiome, the scientists gave mice without microbiomes intestinal microbiome transplants from the mice with TCDF-disrupted microbiomes and measured their health outcomes. They found that the mice with the transplants developed metabolic disorders, indicating that the altered microbiome is the cause of the metabolic disease.




"These results suggest that early-life TCDF exposure may be causing the disturbances in gut microbiome function and health outcomes later in life, even well after the TCDF has been eliminated from the body," Tian said.

She explained that the gut microbiome disturbances were marked by a decrease in certain bacterial species, including Akkermansia muciniphila, a bacterium that is also typically found in the human gut microbiome.

"This is important because Akkermansia is recognized as important for overall gut health, but now we know that it can be adversely affected by TCDF," Tian said.

To investigate the importance of Akkermansia muciniphila in influencing health outcomes, the team experimented with administering the bacterium as a probiotic to TCDF-treated mice. The probiotic restored the microbiome to its normal state.

"Our findings suggest that these bacteria are influenced by toxic exposure and play an important role in mediating health outcomes," Patterson said. "It may be possible that with more research we could one day restore a person's microbiome to its optimal state through supplementation with pre- and probiotics."

Other Penn State authors on the paper include Jordan Bisanz, assistant professor of biochemistry and molecular biology; Imhoi Koo, assistant research professor; Iain Murray, assistant research professor; Shigetoshi Yokoyama, assistant research professor; Sergei Koshkin, assistant research professor; Bipin Rimal, graduate student; Wei Gui, research technologist; Shaneice Nettleford, graduate student; Fangcong Dong, postdoctoral fellow; Sandeep Prabhu, head, Department of Veterinary and Biomedical Sciences; and Gary Perdew, H. Thomas and Dorothy Willits Hallowell Chair in Agricultural Sciences. Other authors include Trenton Wolfe, graduate student, Montana State University; Peter Turnbaugh, professor of microbiology and immunology, University of California, San Francisco; and Seth Walk, professor of microbiology and immunology, Montana State University.

The U.S. National Institutes of Health, U.S. National Institute of Food and Agriculture and Pennsylvania Department of Health supported this research.
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Researchers find possible inaccuracies in crash-reported child passenger injuries | ScienceDaily
Researchers from the Center for Injury Research and Prevention (CIRP) at Children's Hospital of Philadelphia (CHOP) found discrepancies between crash reports and hospital data that might paint an incomplete or inaccurate picture of how crashes impact the safety of child passengers. Enhancing the quality of injury data reported in crash reports can aid researchers in assessing the effectiveness of various transportation safety strategies for children. The findings were recently published by the American Journal of Preventive Medicine.


						
Traffic crashes remain the leading cause of unintentional injury and death for young children, and approximately 80% involve children riding as passengers in motor vehicles. Child Restraint Systems (CRS) are important in reducing risk of severe injuries. However, to date, no study has specifically compared crash- and hospital-reported injuries among child passengers involved in crashes. Incorrect information in a crash report, the most used source of motor vehicle crash injury data, can hinder the evaluation of how effectively CRS or vehicle technology reduces injuries.

"Our study demonstrated crash-involved child passengers' injury information, specifically injury frequency, location, and severity, are reported differently across crash reports and hospital records," said first study author Emma Sartin, PhD, MPH, CPST, research scientist with the NJ-SHO Center for Integrated Data at CHOP. "This could misrepresent our understanding of how many children are injured in crashes, as well as the types of injuries they may experience. Since this information is often used to allocate funding for traffic safety efforts and programs, its inaccuracy can also lead to funding being misdirected away from the communities that may need it most."

Using data from the New Jersey Safety and Health Outcomes (NJ-SHO) Data Warehouse, researchers identified child passengers under the age of 13 involved in a crash from 2017 through 2019 and compared their injuries documented in both crash and hospital reports. They characterized injury frequency, severity and location, as well as the frequency of injuries by age and restraint type.

Of 84,060 crash-involved child passengers, the researchers found that crash reports documented 7,858 (9%) children with at least "possible" injuries. However, only 2,577 (3%) of all the crash-involved child passengers had at least one documented injury in hospital reports. Crash and hospital data were incongruent for both body region of injury and injury severity.

Importantly, among the few children who had any documented injuries, most of those injuries were classified as "minor." However, the proportion of injured children increased as CRS type progressed, with children in rear-facing car seats having the fewest injuries compared with children restrained in seat belts who had more serious injuries in this study group. These findings underscore previous research highlighting the importance of delaying transitions between various types of CRS as long as possible.

"Our study found that crash and hospital reports provide different pictures regarding the injuries sustained by child passengers, which has important considerations for injury research, CRS and vehicle manufacturing, and policymaking. We are especially concerned about the increase in injuries observed among older children and those who were not using CRS," said Rachel K. Myers, PhD, senior study author and associate director of the Center for Injury Research and Prevention (CIRP) at CHOP. "We believe efforts to understand barriers to keeping children restrained in age-appropriate CRS are important in our continued efforts to protect children, and findings like these have only been made possible by large data linkages connected with public health efforts."

This study was supported by the Eunice Kennedy Shriver National Institute of Child Health and Human Development grant K99HD10592 and the Center for Child Injury Prevention Studies (CChIPS).
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C-section antibiotics impact the infant microbiome far less than infant diet | ScienceDaily
Caesarean section recipients are usually given prophylactic antibiotics just before the procedure to prevent later infections at the surgical site. But there have been concerns about whether these antibiotics may have a negative impact on newborns and their microbiomes if the drugs travel through the umbilical cord and reach the baby before the cord is cut. Now, a study from the Netherlands has confirmed that although these antibiotics can cause subtle changes to the infant microbiome, they are much less significant than the impact of how the babies are fed. The findings were reported August 14 in the journal Cell Host & Microbe.


						
"We decided to conduct this study because it addresses a significant clinical question with possibly profound implications for infant health," says first and corresponding author Trishla Sinha of University Medical Center Groningen. "It is crucial to balance high-quality evidence of immediate benefits to the mother against equally robust evidence of any potential short- and long-term risks to the infant. Mothers often ask whether the antibiotics they take influence their child, and this study can provide assurance that they have only small effects on infant gut microbiome."

A handful of previous studies have looked at this question, but they had smaller sample sizes. The first part of the current study prospectively enrolled 28 mother-infant pairs. Twelve of the mothers received antibiotics before skin incision, and the other 16 received them after the umbilical cord was clamped. For this group, a total of 172 infant microbiome samples were collected at 8 different timepoints after birth, up to one year. The second part of the analysis also included data from two other similar trials for a total of 79 infants.

"Our combined analysis makes this the largest study in the field," Sinha says. "Additionally, our longitudinal data and deep metagenomic sequencing were unprecedented."

For the samples they collected, the researchers looked at infant gut microbiome species composition and strain variability, as well as the composition of antibiotic-resistance genes. They also looked at the composition of bile and short-chain fatty acids. In addition to information about antibiotic usage, the investigators had information about whether the infants were formula-fed or breastfed.

The results showed that in general, feeding mode had a significant impact on gut microbial diversity, species, and strain-level bacterial composition, as well as bile acid composition. Infants who were formula-fed had a significantly different overall microbiome profile, with feeding mode explaining 12% of the variation in overall infant gut microbiome composition during the first six weeks of life. These differences were also reflected in the bile acid profiles in the stools of these infants. Recent research has highlighted the crucial role of the gut microbiome and bile acids in the development of immune disorders later in life. Therefore, these early-life changes could have important long-term consequences. However, further long-term studies are needed to confirm these findings. Antibiotics, in contrast to feeding mode, only had subtle impacts on antibiotic resistance genes and strain variability.

"We were surprised that the antibiotics did not drastically alter the microbiome, because other research has reported a large impact of antibiotics on infant gut microbiome composition," Sinha says. "This is probably due to the fact that it is a one-time exposure to intravenous antibiotics during birth in contrast to prolonged exposure to antibiotics throughout infancy."

In their next study, the researchers plan to examine a group of 1,500 mother-infant pairs from the Dutch cohort called Lifelines NEXT, looking at various health, environmental, and dietary factors during pregnancy and birth, as well as factors after birth that may influence the infant gut microbiome composition. The researchers plan to follow the infants throughout childhood and into adulthood to assess the long-term impact of the infant gut microbiome on future health outcomes.

"It's also important to realize that alterations in the gut microbiome do not immediately translate to future health outcomes for the child," Sinha says. "These still need to be extensively studied in longitudinal studies with longer follow-up time."
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An implantable sensor could reverse opioid overdoses | ScienceDaily
In 2023, more than 100,000 Americans died from opioid overdoses. The most effective way to save someone who has overdosed is to administer a drug called naloxone, but a first responder or bystander can't always reach the person who has overdosed in time.


						
Researchers at MIT and Brigham and Women's Hospital have developed a new device that they hope will help to eliminate those delays and potentially save the lives of people who overdose. The device, about the size of a stick of gum, can be implanted under the skin, where it monitors heart rate, breathing rate, and other vital signs. When it determines that an overdose has occurred, it rapidly pumps out a dose of naloxone.

In a study appearing in the journal Device, the researchers showed that the device can successfully reverse overdoses in animals. With further development, the researchers envision that this approach could provide a new option for helping to prevent overdose deaths in high-risk populations, such as people who have already survived an overdose.

"This could really address a significant unmet need in the population that suffers from substance abuse and opiate dependency to help mitigate overdoses, with the initial focus on the high-risk population," says Giovanni Traverso, an associate professor of mechanical engineering at MIT, a gastroenterologist at Brigham and Women's Hospital, and the senior author of the study.

The paper's lead authors are Hen-Wei Huang, a former MIT visiting scientist and currently an assistant professor of electrical and electronic engineering at Nanyang Technological University in Singapore; Peter Chai, an associate professor of emergency medicine physician at Brigham and Women's Hospital; SeungHo Lee, a research scientist at MIT's Koch Institute for Integrative Cancer Research; Tom Kerssemakers and Ali Imani, former master's students at Brigham and Women's Hospital; and Jack Chen, a doctoral student in mechanical engineering at MIT.

An implantable device

Naloxone is an opioid antagonist, meaning that it can bind to opioid receptors and block the effects of other opioids, including heroin and fentanyl. The drug, which is given by injection or as a nasal spray, can restore normal breathing within just a few minutes of being administered.




However, many people are alone when they overdose, and may not receive assistance in time to save their lives. Additionally, with a new wave of synthetic, more potent opioids sweeping the U.S., opioid overdoses can be more rapid in onset and unpredictable. To try to overcome that, some researchers are developing wearable devices that could detect an overdose and administer naloxone, but none of those have yet proven successful. The MIT/BWH team set out to design an implantable device that would be less bulky, provide direct injection of naloxone into the subcutaneous tissue, and eliminate the need for the patient to remember to wear it.

The device that the researchers came up with includes sensors that can detect heart rate, breathing rate, blood pressure, and oxygen saturation. In an animal study, the researchers used the sensors to measure all of these signals and determine exactly how they change during an overdose of fentanyl. This resulted in a unique algorithm that increases the sensitivity of the device to accurately detect opioid overdose and distinguish it from other conditions where breathing is decreased, such as sleep apnea.

This study showed that fentanyl first leads to a drop in heart rate, followed quickly by a slowdown of breathing. By measuring how these signals changed, the researchers were able to calculate the point at which naloxone administration should be triggered.

"The most challenging aspect of developing an engineering solution to prevent overdose mortality is simultaneously addressing patient adherence and willingness to adopt new technology, combating stigma, minimizing false positive detections, and ensuring the rapid delivery of antidotes," says Huang. "Our proposed solution tackles these unmet needs by developing a miniaturized robotic implant equipped with multisensing modalities, continuous monitoring capabilities, on-board decision making, and an innovative micropumping mechanism."

The device also includes a small reservoir that can carry up to 10 milligrams of naloxone. When an overdose is detected, it triggers a pump that ejects the naloxone, which is released within about 10 seconds.

In their animal studies, the researchers found that this drug administration could reverse the effects of an overdose 96 percent of the time.




"We created a closed-loop system that can sense the onset of the opiate overdose and then release the antidote, and then you see that recovery," Traverso says.

Preventing overdoses

The researchers envision that this technology could be used to help people who are at the highest risk of overdose, beginning with people who have had a previous overdose. They now plan to investigate how to make the device as user-friendly as possible, studying factors such as the optimal location for implantation.

"A key pillar of addressing the opioid epidemic is providing naloxone to individuals at key moments of risk. Our vision for this device is for it to integrate into the cascade of harm-reduction strategies to efficiently and safely deliver naloxone, preventing death from opioid overdose and providing the opportunity to support individuals with opioid use disorder," says Chai.

The researchers hope to be able to test the device in humans within the next three to five years. They are now working on miniaturizing the device further and optimizing the on-board battery, which currently can provide power for about two weeks.

The research was funded by Novo Nordisk, the McGraw Family Foundation at Brigham and Women's Hospital, and the MIT Department of Mechanical Engineering.
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A ketogenic diet could improve the response to pancreatic cancer therapy | ScienceDaily
A study of fasting and the ketogenic diet reveals a new vulnerability of pancreatic tumors to an existing cancer drug.


						
Scientists at UC San Francisco have discovered a way to get rid of pancreatic cancer in mice by putting them on a high fat, or ketogenic, diet and giving them cancer therapy.

The cancer therapy blocks fat metabolism, which is the cancer's only source of fuel for as long as the mice remain on the ketogenic diet, and the tumors stop growing.

The team made the discovery, which appears August 14 in Nature, while they were trying to figure out how the body manages to subsist on fat while fasting.

"Our findings led us straight to the biology of one of the deadliest cancers, pancreatic cancer," said Davide Ruggero, PhD, Goldberg-Benioff Endowed Professor and American Cancer Society Research Professor in the Departments of Urology and Cellular Molecular Pharmacology at UCSF and senior author of the paper.

Ruggero's team first uncovered how a protein known as eukaryotic translation initiation factor (eIF4E) changes the body's metabolism to switch to fat consumption during fasting. The same switch also occurs, thanks to eIF4E, when an animal is on a ketogenic diet.

They found that a new cancer drug called eFT508, currently in clinical trials, blocks eIF4E and the ketogenic pathway, preventing the body from metabolizing fat. When the scientists combined the drug with a ketogenic diet in an animal model of pancreatic cancer, the cancer cells starved.




"Our findings open a point of vulnerability that we can treat with a clinical inhibitor that we already know is safe in humans," Ruggero said. "We now have firm evidence of one way in which diet might be used alongside pre-existing cancer therapies to precisely eliminate a cancer."

Burning different fuels in the engine of the cell

Humans can survive for weeks without food, in part because the body burns stored fat.

During fasting, the liver converts fats into ketone bodies to use in place of glucose, the body's normal source of energy. Ruggero's team found that eIF4E in the liver became more active, even as the liver paused its other metabolic activity, suggesting that this factor was involved in making ketone bodies, a process called ketogenesis.

"Fasting has been part of various cultural and religious practices for centuries, often believed to promote health," said Haojun Yang, PhD, post-doctoral researcher in Ruggero's lab and first author of the study. "Our finding that fasting remodels gene expression provides a potential biological explanation for these benefits."

By tracking how different metabolic pathways changed during fasting, the scientists discovered that eIF4E was activated by the presence of free fatty acids, which are released by fat cells early in fasting, so the body has something to consume.




"The metabolite that the body uses to make energy is also being used as a signal molecule during fasting," Ruggero said. "To a biochemist, seeing a metabolite act like a signal was the coolest thing."

These same changes in the liver -- ketone body production from burning fat, along with a rise in eIF4E activity -- also occurred when laboratory animals were given a ketogenic diet consisting mostly of fat.

That's when the lightbulb went off.

"Once we could see how the pathway works, we saw the opportunity to intervene," Ruggero said.

The Achilles' heel of pancreatic cancer

The scientists first treated pancreatic cancer with a cancer drug called eFT508 that disables eIF4E, intending to block tumor growth. Yet, the pancreatic tumors continued to grow, sustained by other sources of fuel like glucose and carbohydrates.

Knowing that pancreatic cancer can thrive on fat, and that eIF4E is more active during fat burning, the scientists first placed the animals on a ketogenic diet, forcing the tumors to consume fats alone, and then put them on the cancer drug. In this context, the drug cut off the cancer cells' only sustenance -- and the tumors shrank.

Ruggero, along with Kevan Shokat, PhD, UCSF professor of cellular and molecular pharmacology, developed eFT508 in the 2010s, and it showed some promise in clinical trials. But now, there's a much more powerful way to use it.

"The field has struggled to firmly link diet with cancer and cancer treatments," Ruggero said. "But to really connect these things productively, you need to know the mechanism."

Different diet-drug combinations will be needed to treat more forms of cancer.

"We expect most cancers to have other vulnerabilities," Ruggero said. "This is the foundation for a new way to treat cancer with diet and personalized therapies."
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Patterns of intelligence | ScienceDaily
The coordinated activity of brain cells, like birds flying in formation, helps us behave intelligently in new situations, according to a study led by Cedars-Sinai investigators. The work, published in the peer-reviewed journal Nature, is the first to illuminate the neurological processes known as abstraction and inference in the human brain.


						
"Abstraction allows us to ignore irrelevant details and focus on the information we need in order to act, and inference is the use of knowledge to make educated guesses about the world around us," said Ueli Rutishauser, PhD, professor and Board of Governors Chair in Neurosciences at Cedars-Sinai and co-corresponding author of the study. "Both are important parts of cognition and learning."

Humans often use these two cognitive processes together to rapidly learn about and act appropriately in new environments. One example of this is an American driver who rents a car in London for the first time.

"The English drive on the right-hand side of the car and on the left-hand side of the road, the opposite of the way we do in the U.S.," Rutishauser said. "For someone from the U.S., driving in London means reversing many of the rules they have learned, and making that mental shift requires abstraction to focus on driving-sidedness, and making inferences to avoid pulling directly into oncoming traffic."

In the study, investigators worked with 17 hospitalized patients who had electrodes surgically implanted in their brains as part of a procedure to diagnose epilepsy. In total, the researchers recorded the firing of thousands of brain cells as participants performed an inference task on a computer.

Looking at the activity of so many brain cells required the use of artificial intelligence to extract the responses that were relevant, allowing investigators to see the coordination between the neurons during successful inference.

"These are high-dimensional geometrical shapes that we cannot imagine or visualize on a computer monitor," said Stefano Fusi, PhD, a principal investigator at Columbia University's Zuckerman Mind Brain Behavior Institute and co-corresponding author of the study. "But we can use mathematical techniques to visualize simplified renditions of them in 3D."

During the recordings, participants were repeatedly shown four pictures -- a person, a monkey, a car and a watermelon. In response to each picture, they were asked to press a left-hand or right-hand button. Individuals then received a "correct" or "incorrect" message.




Through repetition, participants eventually learned the correct response for each of the four pictures. At that point, the rules of the game were reversed without the participants being informed, and the opposite response for each picture was counted as correct.

After the switch, some participants were able to quickly figure out the rule change and infer the correct responses without relearning them, meaning they performed inference.

Investigators saw striking geometric patterns in the brains of those participants. Groups of neurons were firing together, much like birds flying in formation or a crowd of people spontaneously taking up a chant at a sporting event. The way the neurons coordinated their activity and encoded the relevant information indicated that the subjects had gained the conceptual knowledge needed to perform the task. Investigators saw no such patterns in the brains of participants who were not successful in using inference.

"Building conceptual knowledge is an important aspect of learning," said Hristos Courellis, PhD, a researcher at Cedars-Sinai and first author of the study. "In our study, we identified a neural basis for this process, which in cognitive psychology is referred to as abstraction."

Some subjects were initially not able to perform inference from experience with the task alone. For these subjects, investigators provided verbal instructions that allowed the subjects to then infer the correct answers.

"A remarkable discovery was that the same neural geometries emerged in participants who received verbal instructions as in those whose ability to infer was based on experiential learning," said Adam Mamelak, MD, director of the Functional Neurosurgery Program and professor of Neurosurgery at Cedars-Sinai and co-author of the study. "This crucial discovery shows that verbal input can result in neural representations that otherwise might take a long time to learn through experience."

The study, which relied on data from Cedars-Sinai and the University of Toronto, was led by Cedars-Sinai and conducted as part of a multi-institutional consortium funded by the National Institutes of Health's The Brain Research Through Advancing Innovative Neurotechnologies Initiative, or The BRAIN Initiative.




"This study provides new insights into how our brains allow us to learn and carry out tasks flexibly and in response to changing conditions and experiences," said Merav Sabri, PhD, program director for The BRAIN Initiative. "These insights build on the body of knowledge that could one day lead us toward interventions for neurologic and psychiatric conditions that involve deficits in memory and decision-making."

A surprise to investigators was the discovery that these particular patterns of brain activity emerged only in the hippocampus, a region deep in the center of the brain that is known to be crucial for the formation of new long-term memories.

"Our finding expands our knowledge of the role of the hippocampus in learning," Rutishauser said. "This is the first direct demonstration of the involvement of the human hippocampus in the learning of abstract knowledge and inference behavior. Many neurological conditions, including Alzheimer's disease, obsessive-compulsive disorder and schizophrenia, affect this brain region, and our finding could help explain the impaired decision-making we see in these patients."
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Immune cell regulator discovery could lead to treatments for arthritis and severe COVID | ScienceDaily
A large research collaboration, led by the University of Exeter's MRC Centre for Medical Mycology, has focused on how immune cells sense their environment. This activity triggers responses which are finely balanced, to protect against disease and infection, and to reduce cell-damaging inflammation.


						
The new research, published in Nature and funded by the Medical Research Council and Wellcome, looked at the behaviour of a receptor known as MICL, and its role in both preventing inflammation and protecting against infection.

Lead author Dr Mariano Malamud, from the University of Exeter, said: "We've discovered that MICL is a key receptor that causes severe inflammatory disease when its functions are altered. This opens the door to the development of new therapies that target MICL, which could reduce the severity of inflammatory diseases and protect against infection."

Most receptors in the immune system sense their environment and send signals to cells, telling them to activate in response to changes such as infection or tissue damage. The team's work has revealed that MICL does the opposite, inhibiting the activation of the cell. This is an important function, as over-activation of cells can lead to cell damage and the development of auto-immune diseases if left unchecked. The team went on to demonstrate the essential role that MICL plays in regulating inflammation in severe COVID 19, as well as arthritis and some other autoimmune diseases.

The new research , conducted in mice and verified in patients, focuses on the function of MICL present on the most abundant form of immune cell called a neutrophil. As a result of autoimmune disease or infection, neutrophils can undergo NETosis, a form of programmed cell death which is key for controlling infections but is very inflammatory. The team has found that MICL is able to detect this, and its inhibitory activity prevents more neutrophils from dying in this way.

NETosis cell death has been linked to several inflammatory diseases in humans, including Lupus, Rhematoid arthritis and severe COVID. These inflammatory diseases lead to the production of antibodies that bind to MICL, preventing its inhibitory function and resulting in more severe disease. Conversely, the study showed that increasing NETosis by blocking MICL function can protect against infection, such as those caused by fungi.

In mice with arthritis, the group showed that genetic loss of MICL led to more severe disease due to the excessive formation of NETs. More severe disease also occurred in normal mice when antibodies targeting MICL were applied. Indeed more severe disease was also seen in human arthritis patients who possessed antibodies targeting MICL, an the researchers could directly show that these patient antibodies drove exacerbated inflammatory response, using cell samples in labs.

Senior author Professor Gordon Brown, from the University of Exeter, said: "We've been working on how immune cells sense their environment for over 20 years, and this breakthrough is really exciting, revealing how the inhibition of inflammatory processes is finely balanced between controlling infection and the development of autoimmune disease"

The paper is entitled "Recognition and control of Neutrophil Extracellular Trap formation by MICL" and is published in Nature.
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Larger teams in academic research worsen career prospects, study finds | ScienceDaily
As the Paris Olympics captured the world's attention this month, it proved apparent that winning medals often hinged on the success of teamwork.


						
While such an approach clearly works in sports, new research suggests teamwork is not always the desired method ... especially for young scientists trying to find an academic job.

"We found that if your team size in your discipline is large, your prospects for an academic career go down," said Donna Ginther, the Roy A. Roberts Distinguished Professor of Economics at the University of Kansas.

Her paper titled "The rise of teamwork and career prospects in academic science" reveals individuals who finish their doctorate in situations where the average team in their field is larger have worse career options. The results demonstrate that academic science has not adjusted its reward structure (which is largely individual) in response to team science. It appears in Nature Biotechnology.

"The number of authors on papers in our discipline has changed," she said. "In econ, when I graduated, there were single-author papers. Now it's often three to five -- so it's essentially doubled. In science fields in particular, it's grown a lot. And when the National Institutes of Health budget doubled, papers increased by about one author."

Co-written with Mabel Andalon, Catherine de Fontenay and Kwanghui Lim of the University of Melbourne, this research combined data on career outcomes from the Survey of Doctorate Recipients with publication data that measured research size from ISI Web of Science. It also incorporated a regression on career outcomes at the individual level to control for any changes in the characteristics of young scientists (such as whether the scientists obtained their doctorate from a top-ranked school).

"The questions we asked were if the average team size gets larger, what does it affect? Then how does it affect your career?" Ginther said.




"My co-author Catherine de Fontenay and Kwanghui Lim developed a theoretical model where if you have large teams, it's unclear who contributed what to the paper. That makes the signal of your scientific ability noisy. But if there are just two authors, it's pretty clear you both did a lot of work. Then the signal of your contribution is clear."

As a result, it's hard to discern and give individuals credit for their contribution ... and that affects their next job and whether they get research funding.

"All of the phenomena we're seeing about the length of time it takes from the time you get your Ph.D., until you get your first academic job, until you get your first R01 -- that can be explained by this growth in team size," she said.

Ginther recently spent six months on sabbatical in Australia, which led to a research partnership with her University of Melbourne colleagues.

"I have a whole body of work on early career scientists," she said. "For this paper, I really liked the model we used and the intuition behind the result. The world is big and complex, and teams are an important part of it. You can't be this kind of solitary intellectual. Teamwork is something you must be able to navigate."

Now in her 22nd year at KU, Ginther specializes in labor economics. She is also the director of the Institute for Policy & Social Research, an interdisciplinary campus center for faculty and students doing funded work in the social and behavioral sciences.




The economist believes her findings can be applied to other professions beyond academia.

"I'd be very curious to look at the military because you always operate in teams. How does the size of your team or the composition of your team affect your career?" she said.

Ultimately, Ginther emphasizes the key takeaway of this latest research is how money is correlated with team size.

"To the extent we can make more groups of scientists that are smaller, this could lead to a policy change that is supported by our work," she said. "Having more smaller teams may be better than mega teams, both in terms of scientific discovery and career outcomes."
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Work-related stress may increase the risk of an irregular heart rhythm | ScienceDaily
Work-related stress caused by job strain and an imbalance between efforts applied vs. rewards received may increase the risk of developing atrial fibrillation, according to new research published today in the Journal of the American Heart Association, an open access, peer-reviewed journal of the American Heart Association.


						
Also known as AFib or AF, atrial fibrillation is the most common form of arrhythmia -- an abnormal heart rhythm. It can lead to stroke, heart failure or other cardiovascular complications. More than 12 million people are projected to have AFib in the United States by 2030, according to the American Heart Association's 2024 heart disease and stroke statistics.

Previous research linked high job strain and effort-reward imbalance at work with an increased risk of coronary heart disease. This research is the first to examine the adverse effect of both psychosocial stressors at work on atrial fibrillation, said the study's senior author Xavier Trudel, Ph.D., an occupational and cardiovascular epidemiologist and associate professor at Laval University in Quebec City, Quebec, Canada.

"Our study suggests that work-related stressors may be relevant factors to include in preventive strategies," Trudel said. "Recognizing and addressing psychosocial stressors at work are required to foster healthy work environments that benefit both individuals and the organizations where they work."

Trudel and team studied the impact of job strain, which refers to a work environment in which employees face high job demands, such as a heavy workload and tight deadlines, and low control over their work with little say in decision-making and how they execute their tasks.

Another factor assessed in the study was the effort-reward imbalance. This occurs when employees invest significant effort into their work but perceive the rewards they get in return -- such as salary, recognition or job security -- as insufficient or unequal to their performance.

Researchers examined medical database records for nearly 6,000 adults in white-collar jobs in Canada, with 18 years of follow-up data. The analysis found that:
    	employees who said they experienced high job strain had an 83% higher risk of developing AFib compared to workers unaffected by the stressors;
    	those who perceived an effort-reward imbalance had a 44% greater risk, compared to workers who did not report this imbalance; and
    	combined perceptions of high job strain and effort-reward imbalance were associated with a 97% increased risk of AFib.

"The effectiveness of workplace interventions to reduce psychosocial stressors that may also reduce the risk of AFib should be investigated in future research efforts," Trudel said. "Our research team previously conducted an organizational intervention designed to reduce psychosocial stressors at work, which was shown to effectively reduce blood pressure levels. Examples of organizational changes implemented during the intervention included slowing down the implementation of a large project to prevent increased workload; implementing flexible work hours; and holding meetings between managers and employees to discuss day-to-day challenges."

Limitations of the study include that participants were all white-collar workers encompassing managers, professional and office workers in Canada which means results may not apply to other types of workers or to workers in other countries.

Study details, background or design:
    	Researchers collected data through the PROspective Quebec (PROQ) Study on Work and Health, which started in the Quebec region in 1991-1993 and recruited white-collar workers from 19 public and semi-public organizations.
    	A total of 5,926 workers (49% men, 51% women) were included in this analysis. Their average age was 45 at the beginning of the study (1999-2001) and 65 at the end of the follow-up (Dec. 2018). Most study participants were white adults.
    	Work stress was assessed from self-reported questionnaires.
    	The analysis identified 186 AFib cases, and among that group, 19% of the people with AFib reported high job strain; 25% said they perceived effort-reward imbalance; and 10% reported experiencing both stressors simultaneously.
    	More than one-third of participants had been diagnosed with coronary heart disease or heart failure before their AFib incidence.
    	The study measured the work-related stressors through self-reported questionnaires specifically on job strain and effort-reward imbalance, controlling for a broad list of socioeconomic characteristics (sex and education), health risks (diabetes status and high blood pressure) and lifestyle factors (smoking and alcohol).
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Policing may play a role in youth mental health crises | ScienceDaily
New York City neighborhoods subject to higher rates of policing during the Stop and Frisk years also experienced higher burdens of psychiatric hospitalization among their adolescent and young adult residents -- independent of underlying neighborhood socio-economic characteristics. This association was larger in neighborhoods of color which have been disproportionately targeted by "hot spot" and order-maintenance policing practices and policies.


						
The study by researchers at Columbia University Mailman School of Public Health is one of the first to explore how neighborhood-level differences in policing may be an important driver of the uneven burden of mental illness across the city -- especially among young people living in heavily policed neighborhoods during a critical developmental period. The findings, which add to a growing body of evidence finding aggressive policing to be a social determinant of adolescent mental health, appear in the journal Social Psychiatry and Psychiatric Epidemiology.

According to research cited in the new study, at least half of all recorded police stops in New York City involve individuals under age 25. Nationally, approximately one-third of teens aged 12-18, have been stopped by police at least once, and roughly 21 percent of Black boys, compared with 9 percent of white boys, have been stopped two or more times. Police stops have been linked to depressive symptoms among adolescents, and this association is twice as strong in young Black men as compared with young white men.

In the new study, researchers drew on publicly available data from the New York City Police Department (NYPD), psychiatric hospitalization from Statewide Planning and Research Cooperative System (SPARCS) data, and socio-demographic data from the American Community Survey (ACS). They focused on psychiatric hospitalization of young people aged 10-24 and all police stops during the years 2006 to 2014 when the NYPD Stop Question and Frisk (SQF) program was in effect (SQF was declared unconstitutional in 2013).

They found an increase in one policing incident per 1,000 residents was associated with a 0.3 percent increase in the rate of youth psychiatric hospitalization time. The rates of psychiatric hospitalization and policing were higher in neighborhoods with a higher proportion of Black residents, and the association between these was also significantly higher in neighborhoods with a larger share of Black residents compared with predominantly non-Black neighborhoods. The link between rates of policing and psychiatric hospitalization was strongest when limited to SQF encounters and criminal summonses rather than the sum of all policing incidents -- evidence that the associations highlighted in the study are not explained by overall crime levels, one potential confounder, the authors explain. Policing incidents in response to psychiatric emergencies, a potential source of reverse causation, are thought to be negligible.

The mental health effects of policing are both direct and indirect. People who live, work, and spend time in aggressively policed neighborhoods are regularly exposed to police through either direct encounters or witnessing encounters involving friends, family, and neighbors. More broadly, the study's authors explain, the fabric of a neighborhood itself is shaped by a city that prioritizes policing over social supports. Future research might explore the effects of policies and programs that move resources away from policing and toward social and economic services.

"We know that direct and indirect exposure to policing may be a stressful and traumatic experience for individuals," says Sam Packard, a doctoral student in the Department of Epidemiology at Columbia Mailman School of Public Health. "An increasing amount of research demonstrates that the collective impact of this trauma as a form of structural violence is a public health issue, which is what we found in this analysis."

"Our findings support what hyper-policed communities have long known: exposure to aggressive policing is harmful to individual and community health. Given rising rates of adolescent psychiatric disorders, preventing and reducing mental illness will require not just individual treatments but also confronting its social and structural determinants, including over-policing," adds Seth J. Prins, PhD, assistant professor of Epidemiology and Sociomedical Sciences at Columbia Mailman School of Public Health.




The findings are more than a historical footnote and still have relevance a decade after the Stop and Frisk program ended, Prins explains. "Even though stop-and-frisk officially ended, we know stops still happen and they're just not recorded as such. So even if it's happening less frequently, aggressive policing is still happening differentially across the city."

Previously, Prins has published studies on the consequences of intimate partner violence policing, how school policing and disciplining may lead to student substance abuse, and the link between incarceration and premature death.

The new study's co-authors also include Zoe Verzani, Megan C. Finsaas, Natalie S. Levy, Ruth Shefner, and Amelia K. Boeme at Columbia Mailman, and Arrianna M. Planey at University of North Carolina, Chapel Hill.

The research was supported by National Institute on Drug Abuse (grants DA045955, DA058962), National Institutes of Health (CA240092-03S1), and National Institute of Mental Health (MH013043).
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Swipe up! Health apps deliver real results en masse | ScienceDaily
In a new study, researchers synthesised data from 206,873 people across 47 studies, finding that digital health tools -- like mobile apps, websites, and text messages -- can significantly improve health and wellbeing by keeping you active, boosting steps, and improving your diet and sleep.


						
Specifically, electronic and mobile health interventions can help people achieve:
    	1329 more steps / day
    	55 minutes more moderate-to-vigorous exercise / week
    	45 minutes more overall physical activity / week
    	7 hours less sedentary behaviour / week
    	103 fewer calories consumed / day
    	20% more fruits and vegetables consumed / day
    	5.5 grams less saturated fat consumed / day
    	1.9 kilograms of weight loss over 12 weeks
    	Improved sleep quality
    	Less severe insomnia.

With the global economic burden of chronic diseases estimated to exceed US $47 trillion by 2023, effective interventions are in high demand. According to the World Health Organization, one in eight people are now living with obesity; 422 million people have diabetes; and cardiovascular disease is the leading cause of death worldwide.

Lead researcher, UniSA's Dr Ben Singh, says people's health behaviours must change if we are to reduce the incidence of chronic disease.

"With the rise of preventable chronic diseases like obesity, cardiovascular disease, and type 2 diabetes, finding mechanisms that can help reduce people's risk is important," Dr Singh says.

"Our study found that digital and mobile health interventions can have a positive effect on people's health and wellbeing, not only helping them to increase their physical activity and reduce sedentary behaviour, but also improving their diet and quality of sleep.

"Given the wide accessibility and popularity of health apps, their capability to tailor information and deliver timely reminders and prompts, and scalability to diverse populations, they could be a very effective intervention to promote better health.

"Making positive changes to your health and wellbeing can be a challenge -- it's always easier to add kilos to your waistline, than it is to reduce them -- but by incorporating digital tools into your everyday life, you're more likely to achieve positive outcomes."

The research identified consistent findings across different age groups, health behaviours, interventions, and health populations, indicating that digital health apps could help underpin broader public health campaigns. While researchers recommend further investigation to better understand impacts among specific groups of people, at top line, digital health apps appear to be a win-win for all.
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Australia offers lessons for increasing American life expectancy | ScienceDaily
Despite being home to some of the world's most dangerous animals, Australia has led the English-speaking world in life expectancy for the last three decades. As for other high-income Anglophone countries, the Irish saw the largest gains in life expectancy, while Americans have finished dead last since the early 1990s, according to a team of social scientists led by a Penn State researcher.


						
The team published their findings today (August 13) in the journal BMJ Open.

"One lesson we Americans can learn about life expectancy from looking at comparable countries is where the frontier of best performance lies," said Jessica Ho, associate professor of sociology and demography at Penn State and senior author on the paper. "Yes, we're doing badly, but this study shows what can we aim for. We know these gains in life expectancy are actually achievable because other large countries have already done it."

The researchers compared life expectancy in the United States, Canada, Ireland, the United Kingdom, Australia and New Zealand using data from the Human Mortality Database and the World Health Organization Mortality Database between 1990 and 2019. They analyzed the data by sex, age and 18 individual and comprehensive cause of death categories, including cancers, drug- and alcohol-related deaths, firearms and motor vehicle collisions.

They also examined life expectancy within each country to identify geographical inequalities in life expectancy by region.

The researchers found that Australians had the longest life expectancy at birth over the study period, with women living nearly 4 more years and men 5 more years than their American counterparts. The Irish showed the largest gains in life expectancy, with men's lifespans increasing by approximately 8 years and women's lifespans by more than 6.5 years. Americans had the shortest life expectancy at birth, with women living an average of almost 81.5 years and men an average of nearly 76.5 years in 2019.

The United States also showed some of the largest geographical inequalities in life expectancy compared to the other countries, according to the researchers. Women and men in California and Hawaii had some of the highest life expectancies at birth, with women averaging 83 to 83.9 years and men averaging 77.5 to 78.4 years. States in the American Southeast saw some of the lowest life expectancies at birth of all subnational regions studied, with women averaging 72.6 to 79.9 years and men averaging 69.3 to 74.4 years.




"One of the main drivers of why American longevity is so much shorter than in other high-income countries is our younger people die at higher rates from largely preventable causes of death, like drug overdose, car accidents and homicide," said Ho, who is also an associate of Penn State's Social Science Research Institute.

In midlife -- the 45 to 64 age range -- some of these causes continue, like high death rates from drug- and alcohol-related mortality, Ho explained, adding that Americans also see higher rates of cardiovascular disease mortality.

"Some of the latter could be related to sedentary lifestyle, high rates of obesity, unhealthy diet, stress and a history of smoking," she said. "It's likely that these patterns of unhealthy behaviors put Americans at a disadvantage in terms of their health and vitality."

Australia offers the U.S. a model for improving its life expectancy, Ho added. Like the U.S., Australia is large in terms of land area and has a comparable history of personal vehicle ownership. The two countries have some cultural similarities, including historically greater use of firearms. However, Australia implemented a number of policies in recent decades including gun law reforms that helped vault them to the top of the life expectancy rankings.

"What the study shows is that a peer country like Australia far outperforms the U.S. and was able to get its young adult mortality under control," Ho said. "It has really low levels of gun deaths and homicides, lower levels of drug and alcohol use and better performance on chronic diseases, the latter of which points to lifestyle factors, health behaviors and health care performance."

Ho said policies like investing in public transit infrastructure, adding more roundabouts and having fewer large cars on the road could decrease traffic deaths in the United States. More support for programs designed to reduce drug dependence and reducing barriers to treatment and prevention of drug overdose could help lower drug-related mortality, she said. And having a strong combination of public health effort, health care access and community interventions to encourage healthier lifestyles and the use of preventive medicine could reduce cardiovascular disease mortality, she added.

"Australia is a model for how Americans can do better and achieve not only a higher life expectancy but also lower geographic inequality in life expectancy," Ho said.

Rachel Wilkie, a doctoral student at the University of Southern California, also contributed to this research. The National Institute on Aging of the National Institutes of Health supported this work.
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Childhood maltreatment is associated with greater cognitive difficulties than previously thought | ScienceDaily
New research from the Institute of Psychiatry, Psychology & Neuroscience (IoPPN) at King's College London and City University of New York suggests that the cognitive difficulties associated with childhood maltreatment, and particularly neglect, have been grossly underestimated in previous studies.


						
The research, published in Lancet Psychiatry, suggests that the overreliance on retrospective self-reports of maltreatment in research has resulted in a biased evidence base that overlooks the challenges faced by children and young people with documented exposure to maltreatment.

Researchers in this study tested the relative associations of court-documented exposure to, and adult recall of, childhood maltreatment with cognitive abilities within the same individuals. 1179 participants were identified from an ongoing cohort in the USA. All participants underwent a variety of tests in order to assess their cognitive abilities in adult life.

Researchers found that participants with official records of childhood maltreatment showed, on average, cognitive deficits across most tests undertaken compared to those without records. In contrast, the participants who retrospectively self-reported maltreatment did not demonstrate deficits when compared with those without reports.

Researchers also noted that these findings were not consistent across the different types of maltreatment. Participants who had documented experiences of neglect demonstrated cognitive deficits, but those who had documented experiences of physical and sexual abuse did not.

Andrea Danese, Professor of Child & Adolescent Psychiatry at King's IoPPN and one of the study's co-authors said, "While there are some important exceptions, most research in this area has relied on retrospective reports of childhood maltreatment from adult participants. Our study has shown that this reliance on retrospective reports has likely resulted in researchers and clinicians underestimating the extent to which individuals with documented cases of maltreatment, and particularly neglect, are experiencing cognitive deficits.

"Our study highlights the importance of identifying young people who have experienced neglect so that the proper support can be put in place, for example, to mitigate the negative consequences in education and employment."

More research is needed to understand why individuals with documented histories of neglect have cognitive deficits. The researchers suspect this might be due to a lack of stimulation in childhood, the familial transmission of cognitive challenges, and/or the role of other experiences that often accompany neglect, such as family poverty. Disentangling the mechanisms underlying the observed associations will provide helpful insights to develop effective interventions.

This research was supported by funding from the National Institute of Justice, the National Institute of Mental Health, the Eunice Kennedy Shriver National Institute of Child Health and Human Development, and the National Institute on Aging.
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Two new studies show how immunotherapies collaborate to boost T cell responses in melanoma | ScienceDaily

Using data from a human clinical trial and animal models, the researchers investigated responses of tumor-killing CD8+ T cells. During extended battles with cancer, immune checkpoints accumulate on the surface of T cells, acting like brakes on their activity and driving exhaustion. Immune checkpoint inhibitors that help release these brakes and combat T cell exhaustion have revolutionized cancer treatment, but because many patients don't respond, more research is needed to understand how these drugs can be combined to improve their effectiveness.

"These studies are the first in-depth interrogation of the immune system's response to blocking PD1 and LAG3," said Dario A. A. Vignali, Ph.D., chair and distinguished professor of the Department of Immunology at Pitt, senior author on two of the papers. "We found that targeting PD1 versus both PD1 and LAG3 modulated the function of CD8+ T cells in surprisingly different ways. Understanding these mechanisms is relevant for how we think about combination therapies and optimizing which drugs pair best."

In 2022, the LAG3-targeting drug relatlimab was approved by the U.S. Food and Drug Administration as a combination treatment with nivolumab, which targets PD1, for patients with metastatic melanoma. This combination has been shown to greatly improve patient outcomes compared to nivolumab alone, but according to Vignali, the mechanisms underlying this enhanced anti-tumor immunity were unknown. These new studies help fill this gap.

For the first study, Vignali joined forces with co-senior authors John Kirkwood, M.D., distinguished service professor of medicine at Pitt and director of the Melanoma and Skin Cancer Program at UPMC Hillman Cancer Center and Tullia Bruno, Ph.D., assistant professor of immunology at Pitt, and lead author Anthony Cillo, Ph.D., assistant professor of immunology at Pitt. The researchers ran a clinical trial to investigate immune responses of melanoma patients who received relatlimab, nivolumab or both drugs.

Analyzing blood and tumor samples, they found that patients who received both drugs had enhanced CD8+ T cell responses associated with improved cancer-killing prowess compared to those from patients treated with either drug alone, despite the cells retaining the hallmarks of exhaustion.

"We were surprised to see that blocking both PD1 and LAG3 at the same time led to much greater changes than you would expect from adding the effects of blocking PD1 or LAG3 by themselves," said Cillo. "These findings show that these immune checkpoints inhibit different aspects of CD8+ T cell function, which allows them to synergize in an unexpected way."

According to the researchers, another key finding from analyzing patient samples is that relatlimab is not inert. This study was unique in that patients initially received four weeks of therapy with relatlimab alone, nivolumab alone or in combination, allowing the researchers to examine the effect of each therapeutic regimen. Several previous studies have found that relatlimab alone does not improve anti-tumor immunity but was only effective when combined with nivolumab. By showing how relatlimab impacts T cell responses, the new findings suggest that the therapy could be combined with other immunotherapies to improve responses.




"We are particularly excited about this research because the analyses were performed on samples from patients who had not received prior immunotherapy, which allowed us to assess the impact of LAG3 and PD1 alone and in combination on the immune response within these patient tumors," said Bruno. "This will give us further insight toward smart immunotherapy combinations for patients with the hope for improved efficacy."

The second study, led by Lawrence Andrews, Ph.D., senior scientist at Arcellx who did this work as a research scientist in Vignali's lab, and Samuel Butler, a current graduate student in Vignali's lab, used mice that had been genetically modified so that their CD8+ T cells didn't produce PD1, LAG3 or both.

In a mouse model of melanoma, T cells deficient in both immune checkpoints enhanced tumor clearance and improved survival compared to those lacking either PD1 or LAG3, reinforcing the clinical trial results. Further, their experiments revealed mechanisms in which PD1 and LAG3 synergize to hinder anti-tumor immunity.

A third study, published in the same issue of Cell, led by University of Pennsylvania researchers and on which Vignali was a co-author, concurred with these observations and provided additional insights into how LAG3 and PD1 contribute to T cell exhaustion in different ways.

Collectively, these three papers provide mechanistic insight into how PD1 and LAG3 function alone and in combination and highlight opportunities for further clinical development.
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Exciting advance in stem cell therapy | ScienceDaily
A new technique developed by McGill researchers for mechanically manipulating stem cells could lead to new stem cell treatments, which have yet to fulfill their therapeutic potential.


						
Stem cell therapy has been heralded as a new way to treat many diseases, ranging from multiple sclerosis, Alzheimer's and glaucoma to Type 1 diabetes. The anticipated advances have yet to materialize in part because it has proved much more difficult than originally thought to control the types of cells that develop from stem cells.

"The great strength of stem cells is their ability to adapt to the body, replicate and transform themselves into other kinds of cells, whether these are brain cells, heart muscle cells, bone cells or other cell types," explained Allen Ehrlicher, an associate professor in McGill's Department of Bioengineeringand the Canada Research Chair in Biological Mechanics. "But that is also one of the biggest challenges of working with them."

Recently, a team of McGill researchers discovered that by stretching, bending and flattening the nuclei of stem cells to differing degrees, they could generate precisely targeted cells that they could direct to become either bone or fat cells.

The first applications of this discovery are likely to involve bone regeneration, possibly relating to dental or cranio-facial repair, or treatments for bone traumas or osteoporosis, according to Ehrlicher, the senior author on the study, who led the research team.

He cautions, however, that it is likely to take a decade or two before this new understanding of how to differentiate stem cells translates into clinical treatments. Ongoing testing and manipulation of stem cells will help this discovery be incorporated into medical treatments.

The next steps in the research will involve determining how the molecular mechanisms underlying the different cells allow them to be stretched into cells that can become either fat or bone and then translating this knowledge into 3D fibre cultures.
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New research explores the urea cycle's strong connection to fatty liver disease | ScienceDaily
An Indiana University School of Medicine physician scientist is making strides in understanding the molecular origins of fatty liver disease, a leading cause of liver failure in the United States. By identifying the critical role the urea cycle plays in its development, his findings could pave the way for new medications to treat this currently incurable disease.


						
In a study recently published in Cell Metabolism, Brian DeBosch, MD, PhD, professor of pediatrics at the IU School of Medicine and the study's corresponding author, uncovered a critical link between defects in the urea cycle, a key process in detoxifying ammonia in the body, and the development of fatty liver disease. Conducted during his time at Washington University in St. Louis, the study found that these urea cycle defects lead to secondary impairment in the tricarboxylic acid (TCA) cycle, a key pathway for energy metabolism. This disruption results in inefficient calorie utilization and excessive fat storage in the liver, which can subsequently cause inflammation and fibrosis, contributing to the progression of the disease.

"Pediatric fatty liver disease can be much more aggressive and more difficult to treat than the adult forms of the disease," DeBosch said. "Compounding this, there are no approved treatments for pediatric MASLD and MASH, even though MASH is fastest-rising in children. That is why our research is focused on addressing this incredibly urgent need."

The two types of fatty liver disease are metabolic dysfunction-associated steatotic liver disease (MASLD) and metabolic dysfunction-associated steatohepatitis (MASH). Both conditions involve excess fat buildup in the liver, which can result in liver failure if left untreated. The incidence of MASLD and MASH is rising rapidly among children, where the disease often presents more severely.

DeBosch collaborated on the study with Associate Professor of Surgery and Medicine Yin Cao, ScD, MPH at Washington University in St. Louis. Cao analyzed blood metabolites from a cohort of 106,600 healthy patients from the United Kingdom Biobank. Her examination revealed that certain metabolites associated with nitrogen and energy metabolism, as well as mitochondrial function, can predict the risk of severe liver diseases even in healthy individuals. Cao said the findings from this translational study, also backed by mouse research, underscore the critical role of the urea cycle in understanding severe liver diseases.

"MASLD and MASH are significant health concerns that are closely associated with other metabolic conditions and an increased risk of various cancers," she said. "This discovery holds promise for breakthroughs in the prevention and treatment of these serious conditions."

In a 2022 Cell Reports Medicine study, DeBosch and his team found that administering an enzyme called pegylated arginine deiminase (ADI-PEG 20) significantly improved symptoms of fatty liver and obesity in mice, offering promising insights for future therapies. Their latest findings further suggest that targeting nitrogen handling in the liver, a process linked to the urea cycle, could be an effective treatment approach.




Additionally, their research demonstrated that giving mice a precursor to adenine dinucleotide (NAD+), an important intermediary that fosters TCA cycle function, also improved function in their study models. Looking ahead, DeBosch plans to continue exploring the effects of ADI-PEG 20 and NAD+ to investigate their molecular connections between the urea and TCA cycles.

"I want to explore the best pathways to target these defects so future drugs leveraging this biology can be more effective and precise in treating individuals with fatty liver disease," DeBosch said.

DeBosch joined the IU School of Medicine Department of Pediatrics in July 2024 to lead the newly established nutrition and molecular metabolism research program at the Herman B Wells Center for Pediatric Research. He is also the new co-division chief of gastroenterology, hepatology and nutrition at Riley Children's Health.

"We're thrilled to have Dr. DeBosch join our team at the Wells Center and look forward to the innovative contributions he will bring to our new nutrition and molecular metabolism research program," said Reuben Kapur, PhD, director of the Wells Center. "His expertise is invaluable as we work to enhance the health and well-being of children across Indiana."

A nationally recognized expert in gastroenterology and nutrition, DeBosch aims to advance the understanding of the gut determinants of metabolic disease and develop innovative treatments that improve outcomes for pediatric patients. His laboratory focuses on researching diseases including fatty liver disease, cardiovascular disease and Type 2 diabetes.

"I'm excited to join the IU School of Medicine and the Wells Center," said DeBosch. "This opportunity allows me to collaborate with incredible physicians and scientists while continuing to prepare the next generation of experts in the field. I look forward to contributing to the center's mission of improving pediatric health outcomes in Indiana and well beyond."
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Less sleep and later bedtime in childhood linked to future substance use | ScienceDaily
A good night's sleep is essential for children's health and development, but childhood sleep patterns may also be linked to future substance use. A new study, led by a team of Penn State researchers, found that adolescents were more likely to have consumed alcohol or tried marijuana by age 15 if they went to bed later and slept fewer hours during childhood and adolescence. The team published their findings in Annals of Epidemiology.


						
"The study suggests that there might be some critical ages when sleep can be a target for intervention," said Anne-Marie Chang, associate professor of biobehavioral health at Penn State and senior author of the paper. "If we improve sleep in the school-age population, not only could that show improvements in sleep health but in other aspects like the decision to engage in risky behaviors like alcohol and other substance use."

The research team explored childhood sleep at different developmental stages within the same sample of children to see if there's an impact on later substance use, which few studies have investigated. They focused on two different facets of sleep health -- total duration of sleep and time of sleep or bedtime. The researchers explained that if children, especially school-aged children, go to bed later, it could affect their ability to sleep well.

"Sleep is multifaceted. It's important for children because it helps with growth and development. The brain is more plastic during younger ages and you want healthy sleep to support neural development," said David Reichenberger, co-lead author and who earned his doctoral degree in biobehavioral health at Penn State during the time of the research. "Poor sleep health could have downstream effects on their physical health as well as decision making, which could in turn be related to their decision to engage in substance use."

The study drew on data from 1,514 children in the Future of Families and Child Wellbeing Study, a diverse longitudinal birth cohort of children from 20 cities across the United States. Parents reported their child's regular weekday bedtime at ages three, five and nine. They also reported their child's sleep duration at ages five and nine.

When the research team evaluated the relationship between childhood bedtime and sleep duration with future alcohol and marijuana use as teens, they found a longitudinal association. Teens were 45% more likely to try alcohol by age 15 if they had a later bedtime at age nine when compared to other children with earlier bedtimes at age nine. However, bedtime at age five wasn't associated with future alcohol use, nor was sleep duration at ages five or nine. When it came to marijuana use, later bedtime at age five was associated with 26% increased odds of trying marijuana by age 15, while sleeping an hour less at age nine was associated with 19% increased odds of trying marijuana by age 15.

The research team also examined data from adolescents at age 15, who self-reported their bedtime, sleep duration and alcohol and marijuana use. They found that teens with a later bedtime had a 39% greater chance of drinking alcohol and a 34% greater chance of trying marijuana. Sleeping one hour less was associated with 28% increased odds of ever trying alcohol but wasn't associated with marijuana use.




"Sleep at ages closer to adolescence is the most crucial in terms of future substance use risk. It's that stage of development when children are rapidly changing and their brain is maturing," Reichenberger said, noting that previous research by other groups suggests that shorter sleep duration and later bedtimes may increase impulsivity and impair decision making, which could influence substance use choices.

The findings highlight the critical role of sleep across multiple aspects of long-term health and wellbeing, researchers said. For school-age children, creating an environment that's conducive for sleep and establishing an age-appropriate bedtime are key elements for cultivating good sleep.

"Exploring the connection between sleep and substance use is a critical area of research because we continue to struggle with an epidemic of opioid addiction and substance use," Chang said. "It's an important area to continue to research and to disseminate our research findings to the broader population, families and health care professionals."

Other Penn State author include Orfeu Buxton, the Elizabeth Fenton Susan Professor of Biobehavioral Health; Michael Russell, associate professor of biobehavioral health; Lindsay Master, data scientist; Akshay Krishnan, who was an undergraduate student during the time of the research; and Stephen Strayer, former graduate student. Lauren Hale, professor of family, population and preventative medicine at Stony Brook University also contributed to the paper.

Funding from the Eunice Kennedy Shriver National Institute of Child Health and Human Development, the National Institute on Drug Abuse and a consortium of private foundations supported this work.
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Children born prematurely fall into three groups | ScienceDaily
About thirteen million babies each year are born prematurely, with preterm birth linked to increases in risk for attention-deficit/hyperactivity disorder (ADHD), problems with social development, and lower grades.


						
A problem with past analyses of prematurity, however, is that they do not capture the variety seen in children born pre-term, including some with outcomes better than the average results for full- term children. Pre-term means birth before 37 weeks of gestation, with full term being 40 weeks.

The tendency to lump preterm babies into one group hinders efforts to tailor care for any one child, researchers say. Now a new study, published online August 13 in the journal Child Development, finds that preterm-born children fit into three profiles, with markedly different results on tests that measure cognition (thinking, reasoning, remembering) and behavior (ability to pay attention).

Led by researchers at NYU Grossman School of Medicine, the analysis defined the first neurocognitive profile, made up 19.7% of all children tested, as performing above the average for even full-term children on standard cognition tests. A second profile, representing 41% of the children, showed scores above the norm for four tests (e.g., on memory, vocabulary, and reading) and below the norm for three others (pattern recognition and working memory).

A third profile (39.3%) scored below the norm on all tests, with the cognitive deficits seen in this group found to correspond with attention deficits and lower grades in school. Specifically, children born prematurely in profile 1 did an average of 21% better on standard cognitive tests than those in profile 3. In behavioral tests, the study found that 2.5% of children in profile 1 went on to have attention deficits compared with 9.9% in profile 3.

As for academic performance, 66.47% of students in profile 1 had grade average of A- or above, 60.69% had an A- or above average in group 2, and 32.21% had an average of A- or above in profile 3.

"Our study dispels the notion that every preterm child is born with cognitive and behavioral deficits," says lead study author Iris Menu, PhD, a post-doctoral scholar in the laboratory of Moriah Thomason, PhD, vice chair for research in the Department of Child and Adolescent Psychiatry.




"Precision psychiatry is not based on a general diagnosis, because two patients with the same diagnosis, like preterm birth, may have totally different experiences," said Thomason, senior author on the new study. "Our work highlights the complexity of preterm birth, and promises to improve treatment for each, individual child."

The current study analyzed cognitive and behavioral data in 1,891 boys and girls who were born prematurely, that had aged to between 9 and 11 years, and who were enrolled in another large, ongoing study: the Adolescent Brain Cognitive Development (ABCD) study. It tracks cognition in each child using a standard set of seven tests that measure attention, decision-making, memory, reading comprehension, and processing speed. The researchers then applied a statistical technique to each child's results to sort them into previously hidden subgroups that better represent the "real developmental landscape."

Brain Differences

Neuroimaging of each child revealed that children aged 9 to 11 from profile 3 had brains that were on average 3% smaller, in volume and surface area of gray matter, than children in profile 1. While children in profile 3 were born on average 4.5 days earlier than the other profiles, smaller brain volumes were not tied to how prematurely the children were born. The question of whether some of the differences in outcomes between children could be linked to smaller developmental brain volume warrants further investigation, along with its causes, the study authors say.

The research team also looked at functional connectivity, which measures activity levels in two connected brain circuits by measuring blood flow to them with a technique called functional MRI. For one key pair of networks -- the dorsal attention network and the default mode network -- connectivity between them was found to be on average 11.21% weaker in profile 3 than in profile 1.

With dorsal attention network known to play a role in sustaining attention, the functional connectivity results affirm the potential of the team's profiling approach to enable earlier diagnoses (e.g., potentially for conditions like ADHD), and more tailored behavioral therapy and drug treatment, the authors say.




Importantly, the team's analyses also found that preterm children who were Black had nearly four times as great a chance of falling into the lower-performing profile 3.

"Based on these results, we call for the launch of social and structural interventions that ensure all preterm-born children receive equitable care," said Menu. "Children that get speech, physical, and behavioral therapy almost every day, which is more likely to happen in affluent households, tend do better on the study tests, but there are other factors involved. For instance, children in communities where more are covered by health insurance were less likely to belong to Profile 3."

Moving forward, the research team plans further studies to identify factors common to kids born prematurely who performed poorly later (e.g. were such children more likely to have experienced low oxygen supply during birth), as well as factors that helped 20 percent of the preterm kids in profile 1 perform better than many full-term children.

Along with Menu and Thomason, NYU Langone authors were Lanxin Ji, Tanya Bhatia, Mark Duffy, and Cassandra Hendrix in the Department of Child & Adolescent Psychiatry. This project was supported by National Institutes of Health grants MH125870, MH126468, MH122447, DA055338, ES032294, and K99MH133978.
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Scientists achieve more than 98% efficiency removing nanoplastics from water | ScienceDaily
University of Missouri scientists are battling against an emerging enemy of human health: nanoplastics. Much smaller in size than the diameter of an average human hair, nanoplastics are invisible to the naked eye.


						
Linked to cardiovascular and respiratory diseases in people, nanoplastics continue to build up, largely unnoticed, in the world's bodies of water. The challenge remains to develop a cost-effective solution to get rid of nanoplastics while leaving clean water behind.

That's where Mizzou comes in. Recently, researchers at the university created a new liquid-based solution that eliminates more than 98% of these microscopic plastic particles from water.

"Nanoplastics can disrupt aquatic ecosystems and enter the food chain, posing risks to both wildlife and humans," said Piyuni Ishtaweera, a recent alumna who led the study while earning her doctorate in nano and materials chemistry at Mizzou. "In layman's terms, we're developing better ways to remove contaminants such as nanoplastics from water."

The innovative method -- using water-repelling solvents made from natural ingredients -- not only offers a practical solution to the pressing issue of nanoplastic pollution but also paves the way for further research and development in advanced water purification technologies.

"Our strategy uses a small amount of designer solvent to absorb plastic particles from a large volume of water," said Gary Baker, an associate professor in Mizzou's Department of Chemistry and the study's corresponding author. "Currently, the capacity of these solvents is not well understood. In future work, we aim to determine the maximum capacity of the solvent. Additionally, we will explore methods to recycle the solvents, enabling their reuse multiple times if necessary."

Initially, the solvent sits on the water's surface the way oil floats on water. Once mixed with water and allowed to reseparate, the solvent floats back to the surface, carrying the nanoplastics within its molecular structure.




In the lab, the researchers simply use a pipette to remove the nanoplastic-laden solvent, leaving behind clean, plastic-free water. Baker said future studies will work to scale up the entire process so that it can be applied to larger bodies of water like lakes and, eventually, oceans.

Ishtaweera, who now works at the U.S. Food and Drug Administration in St. Louis, noted that the new method is effective in both fresh and saltwater.

"These solvents are made from safe, non-toxic components, and their ability to repel water prevents additional contamination of water sources, making them a highly sustainable solution," she said. "From a scientific perspective, creating effective removal methods fosters innovation in filtration technologies, provides insights into nanomaterial behavior and supports the development of informed environmental policies."

The Mizzou team tested five different sizes of polystyrene-based nanoplastics, a common type of plastic used in the making of Styrofoam cups. Their results outperformed previous studies that largely focused on just a single size of plastic particles.
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        A taste for carbon dioxide
        The remarkable affinity of the microbial enzyme iron nitrogenase for the greenhouse gas CO2 makes it promising for future biotechnologies.

      

      
        New brain-computer interface allows man with ALS to 'speak' again
        A new brain-computer interface translates brain signals into speech with up to 97 percent accuracy. Researchers implanted sensors in the brain of a man with severely impaired speech due to amyotrophic lateral sclerosis (ALS). The man was able to communicate his intended speech within minutes of activating the system.

      

      
        Engineers conduct first in-orbit test of 'swarm' satellite autonomous navigation
        With 2D cameras and space robotics algorithms, astronautics engineers have created a navigation system able to manage multiple satellites using visual data only. They just tested it in space for the first time.

      

      
        Physicists throw world's smallest disco party
        A new milestone has been set for levitated optomechanics as a group of scientists observed the Berry phase of electron spins in nano-sized diamonds levitated in vacuum.

      

      
        Scientists create material that can take the temperature of nanoscale objects
        Scientists recently discovered a one-dimensional nanoscale material whose color changes as temperature changes.

      

      
        Galaxies in dense environments tend to be larger, settling one cosmic question and raising others
        A new study has found galaxies with more neighbors tend to be larger than their counterparts that have a similar shape and mass, but reside in less dense environments. The team, which used a machine-learning algorithm to analyze millions of galaxies, reports that galaxies found in denser regions of the universe are as much as 25% larger than isolated galaxies. The findings resolve a long-standing debate among astrophysicists over the relationship between a galaxy's size and its environment, but a...

      

      
        Smart fabric converts body heat into electricity
        Researchers have developed a smart fabric that can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

      

      
        How air-powered computers can prevent blood clots
        A new, air-powered computer sets off alarms when certain medical devices fail. The invention is a more reliable and lower-cost way to help prevent blood clots and strokes -- all without electronic sensors.

      

      
        A method that paves the way for improved fuel cell vehicles
        More efficient and longer-lasting fuel cells are essential for fuel cell-powered heavy-duty hydrogen vehicles to be an alternative to combustion fuelled counterparts. Researchers have developed an innovative method to study and understand how parts of fuel cells degrade over time. This is an important step towards the improved performance of fuel cells and them becoming commercially successful.

      

      
        Rocks collected on Mars hold key to water and perhaps life on the planet: Bring them back to Earth
        Between July and November of 2022, NASA's Perseverance rover collected seven samples of sediment from an ancient alluvial fan in Jezero crater. While onboard analysis gave researchers some information about their origins, only detailed analysis on Earth can retrieve evidence of when water flowed on Mars and whether life arose there. Geophysicists had hoped to get these samples back by 2033, but NASA's sample return mission may be delayed beyond that date.

      

      
        Rocks from Mars' Jezero Crater, which likely predate life on Earth, contain signs of water
        Scientists report that rock samples from Mars' Jezero Crater contain minerals that are typically formed in water. While the presence of organic matter is inconclusive, the rocks could be scientists' best chance at finding remnants of ancient Martian life.

      

      
        An implantable sensor could reverse opioid overdoses
        A new implantable sensor could reverse opioid overdoses. The device rapidly releases naloxone when an overdose is detected.

      

      
        SwRI-led team finds evidence of hydration on Asteroid Psyche
        Using data from NASA's James Webb Space Telescope, astronomers have confirmed hydroxyl molecules on the surface of the metallic asteroid Psyche. The presence of hydrated minerals suggests a complex history for Psyche, important context for the NASA spacecraft en route to this interesting asteroid orbiting the Sun between Mars and Jupiter.

      

      
        Scientists achieve more than 98% efficiency removing nanoplastics from water
        Linked to cardiovascular and respiratory diseases in people, nanoplastics continue to build up, largely unnoticed, in the world's bodies of water. The challenge remains to develop a cost-effective solution to get rid of nanoplastics while leaving clean water behind. That's where Mizzou comes in. Recently, researchers created a new liquid-based solution that eliminates more than 98% of these microscopic plastic particles from water.

      

      
        Chemists synthesize plant-derived molecules that hold potential as pharmaceuticals
        Chemists developed a way to synthesize complex molecules called oligocyclotryptamines, originally found in plants, which could hold potential as antibiotics, analgesics, or anticancer drugs.

      

      
        Halogen bonding for selective electrochemical separation, path to sustainable chemical processing demonstrated
        A team has reported the first demonstration of selective electrochemical separation driven by halogen bonding. This was achieved by engineering a polymer that modulates the charge density on a halogen atom when electricity is applied. The polymer then attracts only certain targets -- such as halides, oxyanions, and even organic molecules -- from organic solutions, a feature that has important implications for pharmaceuticals and chemical synthesis processes.

      

      
        Measuring Martian winds with sound
        Martian landers have been able capture measurements of wind speeds -- some gauging the cooling rate of heated materials when winds blow over them, others using cameras to image 'tell-tales' that blow in the wind -- but there's still room for improvement. Researchers now demonstrate a novel sonic anemometric system featuring a pair of narrow-band piezoelectric transducers to measure the travel time of sound pulses through Martian air. The study accounted for variables including transducer diffract...

      

      
        Say 'aah' and get a diagnosis on the spot: is this the future of health?
        A computer algorithm has achieved a 98% accuracy in predicting different diseases by analyzing the color of the human tongue. The proposed imaging system can diagnose diabetes, stroke, anemia, asthma, liver and gallbladder conditions, COVID-19, and a range of vascular and gastrointestinal issues, according to new research.

      

      
        Delivery robots' green credentials make them more attractive to consumers
        The smaller carbon footprint, or wheel print, of automatic delivery robots can encourage consumers to use them when ordering food, according to a new study. The suitcase-sized, self-driving electric vehicles are much greener than many traditional food delivery methods because they have low, or even zero, carbon emissions. In this study, participants who had more environmental awareness and knowledge about carbon emissions were more likely to choose the robots as a delivery method. The green influ...

      

      
        Breakthrough in nanotechnology: Viewing the invisible with advanced microscopy
        Scientists have made a groundbreaking discovery in the field of nanotechnology. They have developed a novel microscopy method that allows for the unprecedented visualization of nanostructures and their optical properties.

      

      
        The mother of all motion sensors
        Researchers have used silicon photonic microchip components to perform a quantum sensing technique called atom interferometry, an ultra-precise way of measuring acceleration. It is the latest milestone toward developing a kind of quantum compass for navigation when GPS signals are unavailable.

      

      
        Cricket physics: Science behind the modern bowler technique tricking batters
        Researchers have started to unravel the mysteries of how near-horizontal bowling in cricket leads to such tough-to-hit balls. The team employed a wake survey rake device made of multiple tubes designed to capture the pressure downstream of the ball and examined the flow dynamics of cricket balls rotating up to 2,500 rpm in a wind tunnel. The group found that low-pressure zones expanded and intensified near the ball when spinning, while these zones shifted and diminished downstream. At higher spin...

      

      
        MIT researchers use large language models to flag problems in complex systems
        Researchers used large language models to efficiently detect anomalies in time-series data, without the need for costly and cumbersome training steps. This method could someday help alert technicians to potential problems in equipment like wind turbines or satellites.

      

      
        Ships now spew less sulfur, but warming has sped up
        New findings document fewer ship tracks, reduced cloud cover, and boosted warming after ship emissions regulations took effect in 2020.

      

      
        Think fast -- or not: Mathematics behind decision making
        New research explains the mathematics behind how initial predispositions and additional information affect decision making.

      

      
        New method for orchestrating successful collaboration among robots
        New research shows that programming robots to create their own teams and voluntarily wait for their teammates results in faster task completion, with the potential to improve manufacturing, agriculture and warehouse automation.

      

      
        Engineers make tunable, shape-changing metamaterial inspired by vintage toys
        Common push puppet toys in the shapes of animals and popular figures can move or collapse with the push of a button at the bottom of the toys' base. Now, a team of engineers has created a new class of tunable dynamic material that mimics the inner workings of push puppets, with applications for soft robotics, reconfigurable architectures and space engineering.

      

      
        AI poses no existential threat to humanity, new study finds
        Large Language Models (LLMs) are entirely controllable through human prompts and lack 'emergent abilities'; that is, the means to form their own insights or conclusions. Increasing model size does not lead LLMs to gain emergent reasoning abilities, meaning they will not develop hazardous abilities and therefore do not pose an existential threat. A new study sheds light on the (until now unexplained) capabilities and shortcomings of LLMs, including the need for carefully engineered prompts to exhi...

      

      
        Scientists find oceans of water on Mars: It's just too deep to tap
        Quakes and meteor impacts on Mars generate seismic waves that can help map the interior. A new study analyzed seismic waves detected by the Insight lander and concludes that 11-20 kilometers beneath the surface, a zone of pores and fractures is filled with liquid water -- more than was thought to fill Mars' surface oceans before they disappeared 3 billion years ago. Though too deep to drill, the reservoir is a possible refuge for life.

      

      
        Why carbon nanotubes fluoresce when they bind to certain molecules
        Nanotubes can serve as biosensors. They change their fluorescence when they bind to certain molecules. Until now, it was unclear why. Researchers have gained new insights into the cause of the fluorescence.

      

      
        How mortal filaments' self-assemble and maintain order: Align or die
        A previously unknown mechanism of active matter self-organization essential for bacterial cell division follows the motto 'dying to align': Misaligned filaments 'die' spontaneously to form a ring structure at the center of the dividing cell. The work could find applications in developing synthetic self-healing materials.

      

      
        Innovative study unveils a new path in green chemistry
        Researchers have introduced a new advancement in the fight against climate change. Their study showcases a novel method for understanding the mechanisms of carbon dioxide re-utilization leading to fuels and chemicals. This work paves the road for the further optimization of this catalytic process driven by renewable electricity.

      

      
        Breakthrough heart MRI technique accurately predicts heart failure risk in general population
        MRI scans could replace invasive heart tests, as new research shows they can reliably estimate pressures inside the heart to predict if a patient will develop heart failure.

      

      
        Treating radiation wounds with aspirin hydrogels
        Radiation is a powerful tool for treating cancer, but prolonged exposure can damage the skin. Radiation-induced skin injuries are painful and increase a person's chances of infection and long-term inflammation. Now, researchers report an aspirin-containing hydrogel that mimics the nutrient-rich fluid between cells and accelerates healing of skin damaged by radiation in animals. With further development, the new salve could provide effective and rapid wound healing for humans.

      

      
        Those with the biggest biases choose first, according to new math study
        In a new study, researchers created a sort of simulated voting booth -- a space where people, or mathematical 'agents,' with various biases could deliberate over decisions. The results may help to reveal the mathematics of how the human brain acts when it needs to make a choice.

      

      
        Wearable display tech: Full-color fiber LEDs based on perovskite quantum wires
        A research team has developed full-color fiber light-emitting diodes utilizing perovskite quantum wires (PeQWs), paving the way for innovative wearable lighting and display devices.

      

      
        Engineers bring efficient optical neural networks into focus
        Researchers have published a programmable framework that overcomes a key computational bottleneck of optics-based artificial intelligence systems. In a series of image classification experiments, they used scattered light from a low-power laser to perform accurate, scalable computations using a fraction of the energy of electronics.

      

      
        Redefining the computer whiz: Research shows diverse skills valued by youth
        Researchers have uncovered a more nuanced view of what makes an 'ideal' computer science student, challenging long-held stereotypes of geeky, clever, detail-oriented men, who lack social skills.

      

      
        From doom-scrolling to mindfulness
        Researchers have created Mindful Scroll, a mobile app that helps users transition from doom-scrolling to adding mindfulness into their daily routines.

      

      
        New mechanism to cool buildings while saving energy
        The movement of radiant heat -- felt when a hot surface warms our bodies and homes -- between buildings and their surroundings at ground level makes buildings with less skyward-facing surfaces harder to cool. A research team has demonstrated a new passive cooling technology that coats walls and windows with materials that can better manage heat movement between buildings and their surroundings at ground level. Findings could reduce the reliance on air conditioning and provide a more environmental...

      

      
        Researchers develop AI model that predicts the accuracy of protein--DNA binding
        A new artificial intelligence model can predict how different proteins may bind to DNA.

      

      
        Increasing solid-state electrolyte conductivity and stability using helical structure
        Solid-state electrolytes have been explored for decades for use in energy storage systems and in the pursuit of solid-state batteries. These materials are safer alternatives to the traditional liquid electrolyte -- a solution that allows ions to move within the cell -- used in batteries today. However, new concepts are needed to push the performance of current solid polymer electrolytes to be viable for next generation materials.

      

      
        Achieving quantum memory in the hard X-ray range
        Physicists have used Doppler-shifted nuclear resonant absorbers to form a nuclear frequency comb, enabling a quantum memory in the notoriously difficult X-ray range.

      

      
        Engineering researchers enhance perovskite solar cells durability with first-of-its-kind chiral-structured 'springy' interface
        A research team has constructed an unprecedented chiral-structured interface in perovskite solar cells, which enhances the reliability and power conversion efficiency of this fast-advancing solar technology and accelerates its commercialization.

      

      
        Pioneering plasma-catalytic process for CO2 hydrogenation to methanol under ambient conditions
        A research team reports a pioneering plasma-catalytic process for the hydrogenation of CO2 to methanol at room temperature and atmospheric pressure. This breakthrough addresses the limitations of traditional thermal catalysis, which often requires high temperatures and pressures, resulting in low CO2 conversion and methanol yield.

      

      
        How do butterflies stick to branches during metamorphosis?
        Most of us learned about butterfly metamorphosis as a kid -- a wriggly caterpillar molts its skin to form a tough chrysalis and emerges as a beautiful butterfly. But how exactly do chrysalises stay anchored as the butterfly brews within? Research shows that, despite their silks being weak and thin on their own, caterpillars can expertly spin them into chrysalis support structures resembling hook-and-loop fasteners and multi-strand safety tethers.

      

      
        3D laser printing with bioinks from microalgae
        Microalgae such as the diatom Odontella aurita and the green alga Tetraselmis striata are especially suitable as 'biofactories' for the production of sustainable materials for 3D laser printing due to their high content in lipids and photoactive pigments. An international research team has succeeded for the first time in manufacturing inks for printing complex biocompatible 3D microstructures from the raw materials extracted from the microalgae.

      

      
        New technology uses light to engrave erasable 3D images
        Researchers invented a technique that uses a specialized light projector and a photosensitive chemical additive to imprint two- and three-dimensional images inside any polymer. The light-based engraving remains in the polymer until heat or light are applied, which erases the image and makes it ready to use again. The technology is intended for any situation where having detailed, precise visual data in a compact and easily customizable format could be critical, such as planning surgeries and deve...

      

      
        Researchers outline promises, challenges of understanding AI for biological discovery
        Machine learning is a powerful tool in computational biology, enabling the analysis of a wide range of biomedical data such as genomic sequences and biological imaging. But when researchers use machine learning in computational biology, understanding model behavior remains crucial for uncovering the underlying biological mechanisms in health and disease. Researchers now propose guidelines that outline pitfalls and opportunities for using interpretable machine learning methods to tackle computatio...
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A taste for carbon dioxide | ScienceDaily
The remarkable affinity of the microbial enzyme iron nitrogenase for the greenhouse gas CO2 makes it promising for future biotechnologies.


						
Nitrogenases are among the most geochemically important enzymes on Earth, providing all forms of life with bioavailable nitrogen in the form of ammonia (NH3). Some nitrogenases can also directly convert CO2 into hydrocarbon chains, making them an exciting target for the development of biotechnological processes. A team of researchers in Marburg, Germany, led by Max Planck scientist Johannes Rebelein, has now provided a comprehensive insight into the substrate specificity and preferences of nitrogenase. Their results challenge the current understanding of nitrogenases and highlight their potential for sustainable bioproduction.

Nitrogen is one of the main building blocks of our cells. However, most of the nitrogen on Earth occurs as gaseous N2 and is chemically unusable by cells. Only a single family of enzymes is able to convert N2 into the bioavailable form of ammonia (NH3): nitrogenases.

Researchers led by Johannes Rebelein from the Max Planck Institute for Terrestrial Microbiology in Marburg have recently discovered that some nitrogenases can also deal with another important substrate: They reduce the greenhouse gas CO2 to hydrocarbons (methane, ethylene, ethane) and formic acid. All these productas are potential energy sources and industrially important chemicals. With a view to sustainable, carbon-neutral bioproduction, the team wanted to know: How well can the enzymes discriminate between CO2 and N2? And do microorganisms that grow on N2 also reduce CO2 under normal, physiological conditions?

Two isoenzymes

To answer these questions, the researchers focused on the photosynthetic bacterium Rhodobacter capsulatus, which harbors two isoenzymes: the molybdenum (Mo) nitrogenase and the iron (Fe) nitrogenase, which the bacterium needs as a reserve in the event of molybdenum deficiency. The researchers isolated both nitrogenases and compared their CO2 reduction using biochemical tests. They found that the Fe nitrogenase actually reduces CO2 three times more efficiently than its molybdenum containing counterpart and produces formic acid and methane at atmospheric CO2 concentrations.

When both enzymes were offered CO2 and N2 at the same time, another important difference became apparent: while Mo-nitrogenase selectively reduces N2, Fe-nitrogenase tends to choose CO2 as a substrate. "Normally, a higher reaction speed in enzymes comes at the expense of accuracy. Interestingly, Mo-nitrogenase is both faster and more selective, showing its advantage in N2 reduction. The lower specificity of Fe nitrogenase and its preference for CO2 make it a promising starting point for the development of novel CO2 reductases," says Frederik Schmidt, PhD student in Johannes Rebelein's lab and co-author of the study.

Wide-spread CO2 reduction in nature?

The low selectivity was not the only surprise. "We analyzed which fraction of electrons ended up in which product and found that methane and high concentrations of formic acid derived from CO2 conversion by Fe nitrogenase were secreted by the bacteria even when no additional CO2 was added to the culture: the metabolically derived CO2 was sufficient to drive this process. This finding suggests that Fe nitrogenase-catalyzed CO2 reduction may indeed be widespread in nature," says Niels Oehlmann, co-first author of the study. This also means that the availability and exchange of one-carbon substrates is likely to influence microbial communities in different environments.

The work challenges the traditional view of nitrogenases as true nitrogen-converting enzymes. Photosynthetic bacteria such as R. capsulatus, which use light energy to stimulate nitrogenases to convert the greenhouse gas CO2, could play a key role not only in their environmental impact, but also in the societal shift towards a sustainable circular economy, says Johannes Rebelein. "The idea is that we can store the energy from the sunlight captured by the microorganism's photosynthetic apparatus in the hydrocarbons produced by nitrogenase. In the future, we want to further develop the iron nitrogenase in order to use it for CO2 fixation and utilization.
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New brain-computer interface allows man with ALS to 'speak' again | ScienceDaily
A new brain-computer interface (BCI) developed at UC Davis Health translates brain signals into speech with up to 97% accuracy -- the most accurate system of its kind.


						
The researchers implanted sensors in the brain of a man with severely impaired speech due to amyotrophic lateral sclerosis (ALS). The man was able to communicate his intended speech within minutes of activating the system.

A study about this work was published today in the New England Journal of Medicine.

ALS, also known as Lou Gehrig's disease, affects the nerve cells that control movement throughout the body. The disease leads to a gradual loss of the ability to stand, walk and use one's hands. It can also cause a person to lose control of the muscles used to speak, leading to a loss of understandable speech.

The new technology is being developed to restore communication for people who can't speak due to paralysis or neurological conditions like ALS. It can interpret brain signals when the user tries to speak and turns them into text that is 'spoken' aloud by the computer.

"Our BCI technology helped a man with paralysis to communicate with friends, families and caregivers," said UC Davis neurosurgeon David Brandman. "Our paper demonstrates the most accurate speech neuroprosthesis (device) ever reported."

Brandman is the co-principal investigator and co-senior author of this study. He is an assistant professor in the UC Davis Department of Neurological Surgery and co-director of the UC Davis Neuroprosthetics Lab.




The new BCI breaks the communication barrier

When someone tries to speak, the new BCI device transforms their brain activity into text on a computer screen. The computer can then read the text out loud.

To develop the system, the team enrolled Casey Harrell, a 45-year-old man with ALS, in the BrainGate clinical trial. At the time of his enrollment, Harrell had weakness in his arms and legs (tetraparesis). His speech was very hard to understand (dysarthria) and required others to help interpret for him.

In July 2023, Brandman implanted the investigational BCI device. He placed four microelectrode arrays into the left precentral gyrus, a brain region responsible for coordinating speech. The arrays are designed to record the brain activity from 256 cortical electrodes.

"We're really detecting their attempt to move their muscles and talk," explained neuroscientist Sergey Stavisky. Stavisky is an assistant professor in the Department of Neurological Surgery. He is the co-director of the UC Davis Neuroprosthetics Lab and co-principal investigator of the study. "We are recording from the part of the brain that's trying to send these commands to the muscles. And we are basically listening into that, and we're translating those patterns of brain activity into a phoneme -- like a syllable or the unit of speech -- and then the words they're trying to say."

Faster training, better results

Despite recent advances in BCI technology, efforts to enable communication have been slow and prone to errors. This is because the machine-learning programs that interpreted brain signals required a large amount of time and data to perform.




"Previous speech BCI systems had frequent word errors. This made it difficult for the user to be understood consistently and was a barrier to communication," Brandman explained. "Our objective was to develop a system that empowered someone to be understood whenever they wanted to speak."

Harrell used the system in both prompted and spontaneous conversational settings. In both cases, speech decoding happened in real time, with continuous systemupdates to keep it working accurately.

The decoded words were shown on a screen. Amazingly, they were read aloud in a voice that sounded like Harrell's before he had ALS. The voice was composed using software trained with existing audio samples of his pre-ALS voice.

At the first speech data training session, the system took 30 minutes to achieve 99.6% word accuracy with a 50-word vocabulary.

"The first time we tried the system, he cried with joy as the words he was trying to say correctly appeared on-screen. We all did," Stavisky said.

In the second session, the size of the potential vocabulary increased to 125,000 words. With just an additional 1.4 hours of training data, the BCI achieved a 90.2% word accuracy with this greatly expanded vocabulary. After continued data collection, the BCI has maintained 97.5% accuracy.

"At this point, we can decode what Casey is trying to say correctly about 97% of the time, which is better than many commercially available smartphone applications that try to interpret a person's voice," Brandman said. "This technology is transformative because it provides hope for people who want to speak but can't. I hope that technology like this speech BCI will help future patients speak with their family and friends."

The study reports on 84 data collection sessions over 32 weeks. In total, Harrell used the speech BCI in self-paced conversations for over 248 hours to communicate in person and over video chat.

"Not being able to communicate is so frustrating and demoralizing. It is like you are trapped," Harrell said. "Something like this technology will help people back into life and society."

"It has been immensely rewarding to see Casey regain his ability to speak with his family and friends through this technology," said the study's lead author, Nicholas Card. Card is a postdoctoral scholar in the UC Davis Department of Neurological Surgery.

"Casey and our other BrainGate participants are truly extraordinary. They deserve tremendous credit for joining these early clinical trials. They do this not because they're hoping to gain any personal benefit, but to help us develop a system that will restore communication and mobility for other people with paralysis," said co-author and BrainGate trial sponsor-investigator Leigh Hochberg. Hochberg is a neurologist and neuroscientist at Massachusetts General Hospital, Brown University and the VA Providence Healthcare System.

Brandman is the site-responsible principal investigator of the BrainGate2 clinical trial. The trial is enrolling participants. To learn more about the study, visit: https://www.braingate.org/
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Engineers conduct first in-orbit test of 'swarm' satellite autonomous navigation | ScienceDaily
Someday, instead of large, expensive individual space satellites, teams of smaller satellites -- known by scientists as a "swarm" -- will work in collaboration, enabling greater accuracy, agility, and autonomy. Among the scientists working to make these teams a reality are researchers at Stanford University's Space Rendezvous Lab, who recently completed the first-ever in-orbit test of a prototype system able to navigate a swarm of satellites using only visual information shared through a wireless network.


						
"It's a milestone paper and the culmination of 11 years of effort by my lab, which was founded with this goal of surpassing the current state of the art and practice in distributed autonomy in space," said Simone D'Amico, associate professor of aeronautics and astronautics and senior author of the study. "Starling is the first demonstration ever made of an autonomous swarm of satellites."

The test is known as Starling Formation-Flying Optical Experiment, or StarFOX. In it, the team successfully navigated four small satellites working in tandem using only visual information gathered from onboard cameras to calculate their trajectories (or orbits). The researchers presented their findings from the initial StarFOX test at a gathering of swarm satellite experts at the Small Satellite Conference in Logan, Utah.

All the angles

D'Amico described the challenge as one that has driven his team for more than a decade. "Our team has been advocating for distributed space systems since the lab's inception. Now it has become mainstream. NASA, the Department of Defense, the U.S. Space Force -- all have understood the value of multiple assets in coordination to accomplish objectives which would otherwise be impossible or very difficult to achieve by a single spacecraft," he said. "Advantages include improved accuracy, coverage, flexibility, robustness, and potentially new objectives not yet imagined."

Robust navigation of the swarm presents a considerable technological challenge. Current systems rely on the Global Navigation Satellite System (GNSS), requiring frequent contact with terrestrial systems. Beyond Earth's orbit, there is the Deep Space Network, but it is relatively slow and not easily scalable to future endeavors. What's more, neither system can help satellites avoid what D'Amico calls "non-cooperative objects" like space debris that might knock a satellite out of commission.

The swarm needs a self-contained navigation system that allows a high degree of autonomy and robustness, D'Amico said. Such systems are likewise made more attractive by minimal technical requirements and financial costs of today's miniaturized cameras and other hardware. The cameras used in the StarFOX test are proven, relatively inexpensive 2D cameras called star-trackers found on any satellite today.




"At its core, angles-only navigation requires no additional hardware even when used on small and inexpensive spacecraft," D'Amico said. "And exchanging visual information between swarm members provides a new distributed optical navigation capability."

Written in the stars

StarFOX combines visual measurements from single cameras mounted on each satellite in a swarm. Similar to a mariner of old navigating the high seas with a sextant, the field of known stars in the background is used as reference to extract bearing angles to the swarming satellites. These angles are then processed onboard through accurate physics-based force models to estimate the position and velocity of the satellites with respect to the orbited planet -- in this case, Earth, but the moon, Mars, or other planetary objects would work as well.

StarFOX employs the Space Rendezvous Lab's angles-only Absolute and Relative Trajectory Measurement System -- ARTMS, for short -- which integrates three new space robotics algorithms. An Image Processing algorithm detects and tracks multiple targets in images and computes target-bearing angles -- the angles at which objects, including space debris, are moving toward or away from each other. The Batch Orbit Determination algorithm then estimates each satellite's coarse orbit from these angles. Last but not least, the Sequential Orbit Determination algorithm refines swarm trajectories with the processing of new images through time to potentially feed autonomous guidance, control, and collision avoidance algorithms onboard.

Data is shared over an inter-satellite communication link (or wireless network). It is all used to calculate robust absolute and relative position and velocity to a remarkable degree of accuracy without GNSS. Under the most challenging conditions, using just a single observer satellite, StarFOX was able to calculate relative position -- the position of individual satellites to one another -- to within 0.5% of their distance. When multiple observers were added in, those error rates dropped to just 0.1%.

The Starling test was deemed promising enough that NASA has extended the project, now known as StarFOX+, through 2025 to further explore these improved capabilities and pave the way for future space situational awareness and positioning technologies.
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Physicists throw world's smallest disco party | ScienceDaily
A new milestone has been set for levitated optomechanics as Prof. Tongcang Li's group observed the Berry phase of electron spins in nano-sized diamonds levitated in vacuum.


						
Physicists at Purdue are throwing the world's smallest disco party. The disco ball itself is a fluorescent nanodiamond, which they have levitated and spun at incredibly high speeds. The fluorescent diamond emits and scatters multicolor lights in different directions as it rotates. The party continues as they study the effects of fast rotation on the spin qubits within their system and are able to observe the Berry phase. The team, led by Tongcang Li, professor of Physics and Astronomy and Electrical and Computer Engineering at Purdue University, published their results in Nature Communications. Reviewers of the publication described this work as "arguably a groundbreaking moment for the study of rotating quantum systems and levitodynamics" and "a new milestone for the levitated optomechanics community."

"Imagine tiny diamonds floating in an empty space or vacuum. Inside these diamonds, there are spin qubits that scientists can use to make precise measurements and explore the mysterious relationship between quantum mechanics and gravity," explains Li, who is also a member of the Purdue Quantum Science and Engineering Institute. "In the past, experiments with these floating diamonds had trouble in preventing their loss in vacuum and reading out the spin qubits. However, in our work, we successfully levitated a diamond in a high vacuum using a special ion trap. For the first time, we could observe and control the behavior of the spin qubits inside the levitated diamond in high vacuum."

The team made the diamonds rotate incredibly fast -- up to 1.2 billion times per minute! By doing this, they were able to observe how the rotation affected the spin qubits in a unique way known as the Berry phase.

"This breakthrough helps us better understand and study the fascinating world of quantum physics," he says.

The fluorescent nanodiamonds, with an average diameter of about 750 nm, were produced through high-pressure, high-temperature synthesis. These diamonds were irradiated with high-energy electrons to create nitrogen-vacancy color centers, which host electron spin qubits. When illuminated by a green laser, they emitted red light, which was used to read out their electron spin states. An additional infrared laser was shone at the levitated nanodiamond to monitor its rotation. Like a disco ball, as the nanodiamond rotated, the direction of the scattered infrared light changed, carrying the rotation information of the nanodiamond.

The authors of this paper were mostly from Purdue University and are members of Li's research group: Yuanbin Jin (postdoc), Kunhong Shen (PhD student), Xingyu Gao (PhD student) and Peng Ju (recent PhD graduate). Li, Jin, Shen, and Ju conceived and designed the project and Jin and Shen built the setup. Jin subsequently performed measurements and calculations and the team collectively discussed the results. Two non-Purdue authors are Alejandro Grine, principal member of technical staff at Sandia National Laboratories, and Chong Zu, assistant professor at Washington University in St. Louis. Li's team discussed the experiment results with Grine and Zu who provided suggestions for improvement of the experiment and manuscript.




"For the design of our integrated surface ion trap," explains Jin, "we used a commercial software, COMSOL Multiphysics, to perform 3D simulations. We calculate the trapping position and the microwave transmittance using different parameters to optimize the design. We added extra electrodes to conveniently control the motion of a levitated diamond. And for fabrication, the surface ion trap is fabricated on a sapphire wafer using photolithography. A 300-nm-thick gold layer is deposited on the sapphire wafer to create the electrodes of the surface ion trap."

So which way are the diamonds spinning and can they be speed or direction manipulated? Shen says yes, they can adjust the spin direction and levitation.

"We can adjust the driving voltage to change the spinning direction," he explains. "The levitated diamond can rotate around the z-axis (which is perpendicular to the surface of the ion trap), shown in the schematic, either clockwise or counterclockwise, depending on our driving signal. If we don't apply the driving signal, the diamond will spin omnidirectionally, like a ball of yarn."

Levitated nanodiamonds with embedded spin qubits have been proposed for precision measurements and creating large quantum superpositions to test the limit of quantum mechanics and the quantum nature of gravity.

"General relativity and quantum mechanics are two of the most important scientific breakthroughs in the 20th century. However, we still do not know how gravity might be quantized," says Li. "Achieving the ability to study quantum gravity experimentally would be a tremendous breakthrough. In addition, rotating diamonds with embedded spin qubits provide a platform to study the coupling between mechanical motion and quantum spins."

This discovery could have a ripple effect in industrial applications. Li says that levitated micro and nano-scale particles in vacuum can serve as excellent accelerometers and electric field sensors. For example, the US Air Force Research Laboratory (AFRL) are using optically-levitated nanoparticles to develop solutions for critical problems in navigation and communication.

"At Purdue University, we have state-of-the-art facilities for our research in levitated optomechanics," says Li. "We have two specialized, home-built systems dedicated to this area of study. Additionally, we have access to the shared facilities at the Birck Nanotechnology Center, which enables us to fabricate and characterize the integrated surface ion trap on campus. We are also fortunate to have talented students and postdocs capable of conducting cutting-edge research. Furthermore, my group has been working in this field for ten years, and our extensive experience has allowed us to make rapid progress."

This research was supported by the National Science Foundation (grant number PHY-2110591), the Office of Naval Research (grant number N00014-18-1-2371), and the Gordon and Betty Moore Foundation (grant DOI 10.37807/gbmf12259). The project is also partially supported by the Laboratory Directed Research and Development program at Sandia National Laboratories.
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Scientists create material that can take the temperature of nanoscale objects | ScienceDaily
University of California, Irvine scientists recently discovered a one-dimensional nanoscale material whose color changes as temperature changes. The team's results appeared in Advanced Materials.


						
"We found that we can make really small and sensitive thermometers," said Maxx Arguilla, UC Irvine professor of chemistry whose research group led the study. "It's one of the most applied and translatable works to come out of our lab."

Arguilla likened the thermometers to "nano-scale mood rings," referring to the jewelry that changes color depending on the wearer's body temperature. But instead of simply taking a qualitative temperature reading, the changes in the color of these materials "can be calibrated and used to optically take temperature readings at the nanoscale," Arguilla said.

"The need to measure temperature is important because a lot of biological and industrial processes depend on tracking minute changes in temperature," he added. "We may now have thermometers that we could try poking into the cells."

According to Dmitri Cordova, a postdoctoral scholar in Arguilla's group, the optical thermometers can also potentially measure the temperatures and assess the efficiencies of micro- and nano-electronics, including circuits and data storage devices. Industries already have optical thermometers they use when fabricating computer components, but the team's new material is "at least an order of magnitude more sensitive," Cordova said.

The breakthrough happened when Cordova and colleagues grew crystals in their lab that, at nanometer length scales, resemble helical "slinkies." They grew the crystals at first so they could subject them to heat stress to see at what temperatures the crystals disintegrate.

Cordova and undergraduate researcher Leo Cheng noticed that the colors of the crystals systematically shifted from yellow to orange, depending on the temperature.




The team then took precise measurements of the temperature range the colors corresponded with, and they found that light yellow colors corresponded to temperatures around -190 degrees Celsius, while red-orange colors corresponded to temperatures around 200 degrees Celsius.

"We spent a lot of effort trying to make sure the measurements were precise," said Arguilla.

To retrieve nanoscale samples of the material, the lab stuck a piece of adhesive tape to bulk-scale crystals, peeled it back and transferred nanoscale samples stuck to the tape onto transparent substrates.

"We can peel off these structures, and we can use them as nanoscale thermometers that can be transferred, reconfigured and coupled with other materials or surfaces," said Arguilla.

Arguilla explained that the discovery is the first step toward discovering new classes of materials to take temperature readings at nanometer scales.

Next, his lab plans to test other nano-scale materials to see if they can develop thermometers that can measure a wider range of temperatures.

"We're now trying to hack the materials design rules to make even more sensitive materials," Arguilla said. "We're trying to open the toolbox for optical thermometry from the bulk scale down to the nanoscale."

Co-authors include Yinong Zhou, Griffin M. Milligan, Leo Cheng, Tyler Kerr, Joseph Ziller, and Ruqian Wu. Funding came from the National Science Foundation through the UC Irvine MRSEC, Center for Complex and Active Materials (Award No. DMR-2011967).
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Galaxies in dense environments tend to be larger, settling one cosmic question and raising others | ScienceDaily
For decades, scientists have known that some galaxies reside in dense environments with lots of other galaxies nearby. Others drift through the cosmos essentially alone, with few or no other galaxies in their corner of the universe.


						
A new study has found a major difference between galaxies in these divergent settings: Galaxies with more neighbors tend to be larger than their counterparts, which have a similar shape and mass, but reside in less dense environments. In a paper published Aug. 14 in the Astrophysical Journal, researchers at the University of Washington, Yale University, the Leibniz Institute for Astrophysics Potsdam in Germany and Waseda University in Japan report that galaxies found in denser regions of the universe are as much as 25% larger than isolated galaxies.

The research, which used a new machine-learning tool to analyze millions of galaxies, helps resolve a long-standing debate among astrophysicists over the relationship between a galaxy's size and its environment. The findings also raise new questions about how galaxies form and evolve over billions of years.

"Current theories of galaxy formation and evolution cannot adequately explain the finding that clustered galaxies are larger than their identical counterparts in less dense regions of the universe," said lead author Aritra Ghosh, a UW postdoctoral researcher in astronomy and an LSST-DA Catalyst Fellow with the UW's DiRAC Institute. "That's one of the most interesting things about astrophysics. Sometimes what the theories predict we should find and what a survey actually finds are not in agreement, and so we go back and try to modify existing theories to better explain the observations."

Past studies that looked into the relationship between galaxy size and environment came up with contradictory results. Some determined that galaxies in clusters were smaller than isolated galaxies. Others came to the opposite conclusion. The studies were generally much smaller in scope, based on observations of hundreds or thousands of galaxies.

In this new study, Ghosh and his colleagues utilized a survey of millions of galaxies conducted using the Subaru Telescope in Hawaii. This endeavor, known as the Hyper Suprime-Cam Subaru Strategic Program, took high-quality images of each galaxy. The team selected approximately 3 million galaxies with the highest-quality data and used a machine learning algorithm to determine the size of each one. Next, the researchers essentially placed a circle -- one with a radius of 30 million light years -- around each galaxy. The circle represents the galaxy's immediate vicinity. They then asked a simple question: How many neighboring galaxies lie within that circle?

The answer showed a clear general trend: Galaxies with more neighbors were also on average larger.




There could be many reasons why. Perhaps densely clustered galaxies are simply larger when they first form, or are more likely to undergo efficient mergers with close neighbors. Perhaps dark matter -- that mysterious substance that makes up most of the matter in the universe, yet cannot be detected directly by any current means -- plays a role. After all, galaxies form within individual "halos" of dark matter and the gravitational pull from those halos plays a critical role in how galaxies evolve.

"Theoretical astrophysicists will have to perform more comprehensive studies using simulations to conclusively establish why galaxies with more neighbors tend to be larger," said Ghosh. "For now, the best we can say is that we're confident that this relationship between galaxy environment and galaxy size exists."

Utilizing an incredibly large dataset like the Hyper Suprime-Cam Subaru Strategic Program helped the team reach a clear conclusion. But that's only part of the story. The novel machine learning tool they used to help determine the size of each individual galaxy also accounted for inherent uncertainties in the measurements of galaxy size.

"One important lesson we had learned prior to this study is that settling this question doesn't just require surveying large numbers of galaxies," said Ghosh. "You also need careful statistical analysis. A part of that comes from machine learning tools that can accurately quantify the degree of uncertainty in our measurements of galaxy properties."

The machine learning tool that they used is called GaMPEN -- or Galaxy Morphology Posterior Estimation Network. As a doctoral student at Yale, Ghosh led development of GaMPEN, which was unveiled in papers published in 2022 and 2023 in the Astrophysical Journal. The tool is freely available online and could be adapted to analyze other large surveys, said Ghosh.

Though this new study focuses on galaxies, it also forecasts the types of research -- centered on complex analyses of incredibly large datasets -- that will soon take astronomy by storm. When a generation of new telescopes with powerful cameras, including the Vera C. Rubin Observatory in Chile, come online, they will collect massive amounts of data on the cosmos every night. In anticipation, scientists have been developing new tools like GaMPEN that can utilize these large datasets to answer pressing questions in astrophysics.

"Very soon, large datasets will be the norm in astronomy," said Ghosh. "This study is a perfect demonstration of what you can do with them -- when you have the right tools."

Co-authors on the study are Meg Urry, professor of physics and of astronomy at Yale; Meredith Powell, a research fellow with the Leibniz Institute; Rhythm Shimakawa, associate professor at Waseda University; Frank van den Bosch, a Yale professor of astronomy; Daisuke Nagai, professor of physics and of astronomy at Yale; Kaustav Mitra, a doctoral student at Yale; and Andrew Connolly, professor of astronomy at the UW and faculty member in the DiRAC Institute and the eScience Institute. The research was funded by NASA, the Yale Graduate School of Arts & Sciences, the John Templeton Foundation, the Charles and Lisa Simonyi Fund for Arts and Sciences, the Washington Research Foundation and the UW eScience Institute.
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Smart fabric converts body heat into electricity | ScienceDaily
Imagine a coat that captures solar energy to keep you cozy on a chilly winter walk, or a shirt that can monitor your heart rate and temperature.Picture clothing athletes can wear to track their performance without the need for bulky battery packs.


						
University of Waterloo researchers have developed a smart fabric with these remarkable capabilities. The fabric has the potential for energy harvesting, health monitoring, and movement tracking applications.

The new fabric developed by a Waterloo research team can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

It can detect temperature changes and a range of other sensors to monitor pressure, chemical composition, and more. One promising application is smart face masks that can track breath temperature and rate and detect chemicals in breath to help identify viruses, lung cancer, and other conditions.

"We have developed a fabric material with multifunctional sensing capabilities and self-powering potential," said Yuning Li, a professor in the Department of Chemical Engineering. "This innovation brings us closer to practical applications for smart fabrics."

Unlike current wearable devices that often depend on external power sources or frequent recharging, this breakthrough research has created a novel fabric which is more stable, durable, and cost-effective than other fabrics on the market.

This research, conducted in collaboration with Professor Chaoxia Wang and PhD student Jun Peng from the College of Textile Science and Engineering at Jiangnan University, showcases the potential of integrating advanced materials such as MXene and conductive polymers with cutting-edge textile technologies to advance smart fabrics for wearable technology.

Li, director of Waterloo's Printable Electronic Materials Lab, highlighted the significance of this advancement, which is the latest in the university's suite of technologies disrupting health boundaries.

"AI technology is evolving rapidly, offering sophisticated signal analysis for health monitoring, food and pharmaceutical storage, environmental monitoring, and more. However, this progress relies on extensive data collection, which conventional sensors, often bulky, heavy, and costly, cannot meet," Li said. "Printed sensors, including those embedded in smart fabrics, are ideal for continuous data collection and monitoring. This new smart fabric is a step forward in making these applications practical."

The next phase of research will focus on further enhancing the fabric's performance and integrating it with electronic components in collaboration with electrical and computer engineers. Future developments may include a smartphone app to track and transmit data from the fabric to healthcare professionals, enabling real-time, non-invasive health monitoring and everyday use.
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How air-powered computers can prevent blood clots | ScienceDaily
A new, air-powered computer sets off alarms when certain medical devices fail. The invention is a more reliable and lower-cost way to help prevent blood clots and strokes -- all without electronic sensors.


						
Described in a paper in the journal Device, the computer not only runs on air, but also uses air to issue warnings. It immediately blows a whistle when it detects a problem with the lifesaving compression machine it is designed to monitor.

Intermittent pneumatic compression or IPC devices are leg sleeves that fill with air periodically and squeeze a person's legs to increase blood flow. This prevents clots that lead to blocked blood vessels, strokes, or death. Typically, these machines are powered and monitored by electronics.

"IPC devices can save lives, but all the electronics in them make them expensive. So, we wanted to develop a pneumatic device that gets rid of some of the electronics, to make these devices cheaper and safer," said William Grover, associate professor of bioengineering at UC Riverside and corresponding paper author.

Pneumatics move compressed air from place to place. Emergency brakes on freight trains operate this way, as do bicycle pumps, tire pressure gauges, respirators, and IPC devices. It made sense to Grover and his colleagues to use one pneumatic logic device to control another and make it safer.

This type of device operates in a similar way to electronic circuits, by making parity bit calculations. "Let's say I want to send a message in ones and zeroes, like 1-0-1, three bits," Grover said. "Decades ago, people realized they could send these three bits with one additional piece of information to make sure the recipient got the right message."

That extra piece of information is called a parity bit. The bit is a number -- 1 if the message contains an odd number of ones, and 0 if the message contains an even number of ones. Should the number one appear at the end of a message with an even number of bits, then it is clear the message was flawed. Many electronic computers send messages this way.




An air-powered computer uses differences in air pressure flowing through 21 tiny valves to count the number of ones and zeroes. If no error in counting has occurred, then the whistle doesn't blow.

If it does blow, that's a sign the machine requires repairs. Grover and his students, in a video demonstrating the air computer, are shown damaging an IPC device with a knife, rendering it unusable. Seconds later, the whistle blows.

"This device is about the size of a box of matches. It replaces a handful of sensors as well as a computer," Grover said. "So, we can reduce costs while still detecting problems in a device. And it could also be used in high humidity or high temperature environments that aren't ideal for electronics."

The IPC device monitoring is only one application for air computing. For his next project, Grover would like to design a device that could eliminate the need for a job that kills people every year -- moving around grain at the top of tall silos.

Tall buildings full of corn or wheat, grain silos are a common sight in the Midwest. Often times, a human has to go inside with a shovel to break up the grains and even out the piles inside.

"A remarkable number of deaths occur because the grain shifts and the person gets trapped. A robot could do this job instead of a person. However, these silos are explosive, and a single electric spark could blow a silo apart, so an electronic robot may not be the best choice," Grover said. "I want to make an air-powered robot that could work in this explosive environment, not generate any sparks, and take humans out of danger."

Air-powered computing is an idea that has been around for at least a century. People used to make air-powered pianos that could play music from punched rolls of paper. After the rise of modern computing, engineers lost interest in pneumatic circuits.

"Once a new technology becomes dominant, we lose awareness of other solutions to problems," Grover said. "One thing I like about this research is that it can show the world that there are situations today when 100-plus-year-old ideas can still be useful."
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A method that paves the way for improved fuel cell vehicles | ScienceDaily
More efficient and longer-lasting fuel cells are essential for fuel cell-powered heavy-duty hydrogen vehicles to be an alternative to combustion fuelled counterparts. Researchers at Chalmers University of Technology, Sweden, have developed an innovative method to study and understand how parts of fuel cells degrade over time. This is an important step towards the improved performance of fuel cells and them becoming commercially successful.


						
Hydrogen is a fuel alternative that is becoming increasingly interesting for heavy-duty vehicles. Hydrogen-powered vehicles only emit water vapour as exhaust, and if the hydrogen is produced using renewable energy, it is completely free of carbon dioxide emissions. Unlike battery-powered electric vehicles, hydrogen-powered vehicles do not need to burden the electricity grid, as hydrogen can be produced and stored when electricity is cheap. For some hydrogen-powered vehicles the propulsion comes from a so-called fuel cell. However, hydrogen-fuel-cell-powered vehicles are limited by a relatively short lifespan, because fuel cell components, such as electrodes and membranes, degrade over time. It is this problem that the recent study addresses.

Researchers at Chalmers University of Technology have developed a new method for studying what affects the ageing of fuel cells by tracking a specific particle in the fuel cell during use. The team of researchers have studied an entire fuel cell by taking it apart at regular intervals. Using advanced electron microscopes, they have then been able to follow how the cathode electrode degrades in specific areas during the cycles of use. Previous studies have been done on so-called half-cells, which are similar (but not the same as) half of a fuel-cell and are carried out under conditions that differ significantly from the real fuel cell.

Better understanding with new experimental method 

"It has previously been assumed that the performance would be affected by the fuel cell being disassembled and studied in the way we have done, but it turned out that this assumption is not correct, which is surprising," says research leader Bjorn Wickman, Associate Professor at the Department of Physics at Chalmers.

The researchers at Chalmers have been able to explore how the material in the fuel cell degrades at both the nano and micro level, and pinpoint exactly when and where the degradation occurs. This provides valuable information for the development of new and improved fuel cells with a longer lifespan.

"From previously only looking at how the fuel cell has aged after use, we have now been able to look into the middle stage," says doctoral student Linnea Strandberg at Chalmers. "Being able to follow a single, chosen particle within a specific area, provided a much better understanding of the degradation processes. Greater knowledge of these is an important step on the way to designing new materials for fuel cells or to adjust the control of the fuel cell."

New method paves way for longer lasting fuel cells




The U.S. Department of Energy (DOE) has pointed out that improved lifetime of fuel cells is one of the most important goals to reach before fuel cell-powered hydrogen vehicles can become commercially successful. According to the industry, a truck needs to be able to withstand 20,000 -- 30,000 hours of driving over its lifetime, which a fuel cell-powered hydrogen truck cannot achieve today.

"We have now laid a foundation on which to build for the development of better fuel cells. Now we know more about the processes that take place in the fuel cell and at what point over the lifetime of the fuel cell they occur. In the future, the method will be used to develop and study new materials that can give the fuel cell a longer lifespan," says Bjorn Wickman.

Facts: How a fuel cell works

The core of a fuel cell consists of three active layers, two electrodes -- anode and cathode respectively -- with an ion-conducting membrane in the middle. Each individual cell provides a voltage of about 1 volt. The electrodes contain catalyst material, and hydrogen and oxygen are added to them. The resulting electrochemical process generates clean water and electricity that can be used to power a vehicle.

More about the research:

The research group at Chalmers that has developed the method consists of doctoral student Linnea Strandberg and Associate Professor Bjorn Wickman, both at the Department of Physics, Victor Shokhen, former postdoc at the Department of Physics, and Magnus Skoglundh, professor at the Department of Chemistry and Chemical Engineering.

This project was financially supported by the Swedish Foundation for Strategic Research and the Swedish Research Council and performed within the Competence Centre for Catalysis, which is hosted by Chalmers University of Technology and financially supported by the Swedish Energy Agency and the member companies Johnson Matthey, Perstorp, Powercell, Preem, Scania CV, Umicore and Volvo Group.

Scanning electron microscopy and transmission electron microscopy were performed at Chalmers Materials Analysis Laboratory (CMAL).
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Rocks collected on Mars hold key to water and perhaps life on the planet: Bring them back to Earth | ScienceDaily
Over the course of nearly five months in 2022, NASA's Perseverance rover collected rock samples from Mars that could rewrite the history of water on the Red Planet and even contain evidence for past life on Mars.


						
But the information they contain can't be extracted without more detailed analysis on Earth, which requires a new mission to the planet to retrieve the samples and bring them back. Scientists hope to have the samples on Earth by 2033, though NASA's sample return mission may be delayed.

"These samples are the reason why our mission was flown," said paper co-author David Shuster, professor of earth and planetary science at the University of California, Berkeley, and a member of NASA's science team for sample collection. "This is exactly what everyone was hoping to accomplish. And we've accomplished it. These are what we went looking for."

The critical importance of these rocks, sampled from river deposits in a dried-up lake that once filled a crater called Jezero, is detailed in a study to be published Aug. 14 in AGU Advances, a journal of the American Geophysical Union.

"These are the first and only sedimentary rocks that have been studied and collected from a planet other than Earth," said paper co-author David Shuster, professor of earth and planetary science at the University of California, Berkeley, and a member of NASA's science team for sample collection. "Sedimentary rocks are important because they were transported by water, deposited into a standing body of water and subsequently modified by chemistry that involved liquid water on the surface of Mars at some point in the past. The whole reason that we came to Jezero was to study this sort of rock type. These are absolutely fantastic samples for the overarching objectives of the mission."

Shuster is co-author of the paper with first author Tanja Bosak, a geobiologist at the Massachusetts Institute of Technology (MIT) in Cambridge.

"These rock cores are likely the oldest materials sampled from any known environment that may have supported life," Bosak said. "When we bring them back to Earth, they can tell us so much about when, why and for how long Mars contained liquid water, and whether some organic, prebiotic and potentially even biological evolution may have taken place on that planet."

Significantly, some of the samples contain very fine-grained sediments that are the most likely type of rock to retain evidence of past microbial life on Mars -- if there ever was or is life on the planet.




"Liquid water is a key element in all of this because it is the key ingredient for biological activity, as far as we understand it," said Shuster, a geochemist. "Fine-grained sedimentary rocks on Earth are those that are most likely to preserve signatures of past biological activity, including organic molecules. That's why these samples are so important."

NASA announced on July 25 that Perseverance had collected new rock samples from an outcrop named Cheyava Falls that also might contain signs of past life on Mars. The rover's scientific instruments detected evidence of organic molecules, while "leopard spot" inclusions in the rocks are similar to features that on Earth are often associated with fossilized microbial life.

In a statement, Ken Farley, Perseverance project scientist at Caltech, said, "Scientifically, Perseverance has nothing more to give. To fully understand what really happened in that Martian river valley at Jezero crater billions of years ago, we'd want to bring the Cheyava Falls sample back to Earth, so it can be studied with the powerful instruments available in laboratories."

Sediments hold the answers

Shuster noted that Jezero and the fan of sediments left behind by the river that once flowed into it likely formed 3.5 billion years ago. That abundant water is now gone, either trapped underground or lost to space. But Mars was wet at a time when life on Earth -- in the form of microbes -- was already everywhere.

"Life was doing its thing on Earth at that point in time, 3.5 billion years ago," he said. "The basic question is: Was life also doing its thing on Mars at that point in time?"

"Anywhere on Earth over the last 3.5 billion years, if you give me the scenario of a river flowing into a crater transporting materials to a standing body of water, biology would have taken hold there and left its mark, in one way or another," Shuster said. "And in the fine-grained sediment, specifically, we would have a very good chance of recording that biology in the laboratory observations that we can make on that material on Earth."




Shuster and Bosak acknowledge that the organic analysis equipment aboard the rover did not detect organic molecules in the four samples from the sedimentary fan. Organic molecules are used and produced by the type of life we're familiar with on Earth, though their presence is not unequivocal evidence of life.

"We did not clearly observe organic compounds in these key samples," Shuster said. "But just because that instrument did not detect organic compounds does not mean that they are not in these samples. It just means they weren't at a concentration detectable by the rover instrumentation in those particular rocks."

To date, Perseverance has collected a total of 25 samples, including duplicates and atmospheric samples, plus three "witness tubes" that capture possible contaminants around the rover. Eight duplicate rock samples plus an atmospheric sample and witness tube were deposited in the so-called Three Forks cache on the surface of Jezero as a backup in case the rover suffers problems and the onboard samples can't be retrieved. The other 15 samples -- including the Cheyava Falls sample collected July 21 -- remain aboard the rover awaiting recovery.

Shuster was part of a team that analyzed the first eight rock samples collected, two from each site on the crater floor, all of which were igneous rocks likely created when a meteor impact smashed into the surface and excavated the crater. Those results were reported in a 2023 paper, based on analyses by the instruments aboard Perseverance.

The new paper is an analysis of seven more samples, three of them duplicates now cached on Mars' surface, collected between July 7 and November 29 of 2022 from the front of the western sediment fan in Jezero. Bosak, Shuster and their colleagues found the rocks to be composed mostly of sandstone and mudstone, all created by fluvial processes.

"Perseverance encountered aqueously deposited sedimentary rocks at the front, top and margin of the western Jezero fan and collected a sample suite composed of eight carbonate-bearing sandstones, a sulfate-rich mudstone, a sulfate-rich sandstone, a sand-pebble conglomerate," Bosak said. "The rocks collected at the fan front are the oldest, whereas the rocks collected at the fan top are likely the youngest rocks produced during aqueous activity and sediment deposition in the western fan."

While Bosak is most interested in possible biosignatures in the fine-grained sediments, the coarse-grained sediments also contain key information about water on Mars, Shuster said. Though less likely to preserve organic matter or potential biological materials, they contain carbonate materials and detritus washed from upstream by the now-vanished river. They thus could help determine when water actually flowed on Mars, the main emphasis of Shuster's own research.

"With lab analysis of those detrital minerals, we could make quantitative statements about when the sediments were deposited and the chemistry of that water. What was the pH (acidity) of that water when those secondary phases precipitated? At what point in time was that chemical alteration taking place?" he said. "We have this combination of samples now in the sample suite that are going to enable us to understand the environmental conditions when the liquid water was flowing into the crater. When was that liquid water flowing into the crater? Was it intermittent?"

Answers to these questions rely upon analyses of the returned materials in terrestrial laboratories to uncover the organic, isotopic, chemical, morphological, geochronological and paleomagnetic information they record, the researchers emphasized.

"One of the most important planetary science objectives is to bring these samples back," Shuster said.
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Rocks from Mars' Jezero Crater, which likely predate life on Earth, contain signs of water | ScienceDaily

The seven samples were collected by NASA's Perseverance rover in 2022 during its exploration of the crater's western slope, where some rocks were hypothesized to have formed in what is now a dried-up ancient lake. Members of the Perseverance science team, including MIT scientists, have studied the rover's images and chemical analyses of the samples, and confirmed that the rocks indeed contain signs of water, and that the crater was likely once a watery, habitable environment.

Whether the crater was actually inhabited is yet unknown. The team found that the presence of organic matter -- the starting material for life -- cannot be confirmed, at least based on the rover's measurements. But judging from the rocks' mineral content, scientists believe the samples are their best chance of finding signs of ancient Martian life once the rocks are returned to Earth for more detailed analysis.

"These rocks confirm the presence, at least temporarily, of habitable environments on Mars," says the study's lead author, Tanja Bosak, professor of geobiology in MIT's Department of Earth, Atmospheric, and Planetary Sciences (EAPS). "What we've found is that indeed there was a lot of water activity. For how long, we don't know, but certainly for long enough to create these big sedimentary deposits."

What's more, some of the collected samples may have originally been deposited in the ancient lake more than 3.5 billion years ago -- before even the first signs of life on Earth.

"These are the oldest rocks that may have been deposited by water, that we've ever laid hands or rover arms on," says co-author Benjamin Weiss, the Robert R. Shrock Professor of Earth and Planetary Sciences at MIT. "That's exciting, because it means these are the most promising rocks that may have preserved fossils, and signatures of life."

The study's MIT co-authors include postdoc Eva Scheller, and research scientist Elias Mansbach, along with members of the Perseverance science team.




At the front

The new rock samples were collected in 2022 as part of the rover's Fan Front Campaign -- an exploratory phase during which Perseverance traversed Jezero Crater's western slope, where a fan-like region contains sedimentary, layered rocks. Scientists suspect that this "fan front" is an ancient delta that was created by sediment that flowed with a river and settled into a now bone-dry lakebed. If life existed on Mars, scientists believe that it could be preserved in the layers of sediment along the fan front.

In the end, Perseverance collected seven samples from various locations along the fan front. The rover obtained each sample by drilling into the Martian bedrock and extracting a pencil-sized core, which it then sealed in a tube to one day be retrieved and returned to Earth for detailed analysis.

Prior to extracting the cores, the rover took images of the surrounding sediments at each of the seven locations. The science team then processed the imaging data to estimate a sediment's average grain size and mineral composition. This analysis showed that all seven collected samples likely contain signs of water, suggesting that they were initially deposited by water.

Specifically, Bosak and her colleagues found evidence of certain minerals in the sediments that are known to precipitate out of water.

"We found lots of minerals like carbonates, which are what make reefs on Earth," Bosak says. "And it's really an ideal material that can preserve fossils of microbial life."

Interestingly, the researchers also identified sulfates in some samples that were collected at the base of the fan front. Sulfates are minerals that form in very salty water -- another sign that water was present in the crater at one time -- though very salty water, Bosak notes, "is not necessarily the best thing for life." If the entire crater was once filled with very salty water, then it would be difficult for any form of life to thrive. But if only the bottom of the lake were briny, that could be an advantage, at least for preserving any signs of life that may have lived further up, in less salty layers, that eventually died and drifted down to the bottom.




"However salty it was, if there were any organics present, it's like pickling something in salt," Bosak says. "If there was life that fell into the salty layer, it would be very well-preserved."

Fuzzy fingerprints

But the team emphasizes that organic matter has not been confidently detected by the rover's instruments. Organic matter can be signs of life, but can also be produced by certain geological processes that have nothing to do with living matter. Perseverance's predecessor, the Curiosity rover, had detected organic matter throughout Mars' Gale Crater, which scientists suspect may have come from asteroids that made impact with Mars in the past.

And in a previous campaign, Perseverance detected what appeared to be organic molecules at multiple locations along Jezero Crater's floor. These observations were taken by the rover's Scanning Habitable Environments with Raman and Luminescence for Organics and Chemicals (SHERLOC) instrument, which uses ultraviolet light to scan the Martian surface. If organics are present, they can glow, similar to material under a blacklight. The wavelengths at which the material glows act as a sort of fingerprint for the kind of organic molecules that are present.

In Perseverance's previous exploration of the crater floor, SHERLOC appeared to pick up signs of organic molecules throughout the region, and later, at some locations along the fan front. But a careful analysis, led by MIT's Eva Scheller, has found that while the particular wavelengths observed could be signs of organic matter, they could just as well be signatures of substances that have nothing to do with organic matter.

"It turns out that cerium metals incorporated in minerals actually produce very similar signals as the organic matter," Scheller says. "When investigated, the potential organic signals were strongly correlated with phosphate minerals, which always contain some cerium."

Scheller's work shows that the rover's measurements cannot be interpreted definitively as organic matter.

"This is not bad news," Bosak says. "It just tells us there is not very abundant organic matter. It's still possible that it's there. It's just below the rover's detection limit."

When the collected samples are finally sent back to Earth, Bosak says laboratory instruments will have more than enough sensitivity to detect any organic matter that might lie within.

"On Earth, once we have microscopes with nanometer-scale resolution, and various types of instruments that we cannot staff on one rover, then we can actually attempt to look for life," she says.

This work was supported in part by NASA.
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An implantable sensor could reverse opioid overdoses | ScienceDaily
In 2023, more than 100,000 Americans died from opioid overdoses. The most effective way to save someone who has overdosed is to administer a drug called naloxone, but a first responder or bystander can't always reach the person who has overdosed in time.


						
Researchers at MIT and Brigham and Women's Hospital have developed a new device that they hope will help to eliminate those delays and potentially save the lives of people who overdose. The device, about the size of a stick of gum, can be implanted under the skin, where it monitors heart rate, breathing rate, and other vital signs. When it determines that an overdose has occurred, it rapidly pumps out a dose of naloxone.

In a study appearing in the journal Device, the researchers showed that the device can successfully reverse overdoses in animals. With further development, the researchers envision that this approach could provide a new option for helping to prevent overdose deaths in high-risk populations, such as people who have already survived an overdose.

"This could really address a significant unmet need in the population that suffers from substance abuse and opiate dependency to help mitigate overdoses, with the initial focus on the high-risk population," says Giovanni Traverso, an associate professor of mechanical engineering at MIT, a gastroenterologist at Brigham and Women's Hospital, and the senior author of the study.

The paper's lead authors are Hen-Wei Huang, a former MIT visiting scientist and currently an assistant professor of electrical and electronic engineering at Nanyang Technological University in Singapore; Peter Chai, an associate professor of emergency medicine physician at Brigham and Women's Hospital; SeungHo Lee, a research scientist at MIT's Koch Institute for Integrative Cancer Research; Tom Kerssemakers and Ali Imani, former master's students at Brigham and Women's Hospital; and Jack Chen, a doctoral student in mechanical engineering at MIT.

An implantable device

Naloxone is an opioid antagonist, meaning that it can bind to opioid receptors and block the effects of other opioids, including heroin and fentanyl. The drug, which is given by injection or as a nasal spray, can restore normal breathing within just a few minutes of being administered.




However, many people are alone when they overdose, and may not receive assistance in time to save their lives. Additionally, with a new wave of synthetic, more potent opioids sweeping the U.S., opioid overdoses can be more rapid in onset and unpredictable. To try to overcome that, some researchers are developing wearable devices that could detect an overdose and administer naloxone, but none of those have yet proven successful. The MIT/BWH team set out to design an implantable device that would be less bulky, provide direct injection of naloxone into the subcutaneous tissue, and eliminate the need for the patient to remember to wear it.

The device that the researchers came up with includes sensors that can detect heart rate, breathing rate, blood pressure, and oxygen saturation. In an animal study, the researchers used the sensors to measure all of these signals and determine exactly how they change during an overdose of fentanyl. This resulted in a unique algorithm that increases the sensitivity of the device to accurately detect opioid overdose and distinguish it from other conditions where breathing is decreased, such as sleep apnea.

This study showed that fentanyl first leads to a drop in heart rate, followed quickly by a slowdown of breathing. By measuring how these signals changed, the researchers were able to calculate the point at which naloxone administration should be triggered.

"The most challenging aspect of developing an engineering solution to prevent overdose mortality is simultaneously addressing patient adherence and willingness to adopt new technology, combating stigma, minimizing false positive detections, and ensuring the rapid delivery of antidotes," says Huang. "Our proposed solution tackles these unmet needs by developing a miniaturized robotic implant equipped with multisensing modalities, continuous monitoring capabilities, on-board decision making, and an innovative micropumping mechanism."

The device also includes a small reservoir that can carry up to 10 milligrams of naloxone. When an overdose is detected, it triggers a pump that ejects the naloxone, which is released within about 10 seconds.

In their animal studies, the researchers found that this drug administration could reverse the effects of an overdose 96 percent of the time.




"We created a closed-loop system that can sense the onset of the opiate overdose and then release the antidote, and then you see that recovery," Traverso says.

Preventing overdoses

The researchers envision that this technology could be used to help people who are at the highest risk of overdose, beginning with people who have had a previous overdose. They now plan to investigate how to make the device as user-friendly as possible, studying factors such as the optimal location for implantation.

"A key pillar of addressing the opioid epidemic is providing naloxone to individuals at key moments of risk. Our vision for this device is for it to integrate into the cascade of harm-reduction strategies to efficiently and safely deliver naloxone, preventing death from opioid overdose and providing the opportunity to support individuals with opioid use disorder," says Chai.

The researchers hope to be able to test the device in humans within the next three to five years. They are now working on miniaturizing the device further and optimizing the on-board battery, which currently can provide power for about two weeks.

The research was funded by Novo Nordisk, the McGraw Family Foundation at Brigham and Women's Hospital, and the MIT Department of Mechanical Engineering.
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SwRI-led team finds evidence of hydration on Asteroid Psyche | ScienceDaily
Using data from NASA's James Webb Space Telescope, a Southwest Research Institute-led team has confirmed hydroxyl molecules on the surface of the metallic asteroid Psyche. The presence of hydrated minerals suggests a complex history for Psyche, important context for the NASA spacecraft en route to this interesting asteroid orbiting the Sun between Mars and Jupiter.


						
At about 140 miles in diameter, Psyche is one of the most massive objects in the main asteroid belt. Previous observations indicate that Psyche is a dense, largely metallic object that could be a leftover core from a planet that experienced a catastrophic collision. On Oct. 13, 2023, NASA launched the Psyche spacecraft, which is traveling 2.2 billion miles to arrive at the asteroid in August 2029.

"Using telescopes at different wavelengths of infrared light, the SwRI-led research will provide different but complementary information to what the Psyche spacecraft is designed to study," said SwRI's Dr. Tracy Becker, second author of a new American Astronomical Society's Planetary Science Journal paper discussing these findings.

"Our understanding of solar system evolution is closely tied to interpretations of asteroid composition, particularly the M-class asteroids that contain higher concentrations of metal," said Center for Astrophysics | Harvard & Smithsonian's Dr. Stephanie Jarmak, the paper's lead author, who conducted much of this research while at SwRI. "These asteroids were initially thought to be the exposed cores of differentiated planetesimals, a hypothesis based on their spectral similarity to iron meteorites."

The Webb data point to hydroxyl and perhaps water on Psyche's surface. The hydrated minerals could result from external sources, including impactors. If the hydration is native or endogenous, then Psyche may have a different evolutionary history than current models suggest.

"Asteroids are leftovers from the planetary formation process, so their compositions vary depending on where they formed in the solar nebula," said SwRI's Dr. Anicia Arredondo, another co-author. "Hydration that is endogenous could suggest that Psyche is not the remnant core of a protoplanet. Instead, it could suggest that Psyche originated beyond the 'snow line,' the minimum distance from the Sun where protoplanetary disc temperatures are low enough for volatile compounds to condense into solids, before migrating to the outer main belt."

However, the paper found the variability in the strength of the hydration features across the observations implies a heterogeneous distribution of hydrated minerals. This variability suggests a complex surface history that could be explained by impacts from carbonaceous chondrite asteroids thought to be very hydrated.

Understanding the location of asteroids and their compositions tells us how materials in the solar nebula were distributed and have evolved since formation. How water is distributed in our solar system will provide insight into the distribution of water in other solar systems and, because water is necessary for all life on Earth, will drive where to look for potential life, both in our solar system and beyond.

NASA's Webb telescope, developed in partnership with the European and Canadian space agencies, is part of the Space Telescope Science Institute, operated by the Association of Universities for Research in Astronomy. The Psyche mission is led by Arizona State University. NASA's Jet Propulsion Laboratory is responsible for mission management, operations and navigation.
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Scientists achieve more than 98% efficiency removing nanoplastics from water | ScienceDaily
University of Missouri scientists are battling against an emerging enemy of human health: nanoplastics. Much smaller in size than the diameter of an average human hair, nanoplastics are invisible to the naked eye.


						
Linked to cardiovascular and respiratory diseases in people, nanoplastics continue to build up, largely unnoticed, in the world's bodies of water. The challenge remains to develop a cost-effective solution to get rid of nanoplastics while leaving clean water behind.

That's where Mizzou comes in. Recently, researchers at the university created a new liquid-based solution that eliminates more than 98% of these microscopic plastic particles from water.

"Nanoplastics can disrupt aquatic ecosystems and enter the food chain, posing risks to both wildlife and humans," said Piyuni Ishtaweera, a recent alumna who led the study while earning her doctorate in nano and materials chemistry at Mizzou. "In layman's terms, we're developing better ways to remove contaminants such as nanoplastics from water."

The innovative method -- using water-repelling solvents made from natural ingredients -- not only offers a practical solution to the pressing issue of nanoplastic pollution but also paves the way for further research and development in advanced water purification technologies.

"Our strategy uses a small amount of designer solvent to absorb plastic particles from a large volume of water," said Gary Baker, an associate professor in Mizzou's Department of Chemistry and the study's corresponding author. "Currently, the capacity of these solvents is not well understood. In future work, we aim to determine the maximum capacity of the solvent. Additionally, we will explore methods to recycle the solvents, enabling their reuse multiple times if necessary."

Initially, the solvent sits on the water's surface the way oil floats on water. Once mixed with water and allowed to reseparate, the solvent floats back to the surface, carrying the nanoplastics within its molecular structure.




In the lab, the researchers simply use a pipette to remove the nanoplastic-laden solvent, leaving behind clean, plastic-free water. Baker said future studies will work to scale up the entire process so that it can be applied to larger bodies of water like lakes and, eventually, oceans.

Ishtaweera, who now works at the U.S. Food and Drug Administration in St. Louis, noted that the new method is effective in both fresh and saltwater.

"These solvents are made from safe, non-toxic components, and their ability to repel water prevents additional contamination of water sources, making them a highly sustainable solution," she said. "From a scientific perspective, creating effective removal methods fosters innovation in filtration technologies, provides insights into nanomaterial behavior and supports the development of informed environmental policies."

The Mizzou team tested five different sizes of polystyrene-based nanoplastics, a common type of plastic used in the making of Styrofoam cups. Their results outperformed previous studies that largely focused on just a single size of plastic particles.
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Chemists synthesize plant-derived molecules that hold potential as pharmaceuticals | ScienceDaily
MIT chemists have developed a new way to synthesize complex molecules that were originally isolated from plants and could hold potential as antibiotics, analgesics, or cancer drugs.


						
These compounds, known as oligocyclotryptamines, consist of multiple tricyclic substructures called cyclotryptamine, fused together by carbon-carbon bonds. Only small quantities of these compounds are naturally available, and synthesizing them in the lab has proven difficult. The MIT team came up with a way to add tryptamine-derived components to a molecule one at a time, in a way that allows the researchers to precisely assemble the rings and control the 3D orientation of each component as well as the final product.

"For many of these compounds, there hasn't been enough material to do a thorough review of their potential. I'm hopeful that having access to these compounds in a reliable way will enable us to do further studies," says Mohammad Movassaghi, an MIT professor of chemistry and the senior author of the new study.

In addition to allowing scientists to synthesize oligocyclotryptamines found in plants, this approach could also be used to generate new variants that may have even better medicinal properties, or molecular probes that can help to reveal their mechanism of action.

Tony Scott PhD '23 is the lead author of the paper, which appears in the Journal of the American Chemical Society.

Fusing rings

Oligocyclotryptamines belong to a class of molecules called alkaloids -- nitrogen-containing organic compounds produced mainly by plants. At least eight different oligocyclotryptamines have been isolated from a genus of flowering plants known as Psychotria, most of which are found in tropical forests.




Since the 1950s, scientists have studied the structure and synthesis of dimeric cyclotryptamines, which have two cyclotryptamine subunits. Over the past 20 years, significant progress has been made characterizing and synthesizing dimers and other smaller members of the family. However, no one has been able to synthesize the largest oligocyclotryptamines, which have six or seven rings fused together.

One of the hurdles in synthesizing these molecules is a step that requires formation of a bond between a carbon atom of one tryptamine-derived subunit to a carbon atom of the next subunit. The oligocyclotryptamines have two types of these linkages, both containing at least one carbon atom that has bonds with four other carbons. That extra bulk makes those carbon atoms less accessible to undergo reactions, and controlling the stereochemistry -- the orientation of the atoms around the carbon -- at all these junctures poses a significant challenge.

For many years, Movassaghi's lab has been developing ways to form carbon-carbon bonds between carbon atoms that are already crowded with other atoms. In 2011, they devised a method that involves transforming the two carbon atoms into carbon radicals (carbon atoms with one unpaired electron) and directing their union. To create these radicals, and guide the paired union to be completely selective, the researchers first attach each of the targeted carbon atoms to a nitrogen atom; these two nitrogen atoms bind to each other.

When the researchers shine certain wavelengths of light on the substrate containing the two fragments linked via the two nitrogen atoms, it causes the two atoms of nitrogen to break away as nitrogen gas, leaving behind two very reactive carbon radicals in close proximity that join together almost immediately. This type of bond formation has also allowed the researchers to control the molecules' stereochemistry.

Movassaghi demonstrated this approach, which he calls diazene-directed assembly, by synthesizing other types of alkaloids, including the communesins. These compounds are found in fungi and consist of two ring-containing molecules, or monomers, joined together. Later, Movassaghi began using this approach to fuse larger numbers of monomers, and he and Scott eventually turned their attention to the largest oligocyclotryptamine alkaloids.

The synthesis that they developed begins with one molecule of cyclotryptamine derivative, to which additional cyclotryptamine fragments with correct relative stereochemistry and position selectivity are added, one at a time. Each of these additions is made possible by the diazene-directed process that Movassaghi's lab previously developed.




"The reason why we're excited about this is that this single solution allowed us to go after multiple targets," Movassaghi says. "That same route provides us a solution to multiple members of the natural product family because by extending the iteration one more cycle, your solution is now applied to a new natural product."

"A tour de force"

Using this approach, the researchers were able to create molecules with six or seven cyclotryptamine rings, which has never been done before.

"Researchers worldwide have been trying to find a way to make these molecules, and Movassaghi and Scott are the first to pull it off," says Seth Herzon, a professor of chemistry at Yale University, who was not involved in the research. Herzon described the work as "a tour de force in organic synthesis."

Now that the researchers have synthesized these naturally occurring oligocyclotryptamines, they should be able to generate enough of the compounds that their potential therapeutic activity can be more thoroughly investigated.

They should also be able to create novel compounds by switching in slightly different cyclotryptamine subunits, Movassaghi says.

"We will continue to use this very precise way of adding these cyclotryptamine units to assemble them together into complex systems that have not been addressed yet, including derivatives that could potentially have improved properties," he says.

The research was funded by the U.S. National Institute of General Medical Sciences.
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Halogen bonding for selective electrochemical separation, path to sustainable chemical processing demonstrated | ScienceDaily
With a new polymer that only attracts certain substances from solutions when electrically activated, researchers have taken a major step towards sustainable chemical separation.


						
A team based at the University of Illinois Urbana-Champaign has reported the first demonstration of selective electrochemical separation driven by halogen bonding in the journal JACS Au. This was achieved by engineering a polymer that modulates the charge density on a halogen atom when electricity is applied. The polymer then attracts only certain targets -- such as halides, oxyanions, and even organic molecules -- from organic solutions, a feature that has important implications for pharmaceuticals and chemical synthesis processes.

"Chemical separation is like making a sponge that only absorbs the chemical that you want from a mixture," said Xiao Su, a professor of chemical & biomolecular engineering and the project lead. "While electrochemical separation is used in some contexts, it can be quite challenging to ensure that they only soak up what is needed. In this work, we have made an 'electric sponge' at the molecular level that only picks out particular components of mixtures."

In industrial settings, chemical separation is often achieved through heat-based processes or membrane filtration, but these methods create material waste. Alternatives based on electrochemical mechanisms would minimize waste and benefit from sustainable sources of electricity. While such mechanisms are already used in applications like desalination, they are indiscriminate in the substances they attract.

The researchers achieved selective electrical separation with a chemical interaction called halogen bonding, in which a target molecule is attracted to redox-responsive halogen donor polymer by the strong partial positive charge on halogen atom, called the "sigma hole." The team exploited this interaction by engineering a polymer containing a halogen iodine atom and ferrocene, an active redox center that modulates the iodine's bonding strength when external electricity is applied. The iodine sigma hole is switched on when the ferrocene oxidizes, creating a strong positive charge that attracts negatively charged ions.

"Halogen bonding is a well-studied, if niche, area of fundamental chemistry, but our team is the first to take the concept and use it to develop a working 'sponge'," said Nayeong Kim, a graduate student in Su's research group and the study's lead author. "The strength of halogen bonding is what enables selectivity, since it picks out ions that have high affinity to the halogen atom."

Su's research group designed the redox-active polymer then tested it in various organic solutions. After finding that the polymer could indeed select specific ions from a mixture, the presence of halogen bonding was confirmed using nuclear magnetic resonance and Raman scattering experiments. Su's group collaborated with chemical & biomolecular engineering professor Alex Mironenko, who led computational investigations of the polymer to understand the underlying mechanisms in the redox center's activation.

"Now that we have demonstrated molecular electrochemical separation, the next steps will involve refining and scaling the process," Su said. "That includes exploring scaling-up strategies, such as the cascade model, to enhance the purity of the final product, designing a continuous electrosorption system and then studying the process outside laboratory conditions."
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Measuring Martian winds with sound | ScienceDaily
Mars has a notoriously inhospitable environment, with temperatures that fluctuate dramatically over the course of a Martian day and average minus 80 degrees Fahrenheit. Its surface is mostly covered in red dust, with terrain typified by craters, canyons, and volcanoes. And its atmosphere is extremely thin, comprising only about 1% of the density of Earth's.


						
Needless to say, measuring wind speeds on the red planet is challenging. Martian landers have been able capture measurements -- some gauging the cooling rate of heated materials when winds blow over them, others using cameras to image "tell-tales" that blow in the wind. Both anemometric methods have yielded valuable insight into the planet's climate and atmosphere.

But there's still room for improvement in the astronomical toolshed, especially as plans to send astronauts to Mars unfold in the coming years.

In JASA, published on behalf of the Acoustical Society of America by AIP Publishing, researchers from Canada and the U.S. demonstrated a novel sonic anemometric system featuring a pair of narrowband piezoelectric transducers to measure the travel time of sound pulses through Martian air. The study accounted for variables including transducer diffraction effects and wind direction.

"By measuring sound travel time differences both forward and backward, we can accurately measure wind in three dimensions," said author Robert White. "The two major advantages of this method are that it's fast and it works well at low speeds."

The researchers hope to be able to measure up to 100 wind speeds per second and at speeds as low as 1 cm/s, a remarkable contrast to previous methods that could register only about 1 wind speed per second and struggled to track speeds below 50 cm/s.

"By measuring quickly and accurately, we hope to be able to measure not only mean winds, but also turbulence and fluctuating winds," said White. "This is important for understanding atmospheric variables that could be problematic for small vehicles such as the Ingenuity helicopter that flew on Mars recently."

The researchers characterized ultrasonic transducers and sensors over a wide range of temperatures and a narrow range of pressures in carbon dioxide, the primary atmospheric gas on Mars. With their selections, they showed only nominal error rates would result from temperature and pressure changes.

"The system we're developing will be 10 times faster and 10 times more accurate than anything previously used," said White. "We hope it will produce more valuable data as future missions to Mars are considered and provide useful information on the Martian climate, perhaps also with implications for better understanding the climate of our own planet."
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Say 'aah' and get a diagnosis on the spot: is this the future of health? | ScienceDaily
A computer algorithm has achieved a 98% accuracy in predicting different diseases by analysing the colour of the human tongue.


						
The proposed imaging system developed by Iraqi and Australian researchers can diagnose diabetes, stroke, anaemia, asthma, liver and gallbladder conditions, COVID-19, and a range of vascular and gastrointestinal issues.

Engineering researchers from Middle Technical University (MTU) and the University of South Australia (UniSA) achieved the breakthrough in a series of experiments where they used 5260 images to train machine learning algorithms to detect tongue colour.

Two teaching hospitals in the Middle East supplied 60 tongue images from patients with various health conditions. The artificial intelligence (AI) model was able to match the tongue colour with the disease in almost all cases.

A new paper published in Technologies outlines how the proposed system analyses tongue colour to provide on-the-spot diagnosis, confirming that AI holds the key to many advances in medicine.

Senior author, MTU and UniSA Adjunct Associate Professor Ali Al-Naji, says AI is replicating a 2000-year-old practice widely used in traditional Chinese medicine -- examining the tongue for signs of disease.

"The colour, shape and thickness of the tongue can reveal a litany of health conditions," he says.




"Typically, people with diabetes have a yellow tongue; cancer patients a purple tongue with a thick greasy coating; and acute stroke patients present with an unusually shaped red tongue.

"A white tongue can indicate anaemia; people with severe cases of COVID-19 are likely to have a deep red tongue; and an indigo or violet coloured tongue indicates vascular and gastrointestinal issues or asthma."

In the study, cameras placed 20 centimetres from a patient captured their tongue colour and the imaging system predicted their health condition in real time.

Co-author UniSA Professor Javaan Chahl says that down the track, a smartphone will be used to diagnose disease in this way.

"These results confirm that computerised tongue analysis is a secure, efficient, user friendly and affordable method for disease screening that backs up modern methods with a centuries-old practice," Prof Chahl says.
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Delivery robots' green credentials make them more attractive to consumers | ScienceDaily
The smaller carbon footprint, or wheel print, of automatic delivery robots can encourage consumers to use them when ordering food, according to a Washington State University study.


						
The suitcase-sized, self-driving electric vehicles are much greener than many traditional food delivery methods because they have low, or even zero, carbon emissions. In this study, participants who had more environmental awareness and knowledge about carbon emissions were more likely to choose the robots as a delivery method. The green influence went away though when people perceived the robots as a high-risk choice -- meaning they worried that their food would be late, cold or otherwise spoiled before it arrived.

The findings, reported in the International Journal of Hospitality Management, indicate a way to promote the use of delivery robots.

"Much of the marketing focus has been on the functionality and the convenience of these automatic delivery robots, which is really important, but it would enhance these efforts to promote their green aspects as well," said lead author Jennifer Han, a doctoral student in WSU's Carson College of Business.

Working with WSU researchers Hyun Jeong Kim and Soobin Seo, Han conducted an online survey with 418 adult participants recruited through MTurk, Amazon's crowdsourcing platform. More than half were from urban areas, and many were already familiar with delivery robots, which are gaining in popularity in big cities. The participants watched short videos about automatic delivery robots and answered questions about carbon emissions as well as the robots themselves.

The researchers found a strong correlation between high ranked statements related to carbon emissions and the willingness to use the automatic delivery robots or ADRs. That connection broke, however, among people who thought using the technology was risky.

"When people had a higher perceived risk about using the ADRs, they didn't really care about the environmental concerns, but people who had less perceived risk were more strongly attached to this decision mechanism," said Han. "So, it was pretty clear that all these essential functional features have to work. Then the environmental issues come after that."

The pandemic pushed an increase in online food ordering by 63%, according to Statista, which has in turn resulted in increased congestion and carbon emissions as more gas-powered vehicles hit the road to deliver the food. Many automatic delivery robots, which can travel on sidewalks and roads, are electric, and some rely on renewable energy sources like solar power. Other research has estimated that ADR-use can reduce congestion by 29% and carbon emissions by 16%.




More food service businesses are turning to automatic delivery robots to do so-called "last mile" delivery. Some companies like Dominos already have their own delivery fleets, but smaller restaurants are using them as well through services such as Grubhub and Starship Technologies.

ADRs may appeal to businesses simply because they help meet the growing demand for delivery services, but as this study indicates, their ability to curb carbon emissions may also prove a powerful motivator for consumers.

Han suggested that companies could highlight the delivery robots' green credentials by displaying a calculation of the emissions of each delivery method.

"They could show consumers that they are reducing this much of carbon footprint through the delivery robot service. That would be one cue to promote those purchasing behaviors, if consumers have a big interest in environmental issues," she said.
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Breakthrough in nanotechnology: Viewing the invisible with advanced microscopy | ScienceDaily
Scientists from the Department of Physical Chemistry at the Fritz Haber Institute of the Max Planck Society have made a groundbreaking discovery in the field of nanotechnology, as detailed in their latest publication in Advanced Materials. Their paper, titled "Spectroscopic and Interferometric Sum-Frequency Imaging of Strongly Coupled Phonon Polaritons in SiC Metasurfaces," introduces a novel microscopy method that allows for the unprecedented visualization of nanostructures and their optical properties. Tailoring light with Nanomaterials


						
Metamaterials, engineered at the nanoscale, exhibit unique properties not found in naturally occurring materials. These properties arise from their nanoscale building blocks, which, until now, have been challenging to observe directly due to their size being smaller than the wavelength of light. The team's research overcomes this limitation by employing a new microscopy technique that can simultaneously reveal both the nano and macro structures of these materials.

A New Window into the Nano World

The key finding of this research is a methodological breakthrough that enables the visualization of structures previously too small to be seen with traditional microscopy. By using light in innovative ways, the scientists have discovered how to "trap" one color of light within the structure, and use a mixing with a second color that can leave the structure to visualize this trapped light. This trick reveals the hidden world of nanoscale optical metamaterials.

Over Five Years of Development

This achievement is the result of more than five years of dedicated research and development, utilizing the unique features of the Free Electron Laser (FEL) at the Fritz Haber Institute. This type of microscopy is particularly special because it allows for a deeper understanding of metasurfaces, paving the way for advancements in technologies such as lens design, with the ultimate goal of creating flatter, more efficient optical devices.

The Future of Flat Optics

By enhancing our understanding of metasurfaces, this research opens the door to the development of novel light sources and the design of coherent thermal light sources. "We are just at the beginning," states the research team, "but the implications of our work for the field of flat optics and beyond are immense. Our technique not only allows us to see the complete performance of these nanostructures but also to improve upon them, shrinking 3D optics down to 2D, and making everything smaller and flatter."
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The mother of all motion sensors | ScienceDaily
Peel apart a smartphone, fitness tracker or virtual reality headset, and inside you'll find a tiny motion sensor tracking its position and movement. Bigger, more expensive versions of the same technology, about the size of a grapefruit and a thousand times more accurate, help navigate ships, airplanes and other vehicles with GPS assistance.


						
Now, scientists are attempting to make a motion sensor so precise it could minimize the nation's reliance on global positioning satellites. Until recently, such a sensor -- a thousand times more sensitive than today's navigation-grade devices -- would have filled a moving truck. But advancements are dramatically shrinking the size and cost of this technology.

For the first time, researchers from Sandia National Laboratories have used silicon photonic microchip components to perform a quantum sensing technique called atom interferometry, an ultra-precise way of measuring acceleration. It is the latest milestone toward developing a kind of quantum compass for navigation when GPS signals are unavailable.

The team published its findings and introduced a new high-performance silicon photonic modulator -- a device that controls light on a microchip -- as the cover story in the journal Science Advances.

The research was supported by Sandia's Laboratory Directed Research and Development program. It took place, in part, at the National Security Photonics Center, a collaborative research center developing integrated photonics solutions for complex problems in the national security sector.

GPS-free navigation a matter of national security

"Accurate navigation becomes a challenge in real-world scenarios when GPS signals are unavailable," said Sandia scientist Jongmin Lee.




In a war zone, these challenges pose national security risks, as electronic warfare units can jam or spoof satellite signals to disrupt troop movements and operations.

Quantum sensing offers a solution.

"By harnessing the principles of quantum mechanics, these advanced sensors provide unparalleled accuracy in measuring acceleration and angular velocity, enabling precise navigation even in GPS-denied areas," Lee said.

Modulator the centerpiece of a chip-scale laser system

Typically, an atom interferometer is a sensor system that fills a small room. A complete quantum compass -- more precisely called a quantum inertial measurement unit -- would require six atom interferometers.

But Lee and his team have been finding ways to reduce its size, weight and power needs. They already have replaced a large, power-hungry vacuum pump with an avocado-sized vacuum chamber and consolidated several components usually delicately arranged across an optical table into a single, rigid apparatus.




The new modulator is the centerpiece of a laser system on a microchip. Rugged enough to handle heavy vibrations, it would replace a conventional laser system typically the size of a refrigerator.

Lasers perform several jobs in an atom interferometer, and the Sandia team uses four modulators to shift the frequency of a single laser to perform different functions.

However, modulators often create unwanted echoes called sidebands that need to be mitigated.

Sandia's suppressed-carrier, single-sideband modulator reduces these sidebands by an unprecedented 47.8 decibels -- a measure often used to describe sound intensity but also applicable to light intensity -- resulting in a nearly 100,000-fold drop.

"We have drastically improved the performance compared to what's out there," said Sandia scientist Ashok Kodigala.

Silicon device mass-producible and more affordable

Besides size, cost has been a major obstacle to deploying quantum navigation devices. Every atom interferometer needs a laser system, and laser systems need modulators.

"Just one full-size single-sideband modulator, a commercially available one, is more than $10,000," Lee said.

Miniaturizing bulky, expensive components into silicon photonic chips helps drive down these costs.

"We can make hundreds of modulators on a single 8-inch wafer and even more on a 12-inch wafer," Kodigala said.

And since they can be manufactured using the same process as virtually all computer chips, "This sophisticated four-channel component, including additional custom features, can be mass-produced at a much lower cost compared to today's commercial alternatives, enabling the production of quantum inertial measurement units at a reduced cost," Lee said.

As the technology gets closer to field deployment, the team is exploring other uses beyond navigation. Researchers are investigating whether it could help locate underground cavities and resources by detecting the tiny changes these make to Earth's gravitational force. They also see potential for the optical components they invented, including the modulator, in LIDAR, quantum computing and optical communications.

"I think it's really exciting," Kodigala said. "We're making a lot of progress in miniaturization for a lot of different applications."

Multidisciplinary team lifting quantum compass concept to reality

Lee and Kodigala represent two halves of a multidisciplinary team. One half, including Lee, consists of experts in quantum mechanics and atomic physics. The other half, like Kodigala, are specialists in silicon photonics -- think of a microchip, but instead of electricity running through its circuits, there are beams of light.

These teams collaborate at Sandia's Microsystems Engineering, Science and Applications complex, where researchers design, produce and test chips for national security applications.

"We have colleagues that we can go down the hall and talk to about this and figure out how to solve these key problems for this technology to get it out into the field," said Peter Schwindt, a quantum sensing scientist at Sandia.

The team's grand plan -- to turn atom interferometers into a compact quantum compass -- bridges the gap between basic research at academic institutions and commercial development at tech companies. An atom interferometer is a proven technology that could be an excellent tool for GPS-denied navigation. Sandia's ongoing efforts aim to make it more stable, fieldable and commercially viable.

The National Security Photonics Center collaborates with industry, small businesses, academia and government agencies to develop new technologies and help launch new products. Sandia has hundreds of issued patents and dozens more in prosecution that support its mission.

"I have a passion around seeing these technologies move into real applications," Schwindt said.

Michael Gehl, a Sandia scientist who works with silicon photonics, shares the same passion. "It's great to see our photonics chips being used for real-world applications," he said.

Sandia National Laboratories is a multimission laboratory operated by National Technology and Engineering Solutions of Sandia LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration. Sandia Labs has major research and development responsibilities in nuclear deterrence, global security, defense, energy technologies and economic competitiveness, with main facilities in Albuquerque, New Mexico, and Livermore, California.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240813131917.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Cricket physics: Science behind the modern bowler technique tricking batters | ScienceDaily
Key to winning a cricket match is tricking the other team's batters -- no small feat as bowlers bowl cricket balls nearly 100 miles per hour. In recent years, a bowling technique that has become popular involves keeping the arm almost entirely horizontal during delivery, notably used by Sri Lankan stars Lasith Malinga and Matheesha Pathirana. The aerodynamics of such deliveries have perplexed sports physicists.


						
In Physics of Fluids, by AIP Publishing, researchers have started to unravel the mysteries of how such a bowling action leads to such tough-to-hit balls. Using a wind tunnel, Faazil et al. have described the changes in pressure fields surrounding a ball due to the spinning brought on by bowling with a near-horizontal arm.

"The unique and unorthodox bowling styles demonstrated by cricketers have drawn significant attention, particularly emphasizing their proficiency with a new ball in early stages of a match," said author Kizhakkelan Sudhakaran Siddharth. "Their bowling techniques frequently deceive batsmen, rendering these bowlers effective throughout all phases of a match in almost all formats of the game."

The amount and way that a cricket ball jukes along its trajectory heavily relies on the interplay between the spin of the ball and operational Reynold's number, a dimensionless quantity that relates fluid density, ball dimension, air speed, and fluid viscosity.

To get to the heart of their question, the team employed a wake survey rake device made of multiple tubes designed to capture the pressure downstream of the ball. This was complemented by an imaging system capable of detecting pressure variations sensed in the connected manometers. The study examined the flow dynamics of cricket balls rotating up to 2,500 revolutions per minute in a wind tunnel.

"The simultaneous traversal-imaging technique combined with the traditional manometers utilized in this study yielded remarkable precision, exceeding all expectations," Siddharth said. "This demonstrated to be an outstanding approach for replicating the intricate and dynamic situations experienced in sports contexts within a wind tunnel setting."

The group found that low-pressure zones expanded and intensified near the ball when spinning, while these zones shifted and diminished downstream. At higher spin rates, the low-pressure zone begins to change to a persistent bilobed shape.

The results lend support to the theory that these newer bowling techniques tap into the Magnus effect, in which high-speed spinning creates effects that shift the ball midflight.

Siddharth hopes the work stokes further interest in understanding the physics of cricket ball dynamics. The group looks to investigate how other factors, such as wear on the ball, affect aerodynamics.
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MIT researchers use large language models to flag problems in complex systems | ScienceDaily
Identifying one faulty turbine in a wind farm, which can involve looking at hundreds of signals and millions of data points, is akin to finding a needle in a haystack.


						
Engineers often streamline this complex problem using deep-learning models that can detect anomalies in measurements taken repeatedly over time by each turbine, known as time-series data.

But with hundreds of wind turbines recording dozens of signals each hour, training a deep-learning model to analyze time-series data is costly and cumbersome. This is compounded by the fact that the model may need to be retrained after deployment, and wind farm operators may lack the necessary machine-learning expertise.

In a new study, MIT researchers found that large language models (LLMs) hold the potential to be more efficient anomaly detectors for time-series data. Importantly, these pretrained models can be deployed right out of the box.

The researchers developed a framework, called SigLLM, which includes a component that converts time-series data into text-based inputs an LLM can process. A user can feed these prepared data to the model and ask it to start identifying anomalies. The LLM can also be used to forecast future time-series data points as part of an anomaly detection pipeline.

While LLMs could not beat state-of-the-art deep learning models at anomaly detection, they did perform as well as some other AI approaches. If researchers can improve the performance of LLMs, this framework could help technicians flag potential problems in equipment like heavy machinery or satellites before they occur, without the need to train an expensive deep-learning model.

"Since this is just the first iteration, we didn't expect to get there from the first go, but these results show that there's an opportunity here to leverage LLMs for complex anomaly detection tasks," says Sarah Alnegheimish, an electrical engineering and computer science (EECS) graduate student and lead author of a paper on SigLLM.




Her co-authors include Linh Nguyen, an EECS graduate student; Laure Berti-Equille, a research director at the French National Research Institute for Sustainable Development; and senior author Kalyan Veeramachaneni, a principal research scientist in the Laboratory for Information and Decision Systems. The research will be presented at the IEEE Conference on Data Science and Advanced Analytics.

An off-the-shelf solution

Large language models are auto regressive, which means they can understand that the newest values in sequential data depend on previous values. For instance, models like GPT-4 can predict the next word in a sentence using the words that precede it.

Since time-series data are sequential, the researchers thought the auto regressive nature of LLMs might make them well-suited for detecting anomalies in this type of data.

However, they wanted to develop a technique that avoids fine-tuning, a process in which engineers retrain a general-purpose LLM on a small amount of task-specific data to make it an expert at one task. Instead, the researchers deploy an LLM off the shelf, with no additional training steps.

But before they could deploy it, they had to convert time-series data into text-based inputs the language model could handle.




They accomplished this through a sequence of transformations that capture the most important parts of the time series while representing data with the fewest number of tokens. Tokens are the basic inputs for an LLM, and more tokens require more computation.

"If you don't handle these steps very carefully, you might end up chopping off some part of your data that does matter, losing that information," Alnegheimish says.

Once they had figured out how to transform time-series data, the researchers developed two anomaly detection approaches.

Approaches for anomaly detection

For the first, which they call Prompter, they feed the prepared data into the model and prompt it to locate anomalous values.

"We had to iterate a number of times to figure out the right prompts for one specific time series. It is not easy to understand how these LLMs ingest and process the data," Alnegheimish adds.

For the second approach, called Detector, they use the LLM as a forecaster to predict the next value from a time series. The researchers compare the predicted value to the actual value. A large discrepancy suggests that the real value is likely an anomaly.

With Detector, the LLM would be part of an anomaly detection pipeline, while Prompter would complete the task on its own. In practice, Detector performed better than Prompter, which generated many false positives.

"I think, with the Prompter approach, we were asking the LLM to jump through too many hoops. We were giving it a harder problem to solve," says Veeramachaneni.

When they compared both approaches to current techniques, Detector outperformed transformer-based AI models on seven of the 11 datasets they evaluated, even though the LLM required no training or fine-tuning.

In the future, an LLM may also be able to provide plain language explanations with its predictions, so an operator could be better able to understand why an LLM identified a certain data point as anomalous.

However, state-of-the-art deep learning models outperformed LLMs by a wide margin, showing that there is still work to do before an LLM could be used for anomaly detection.

"What will it take to get to the point where it is doing as well as these state-of-the-art models? That is the million-dollar question staring at us right now. An LLM-based anomaly detector needs to be a game-changer for us to justify this sort of effort," Veeramachaneni says.

Moving forward, the researchers want to see if finetuning can improve performance, though that would require additional time, cost, and expertise for training.

Their LLM approaches also take between 30 minutes and two hours to produce results, so increasing the speed is a key area of future work. The researchers also want to probe LLMs to understand how they perform anomaly detection, in the hopes of finding a way to boost their performance.

"When it comes to complex tasks like anomaly detection in time series, LLMs really are a contender. Maybe other complex tasks can be addressed with LLMs, as well?" says Alnegheimish.

This research was supported by SES S.A., Iberdrola and ScottishPower Renewables, and Hyundai Motor Company.
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Ships now spew less sulfur, but warming has sped up | ScienceDaily
Last year marked Earth's warmest year on record. A new study finds that some of 2023's record warmth, nearly 20 percent, likely came as a result of reduced sulfur emissions from the shipping industry. Much of this warming concentrated over the northern hemisphere.


						
The work, led by scientists at the Department of Energy's Pacific Northwest National Laboratory, published today in the journal Geophysical Research Letters.

Regulations put into effect in 2020 by the International Maritime Organization required a roughly 80 percent reduction in the sulfur content of shipping fuel used globally. That reduction meant fewer sulfur aerosols flowed into Earth's atmosphere.

When ships burn fuel, sulfur dioxide flows into the atmosphere. Energized by sunlight, chemical intermingling in the atmosphere can spur the formation of sulfur aerosols. Sulfur emissions, a form of pollution, can cause acid rain. The change was made to improve air quality around ports.

In addition, water likes to condense on these tiny sulfate particles, ultimately forming linear clouds known as ship tracks, which tend to concentrate along maritime shipping routes. Sulfate can also contribute to forming other clouds after a ship has passed. Because of their brightness, these clouds are uniquely capable of cooling Earth's surface by reflecting sunlight.

The authors used a machine learning approach to scan over a million satellite images and quantify the declining count of ship tracks, estimating a 25 to 50 percent reduction in visible tracks. Where the cloud count was down, the degree of warming was generally up.

Further work by the authors simulated the effects of the ship aerosols in three climate models and compared the cloud changes to observed cloud and temperature changes since 2020. Roughly half of the potential warming from the shipping emission changes materialized in just four years, according to the new work. In the near future, more warming is likely to follow as the climate response continues unfolding.




Many factors -- from oscillating climate patterns to greenhouse gas concentrations -- determine global temperature change. The authors note that changes in sulfur emissions aren't the sole contributor to the record warming of 2023. The magnitude of warming is too significant to be attributed to the emissions change alone, according to their findings.

Due to their cooling properties, some aerosols mask a portion of the warming brought by greenhouse gas emissions. Though aerosols can travel great distances and impose a strong effect on Earth's climate, they are much shorter-lived than greenhouse gasses.

When atmospheric aerosol concentrations suddenly dwindle, warming can spike. It's difficult, however, to estimate just how much warming may come as a result. Aerosols are one of the most significant sources of uncertainty in climate projections.

"Cleaning up air quality faster than limiting greenhouse gas emissions may be accelerating climate change," said Earth scientist Andrew Gettelman, who led the new work.

"As the world rapidly decarbonizes and dials down all anthropogenic emissions, sulfur included, it will become increasingly important to understand just what the magnitude of the climate response could be. Some changes could come quite quickly."

The work also illustrates that real-world changes in temperature may result from changing ocean clouds, either incidentally with sulfur associated with ship exhaust, or with a deliberate climate intervention by adding aerosols back over the ocean. But lots of uncertainties remain. Better access to ship position and detailed emissions data, along with modeling that better captures potential feedback from the ocean, could help strengthen our understanding.

In addition to Gettelman, Earth scientist Matthew Christensen is also a PNNL author of the work. This work was funded in part by the National Oceanic and Atmospheric Administration.
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Think fast -- or not: Mathematics behind decision making | ScienceDaily
New research from a Florida State University professor and colleagues explains the mathematics behind how initial predispositions and additional information affect decision making.


						
The research team's findings show that when decision makers quickly come to a conclusion, the decision is more influenced by their initial bias, or a tendency to err on the side of one of the choices presented. If decision makers wait to gather more information, the slower decision will be less biased. The work was published today in Physical Review E.

"The basic result might seem sort of intuitive, but the mathematics we had to employ to prove this was really non-trivial," said co-author Bhargav Karamched, an assistant professor in the FSU Department of Mathematics and the Institute of Molecular Biophysics. "We saw that for the first decider in a group, the trajectory of their belief is almost a straight line. The last decider hovers around, going back and forth for a while before making a decision. Even though the underlying equation for each agent's belief is the same except for their initial bias, the statistics and behavior of each individual is very different."

The researchers built a mathematical model that represented a group of agents required to decide between two conclusions, one which was correct and one which was incorrect. The model assumed each actor within a group was acting rationally, that is, deciding based off their initial bias and the information they are presented, rather than being swayed by the decisions of individuals around them.

Even with evidence and assuming perfect rationality, bias toward a particular decision caused the earliest deciders in the model to make the wrong conclusion 50% of the time. The more information actors gathered, the more likely they were to behave as if they weren't biased and to arrive at a correct conclusion.

Of course, in the real world, people are swayed by all sorts of inputs, such as their emotions, the decisions their friends made and other variables. This research offers a metric showing how individuals within a group should make decisions if they are acting rationally. Future research could compare real-world data against this metric to see where people are diverting from optimally rational choices and consider what might have caused their divergence.

The researchers' model is known as a drift diffusion model, so called because it combines two concepts: individual actor's tendency to "drift," or move toward an outcome based on evidence, and the random "diffusion," or variability of the information presented.




The work could be used, for example, to understand when people are being unduly swayed by early decisions or falling victim to groupthink. It even helps describe other complex scenarios with many individual actors, such as the immune system or the behavior of neurons.

"There is still a lot of work to do to understand decision making in more complicated situations, such as cases where more than two alternatives are presented as choices, but this is a good starting point," Karamched said.

This research was a multi-institution collaboration involving doctoral candidate Samantha Linn and Associate Professor Sean D. Lawley of the University of Utah, Associate Professor Zachary P. Kilpatrick of the University of Colorado, and Professor Kresimir Josic of the University of Houston.

This research was supported by the National Science Foundation and the National Institutes of Health.
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New method for orchestrating successful collaboration among robots | ScienceDaily
New research from the University of Massachusetts Amherst shows that programming robots to create their own teams and voluntarily wait for their teammates results in faster task completion, with the potential to improve manufacturing, agriculture and warehouse automation. This research was recognized as a finalist for Best Paper Award on Multi-Robot Systems at the IEEE International Conference on Robotics and Automation 2024.


						
"There's a long history of debate on whether we want to build a single, powerful humanoid robot that can do all the jobs, or we have a team of robots that can collaborate," says one of the study authors, Hao Zhang, associate professor in the UMass Amherst Manning College of Information and Computer Sciences and director of the Human-Centered Robotics Lab.

In a manufacturing setting, a robot team can be less expensive because it maximizes the capability of each robot. The challenge then becomes: how do you coordinate a diverse set of robots? Some may be fixed in place, others mobile; some can lift heavy materials, while others are suited to smaller tasks.

As a solution, Zhang and his team created a learning-based approach for scheduling robots called learning for voluntary waiting and subteaming (LVWS).

"Robots have big tasks, just like humans," says Zhang. "For example, they have a large box that cannot be carried by a single robot. The scenario will need multiple robots to collaboratively work on that."

The other behavior is voluntary waiting. "We want the robot to be able to actively wait because, if they just choose a greedy solution to always perform smaller tasks that are immediately available, sometimes the bigger task will never be executed," Zhang explains.

To test their LVWS approach, they gave six robots 18 tasks in a computer simulation and compared their LVWS approach to four other methods. In this computer model, there is a known, perfect solution for completing the scenario in the fastest amount of time. The researchers ran the different models through the simulation and calculated how much worse each method was compared to this perfect solution, a measure known as suboptimality.




The comparison methods ranged from 11.8% to 23% suboptimal. The new LVWS method was 0.8% suboptimal. "So the solution is close to the best possible or theoretical solution," says Williard Jose, an author on the paper and a doctoral student in computer science at the Human-Centered Robotics Lab.

How does making a robot wait make the whole team faster? Consider this scenario: You have three robots -- two that can lift four pounds each and one that can lift 10 pounds. One of the small robots is busy with a different task and there is a seven-pound box that needs to be moved.

"Instead of that big robot performing that task, it would be more beneficial for the small robot to wait for the other small robot and then they do that big task together because that bigger robot's resource is better suited to do a different large task," says Jose.

If it's possible to determine an optimal answer in the first place, why do robots even need a scheduler? "The issue with using that exact solution is to compute that it takes a really long time," explains Jose. "With larger numbers of robots and tasks, it's exponential. You can't get the optimal solution in a reasonable amount of time."

When looking at models using 100 tasks, where it is intractable to calculate an exact solution, they found that their method completed the tasks in 22 timesteps compared to 23.05 to 25.85 timesteps for the comparison models.

Zhang hopes this work will help further the progress of these teams of automated robots, particularly when the question of scale comes into play. For instance, he says that a single, humanoid robot may be a better fit in the small footprint of a single-family home, while multi-robot systems are better options for a large industry environment that requires specialized tasks.

This research was funded by the DARPA Director's Fellowship and a U.S. National Science Foundation CAREER Award.
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Engineers make tunable, shape-changing metamaterial inspired by vintage toys | ScienceDaily
Common push puppet toys in the shapes of animals and popular figures can move or collapse with the push of a button at the bottom of the toys' base. Now, a team of UCLA engineers has created a new class of tunable dynamic material that mimics the inner workings of push puppets, with applications for soft robotics, reconfigurable architectures and space engineering.


						
Inside a push puppet, there are connecting cords that, when pulled taught, will make the toy stand stiff. But by loosening these cords, the "limbs" of the toy will go limp. Using the same cord tension-based principle that controls a puppet, researchers have developed a new type of metamaterial, a material engineered to possess properties with promising advanced capabilities.

Published in Materials Horizons, the UCLA study demonstrates the new lightweight metamaterial, which is outfitted with either motor-driven or self-actuating cords that are threaded through interlocking cone-tipped beads. When activated, the cords are pulled tight, causing the nesting chain of bead particles to jam and straighten into a line, making the material turn stiff while maintaining its overall structure.

The study also unveiled the material's versatile qualities that could lead to its eventual incorporation into soft robotics or other reconfigurable structures:
    	The level of tension in the cords can "tune" the resulting structure's stiffness -- a fully taut state offers the strongest and stiffest level, but incremental changes in the cords' tension allow the structure to flex while still offering strength. The key is the precision geometry of the nesting cones and the friction between them.
    	Structures that use the design can collapse and stiffen over and over again, making them useful for long-lasting designs that require repeated movements. The material also offers easier transportation and storage when in its undeployed, limp state.
    	After deployment, the material exhibits pronounced tunability, becoming more than 35 times stiffer and changing its damping capability by 50%.
    	The metamaterial could be designed to self-actuate, through artificial tendons that trigger the shape without human control

"Our metamaterial enables new capabilities, showing great potential for its incorporation into robotics, reconfigurable structures and space engineering," said corresponding author and UCLA Samueli School of Engineering postdoctoral scholar Wenzhong Yan. "Built with this material, a self-deployable soft robot, for example, could calibrate its limbs' stiffness to accommodate different terrains for optimal movement while retaining its body structure. The sturdy metamaterial could also help a robot lift, push or pull objects."

"The general concept of contracting-cord metamaterials opens up intriguing possibilities on how to build mechanical intelligence into robots and other devices," Yan said.

A 12-second video of the metamaterial in action is available here, via the UCLA Samueli YouTube Channel.




Senior authors on the paper are Ankur Mehta, a UCLA Samueli associate professor of electrical and computer engineering and director of the Laboratory for Embedded Machines and Ubiquitous Robots of which Yan is a member, and Jonathan Hopkins, a professor of mechanical and aerospace engineering who leads UCLA's Flexible Research Group.

According to the researchers, potential applications of the material also include self-assembling shelters with shells that encapsulate a collapsible scaffolding. It could also serve as a compact shock absorber with programmable dampening capabilities for vehicles moving through rough environments.

"Looking ahead, there's a vast space to explore in tailoring and customizing capabilities by altering the size and shape of the beads, as well as how they are connected," said Mehta, who also has a UCLA faculty appointment in mechanical and aerospace engineering.

While previous research has explored contracting cords, this paper has delved into the mechanical properties of such a system, including the ideal shapes for bead alignment, self-assembly and the ability to be tuned to hold their overall framework.

Other authors of the paper are UCLA mechanical engineering graduate students Talmage Jones and Ryan Lee -- both members of Hopkins' lab, and Christopher Jawetz, a Georgia Institute of Technology graduate student who participated in the research as a member of Hopkins' lab while he was an undergraduate aerospace engineering student at UCLA.

The research was funded by the Office of Naval Research and the Defense Advanced Research Projects Agency, with additional support from the Air Force Office of Scientific Research, as well as computing and storage services from the UCLA Office of Advanced Research Computing.
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AI poses no existential threat to humanity, new study finds | ScienceDaily
ChatGPT and other large language models (LLMs) cannot learn independently or acquire new skills, meaning they pose no existential threat to humanity, according to new research from the University of Bath and the Technical University of Darmstadt in Germany.


						
The study, published today as part of the proceedings of the 62nd Annual Meeting of the Association for Computational Linguistics (ACL 2024) -- the premier international conference in natural language processing -- reveals that LLMs have a superficial ability to follow instructions and excel at proficiency in language, however, they have no potential to master new skills without explicit instruction. This means they remain inherently controllable, predictable and safe.

This means they remain inherently controllable, predictable and safe.

The research team concluded that LLMs -- which are being trained on ever larger datasets -- can continue to be deployed without safety concerns, though the technology can still be misused.

With growth, these models are likely to generate more sophisticated language and become better at following explicit and detailed prompts, but they are highly unlikely to gain complex reasoning skills.

"The prevailing narrative that this type of AI is a threat to humanity prevents the widespread adoption and development of these technologies, and also diverts attention from the genuine issues that require our focus," said Dr Harish Tayyar Madabushi, computer scientist at the University of Bath and co-author of the new study on the 'emergent abilities' of LLMs.

The collaborative research team, led by Professor Iryna Gurevych at the Technical University of Darmstadt in Germany, ran experiments to test the ability of LLMs to complete tasks that models have never come across before -- the so-called emergent abilities.




As an illustration, LLMs can answer questions about social situations without ever having been explicitly trained or programmed to do so. While previous research suggested this was a product of models 'knowing' about social situations, the researchers showed that it was in fact the result of models using a well-known ability of LLMs to complete tasks based on a few examples presented to them, known as `in-context learning' (ICL).

Through thousands of experiments, the team demonstrated that a combination of LLMs ability to follow instructions (ICL), memory and linguistic proficiency can account for both the capabilities and limitations exhibited by LLMs.

Dr Tayyar Madabushi said: "The fear has been that as models get bigger and bigger, they will be able to solve new problems that we cannot currently predict, which poses the threat that these larger models might acquire hazardous abilities including reasoning and planning.

"This has triggered a lot of discussion -- for instance, at the AI Safety Summit last year at Bletchley Park, for which we were asked for comment -- but our study shows that the fear that a model will go away and do something completely unexpected, innovative and potentially dangerous is not valid.

"Concerns over the existential threat posed by LLMs are not restricted to non-experts and have been expressed by some of the top AI researchers across the world."

However, Dr Tayyar Madabushi maintains this fear is unfounded as the researchers' tests clearly demonstrated the absence of emergent complex reasoning abilities in LLMs.

"While it's important to address the existing potential for the misuse of AI, such as the creation of fake news and the heightened risk of fraud, it would be premature to enact regulations based on perceived existential threats," he said.

"Importantly, what this means for end users is that relying on LLMs to interpret and perform complex tasks which require complex reasoning without explicit instruction is likely to be a mistake. Instead, users are likely to benefit from explicitly specifying what they require models to do and providing examples where possible for all but the simplest of tasks."

Professor Gurevych added: "... our results do not mean that AI is not a threat at all. Rather, we show that the purported emergence of complex thinking skills associated with specific threats is not supported by evidence and that we can control the learning process of LLMs very well after all. Future research should therefore focus on other risks posed by the models, such as their potential to be used to generate fake news."
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Scientists find oceans of water on Mars: It's just too deep to tap | ScienceDaily
Using seismic activity to probe the interior of Mars, geophysicists have found evidence for a large underground reservoir of liquid water -- enough to fill oceans on the planet's surface.


						
The data from NASA's Insight lander allowed the scientists to estimate that the amount of groundwater could cover the entire planet to a depth of between 1 and 2 kilometers, or about a mile.

While that's good news for those tracking the fate of water on the planet after its oceans disappeared more than 3 billion years ago, the reservoir won't be of much use to anyone trying to tap into it to supply a future Mars colony. It's located in tiny cracks and pores in rock in the middle of the Martian crust, between 11.5 and 20 kilometers below the surface. Even on Earth, drilling a hole a kilometer deep is a challenge.

The finding does pinpoint another promising place to look for life on Mars, however, if the reservoir can be accessed. For the moment, it helps answer questions about the geological history of the planet.

"Understanding the Martian water cycle is critical for understanding the evolution of the climate, surface and interior," said Vashan Wright, a former UC Berkeley postdoctoral fellow who is now an assistant professor at UC San Diego's Scripps Institution of Oceanography. "A useful starting point is to identify where water is and how much is there."

Wright, alongside colleagues Michael Manga of UC Berkeley and Matthias Morzfeld of Scripps Oceanography, detailed their analysis in a paper that will appear this week in the journal Proceedings of the National Academy of Sciences.

The scientists employed a mathematical model of rock physics, identical to models used on Earth to map underground aquifers and oil fields, to conclude that the seismic data from Insight are best explained by a deep layer of fractured igneous rock saturated with liquid water. Igneous rocks are cooled hot magma, like the granite of the Sierra Nevada.




"Establishing that there is a big reservoir of liquid water provides some window into what the climate was like or could be like," said Manga, a UC Berkeley professor of earth and planetary science. "And water is necessary for life as we know it. I don't see why [the underground reservoir] is not a habitable environment. It's certainly true on Earth -- deep, deep mines host life, the bottom of the ocean hosts life. We haven't found any evidence for life on Mars, but at least we have identified a place that should, in principle, be able to sustain life."

Manga was Wright's postdoctoral adviser. Morzfeld was a former postdoctoral fellow in UC Berkeley's mathematics department and is now an associate professor of geophysics at Scripps Oceanography.

Manga noted that lots of evidence -- river channels, deltas and lake deposits, as well as water-altered rock -- supports the hypothesis that water once flowed on the planet's surface. But that wet period ended more than 3 billion years ago, after Mars lost its atmosphere. Planetary scientists on Earth have sent many probes and landers to the planet to find out what happened to that water -- the water frozen in Mars' polar ice caps can't account for it all -- as well as when it happened, and whether life exists or used to exist on the planet.

The new findings are an indication that much of the water did not escape into space but filtered down into the crust.

The Insight lander was sent by NASA to Mars in 2018 to investigate the crust, mantle, core and atmosphere, and it recorded invaluable information about Mars' interior before the mission ended in 2022.

"The mission greatly exceeded my expectations," Manga said. "From looking at all the seismic data that Insight collected, they've figured out the thickness of the crust, the depth of the core, the composition of the core, even a little bit about the temperature within the mantle."

Insight detected Mars quakes up to about a magnitude of 5, meteor impacts and rumblings from volcanic areas, all of which produced seismic waves that allowed geophysicists to probe the interior.




An earlier paper reported that above a depth of about 5 kilometers, the upper crust did not contain water ice, as Manga and others suspected. That may mean that there's little accessible frozen groundwater outside the polar regions.

The new paper analyzed the deeper crust and concluded that the "available data are best explained by a water-saturated mid-crust" below Insight's location. Assuming the crust is similar throughout the planet, the team argued, there should be more water in this mid-crust zone than the "volumes proposed to have filled hypothesized ancient Martian oceans."

The Canadian Institute for Advanced Research, the National Science Foundation and the U.S. Office of Naval Research supported the work.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240812160244.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Why carbon nanotubes fluoresce when they bind to certain molecules | ScienceDaily
Researchers have discovered why carbon nanotubes fluoresce when they bind to certain molecules. Nanotubes are considered promising biosensors that could be useful for blood sugar monitoring or Covid-19 tests, for example. When they bind to an analyte, they fluoresce -- the higher the concentration of the analyte, the brighter the fluorescence. Researchers from Ruhr University Bochum, Germany, and a team from the University of Texas at El Paso, USA, have used terahertz spectroscopy to unveil the mechanism behind the light emission. They showed that the aqueous solution plays a decisive role for the fluorescence. The results have been published online in the journal Nature Communications on August 8, 2024.


						
At Ruhr University, the groups of Professor Martina Havenith and Professor Sebastian Kruss collaborated for the study, which took place as part of the Cluster of Excellence "Ruhr Explores Solvation," RESOLV for short. The PhD students Sanjana Nalige and Phillip Galonska made significant contributions.

Carbon nanotubes as biosensors

Single-walled carbon nanotubes are powerful building blocks for biosensors, as previous studies revealed. Their surface can be chemically tailored with biopolymers or DNA fragments to interact specifically with a certain target molecule. When such molecules bind, the nanotubes change their emission in the near-infrared range, which penetrates deep into tissue. This way, for example, the presence of certain neurotransmitters, i.e. messenger substances in the brain, can be detected. Although such sensors are already in use, their exact functional principle has been unclear.

Water is decisive for fluorescence

Because most relevant biological processes take place in water, the researchers analyzed the carbon nanotubes in an aqueous solution. Using terahertz spectroscopy, they were able to detect how energy flows between the carbon nanotubes and water. The decisive factor is the hydration shell of the biosensors, i.e. the water molecules surrounding the nanotubes. When a carbon nanotube is excited, the internal energy can couple to the vibrations of the hydration shell. Energy flows between the water and the nanotubes: Sensors that become brighter in the presence of the analyte transfer less energy into the water. In contrast, sensors that become dimmer transfer more energy into the water.

"Terahertz spectroscopy allows us to measure directly what we had previously only suspected," says Sebastian Kruss. "These insights provide a general and rational design principle to develop optimal biosensors with the best performance for novel applications in research and medicine."

Martina Havenith, spokesperson of the Cluster of Excellence RESOLV, adds: "In this interdisciplinary study, we did not put the spotlight on the carbon nanotube itself. Instead we put the spotlight on the solvent, water, and discovered a previously unknown direct correlation with the changes in the water around the carbon nanotube and the function as a biosensor. This is exactly what RESOLV stands for."

Funding

The study was funded by the German Research Society (EXC 2033 -- 390677874, GRK2376-331085229), VolkswagenStiftung and the National Science Foundation (CBET-2106587).
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How mortal filaments' self-assemble and maintain order: Align or die | ScienceDaily
A previously unknown mechanism of active matter self-organization essential for bacterial cell division follows the motto 'dying to align': Misaligned filaments 'die' spontaneously to form a ring structure at the center of the dividing cell. The study, led by the Saric group at the Institute of Science and Technology Austria (ISTA), was published in Nature Physics. The work could find applications in developing synthetic self-healing materials.


						
How does matter, lifeless by definition, self-organize and make us alive? One of the hallmarks of life, self-organization, is the spontaneous formation and breakdown of biological active matter. However, while molecules constantly fall in and out of life, one may ask how they 'know' where, when, and how to assemble, and when to stop and fall apart.

Researchers working with Professor Andela Saric and PhD student Christian Vanhille Campos at the Institute of Science and Technology Austria (ISTA) address these questions in the context of bacterial cell division. They developed a computational model for the assembly of a protein called FtsZ, an example of active matter. During cell division, FtsZ self-assembles into a ring structure at the center of the dividing bacterial cell. This FtsZ ring-called the bacterial division ring-was shown to help form a new 'wall' that separates the daughter cells. However, essential physical aspects of FtsZ self-assembly have not been explained to this day. Now, computational modelers from the Saric group team up with experimentalists from Seamus Holden's group at The University of Warwick, UK, and Martin Loose's group at ISTA to reveal an unexpected self-assembly mechanism. Their computational work demonstrates how misaligned FtsZ filaments react when they hit an obstacle. By 'dying' and re-assembling, they favor the formation of the bacterial division ring, a well-aligned filamentous structure. These findings could have applications in the development of synthetic self-healing materials.

Treadmilling, the adaptive power of molecular turnover

FtsZ forms protein filaments that self-assemble by growing and shrinking in a continuous turnover. This process, called 'treadmilling,' is the constant addition and removal of subunits at opposite filament ends. Several proteins have been shown to treadmill in multiple life forms -- such as bacteria, animals, or plants. Scientists have previously thought of treadmilling as a form of self-propulsion and modeled it as filaments that move forward. However, such models fail to capture the constant turnover of subunits and overestimate the forces generated by the filaments' assembly. Thus, Andela Saric and her team set out to model how FtsZ subunits interact and spontaneously form filaments by treadmilling. "Everything in our cells is in a constant turnover. Thus, we need to start thinking of biological active matter from the prism of molecular turnover and in a way that adapts to the outside environment," says Saric.

Mortal filaments: dying to align

What they found was striking. In contrast to self-propelled assemblies that push the surrounding molecules and create a 'bump' felt at long molecular distances, they saw that misaligned FtsZ filaments started 'dying' when they hit an obstacle. "Active matter made up of mortal filaments does not take misalignment lightly. When a filament grows and collides with obstacles, it dissolves and dies," says the first author Vanhille Campos. Saric adds, "Our model demonstrates that treadmilling assemblies lead to local healing of the active material. When misaligned filaments die, they contribute to a better overall assembly." By incorporating the cell geometry and filament curvature into their model, they showed how the death of misaligned FtsZ filaments helped form the bacterial division ring.




Theory-driven research, confirmed by collaborations with experimentalists

Driven by the physical theories of molecular interactions, Saric and her team soon made two independent encounters with experimental groups that helped confirm their results. At a diverse and multidisciplinary conference called 'Physics Meets Biology,' they met Seamus Holden, who worked on imaging bacterial ring formation in live cells. At this meeting, Holden presented exciting experimental data showing that the death and birth of FtsZ filaments were essential for the formation of the division ring. This suggested that treadmilling had a crucial role in this process. "Satisfyingly, we found that FtsZ rings in our simulations behaved in the same way as the Bacillus subtilis division rings that Holden's team imaged," says Vanhille Campos.

In a similar strike of luck, relocating from University College London to ISTA allowed Saric and her group to team up with Martin Loose, who had been working on assembling FtsZ filaments in a controlled experimental setup in vitro. They saw that the in vitro results closely matched the simulations and further confirmed the team's computational results. Underlining the cooperation spirit and synergy between the three groups, Saric says, "We are all stepping outside our usual research fields and going beyond what we normally do. We openly discuss and share data, views, and knowledge, which allows us to answer questions we cannot tackle separately."

Toward synthetic self-healing materials

Energy-driven self-organization of matter is a fundamental process in physics. The team led by Saric now suggests that FtsZ filaments are a different type of active matter that invests energy in turnover rather than motility. "In my group, we ask how to create living matter from non-living material that looks living. Thus, our present work could facilitate the creation of synthetic self-healing materials or synthetic cells," says Saric. As a next step, Saric and her team seek to model how the bacterial division ring helps build a wall that will divide the cell into two. Holden and Saric will continue to investigate this question with the help of a recent 3.7 million Euro grant awarded by the Wellcome Trust.
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Innovative study unveils a new path in green chemistry | ScienceDaily

The core of this discovery lies in intriguing properties of catalysts composed of ultradispersed copper and nitrogen atoms incorporated into carbon. During the electrocatalytic CO2 reduction (CO2RR) process, which is a process used to transform CO2 into useful chemicals, these catalysts can dynamically change from having copper in the form of single atoms to forming small clusters and metal particles, known as nanoparticles, and then back again, once the applied electrical potential is lifted or changed to a more positive value This control over this reversible transformation provides a key for steering the structure of the catalyst, and, consequently, controlling the outcome of the CO2RR process, since the product selectivity strongly depends on the catalyst structure.

The ability to control the size and structure of the catalyst particles addresses a major challenge in scaling up CO2RR technology for practical use. Previously, the broad distribution of the different reaction products made it difficult to produce specific industrially relevant chemicals and fuels efficiently. This research offers a method to precisely control the distribution of CO2RR products by manipulating the catalyst's state. Furthermore, the developed process allows researchers to understand which structural features of the catalyst are responsible for a production of specific reaction products.

How the Process Works

The technique involves alternating electrical pulses. An applied negative (cathodic) potential is needed to drive CO2 conversion, but it also induces the formation of copper nanoparticles. A subsequent pulse of more positive (anodic) potential, in turn, reverses this process, breaking the nanoparticles back into single atoms. By varying the duration of these pulses, the researchers can steer the sizes of formed nanoparticles, and control whether the catalyst exists mostly as single atoms, ultrasmall metal clusters, or larger metallic copper nanoparticles. Each form of the catalyst is better suited to producing different CO2RR products. For instance, single copper atoms are efficient for hydrogen production, small clusters favor methane, and larger nanoparticles are best for ethylene production.

To monitor and adjust the catalyst's transformation in real-time, the team used operando quick X-ray absorption spectroscopy. This advanced synchrotron-based technique allows scientists to observe the catalyst as it changes during the reaction with sub-second time resolution, ensuring the optimal conditions for the desired CO2RR products.

Implications for Future Scientific Inquiry

This study not only provides a deeper understanding of catalyst behavior and the drastic structural transformations that can take place during operation It sheds light on the CO2 reduction reaction (CO2RR), showing how controlling the catalyst's structure can impact the process. While the research highlights potential pathways for technological applications in greenhouse gas reduction and the production of green chemicals and fuels, it is primarily a significant stride in scientific inquiry, setting the stage for future advancements in the field.
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Breakthrough heart MRI technique accurately predicts heart failure risk in general population | ScienceDaily
MRI scans could replace invasive heart tests, as new research shows they can reliably estimate pressures inside the heart to predict if a patient will develop heart failure.


						
The research from the University of East Anglia (UEA) and Queen Mary University of London also identified key risk factors for increased pressure inside the heart, which leads to heart failure.

These risk factors include being over 70, having high blood pressure, being obese, alcohol consumption and being male.

Co-lead author Dr Pankaj Garg, from UEA's Norwich Medical School, said: "Heart failure is a lethal condition resulting from rising pressures. One of the most significant findings of this study is that MRI-derived pressure measurements can reliably predict if an individual will develop heart failure.

"This breakthrough suggests that heart MRI could potentially replace invasive diagnostic tests. Participants with higher heart pressure measured by MRI had a fivefold increased risk of developing heart failure over six years."

Previous pioneering research involving UEA, and the universities of Sheffield and Leeds has shown that heart MRI techniques can estimate pressure in the heart and are linked to symptoms and signs of heart failure.

However, to date it remained unknown if heart MRI derived pressures can predict heart failure risk in a general population.




Analysing data from more than 39,000 UK Biobank participants, this latest research demonstrates that MRI-detected pressure changes can identify heart failure risk without invasive procedures.

Co-lead author Dr Nay Aung, from the William Harvey Research Institute at Queen Mary University of London, said: "Additionally, we identified key risk factors for developing high heart pressure: age over 70, high blood pressure, obesity, alcohol consumption and male gender.

"By combining these factors, we developed a model to predict individual heart failure risk. This advancement enables prevention, early detection and treatment of heart failure, which could save many lives."

A heart MRI is a type of scan that uses powerful magnets and radio waves to create detailed images of the heart. Unlike X-rays or CT scans, it does not use harmful radiation.

In this research work, both teams analysed heart MRI data from 39,000 UK biobank participants using artificial intelligence techniques and estimated the pressure inside the heart. They then evaluated each individual's risk factors and their chance of developing heart failure in the future over a six-year follow-up period.

The research was co-led by the University of East Anglia in partnership with Queen Mary University of London. Other contributions were made by St Bartholomew's Hospital in London, Norfolk and Norwich University Hospitals, the universities of Leeds and Sheffield, Health Data Research UK and the Alan Turing Institute.

UK Biobank is a large-scale biomedical database and research resource containing de-identified genetic, lifestyle and health information and biological samples from half a million UK participants.

The work was supported by the National Institute for Health and Care Research (NIHR) and the Wellcome Trust.

'Risk factors for raised left ventricular filling pressure by cardiovascular magnetic resonance: Prognostic insights' is published in European Society of Cardiology Heart Failure.
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Treating radiation wounds with aspirin hydrogels | ScienceDaily
Radiation is a powerful tool for treating cancer, but prolonged exposure can damage the skin. Radiation-induced skin injuries are painful and increase a person's chances of infection and long-term inflammation. Now, researchers in ACS Biomaterials Science & Engineering report an aspirin-containing hydrogel that mimics the nutrient-rich fluid between cells and accelerates healing of skin damaged by radiation in animals. With further development, the new salve could provide effective and rapid wound healing for humans.


						
Most people undergoing radiotherapy for cancer will experience radiation-induced skin injury that can include redness, pain, ulcers, necrosis and infection. There are few treatments for these wounds, with the most common methods being debridement (surgical removal of the damaged skin) and hyperbaric oxygenation (exposure to pure oxygen in a pressurized environment). Wound dressings made from hydrogels are gaining popularity because they are easy to apply and provide a wet environment for healing that is similar to the inside of the body. Glycopeptide-based hydrogels are especially promising: In laboratory and animal studies, the nanofiber structures have promoted cellular growth and regulated cell adhesion and migration. A research team led by Jiamin Zhang, Wei Wang, Yumin Zhang and Jianfeng Liu proposed loading aspirin, a common anti-inflammatory drug, into a glycopeptide-based hydrogel to create a multifunctional wound dressing for radiation-induced skin injuries.

In lab tests with cultured cells, the researchers found that the aspirin-contained hydrogel scavenged reactive oxygen species, repaired DNA double-strand breaks and inhibited inflammation caused by radiation exposure without affecting cellular growth. In mouse models of radiation-induced skin injury, the researchers found that dressing wounds for three weeks with the salve reduced acute injuries and accelerated healing -- results that the team says point to its potential as an easy-to-administer, on-demand treatment option for reducing radiation damage and promoting healing in humans.
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Those with the biggest biases choose first, according to new math study | ScienceDaily
In just a few months, voters across America will head to the polls to decide who will be the next U.S. president.


						
A new study draws on mathematics to break down how humans make decisions like this one. The researchers, including Zachary Kilpatrick, an applied mathematician at the University of Colorado Boulder, developed mathematical tools known as models to simulate the deliberation process of groups of people with various biases. They found that decision-makers with strong, initial biases were typically the first ones to make a choice.

"If I want good quality feedback, maybe I should look to people who are a little bit more deliberate in their decision making," said Kilpatrick, a co-author of the new study and associate professor in the Department of Applied Mathematics. "I know they've taken their due diligence in deciding."

The researchers, led by Samatha Linn of the University of Utah, published their findings August 12 in the journal Physical Review E.

In the team's models, mathematical decision-makers, or "agents," gather information from the outside world until, ultimately, they make a choice between two options. That might include getting pizza or Thai food for dinner or coloring in the bubble for one candidate versus the other.

The team discovered that when agents started off with a big bias (say, they really wanted pizza), they also made their decisions really quickly -- even if those decisions turned out to run contrary to the available evidence (the Thai restaurant got much better reviews). Those with smaller biases, in contrast, often took so long to deliberate that their initial preconceptions were washed away entirely.

The results are perhaps not surprising, depending on your thoughts about human nature. But they can help to reveal the mathematics behind how the brain works when it needs to make a quick choice in the heat of the moment -- and maybe even more complicated decisions like who to vote for.




"It's like standing on a street corner and deciding in a split second whether you should cross," he said. "Simulating decision making gets a little harder when it's something like, 'Which college should I go to?'"

Pouring water

To understand how the team's mathematical agents work, it helps to picture buckets. Kilpatrick and his colleagues typically begin their decision-making experiments by feeding their agents information over time, a bit like pouring water into a mop pail. In some cases, that evidence favors one decision (getting pizza for dinner), and in others, the opposite choice (Thai food). When the buckets fill to the brim, they tip over, and the agent makes its decision.

In their experiment, the researchers added a twist to that set up: They filled some of their buckets part way before the simulations began. Those agents, like many humans, were biased.

The team ran millions of simulations including anywhere from 10 to thousands of agents. The researchers were also able to predict the behavior of the most and least biased agents by hand using pen, paper and some clever approximations. A pattern began to emerge: The agents that started off with the biggest bias, or were mostly full of water to begin with, were the first to tip over -- even when the preponderance of evidence suggested they should have chosen differently. Those agents who began with only small biases, in contrast, seemed to take time to weigh all of the available evidence, then make the best decision available.

"The slowest agent to make a decision tended to make decisions in a way very similar to a completely unbiased agent," Kilpatrick said. "They pretty much behaved as if they started from scratch."

Neighborhood choices




He noted that the study had some limitations. In the team's experiments, for example, none of the agents knew what the others were doing. Kilpatrick compared it to neighbors staying inside their homes during an election year, not talking about their choices or putting up yard signs. In reality, humans often change their decisions based on the actions of their friends and neighbors.

Kilpatrick hopes to run a similar set of experiences in which the agents can influence each other's behaviors.

"You might speculate that if you had a large group coupled together, the first agent to make a decision could kick off a cascade of potentially wrong decisions," he said.

Still, political pollsters may want to take note of the team's results.

"The study could also be applied to group decision making in human organizations where there's democratic voting, or even when people give their input in surveys," Kilpatrick said. "You might want to look at folks carefully if they give fast responses."
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Wearable display tech: Full-color fiber LEDs based on perovskite quantum wires | ScienceDaily
A research team led by the School of Engineering of the Hong Kong University of Science and Technology (HKUST) has developed full-color fiber light-emitting diodes utilizing perovskite quantum wires (PeQWs), paving the way for innovative wearable lighting and display devices.


						
Fiber light-emitting diodes (Fi-LEDs) stand out as a key component in the realm of flexible LEDs because of their compatibility with textile fabrication and excellent spatial luminance uniformity. Metal halide perovskites (MHPs) have emerged as promising light-emitting materials for next-generation LEDs due to their superior optoelectronic properties. Despite the potential, the fabrication of MHP-based Fi-LEDs has faced challenges such as gravity- and surface tension-induced nonuniform coating, low-quality crystallization, and complex electrode deposition processes, which all culminate in uneven and inefficient light emission.

To tackle these issues, the research team led by Prof. FAN Zhiyong, Chair Professor at HKUST's Department of Electronic & Computer Engineering and Department of Chemical & Biological Engineering, employed a novel approach using porous alumina membrane (PAM) templates on thin aluminum fibers. The PAM, with an ultrasmall pore size of approximately 5 nm, was fabricated on aluminum fibers using a roll-to-roll solution-coating process. The MHP precursor solution was filled into the PAM channels, followed by a surrounding annealing procedure to ensure spatially uniform solvent vaporization and MHP crystallization. This method enables the uniform growth of PeQW arrays and minimizes the formation of unwanted thin-film structures on the PAM surface.

The research team successfully demonstrated the fabrication of full-color Fi-LEDs with emission peaks at 625 nm (red), 512 nm (green), and 490 nm (sky-blue). The fabricated fibers exhibited good bendability and stretchability, making them suitable for textile lighting applications. Various 2D and 3D architectures were showcased, including a 2D full-color string "I  HKUST," all with excellent fluorescence uniformity. Additionally, a "night scene" of Victoria Harbor was created using PeQWs with halide gradient-induced color transitions, highlighting the versatility and aesthetic potential of the Fi-LEDs.

This work presents a significant advancement in the field of Fi-LEDs. Future developments could focus on enhancing the efficiency and stability of the Fi-LEDs, exploring new perovskite compositions for a broader range of emission colors, and integrating these devices into commercial textile products.

"The combination of quantum confinement effect and the passivation from the 3D porous alumina membrane structure has enabled us to achieve outstanding photoluminescence and electroluminescence efficacy. Our innovative approach for fiber LEDs opens up new possibilities for fabricating unconventional 3D-structured lighting sources, paving the way for advanced wearable display technologies," said Prof. Fan.
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Engineers bring efficient optical neural networks into focus | ScienceDaily
EPFL researchers have published a programmable framework that overcomes a key computational bottleneck of optics-based artificial intelligence systems. In a series of image classification experiments, they used scattered light from a low-power laser to perform accurate, scalable computations using a fraction of the energy of electronics.


						
As digital artificial intelligence systems grow in size and impact, so does the energy required to train and deploy them -- not to mention the associated carbon emissions. Recent research suggests that if current AI server production continues at its current pace, their annual energy consumption could outstrip that of a small country by 2027. Deep neural networks, inspired by the architecture of the human brain, are especially power-hungry due to the millions or even billions of connections between multiple layers of neuron-like processors.

To counteract this mushrooming energy demand, researchers have doubled down on efforts to implement optical computing systems, which have existed experimentally since the 1980s. These systems rely on photons to process data, and although light can theoretically be used to perform computations much faster and more efficiently than electrons, a key challenge has hindered optical systems' ability to surpass the electronic state-of-the art.

"In order to classify data in a neural network, each node, or 'neuron', must make a 'decision' to fire or not based on weighted input data. This decision leads to what is known as a nonlinear transformation of the data, meaning the output is not directly proportional to the input," says Christophe Moser, head of the Laboratory of Applied Photonics Devices in EPFL's School of Engineering.

Moser explains that while digital neural networks can easily perform nonlinear transformations with transistors, in optical systems, this step requires very powerful lasers. Moser worked with students Mustafa Yildirim, Niyazi Ulas Dinc, and Ilker Oguz, as well as Optics Laboratory head Demetri Psaltis, to develop an energy-efficient method for performing these nonlinear computations optically. Their new approach involves encoding data, like the pixels of an image, in the spatial modulation of a low-power laser beam. The beam reflects back on itself several times, leading to a nonlinear multiplication of the pixels.

"Our image classification experiments on three different datasets showed that our method is scalable, and up to 1,000 times more power-efficient than state-of-the-art deep digital networks, making it a promising platform for realizing optical neural networks," says Psaltis.

The research, supported by a Sinergia grant from the Swiss National Science Foundation, has recently been published in Nature Photonics.

A simple structural solution 




In nature, photons do not directly interact with each other the way charged electrons do. To achieve nonlinear transformations in optical systems, scientists have therefore had to 'force' photons to interact indirectly, for example by using a light intense enough to modify the optical properties of the glass or other material it passes through.

The scientists worked around this need for a high-power laser with an elegantly simple solution: they encoded the pixels of an image spatially on the surface of a low-power laser beam. By performing this encoding twice, via adjustment of the trajectory of the beam in the encoder, the pixels are multiplied by themselves, i.e., squared. Since squaring is a non-linear transformation, this structural modification achieves the non-linearity essential to neural network calculations, at a fraction of the energy cost. This encoding can be carried out two, three or even ten times, increasing the non-linearity of the transformation and the precision of the calculation.

"We estimate that using our system, the energy required to optically compute a multiplication is eight orders of magnitude less than that required for an electronic system," Psaltis says.

Moser and Psaltis emphasize that the scalability of their low-energy approach is a major advantage, as the ultimate goal would be to use hybrid electronic-optical systems to mitigate the energy consumption of digital neural networks. However, further engineering research is needed to achieve such scale-up. For example, because optical systems use different hardware than electronic systems, a next step that the researchers are already working on is developing a compiler to translate digital data into code that optical systems can use.
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Redefining the computer whiz: Research shows diverse skills valued by youth | ScienceDaily
Researchers at the University of Reading, with colleagues at King's College London, have uncovered a more nuanced view of what makes an 'ideal' computer science student, challenging long-held stereotypes of geeky, clever, detail-oriented men, who lack social skills.


						
The research, published in Educational Review, analysed around 9000 responses from over 3,000 secondary school students aged 11-16 in England. While intelligence was still seen as important, the study found that young people value a much wider range of characteristics in computer science students, including creativity and collaboration.

Professor Billy Wong, University of Reading, said: "This is good news for widening participation in computer science education. Stereotypes exist for a reason but can be a powerful deterrent to participation by some underrepresented groups. Our findings show that young people recognise the importance of being knowledgeable and hardworking in computer science, and they also value softer traits such as creativity and collaboration. This challenges the popular stereotype of computer scientists as simply being 'clever' but socially challenged."

Key findings include:

- Eight main clusters of characteristics were identified: Smart & Clever; Knowledgeable & Interested; Determined & Hardworking; Kind & Helpful; Creative; Independent; Confident; and Collaborative.

- Students aspiring to careers in computer science were more likely to value diverse traits beyond just intelligence.

- Girls were more likely to describe the ideal computer science student as independent, but less likely to describe them as kind and helpful.

- Students from less advantaged backgrounds were more likely to focus on intelligence as the key trait.

Professor Wong added: "These insights can help educators and policymakers promote a more inclusive image of computer science. By highlighting the diverse skills valued in the field, we can encourage more young people to see themselves as potential computer scientists."

The study is part of the SCARI computing project, a three-year study funded by the Nuffield Foundation. It aims to understand factors shaping participation and performance in computer science education, with a focus on addressing the underrepresentation of girls in the field.
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From doom-scrolling to mindfulness | ScienceDaily
Do you find yourself doom-scrolling, or spending more time than you should consuming negative news on the internet and social media and want to stop? Well, there's now an app for that.


						
Researchers from the University of Waterloo have created Mindful Scroll, a mobile app that helps users transition from doom-scrolling to adding mindfulness into their daily routines.

In Mindful Scroll, users fill in endlessly scrolling patterns of geometric shapes using predetermined, soothing colour palettes. During a study that tested the app, participants found it reduced their anxiety and increased their mindfulness.

"So many of us struggle with endlessly, mindlessly scrolling using social media apps like TikTok, Instagram, and Twitter," said Saralin Zassman, first author of the study and a recent Computer Science master's graduate who now works with media artist Rafael Lozano-Hemmer. "Mindful Scroll unites art and computer science to help turn that scrolling into something healthier."

The researchers drew on existing research into the effects of adult colouring books and other creative exercises to create an easily accessible mindfulness tool. Unlike a colouring book, however, the app's patterns appear and then disappear soon after being coloured, prompting users to focus on their current actions instead of a larger pattern or accomplishment. The team also coded the app's brush to grow smaller if users attempt to colour quickly, encouraging them to slow down and be present.

They conducted a test of the app where 28 participants used the app for 10 minutes a day over a five-day period. All study participants reported that they would use the app again and felt more mindful and less anxious after using it.

"It's hard for people to build good mindfulness habits without ease and consistency," said Daniel Vogel, a Computer Science professor specializing in human-computer interaction. "This technology makes mindfulness easier to practice, helping to turn a negative behaviour like doom-scrolling into a positive one."
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New mechanism to cool buildings while saving energy | ScienceDaily
With temperatures rising globally, the need for more sustainable cooling options is also growing. Researchers at UCLA and their colleagues have now found an affordable and scalable process to cool buildings in the summer and heat them in the winter.


						
Led by Aaswath Raman, an associate professor of materials science and engineering at the UCLA Samueli School of Engineering, the research team recently published a study in Cell Reports Physical Science detailing a new method to manipulate the movement of radiant heat through common building materials to optimize thermal management.

Radiant heat, which is felt whenever a hot surface warms our bodies and homes and is carried by electromagnetic waves, travels across the entire broadband spectrum at ground level between buildings and their environments, such as streets and neighboring structures. On the other hand, heat moves between buildings and the sky in a much narrower portion of the infrared spectrum known as the atmospheric transmission window. The difference in how radiant heat travels between buildings and the sky versus the ground has long presented a challenge to cooling buildings with less skyward-facing surfaces. These buildings have been hard to cool in the summer as they retain heat from the ground and neighboring walls when the outside temperature is high. They are equally difficult to warm in wintertime as the outdoor temperature drops and the buildings lose heat.

"If we look at historical cities like Santorini in Greece or Jodhpur in India, we find that cooling buildings by making roofs and walls reflect sunlight has been practiced for centuries," said Raman, who leads the Raman Lab at UCLA Samueli. "In recent years there has been massive interest in cool roof coatings that reflect sunlight. But cooling walls and windows is a much more subtle and complex challenge."

However, with the proven success of cooling buildings by using super white paint on the roofs to reflect sunlight and radiate heat into the sky, the researchers set out to create a similar passive radiative cooling effect by coating walls and windows with materials that can better manage heat movement between buildings and their surroundings at ground level. The researchers demonstrated that materials capable of preferentially absorbing and emitting radiant heat within the atmospheric window could stay cooler than conventional building materials in the summer and warmer than they could during the winter.

"We were particularly excited when we found that materials like polypropylene, which we sourced from household plastics, can selectively radiate or absorb heat in the atmospheric window very effectively," Raman said. "These materials border on the mundane, but the same scalability that makes them common also means that we could see them thermoregulating buildings in the near future."

In addition to leveraging easily accessible cost-saving materials, the team's approach also has the added benefit of saving energy by reducing the reliance on air conditioners and heaters that are not only costly to run but also contribute to carbon dioxide emissions.




"The mechanism we proposed is completely passive, which makes it a sustainable way to cool and heat buildings with the seasons and yield untapped energy savings," said Jyotirmoy Mandal, the study's first author and a former postdoctoral scholar in Raman's lab. Mandal is now a civil and environmental engineering assistant professor at Princeton University.

According to the researchers, the new methodology can scale easily and will be especially impactful on low-income communities with limited or no access to cooling and heating systems that have seen increasing casualties resulting from extreme weather events across the globe.

Raman and his team are exploring ways to demonstrate this effect at larger building scales and its real-world energy savings, particularly in heat-vulnerable communities in Southern California.

The study was funded in part by a Schmidt Science fellowship, the Rhodes Trust, the Alfred P. Sloan Foundation and the National Science Foundation. Other authors of the paper are John Brewer -- a recent Ph.D. graduate from Raman's lab, Jyothis Anand of Oak Ridge National Lab, Arvind Ramachandran of Arizona State University and independent researcher Sagar Mandal.
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Researchers develop AI model that predicts the accuracy of protein--DNA binding | ScienceDaily
A new artificial intelligence model developed by USC researchers and published in Nature Methods can predict how different proteins may bind to DNA with accuracy across different types of protein, a technological advance that promises to reduce the time required to develop new drugs and other medical treatments.


						
The tool, called Deep Predictor of Binding Specificity (DeepPBS), is a geometric deep learning model designed to predict protein-DNA binding specificity from protein-DNA complex structures. DeepPBS allows scientists and researchers to input the data structure of a protein-DNA complex into an online computational tool.

"Structures of protein-DNA complexes contain proteins that are usually bound to a single DNA sequence. For understanding gene regulation, it is important to have access to the binding specificity of a protein to any DNA sequence or region of the genome," said Remo Rohs, professor and founding chair in the department of Quantitative and Computational Biology at the USC Dornsife College of Letters, Arts and Sciences. "DeepPBS is an AI tool that replaces the need for high-throughput sequencing or structural biology experiments to reveal protein-DNA binding specificity."

AI analyzes, predicts protein-DNA structures

DeepPBS employs a geometric deep learning model, a type of machine-learning approach that analyzes data using geometric structures. The AI tool was designed to capture the chemical properties and geometric contexts of protein-DNA to predict binding specificity.

Using this data, DeepPBS produces spatial graphs that illustrate protein structure and the relationship between protein and DNA representations. DeepPBS can also predict binding specificity across various protein families, unlike many existing methods that are limited to one family of proteins.

"It is important for researchers to have a method available that works universally for all proteins and is not restricted to a well-studied protein family. This approach allows us also to design new proteins," Rohs said.




Major advance in protein-structure prediction

The field of protein-structure prediction has advanced rapidly since the advent of DeepMind's AlphaFold, which can predict protein structure from sequence. These tools have led to an increase in structural data available to scientists and researchers for analysis. DeepPBS works in conjunction with structure prediction methods for predicting specificity for proteins without available experimental structures.

Rohs said the applications of DeepPBS are numerous. This new research method may lead to accelerating the design of new drugs and treatments for specific mutations in cancer cells, as well as lead to new discoveries in synthetic biology and applications in RNA research.

About the study: In addition to Rohs, other study authors include Raktim Mitra of USC; Jinsen Li of USC; Jared Sagendorf of University of California, San Francisco; Yibei Jiang of USC; Ari Cohen of USC; and Tsu-Pei Chiu of USC; as well as Cameron Glasscock of the University of Washington.

This research was primarily supported by NIH grant R35GM130376.
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Increasing solid-state electrolyte conductivity and stability using helical structure | ScienceDaily
Solid-state electrolytes have been explored for decades for use in energy storage systems and in the pursuit of solid-state batteries. These materials are safer alternatives to the traditional liquid electrolyte -- a solution that allows ions to move within the cell -- used in batteries today. However, new concepts are needed to push the performance of current solid polymer electrolytes to be viable for next generation materials.


						
Materials science and engineering researchers at the University of Illinois Urbana-Champaign have explored the role of helical secondary structure on the conductivity of solid-state peptide polymer electrolytes and found that the helical structure shows greatly enhanced conductivity compared to the "random coil" counterparts. They also found that longer helices lead to higher conductivity and that the helical structure increases the overall stability of the material to temperature and voltage.

"We introduced the concept of using secondary structure -- the helix -- to design and improve upon the basic material property of ionic conductivity in solid materials," says Professor Chris Evans, who led this work. "It's the same helix that you would find in peptides in biology, we're just using it for non-biological reasons."

Polymers tend to adopt random configurations, but the backbone of the polymer can be controlled and designed to form a helical structure, like DNA. As a consequence, the polymer will have a macrodipole moment -- a large-scale separation of positive and negative charges. Along the length of the helix, the small dipole moments of each individual peptide unit will add up to form the macrodipole, which increases both the conductivity and dielectric constant -- a measure of a materials' ability to store electrical energy -- of the entire structure and improves charge transport. The longer the peptide, the higher the conductivity of the helix.

Evans adds, "These polymers are much more stable than typical polymers -- the helix is a very robust structure. You can go to high temperatures or voltages compared to random coil polymers, and it doesn't degrade or lose the helix. We don't see any evidence that the polymer breaks down before we want it to."

Further, since the material is made from peptides, it can be degraded back into individual monomer units using enzymes or acid when the battery has failed or reached the end of its useful life. The starting materials can be recovered and reused after a separation process, reducing its environmental impact.

This research, "Helical peptide structure improves conductivity and stability of solid electrolytes," was published in Nature Materials. 

Chris Evans is also an affiliate of the Materials Research Laboratory (MRL) and the Beckman Institute for Advanced Science and Technology at Illinois.

Other contributors to this work include Yingying Chen (department of materials science and engineering, MRL and the Beckman Institute for Advanced Science and Technology, Illinois), Tianrui Xue (department of materials science and engineering, MRL and the Beckman Institute for Advanced Science and Technology, Illinois), Chen Chen (department of materials science and engineering, MRL and the Beckman Institute for Advanced Science and Technology, Illinois), Seongon Jang (department of materials science and engineering, MRL and the Beckman Institute for Advanced Science and Technology, Illinois), Paul Braun (department of materials science and engineering, MRL and the Beckman Institute for Advanced Science and Technology, Illinois) and Jianjun Cheng (Materials Science and Engineering, Westlake University, China).

This research was funded by the U.S. National Science Foundation and by the U.S. Department of Energy, Office of Basic Science, Division of Materials Science and Engineering.
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Achieving quantum memory in the hard X-ray range | ScienceDaily
Light is an excellent carrier of information used not only for classical communication technologies but also increasingly for quantum applications such as quantum networking and computing. However, processing light signals is far more complex, compared to working with common electronic signals.


						
An international team of researchers including Dr. Olga Kocharovskaya, a distinguished professor in the Department of Physics and Astronomy at Texas A&M University, has demonstrated a novel way of storing and releasing X-ray pulses at the single photon level -- a concept first proposed in earlier theoretical work by Kocharovskaya's group -- that could apply to future X-ray quantum technologies.

The team's work, led by Helmholtz Institute Jena Professor Dr. Ralf Rohlsberger and performed using the synchrotron sources PETRA III at the German Electron Synchroton (DESY) in Hamburg and the European Synchrotron Radiation Facility in France, resulted in the first realization of quantum memory in the hard X-ray range. Their findings are published in the journal Science Advances.

"Quantum memory is an indispensable element of the quantum network, providing storage and retrieval of quantum information," said Kocharovskaya, a member of the Texas A&M Institute for Quantum Science and Engineering. "Photons are fast and robust carriers of quantum information, but it is difficult to hold them stationary in case this information is needed at a later time. A convenient way of doing this is by imprinting this information into a quasi-stationary medium in the form of polarization or spin wave with a long coherence time and releasing it back via re-emission of the original photons."

Kocharovskaya says several protocols for quantum memories have been established but are limited to optical photons and atomic ensembles. Using nuclear rather than atomic ensembles, she adds, delivers much longer memory times achievable even at high solid-state densities and room temperature. Those longer memory times are a direct result of the lower sensitivity of the nuclear transitions to perturbations by external fields, thanks to the small nuclei sizes. In combination with a tight focusing of the high-frequency photons, such approaches could lead to the development of long-lived broad-band compact solid-state quantum memories.

"The direct extension of the optical/atomic to X-ray/nuclear protocols proves to be challenging or impossible," explains Dr. Xiwen Zhang, a postdoctoral researcher in Kocharovskaya's group who participated in the experiment and co-authored the team's paper. "Thus, a new protocol was suggested in our earlier work."

According to Zhang, the idea behind the team's new protocol is very simple, at least in terms of quantum fundamentals. Essentially, a set of moving nuclear absorbers forms a frequency comb in the absorption spectrum due to the Doppler frequency shift caused by the motion. A short pulse with the spectrum matching a comb absorbed by such a set of nuclear targets will be re-emitted with the delay determined by the inverse Doppler shift as a result of the constructive interference between different spectral components.




"This idea was successfully realized in our current experiment featuring one stationary and six synchronously moving absorbers that have formed a seven-teeth frequency comb," Zhang added.

Zhang says nuclear coherence lifetime is the limiting factor that determines the maximum storage time for this type of quantum memory. For instance, using longer-lived isomers than the iron 57 isotope the team chose for their current study would result in a longer memory time.

Regardless, he notes that working at a single-photon level without losing information qualifies the nuclear frequency comb protocol as a quantum memory, which is a first for X-ray energies. The next steps planned by the team include on-demand release of the stored photon wave packets, which could lead to realization of the entanglement between different hard X-ray photons -- the main resource for quantum information processing. The team's research also highlights the potential for extending optical quantum technologies to the short wavelength range, which is intrinsically less "noisy" due to averaging of fluctuations over a large number of high-frequency oscillations.

Kocharovskaya says the challenging possibilities are intriguing and that she and her collaborators look forward to continuing to explore the potential of their tunable, robust and highly versatile platform to advance the field of quantum optics at X-ray energies in the near future.
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Engineering researchers enhance perovskite solar cells durability with first-of-its-kind chiral-structured 'springy' interface | ScienceDaily
A research team led by the School of Engineering of the Hong Kong University of Science and Technology (HKUST) has constructed an unprecedented chiral-structured interface in perovskite solar cells, which enhances the reliability and power conversion efficiency of this fast-advancing solar technology and accelerates its commercialization.


						
A perovskite solar cell (PSC) is a type of solar cell that includes perovskite-structured compound materials, which are inexpensive to produce and simple to manufacture. Unlike conventional silicon solar cells that require expensive high-temperature, high-vacuum fabrication processes, perovskites can be easily made into thin films using various printing techniques at low cost. The performance of PSCs has climbed very rapidly in recent years, but there are still significant barriers to commercialization, particularly concerning their various stability aspects under real-world conditions. An outstanding challenge was the insufficient adhesion between the different layers of the cells, resulting in limited interfacial reliability.

To address this issue, Prof. ZHOU Yuanyuan, Associate Professor of the Department of Chemical and Biological Engineering (CBE) at HKUST, and his research team got inspiration from the mechanical strength of natural chiral materials and constructed an unprecedented chiral-structured interface in PSCs, unlocking very high reliability.

The team inserted chiral-structured interlayers based on R-/S-methylbenzyl-ammonium between the perovskite absorber and electron transport layer to create a strong, elastic heterointerface. The encapsulated solar cells retained 92% of their initial power conversion efficiencies after 200 cycles between [?]40degC and 85degC for 1,200 hours, tested under the International Electrotechnical Commission (IEC) 61215 solar cell standards.

"The intriguing mechanical properties of chiral materials are associated with the helical packing of their subunits, which resembles a mechanical spring," said the first author of this work, Dr. DUAN Tianwei, currently a Research Assistant Professor in the CBE Department at HKUST and a previous Research Grants Council postdoctoral fellow. "Incorporating a chiral-structured interlayer at the crucial device interface makes the perovskite solar cell more mechanically durable and adaptable under various operational states," she added.

"It is really the dawn for the commercialization of perovskite solar cells. Given the high efficiencies of these cells, if we could ultimately overcome the reliability issue, billions of energy markets will be seen," said Prof. Zhou.

This breakthrough holds great promise for the future of solar energy. With the potential for enhanced reliability and power conversion efficiency, future perovskite solar panels could become even more dependable in various weather conditions, ensuring continuous electricity generation over extended periods.
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Pioneering plasma-catalytic process for CO2 hydrogenation to methanol under ambient conditions | ScienceDaily
Researchers at the University of Liverpool have achieved a significant milestone in the conversion of carbon dioxide (CO2) into valuable fuels and chemicals, marking an important step towards a sustainable net-zero economy.


						
In a paper published in the journal Chem, the team reports a pioneering plasma-catalytic process for the hydrogenation of CO2 to methanol at room temperature and atmospheric pressure.

This breakthrough addresses the limitations of traditional thermal catalysis, which often requires high temperatures and pressures, resulting in low CO2 conversion and methanol yield.

The novel process utilizes a bimetallic Ni-Co catalyst within a non-thermal plasma reactor to achieve an impressive single-pass 46% selectivity for methanol and 24% CO2 conversion at 35 degC and 0.1 MPa.

Non-thermal plasma, an ionized gas containing energetic electrons and reactive species, can activate strong chemical bonds of inert molecules like CO2, facilitating chemical reactions under mild conditions.

In addition, plasma-based modular systems can be turned on and off instantly, offering great flexibility to use intermittent renewable electricity for decentralized production of fuels and chemicals.

Professor Xin Tu, Chair in Plasma Catalysis at the University of Liverpool, said: "Our work demonstrates that plasma catalysis offers a flexible and decentralized solution for CO2 hydrogenation to methanol under ambient conditions. Our recent techno-economic assessment also show that this process can significantly reduce the capital costs compared with traditional thermal catalytic CO2-to-methaol processes, providing a viable route for utilizing renewable energy sources in the production of synthetic fuels."

In situ plasma-coupled Fourier transform infrared (FTIR) characterization and density functional theory (DFT) calculations revealed that the bimetallic Ni-Co interface is the primary active center for methanol synthesis, with CO2 adsorption and hydrogenation occurring via the Eley-Rideal (E-R) mechanism to produce a variety of intermediates. Additionally, both the formate and carboxyl routes play a critical role in the formation of methanol, while the reverse water-gas shift (RWGS) and CO hydrogenation pathways were found to be less favorable on the Ni-Co sites. The precise control of Ni-Co sites in bimetallic catalysts holds significant promise for tailoring the weight of each reaction pathway by promoting asymmetric adsorption of CO2 molecules at the bimetallic interfaces, thereby effectively modulating the distribution of products.




This research underscores the significant potential of plasma catalysis as an emerging electrification technology for sustainable CO2 conversion and fuel production. The ability to perform these reactions at ambient conditions using a modular and scalable plasma system presents an attractive alternative for the chemical industry.

Furthermore, plasma-based systems can be powered by intermittent renewable electricity, enhancing the feasibility of decentralized fuel and chemical production.

This pioneering work is a major step forward in the field of catalytic CO2 conversion and offers promising avenues for future research and industrial applications to meet the challenge of a sustainable future.

The University of Liverpool research team is a leader in plasma catalysis and has also made pioneering advances in plasma catalytic conversion of CO2 to other fuels and chemicals. For example, they have developed promising plasma processes for CO2 methanation and single-step biogas conversion to methanol and have filed three PCT patents in this area.
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How do butterflies stick to branches during metamorphosis? | ScienceDaily
Most of us learned about butterfly metamorphosis as a kid -- a wriggly caterpillar molts its skin to form a tough chrysalis and emerges as a beautiful butterfly. But how exactly do chrysalises stay anchored as the butterfly brews within? Research published in ACS Biomaterials Science & Engineering shows that, despite their silks being weak and thin on their own, caterpillars can expertly spin them into chrysalis support structures resembling hook-and-loop fasteners and multi-strand safety tethers.


						
Silk is a natural protein-based fiber that's commonly associated with silkworms, but it's also produced by other insects, including butterflies. In their caterpillar stage, butterflies use silk for spinning tethers to protect themselves from falls, tying up leaf bundles to hide in and weaving little silk carpets to latch onto while undergoing metamorphosis. When forming a chrysalis, caterpillars use a special arm-like structure called a cremaster that can grab this silk carpet and secure its chrysalis to a branch. Some species of butterflies go a step further and spin a special seatbelt around their thorax for extra security. But how strong is that silk, and what kind of structures make up these seatbelts and silk carpets? Qingyou Xia, Zhaoming Dong and colleagues raised some caterpillars and found out.

The researchers raised two species of butterflies -- Danaus chrysippus (plain tiger) and Papilio polytes (Common mormon) -- and two species of silkworms, which they allowed to form chrysalises or cocoons, respectively. The team collected the silk threads that attached the chrysalises to branches or formed the cocoons and measured the diameters and tensile strengths. They found that butterfly silk was thinner and weaker than silkworm silk. When the primary structural proteins in the silks were analyzed, the researchers saw that butterfly silk has fewer beta sheet structures compared to silkworm, and that likely contributes to its relative weakness.

Despite this, the team found that both species of butterflies adopt unique strategies to make the most of their silk. The cremaster appendage affixes itself to the silk carpet just like a hook-and-loop fastener and the anchor shape of the cremaster's hooks makes for a secure bond. When forming their silk seatbelts, caterpillars spin together approximately 20 different strands into a rope-like form, which increases its strength eight-fold. The researchers say their results help explain the unique strategies that caterpillars use to stay safe and secure until they emerge in their final butterfly forms.

The authors acknowledge funding from the National Natural Science Foundation of China, the National Key Research and Development Program of China, the Natural Science Foundation of Chongqing and the Fundamental Research Funds for the Central Universities.
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3D laser printing with bioinks from microalgae | ScienceDaily

Among the additive manufacturing techniques, two-photon 3D laser printing offers particular advantages for manufacturing at the micro- and nanoscale. Owing to its remarkable resolution, it finds application in numerous fields including optics and photonics, microfluidics, and biomedicine. The process involves focusing a laser beam on a liquid, photoreactive resin, a so-called "ink." At the focal point, the laser light activates special molecules known as photoinitiators and triggers a chemical reaction, causing local solidification of the ink.

To date, petrochemical-based polymers have been mainly used as inks for this highly precise 3D laser printing process. However, these polymers contribute to the depletion of fossil fuels and the emission of greenhouse gases and can also contain toxic components, as Prof. Blasco points out. Microalgae are particularly well suited as "biofactories" for the production of sustainable materials for 3D printing due to their rapid growth rate, CO2-fixation during cultivation, and biocompatibility. "Despite their advantages, microalgae have hardly been considered as raw materials for light-based 3D printing," says Prof. Blasco, whose group conducts research at the interface of macromolecular chemistry, materials science, and 3D nanofabrication.

The research team succeeded for the first time in extracting biocompatible materials for high-resolution 3D laser printing from microalgae. For their experiments, the researchers selected two species -- the diatom Odontella aurita and the green alga Tetraselmis striata -- that contain particularly high levels of lipids in the form of triglycerides. The team extracted the triglycerides and functionalized them with acrylates to facilitate rapid curing under light irradiation. The photoactive green pigments present in the microalgae proved to be suitable as photoinitiators. When exposed to light, they trigger the chemical reaction that solidifies the ink into a three-dimensional structure. "In this way we avoid using potentially toxic additives like the photoinitiators used in conventional inks," explains first author Clara Vazquez-Martel, a doctoral candidate in Eva Blasco's research team at IMSEAM.

Using the new ink system, the researchers were able to produce different 3D microstructures with high precision, exhibiting complex features such as overhanging roofs and cavities. Using cell culture experiments, the researchers also investigated the biocompatibility of the microalgae-based inks. They prepared 3D microscaffolds on which the cells were cultured for about 24 hours. They observed a survival rate of almost 100 percent. "Our results open up new possibilities not only for more sustainable 3D printing with light, but also for life science applications -- from 3D cell cultures to biocompatible implants," says Prof. Blasco.

The research was conducted within the Cluster of Excellence "3D Matter Made to Order," a collaboration of Heidelberg University and the Karlsruhe Institute of Technology (KIT). This study involved researchers from Heidelberg, the KIT, and the Spanish Bank of Algae at the University of Las Palmas de Gran Canaria (ULPGC, Spain). The work was funded by the German Research Foundation, the Carl Zeiss Foundation, the Fonds der Chemischen Industrie, and the European Union in the framework of the European Territorial Cooperation Program. The research has been published in the journal "Advanced Materials."
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New technology uses light to engrave erasable 3D images | ScienceDaily
Dartmouth and Southern Methodist University researchers invented a technique that uses a specialized light projector and a photosensitive chemical additive to imprint two- and three-dimensional images inside any polymer. The light-based engraving remains in the polymer until heat or light are applied, which erases the image and makes it ready to use again. The technology is intended for any situation where having detailed, precise visual data in a compact and easily customizable format could be critical, such as planning surgeries and developing architectural designs.


						
Imagine if physicians could capture three-dimensional projections of medical scans, suspending them inside an acrylic cube to create a hand-held reproduction of a patient's heart, brain, kidneys, or other organs. Then, when the visit is done, a quick blast of heat erases the projection and the cube is ready for the next scan.

A new report in the journal Chem by researchers at Dartmouth and Southern Methodist University (SMU) outlines a technical breakthrough that could enable such scenarios, and others with widespread utility.

The study introduces a technique that uses a specialized light projector to imprint two-dimensional and 3D images inside any polymer that contains a photosensitive chemical additive the team developed. The light-based engraving remains in the polymer until heat is applied, which erases the image and makes it ready to use again.

In short, the researchers write with light and erase with heat or light, says Ivan Aprahamian, professor and chair of chemistry at Dartmouth and co-corresponding author on the paper. In test trials, the researchers produced high-resolution images in polymers ranging from thin films to six inches thick.

The technology is intended for any situation where having detailed, precise visual data in a compact and easily customizable format could be critical, Aprahamian says, such as planning surgeries and developing architectural designs. The device also could be used for generating 3D images for education and even creating art, he says.

"This is like 3D printing that is reversible," Aprahamian says. "You can take any polymer that has the optimal optic properties -- that is, it's translucent -- and enhance it with our chemical switch. Now that polymer is a 3D display. You do not need virtual reality headsets or complicated instrumentation. All you need is the right piece of plastic and our technology."

Readily available polymers -- such as an acrylic cube -- could be transformed into a display with the addition of the light-sensitive chemical "switch" formulated by Aprahamian and Qingkai Qi, a postdoctoral researcher at Dartmouth and the study's first author. The switch consists of a compound called azobenzene that reacts to light paired with boron difluoride, which enhances the switch's optical properties.




Once integrated with a polymer, the switch reacts to wavelengths of red and blue light beamed from a projector developed in the lab of Alex Lippert, professor of chemistry at SMU and co-corresponding author of the study. Study co-author Joshua Plank is a PhD candidate in Lippert's lab. The red light acts like ink by activating the chemical additive to create the image, Aprahamian says. Blue light can then be used to erase it.

The projector illuminates the treated polymer from different angles with various patterns of light, Lippert explains. The photosensitive chemical developed in Aprahamian's lab at Dartmouth is activated where these patterns intersect to produce 3D patterns. Creating 3D projections from 2D images such as a chest X-ray would mean projecting slices of the original image into a polymer cube or other shape until the slices combine to form the full 3D image, Lippert says.

The researchers have been able to produce animated images in polymers and future work revolves around improving that process. In the meantime, the technology reported in Chem could be developed for practical use in its current form, such as for industry or health care.

"Scaling up requires tuning the chemical switch properties to improve resolution, contrast, and refresh rate," Lippert says. "The projector system can in principle be scaled up and developed into a turnkey system with automated hardware and associated software for easy use."
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Researchers outline promises, challenges of understanding AI for biological discovery | ScienceDaily
Machine learning is a powerful tool in computational biology, enabling the analysis of a wide range of biomedical data such as genomic sequences and biological imaging. But when researchers use machine learning in computational biology, understanding model behavior remains crucial for uncovering the underlying biological mechanisms in health and disease.


						
In a recent article in Nature Methods, researchers at Carnegie Mellon University's School of Computer Science propose guidelines that outline pitfalls and opportunities for using interpretable machine learning methods to tackle computational biology problems. The Perspectives article, "Applying Interpretable Machine Learning in Computational Biology -- Pitfalls, Recommendations and Opportunities for New Developments," is featured in the journal's August special issue on AI.

"Interpretable machine learning has generated significant excitement as machine learning and artificial intelligence tools are being applied to increasingly important problems," said Ameet Talwalkar, an associate professor in CMU's Machine Learning Department (MLD). "As these models grow in complexity, there is great promise not only in developing highly predictive models but also in creating tools that help end users understand how and why these models make certain predictions. However, it is crucial to acknowledge that interpretable machine learning has yet to deliver turnkey solutions to this interpretability problem."

The paper is a collaboration between doctoral students Valerie Chen in MLD and Muyu (Wendy) Yang in the Ray and Stephanie Lane Computational Biology Department. Chen's earlier work critiquing the interpretable machine learning community's lack of grounding in downstream use cases inspired the article, and the idea was developed through discussions with Yang and Jian Ma, the Ray and Stephanie Lane Professor of Computational Biology.

"Our collaboration began with a deep dive into computational biology papers to survey the application of interpretable machine learning methods," Yang said. "We noticed that many applications used these methods in a somewhat ad hoc manner. Our goal with this paper was to provide guidelines for more robust and consistent use of interpretable machine learning methods in computational biology."

One major pitfall the paper addresses is the reliance on a single interpretable machine learning method. Instead, the researchers recommend using multiple interpretable machine learning methods with diverse sets of hyperparameters and comparing their results to obtain a more comprehensive understanding of the model behavior and its underlying interpretations.

"While some machine learning models seem to work surprisingly well, we often do not fully understand why," Ma said. "In scientific domains like biomedicine, understanding why models work is crucial for discovering fundamental biological mechanisms."

The paper also warns against cherry-picking results when evaluating interpretable machine learning methods, as this can lead to incomplete or biased interpretations of scientific findings.




Chen emphasized that the guidelines may have broader implications for a wider audience of researchers interested in applying interpretable machine-learning methods to their work.

"We hope that machine learning researchers developing new interpretable machine learning methods and tools -- particularly those working on explaining large language models -- will carefully consider the human-centric aspects of interpretable machine learning," Chen said. "This includes understanding who their target user is and how the method will be used and evaluated."

While understanding model behavior remains crucially important for scientific discovery and a fundamentally unsolved machine learning problem, the authors hope these challenges spur further interdisciplinary collaborations to facilitate the broader use of AI for scientific impact.
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        Climate reporting standards insufficient, must be expanded, say experts
        A new article concludes that current climate standards are not sufficiently incentivizing the big picture innovations necessary to deliver net zero, and must be expanded to include a company's broader influence on climate action.

      

      
        Candidate malaria vaccine provides lasting protection in NIH-sponsored trials
        Recent trials of an experimental malaria vaccine in healthy Malian adults found that all three tested regimens were safe. One of the trials enrolled 300 healthy women ages 18 to 38 years who anticipated becoming pregnant soon after immunization. That trial began with drug treatment to remove malaria parasites, followed by three injections spaced over a month of either saline placebo or the investigational vaccine at one of two dosages.

      

      
        Researchers unveil mysteries of ancient Earth
        A team of researchers has made strides in understanding the formation of massif-type anorthosites, enigmatic rocks that only formed during the middle part of Earth's history. These plagioclase-rich igneous rock formations, which can cover areas as large as 42,000 square kilometers and host titanium ore deposits, have puzzled scientists for decades due to conflicting theories about their origins.

      

      
        A taste for carbon dioxide
        The remarkable affinity of the microbial enzyme iron nitrogenase for the greenhouse gas CO2 makes it promising for future biotechnologies.

      

      
        New way inflammation impacts cell communication
        Researchers have made significant progress in understanding how cells communicate during inflammation.

      

      
        Fracking frenzy in India: A water crisis in the making?
        India's plans to scale up fracking operations without robust regulations could spell disaster for the country's finely balanced water security, according to research.

      

      
        Hydrometeorology and location affect hospitalizations for waterborne infectious diseases in the US
        An analysis of 12 years of data collected from over 500 hospitals in 25 different states shows that weather, geographic location, and urban or rural location all appear to influence hospitalizations for waterborne infectious diseases.

      

      
        Revealing the mysteries within microbial genomes
        A new technique will make it much easier for researchers to discover the traits or activities encoded by genes of unknown function in microbes, a key step toward understanding the roles and impact of individual species within the planet's diverse microbiomes.

      

      
        How bread dough gave rise to civilization
        A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.

      

      
        Lake Erie walleye growth is driven by parents' size, experience
        Parent size and the conditions in which actively spawning adults lived are the most influential factors affecting growth of Lake Erie walleye, a new study has found.

      

      
        Tropical Atlantic mixing rewrites climate pattern rules
        Changes in the Atlantic Ocean's mixed layer are the primary force behind the Atlantic Multidecadal Variability (AMV).

      

      
        Rare archaeological site reveals 'surprising' Neanderthal behaviour at Pyrenees foothills
        An unchartered area in the foothills of the Southern Pyrenees in Spain is providing insights into a poorly known period of Neanderthal history, offering clues that could help archaeologists uncover the mystery of their downfall, according to new research.

      

      
        Historic map reveals how mussel farm is bringing shellfish reefs back to the seabed
        New analysis has shown that the UK's first large scale offshore mussel farm might in fact serve as a form of restoration rather than creating habitats never seen in the area before. A map dating from 1871 shows a large area of the seabed -- stretching from Torquay in the west and beyond Lyme Regis to the east -- as being home to 'rich shell beds'. The region has now been transformed from muddy sediment with limited biodiversity into reefs, which research has shown have the potential to benefit a ...

      

      
        Beige fat cells with a 'Sisyphus mechanism'
        A new class of fat cells makes people healthier. The cells consume energy and produce heat through seemingly pointless biochemical reactions.

      

      
        Sugar intake decreasing but still too high
        A high-sugar diet is seen as a risk factor for obesity and chronic illness. Researchers have analyzed data on sugar intake among children and adolescents in a long-term study, finding that intake has been declining steadily since 2010 -- but is still above the level recommended by the World Health Organization (WHO).

      

      
        A belly full of jelly
        For a long time, scientists assumed that jellies (commonly known as jellyfish) were a dead-end food source for predatory fish. However, a team has now discovered that fish in Greenland waters do indeed feed on jellyfish. In two of the analyzed species, they even made up the majority of the food. The results suggest that the role of jellyfish as prey in marine food webs should be reconsidered, especially in regards to the fact that they could be profiting from climate change and spreading farther ...

      

      
        Impact of 700 years of Inuvialuit subsistence hunting on beluga whales
        An international team of researchers analyzed beluga whale bones retrieved from archaeological sites in the Mackenzie Delta, Northwest Territories, Canada, to shed light on the sustainability of centuries of Inuvialuit beluga whale subsistence harvests.

      

      
        New mechanism of action kills cancer cells
        Conventional cancer drugs work by triggering apoptosis, that is programmed cell death, in tumor cells. However, tumor cells have the ability to develop strategies to escape apoptosis, rendering the drugs ineffective. A research team now describes a new mechanism of action that kills cancer cells through ferroptosis.

      

      
        Season of birth is associated with the development of asthma and allergic rhinitis
        Being born in autumn or winter is associated with asthma and allergic rhinitis in Finland, a new registry-based study shows.

      

      
        UV rays may boost health in low-sunlight countries
        The health benefits of sunshine could outweigh the risks for people living in places with limited sunlight, such as parts of the UK, a study suggests. Exposure to higher levels of ultraviolet (UV) radiation in areas with low sunlight was linked to a drop in deaths from cardiovascular disease and cancer, according to the research.

      

      
        Rising mercury pollution in soil could be related to climate change
        In 2017, the Minamata Convention on Mercury went into effect, designed to help curb mercury emissions and limit exposure across the globe. However, a new study of mercury levels in soil suggests that the treaty's provisions might not be enough. The study estimates that soil stores substantially more mercury than previously thought, and it predicts that increases in plant growth due to climate change may add even more.

      

      
        Great Scott! Stonehenge's Altar Stone origins reveal advanced ancient Britain
        New research has revealed Stonehenge's monumental six-ton Altar Stone, long believed to originate from Wales, actually hails from Scotland.

      

      
        C-section antibiotics impact the infant microbiome far less than infant diet
        Caesarean section recipients are usually given prophylactic antibiotics just before the procedure to prevent later infections at the surgical site. But there have been concerns about whether these antibiotics may have a negative impact on newborns and their microbiomes if the drugs travel through the umbilical cord and reach the baby before the cord is cut. Now, a study has confirmed that although these antibiotics can cause subtle changes to the infant microbiome, they are much less significant ...

      

      
        A ketogenic diet could improve the response to pancreatic cancer therapy
        Scientists have discovered a way to get rid of pancreatic cancer in mice by putting them on a high fat, or ketogenic, diet and giving them cancer therapy.

      

      
        Decoding the world's largest animal genome
        Scientists have sequenced the largest genome of all animals, the lungfish genome. Their data help to explain how the fish-ancestors of today's land vertebrates were able to conquer land.

      

      
        Newly discovered ability of comammox bacteria could help reduce nitrous oxide emissions in agriculture
        An international research team has discovered that comammox bacteria, first identified by them in 2015, can grow using guanidine, a nitrogen-rich organic compound, as their sole energy and nitrogen source. This unique ability opens new avenues for targeted cultivation of these enigmatic microbes and could also provide a key to reducing agricultural nitrous oxide emissions.

      

      
        Ecologists put an insect group on century-old map of biodiversity
        The distribution of species around the globe is not a random process but an outcome resulting from several evolutionary mechanisms as well as past and current environmental limitations. As a result, since the mid-19th century, biologists have identified several main regions, called biogeographic realms, that depict these large ensembles of species around the world. These biogeographic realms represent one of the most fundamental descriptions of biodiversity on Earth and are commonly used in vario...

      

      
        Giant fossil seeds from Borneo record ancient plant migration
        Ancient fossil beans about the size of modern limes, and among the largest seeds in the fossil record, may provide new insight into the evolution of today's diverse Southeast Asian and Australian rainforests, according to researchers who identified the plants.

      

      
        Climate change raised the odds of unprecedented wildfires in 2023-24
        Unprecedented wildfires in Canada and parts of Amazonia last year were at least three times more likely due to climate change and contributed to high levels of CO2 emissions from burning globally, according to the a new systematic review. The State of Wildfires report takes stock of extreme wildfires of the 2023-2024 fire season (March 2023-February 2024), explains their causes, and assesses whether events could have been predicted. It also evaluates how the risk of similar events will change in ...

      

      
        Common equine painkiller disrupts assisted reproduction technique efficiency in mares
        Researchers have discovered that phenylbutazone, a non-steroidal anti-inflammatory drug (NSAID) commonly prescribed in horses, can affect the ability of a mare's egg cells -- called 'oocytes' -- to become viable embryos, which is a crucial step in assisted reproduction in horses.

      

      
        Exciting advance in stem cell therapy
        A new technique for mechanically manipulating stem cells could lead to new stem cell treatments, which have yet to fulfill their therapeutic potential.

      

      
        Scientists achieve more than 98% efficiency removing nanoplastics from water
        Linked to cardiovascular and respiratory diseases in people, nanoplastics continue to build up, largely unnoticed, in the world's bodies of water. The challenge remains to develop a cost-effective solution to get rid of nanoplastics while leaving clean water behind. That's where Mizzou comes in. Recently, researchers created a new liquid-based solution that eliminates more than 98% of these microscopic plastic particles from water.

      

      
        Chemists synthesize plant-derived molecules that hold potential as pharmaceuticals
        Chemists developed a way to synthesize complex molecules called oligocyclotryptamines, originally found in plants, which could hold potential as antibiotics, analgesics, or anticancer drugs.

      

      
        Study reveals urban trees suffer more from heat waves and drought than their rural counterparts
        A recent study details how trees in New York City and Boston are more negatively impacted by heat waves and drought than trees of the same species in nearby rural forests. The finding highlights the challenges urban trees face in the context of climate change and underscores the importance of tailored urban forestry management as a tool for protecting tree species and reducing urban heat islands.

      

      
        Significant link found between heme iron, found in red meat and other animal products, and type 2 diabetes risk
        Higher intake of heme iron, the type found in red meat and other animal products -- as opposed to non-heme iron, found mostly in plant-based foods -- was associated with a higher risk of developing type 2 diabetes (T2D) in a new study. While the link between heme iron and T2D has been reported previously, the study's findings more clearly establish and explain the link.

      

      
        Delivery robots' green credentials make them more attractive to consumers
        The smaller carbon footprint, or wheel print, of automatic delivery robots can encourage consumers to use them when ordering food, according to a new study. The suitcase-sized, self-driving electric vehicles are much greener than many traditional food delivery methods because they have low, or even zero, carbon emissions. In this study, participants who had more environmental awareness and knowledge about carbon emissions were more likely to choose the robots as a delivery method. The green influ...

      

      
        New interpretation of runic inscription reveals pricing in Viking age
        A new interpretation of the runic inscription on the Forsa Ring (Forsaringen in Swedish), provides fresh insights into the Viking Age monetary system and represents the oldest documented value record in Scandinavia. The inscription describes how the Vikings handled fines in a flexible and practical manner.

      

      
        Pit-building venom mixers
        Researchers show that the adaptation of antlions to their ecological niche has also changed their venom. They compared the venom system of antlion and closely related green lacewing larvae. Antlions produce a much more complex venom from three different venom glands than lacewing larvae do. All the venom proteins identified come from the insects themselves, not from symbiotic bacteria. Some of the toxins are new and appear to be unique to antlions. Waiting for their victims in pitfall traps in th...

      

      
        Surprising insight into cancer comes from unique plant species that find different solutions to evolutionary challenges
        A study has shown that different plant species tackle the same evolutionary hurdle in different ways, and the findings may give insight into aggressive forms of cancer.

      

      
        Expansion of agricultural land threatens climate and biodiversity
        Food, feed, fiber, and bioenergy: The demand for agricultural raw materials is rising. How can additional cultivation areas be reconciled with nature conservation? Researchers have developed a land-use model that provides answers.

      

      
        Protecting surf breaks mitigates climate change, helps coastal communities
        Safeguarding places to hang ten and shoot the curl is an opportunity to simultaneously mitigate climate change, fuel tourism and help surrounding ecosystems, research has shown.

      

      
        House call: A new study rethinks early Christian landmark
        Since its discovery by modern researchers a century ago, an ancient structure known as the 'Christian building' has become widely considered the cornerstone of early Christian architecture. Constructed around 232 C.E. in the ancient city of Dura-Europos, a Roman garrison town in what is now eastern Syria, the building is the only example of a 'house church,' or domus ecclesiae, a domestic space that was renovated for worship by Christians at a time when the open practice of their faith is thought...

      

      
        Rewriting the evolutionary history of critical components of the nervous system
        A new study has rewritten the conventionally understood evolutionary history of certain ion channels -- proteins critical for electrical signaling in the nervous system. The study shows that the Shaker family of ion channels were present in microscopic single cell organisms well before the common ancestor of all animals and thus before the origin of the nervous system.

      

      
        Reduce, reuse, 're-fly-cle'
        Black soldier flies are now commercially used to consume organic waste -- but genetic modifications proposed by bioscientists could see the insects digesting a wider variety of refuse, while also creating raw ingredients for industry.

      

      
        The mother of all motion sensors
        Researchers have used silicon photonic microchip components to perform a quantum sensing technique called atom interferometry, an ultra-precise way of measuring acceleration. It is the latest milestone toward developing a kind of quantum compass for navigation when GPS signals are unavailable.

      

      
        Starvation and adhesion drive formation of keratinocyte patterns in skin
        Cell-cell adhesion-induced patterning in keratinocytes can be explained by just starvation and strong adhesion researchers find.

      

      
        Ships now spew less sulfur, but warming has sped up
        New findings document fewer ship tracks, reduced cloud cover, and boosted warming after ship emissions regulations took effect in 2020.

      

      
        New study unveils 16,000 years of climate history in the tropical Andes
        Researchers highlight the roles of carbon dioxide and ocean currents as key drivers of temperature fluctuations in the tropical Andes over a 16,000 year period.

      

      
        Study reveals oleoyl-ACP-hydrolase underpins lethal respiratory viral disease
        Respiratory infections can be severe, even deadly, in some individuals, but not in others. Scientists have gained new understanding of why this is the case by uncovering an early molecular driver that underpins fatal disease. Oleoyl-ACP-hydrolase (OLAH) is an enzyme involved in fatty acid metabolism. A study shows that OLAH drives severe disease outcomes.

      

      
        Researchers ID body's 'quality control' regulator for protein folding
        Anyone who's tried to neatly gather a fitted sheet can tell you: folding is hard. Get it wrong with your laundry and the result can be a crumpled, wrinkled mess of fabric, but when folding fails among the approximately 7,000 proteins with an origami-like complexity that regulate essential cellular functions, the result can lead to one of a multitude of serious diseases ranging from emphysema and cystic fibrosis to Alzheimer's disease. Fortunately, our bodies have a quality-control system that ide...
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Climate reporting standards insufficient, must be expanded, say experts | ScienceDaily
A new paper from the Smith School of Enterprise and the Environment, University of Oxford concludes that current climate standards are not sufficiently incentivising the big picture innovations necessary to deliver net zero, and must be expanded to include a company's broader influence on climate action. The peer-reviewed research, published in Carbon Management, comes after a period of fierce public debate about climate standards and offers possible solutions for those seeking to improve both integrity and impact of corporate climate action.


						
Incentivising climate action and innovation in the corporate world is essential says co-author Dr Matilda Becker: "Of the 2000 largest companies, close to half still do not yet have a net zero target, while some are going further without reward. We need to incentivise companies' efforts beyond their boundaries."

The authors discuss actions that companies can take to accelerate the global transition to net zero across three spheres of influence: product power, purchasing power and political power, and propose an additional reporting track to capture their impact in these areas. This track would demonstrate a company's wider contribution to global net zero, and examples could include lobbying for cleaner energy systems or signalling financial support for new net zero technologies.

To date, corporate climate standards have been created primarily to guide companies in setting targets (e.g. through the Science Based Targets initiative) and to help them track their own emissions resulting from their activities (e.g. using the Greenhouse Gas Protocol). While these standards have been essential for reducing the emissions of individual companies, say the authors, they fail to incentivise broader climate action and can even discourage it.

"It is essential that companies report and reduce emissions across their value chains," says co-author Claire Wigg, Head of Climate Performance Practice at the Exponential Roadmap Initiative. "But it is also essential that they drive -- and are rewarded for driving -- systemic change via the products they produce, the purchases they make and the policies they lobby for or against."

"The way standards are currently set up, a high-growth renewable energy company might fare poorly because of the emissions generated in making turbines and solar panels, despite the fact these products can help to reduce emissions globally," explains lead author Kaya Axelsson, Research Fellow and Head of Policy and Partnerships at the Smith School. "We need a way to compare and reward companies that are changing the world, not just their operations."
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Candidate malaria vaccine provides lasting protection in NIH-sponsored trials | ScienceDaily
Two National Institutes of Health (NIH)-supported trials of an experimental malaria vaccine in healthy Malian adults found that all three tested regimens were safe. One of the trials enrolled 300 healthy women ages 18 to 38 years who anticipated becoming pregnant soon after immunization. That trial began with drug treatment to remove malaria parasites, followed by three injections spaced over a month of either saline placebo or the investigational vaccine at one of two dosages. Both dosages of the vaccine candidate conferred a significant degree of protection from parasite infection and clinical malaria that was sustained over a span of two years without the need for a booster dose -- a first for any malaria vaccine. In an exploratory analysis of women who conceived during the study, the vaccine significantly protected them from malaria in pregnancy. If confirmed through additional clinical trials, the approach modeled in this study could open improved ways to prevent malaria in pregnancy.


						
Spread by Anopheles mosquitoes, malaria parasites, including those of the species Plasmodium falciparum (Pf), can cause illness in people of any age. However, pregnant women, infants and very young children are especially vulnerable to life-threatening disease. Malarial parasitemia in pregnancy is estimated to cause up to 50,000 maternal deaths and 200,000 stillbirths in Africa each year.

The trials were co-led by investigators from the NIH's National Institute of Allergy and Infectious Diseases (NIAID) and the University of Sciences, Techniques and Technologies, Bamako (USTTB), Mali. The investigational vaccine used in both trials was PfSPZ Vaccine, a radiation-attenuated vaccine based on Pf sporozoites (a stage of the parasite's lifecycle), manufactured by Sanaria Inc., Rockville, Maryland. Multiple previous clinical trials of PfSPZ Vaccine have shown it to be safe, including in malaria-endemic countries such as Mali. In results published in 2022, for example, an NIAID-sponsored, placebo-controlled trial of a three-dose regimen of PfSPZ Vaccine in Burkina Faso found that the vaccine had up to 46% efficacy that lasted at least 18 months.

In the first year of the current trial, 55 women became pregnant within 24 weeks of the third vaccine dose. Among these women, vaccine efficacy against parasitemia (whether before or during pregnancy) was 65% in those who received the lower dose vaccine and 86% in those who received the higher dose. Among 155 women who became pregnant across both study years, vaccine efficacy was 57% for those who received lower dose vaccine and 49% in those in the higher dosage group.

Women who received the investigational vaccine at either of the dosages conceived sooner than those who received placebo, although this finding did not reach the level of statistical significance, reported the investigators. The researchers speculate that the PfSPZ Vaccine might avert malaria-related early pregnancy losses since parasitemia risk during the periconception period was reduced by 65 to 86%.

"Preconception immunization is a new strategy to reduce mortality for women with malaria in pregnancy," the researchers note. They plan to investigate the safety of PfSPZ Vaccine administered during pregnancy, then examine the efficacy of PfSPZ given preconception or during pregnancy in larger clinical trials. "Existing measures are not protecting women from malaria in pregnancy," they added. "A safe and effective vaccine is urgently needed, and our results indicate PfSPZ Vaccine might be a suitable candidate," they conclude.

The PfSPZ Vaccine Study Team was led by Alassane Dicko, M.D., of the Malaria Research and Training Center (MRTC), USTTB, Mali, Stephen L. Hoffman, M.D., of Sanaria Inc., and Patrick E. Duffy, M.D., of the NIAID Laboratory of Malaria Immunology and Vaccinology. Joint co-first authors were Halimatou Diawara, M.D., of MRTC, and Sara A. Healy, M.D., NIAID.
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Researchers unveil mysteries of ancient Earth | ScienceDaily
A team of researchers has made strides in understanding the formation of massif-type anorthosites, enigmatic rocks that only formed during the middle part of Earth's history. These plagioclase-rich igneous rock formations, which can cover areas as large as 42,000 square kilometers and host titanium ore deposits, have puzzled scientists for decades due to conflicting theories about their origins.


						
A new study published in  Science Advances on Aug. 14 highlights the intricate connections between Earth's evolving mantle and crust and the tectonic forces that have shaped the planet throughout its history. It also provides new ways to explore when plate tectonics began, how subduction dynamics operated billions of years ago and the evolution of Earth's crust.

The research team, led by Rice's Duncan Keller and Cin-Ty Lee, studied massif-type anorthosites to test ideas about the magmas that formed them. The research focused on the Marcy and Morin anorthosites, classic examples from North America's Grenville orogen that are about 1.1 billion years old.

By analyzing the isotopes of boron, oxygen, neodymium and strontium in the rocks as well as conducting petrogenetic modeling, the researchers discovered that the magmas that formed these anorthosites were rich in melts derived from oceanic crust altered by seawater at low temperatures. They also found isotopic signatures corresponding to other subduction zone rocks such as abyssal serpentinite.

"Our research indicates that these giant anorthosites likely originated from the extensive melting of subducted oceanic crust beneath convergent continental margins," said Keller, the Clever Planets Postdoctoral Research Associate, Earth, Environmental and Planetary Sciences and the study's lead author. "Because the mantle was hotter in the past, this process directly connects the formation of massif-type anorthosites to Earth's thermal and tectonic evolution."

The study, which combines classical methods with the novel application of boron isotopic analysis to massif-type anorthosites, suggests that these rocks formed during very hot subduction that may have been prevalent billions of years ago.

Because massif-type anorthosites don't form on Earth today, the new evidence linking these rocks to very hot subduction on the early Earth opens new interdisciplinary approaches for understanding how these rocks chronicle the physical evolution of our planet.

"This research advances our understanding of ancient rock formations and sheds light on the broader implications for Earth's tectonic and thermal history," said Lee, the Harry Carothers Wiess Professor of Geology, professor of Earth, environmental and planetary sciences and study co-author.

The study's other co-authors include William Peck of the Department of Earth and Environmental Geosciences at Colgate University; Brian Monteleone of the Department of Geology and Geophysics at Woods Hole Oceanographic Institution; Celine Martin of the Department of Earth and Planetary Sciences at the American Museum of Natural History; Jeffrey Vervoort of the School of the Environment at Washington State University; and Louise Bolge of the Lamont-Doherty Earth Observatory at Columbia University.

This study was supported by NASA and the U.S. National Science Foundation.
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A taste for carbon dioxide | ScienceDaily
The remarkable affinity of the microbial enzyme iron nitrogenase for the greenhouse gas CO2 makes it promising for future biotechnologies.


						
Nitrogenases are among the most geochemically important enzymes on Earth, providing all forms of life with bioavailable nitrogen in the form of ammonia (NH3). Some nitrogenases can also directly convert CO2 into hydrocarbon chains, making them an exciting target for the development of biotechnological processes. A team of researchers in Marburg, Germany, led by Max Planck scientist Johannes Rebelein, has now provided a comprehensive insight into the substrate specificity and preferences of nitrogenase. Their results challenge the current understanding of nitrogenases and highlight their potential for sustainable bioproduction.

Nitrogen is one of the main building blocks of our cells. However, most of the nitrogen on Earth occurs as gaseous N2 and is chemically unusable by cells. Only a single family of enzymes is able to convert N2 into the bioavailable form of ammonia (NH3): nitrogenases.

Researchers led by Johannes Rebelein from the Max Planck Institute for Terrestrial Microbiology in Marburg have recently discovered that some nitrogenases can also deal with another important substrate: They reduce the greenhouse gas CO2 to hydrocarbons (methane, ethylene, ethane) and formic acid. All these productas are potential energy sources and industrially important chemicals. With a view to sustainable, carbon-neutral bioproduction, the team wanted to know: How well can the enzymes discriminate between CO2 and N2? And do microorganisms that grow on N2 also reduce CO2 under normal, physiological conditions?

Two isoenzymes

To answer these questions, the researchers focused on the photosynthetic bacterium Rhodobacter capsulatus, which harbors two isoenzymes: the molybdenum (Mo) nitrogenase and the iron (Fe) nitrogenase, which the bacterium needs as a reserve in the event of molybdenum deficiency. The researchers isolated both nitrogenases and compared their CO2 reduction using biochemical tests. They found that the Fe nitrogenase actually reduces CO2 three times more efficiently than its molybdenum containing counterpart and produces formic acid and methane at atmospheric CO2 concentrations.

When both enzymes were offered CO2 and N2 at the same time, another important difference became apparent: while Mo-nitrogenase selectively reduces N2, Fe-nitrogenase tends to choose CO2 as a substrate. "Normally, a higher reaction speed in enzymes comes at the expense of accuracy. Interestingly, Mo-nitrogenase is both faster and more selective, showing its advantage in N2 reduction. The lower specificity of Fe nitrogenase and its preference for CO2 make it a promising starting point for the development of novel CO2 reductases," says Frederik Schmidt, PhD student in Johannes Rebelein's lab and co-author of the study.

Wide-spread CO2 reduction in nature?

The low selectivity was not the only surprise. "We analyzed which fraction of electrons ended up in which product and found that methane and high concentrations of formic acid derived from CO2 conversion by Fe nitrogenase were secreted by the bacteria even when no additional CO2 was added to the culture: the metabolically derived CO2 was sufficient to drive this process. This finding suggests that Fe nitrogenase-catalyzed CO2 reduction may indeed be widespread in nature," says Niels Oehlmann, co-first author of the study. This also means that the availability and exchange of one-carbon substrates is likely to influence microbial communities in different environments.

The work challenges the traditional view of nitrogenases as true nitrogen-converting enzymes. Photosynthetic bacteria such as R. capsulatus, which use light energy to stimulate nitrogenases to convert the greenhouse gas CO2, could play a key role not only in their environmental impact, but also in the societal shift towards a sustainable circular economy, says Johannes Rebelein. "The idea is that we can store the energy from the sunlight captured by the microorganism's photosynthetic apparatus in the hydrocarbons produced by nitrogenase. In the future, we want to further develop the iron nitrogenase in order to use it for CO2 fixation and utilization.
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New way inflammation impacts cell communication | ScienceDaily
Indiana University School of Medicine researchers have made significant progress in understanding how cells communicate during inflammation. The study, recently published in PNAS, was conducted over a period of five years and focused on the molecules that enable cells to function during inflammation, particularly in the central nervous system where diseases like multiple sclerosis occur.


						
"Communication is key in any relationship, even at the level of cells that cause disease," said Mark Kaplan, PhD, chair of the Department of Microbiology and Immunology at the IU School of Medicine and senior author of the study. "The molecules that allow cells to function in inflammation are essentially text messages sent between or within cells. We have been studying what cells get those text messages and how they respond in an inflammatory environment in the central nervous system that leads to diseases like multiple sclerosis."

The signaling molecule is called STAT4 and was previously believed to primarily function in T cells, which are part of the immune system. But the team found it plays a crucial role in dendritic cells, a specific cell type that responds to extracellular text messages IL-12 and IL-23.

"Our work identified how STAT4 might be a viable target for treating inflammatory disease in the central nervous system," Kaplan said. "By understanding the communication between cells and the role of STAT4, we can potentially develop therapeutics to modify immune responses and alleviate the symptoms of diseases like multiple sclerosis."

The lead author of the study, Nada Alakhras, PhD, is a recent IU School of Medicine graduate who now works at Eli Lilly and Company. Other authors include Wenwu Zhang, Nicolas Barros, James Ropa, Raj Priya and Frank Yang, all from IU. and Anchal Sharma of Eli Lilly and Company.
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Fracking frenzy in India: A water crisis in the making? | ScienceDaily
India's plans to scale up fracking operations without robust regulations could spell disaster for the country's finely balanced water security, according to research from the University of Surrey.


						
India is positioning shale gas as a key transitional energy source and has announced 56 fracking projects across six states. Despite the promise of energy independence, Surrey's study raises alarm bells about the country's preparedness to handle the unique water risks posed by fracking.

Hydraulic fracturing, or fracking, involves injecting high-pressure fluid into shale rock to release natural gas. This process has been controversial worldwide due to its significant environmental impacts, particularly on water resources. The study points out that India's regulatory framework for fracking is currently based on rules designed for conventional drilling processes, which do not adequately address the distinct challenges fracking presents.

Shashi Kant Yadav, lead author from the University's School of Law, which has a specialism in environmental regulatory issues, and his co-authors identified four key fracking-specific water (FSW) issues that need urgent attention:
    	Water contamination: Fracking fluids and the release of methane can contaminate groundwater supplies.
    	Water usage: Fracking operations consume vast amounts of water, which can deplete local water supplies.
    	Wastewater management: Handling and disposing of the contaminated water that returns to the surface is a complex challenge.
    	Water-induced seismicity: The injection of fracking fluids can trigger earthquakes.

Drawing parallels with the US shale industry, the study maps these four FSW issues to the regulatory responses observed in the US. It highlights the gaps and inefficiencies in the Indian context, emphasising the need for a more stringent regulatory approach.

In the US, the Environmental Protection Agency (EPA) and various state-level bodies have put contrasting regulations in place -- some of the US states mitigate the environmental impact of fracking, while others encourage its commercial scaling. Mitigation measures include monitoring of water quality, mandatory reporting of chemicals used in fracking fluids, and robust waste management protocols.

Researchers argue that India should adopt similar, if not more rigorous, measures to protect its more under-strain water resources.




Shashi Kant Yadav, lead author of the study from the University of Surrey, said:

"Our research concludes with a stark warning: India must reassess the commercial scaling of fracking operations and conduct a thorough scientific inquiry into the potential impacts on water resources is conducted. Furthermore, our study calls for a re-examination of both federal and state-level regulations to ensure comprehensive coverage of all FSW issues.

"This study is a wake-up call for policymakers. The potential for a significant environmental crisis is real and imminent if proactive steps are not taken. As India marches towards its energy goals, the balance between energy security and water security must not be overlooked."

For more details on the research and its findings, read the full paper in Environmental Law Review.
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Hydrometeorology and location affect hospitalizations for waterborne infectious diseases in the US | ScienceDaily
An analysis of 12 years of data collected from over 500 hospitals in 25 different states shows that weather, geographic location, and urban or rural location all appear to influence hospitalizations for waterborne infectious diseases, according to a study published August 7, 2024 in the open-access journal PLOS Water by Victoria Lynch and Jeffrey Shaman from Columbia University.


						
Waterborne infectious diseases caused by bacteria, parasites, and viruses still affect over 7,000,000 people annually in the United States. Lynch and Shaman analyzed potential links between weather and hospitalizations for waterborne infectious diseases, specifically looking at whether these associations were influenced by drinking water source, location (rural/urban), and region.

The authors looked at hospitalizations caused by 12 specific water-borne pathogens, including bacteria like Escherichia coli, parasites like Cryptosporidium, biofilm-forming bacteria such as Pseudomonas and the pathogen causing Legionnaires' disease -- distinct from other bacterial pathogens because they naturally inhabit environmental water -- and Norovirus. They used data from 516 hospitals in 25 states collected over 2000-2011 as part of the National Inpatient Sample (NIS) from the Healthcare Cost and Utilization Project (HCUP), along with weather and soil data from the NASA/ NOAA North American Land Data Assimilation System 2 (NLDAS-2) dataset.

There were 57,335 hospitalizations for waterborne disease between 2000 and 2011 from 516 hospitals in the United States. The biofilm-forming bacteria comprised nearly 81 percent of all hospitalizations (66 percent due to respiratory Pseudomonas infections alone.) Hospitalization rates for enteric and biofilm-forming bacterial pathogens were significantly higher in areas that used groundwater as a drinking water source instead of surface water. They also found that precipitation, water runoff, and rural locations were positively associated with hospitalizations for some enteric bacterial and parasitic infections, particularly in the Midwestern region. Specifically, parasitic hospitalizations (predominantly due to Cryptosporidium) increased 9 percent (95% CI: 4%-15%) with a 1-SD increase in precipitation. Conversely, hospitalizations for biofilm-forming bacterial infections were associated with soil moisture (a proxy for flooding). Incidences of Legionnaires' disease specifically increased 124 percent (95% CI: 90%-157%) with a 1-SD increase in soil moisture, and were the only infection more common in urban areas. In general, associations between hospitalization rates and meteorological conditions, location, and drinking water source varied depending on the specific pathogens.

The authors note they weren't able to include data on specific water quality (critical to assess the probable route of exposure for pathogens that can also be present in tainted food, like E. coli), or data from much of the Southeast (where states did not report monthly data to HCUP). Lynch and Shaman hope future work will be able to incorporate this information and additionally track outbreaks linked with extreme weather events to further clarify the links between hydrometeorology and waterborne diseases.

The authors add: "Our results show how analyses focused on specific pathogens can provide insight into distinct routes of exposure and risk factors for waterborne infectious diseases. This work can help inform weather preparedness efforts, which is particularly important as heavy rain becomes more severe and frequent in a warming climate."
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Revealing the mysteries within microbial genomes | ScienceDaily
A new technique developed at Lawrence Berkeley National Laboratory (Berkeley Lab) will make it much easier for researchers to discover the traits or activities encoded by genes of unknown function in microbes, a key step toward understanding the roles and impact of individual species.


						
The approach, called barcoded overexpression bacterial shotgun library sequencing, or Boba-seq, is described in a paper published August 5 in Nature Communications.

"There is so much genetic dark matter -- DNA that we can sequence quickly with today's methods but don't know the function of -- out there in the microbial universe. And the question is, how are we ever going to study all that matter to understand the microbiomes surrounding us? The fundamental answer is -- like this," said lead author Adam Arkin, a senior faculty scientist in Berkeley Lab's Biosciences Area.

Boba-seq involves taking random fragments of DNA from bacteria of interest and expressing them in host bacterial cells. "The idea is that we can see how the presence of new genes confer a difference in phenotype of growth of that bacterium," said first author Yolanda Huang, an assistant professor of Microbiology and Immunology at the University of Buffalo who was a postdoctoral researcher in Arkin's lab at the time of the study. "This is a functional genomics approach that we can use to quickly connect a gene or a piece of DNA sequence with a potential function."

The term "barcode" in the name refers to a small sequence of DNA that the scientists use as an identifying tag for a much larger fragment of DNA, much like how a barcode at a grocery store identifies a specific item with a small code. The entire genome of the organism being studied is randomly separated into fragments containing single genes or clusters of several genes, then inserted into plasmids -- circular packages of DNA -- that have been tagged with unique barcodes. The Boba-seq "library" refers to all the barcoded plasmids containing fragments from an organism. This library can be introduced into different bacterial hosts to generate a huge number of genetic variants, which are then screened for new behaviors or properties.

Arkin and his colleagues in the Biosciences Area are leading experts on high-throughput techniques to study gene function, and have been involved in the invention of a number of other techniques that either insert or silence genes to investigate their function, including RB-TnSeq, CRISPRi and Dub-Seq.

With Boba-seq, hundreds of thousands of barcoded fragments can be put into host cells and cultured under varying conditions to determine function in a single experiment. For example, if cells with a certain barcode grow happily when the whole culture is exposed to an antibiotic, but the others perish, you know that the gene or genes in that fragment encoded antibiotic resistance traits. And identifying the fragment responsible for this new ability is cheap and fast, thanks to the barcode.




"Yolanda's innovations with Boba-seq allows us to identify which of hundreds of thousands of fragments are conferring the phenotype or the property that we want," said Arkin. "Our new strategy allows us to make libraries and use them at a higher throughput than previous overexpression approaches."

The other significant breakthrough is that Boba-seq fragments can be tested in the same organism that they were pulled from (or a close relative), which is essential for getting an accurate picture of what a gene does. Previous techniques are limited because they only test genes inside model organisms like E. coli and yeast. Genes from organisms very different from E. coli are often not functional in E. coli, making it difficult or impossible to get a clear picture of what the genes do.

The computational tool used to process results from the laboratory work involved in Boba-seq is available to other researchers on an open-source platform. "I am excited to see how others may use Boba-seq worldwide, especially for metagenomic studies of the gut or environment," said co-author Allison Hung, a UC Berkeley graduate student in the Arkin lab. "The ability to extract functional information from a microbial community without isolation saves a huge amount of time and resources, and will be key for studying microbes that are difficult to culture in a lab, like those living in complex ecosystems currently studied as part of ENIGMA." ENIGMA, short for Ecosystems and Networks Integrated with Genes and Molecular Assemblies, is a Department of Energy (DOE) Scientific Focus Area co-led by Arkin that is aimed at understanding how microbial communities cycle nutrients through ecosystems and detoxify toxic heavy metal contaminants.

After building and refining Boba-seq, Arkin's team tested the new technique by studying the genes in Bacteroidales, a taxonomic order of microbes that are abundant in the human gut and known to play many roles in our internal microbiome. Bacteroidales are also major players in terrestrial soil processes, where they degrade organic matter and return the nutrients to plants. The team generated 305,000 barcoded fragments from libraries of six Bacteroidales species and evaluated more than 21,000 protein-coding genes in parallel.

Results from these proof-of-principle experiments revealed that genes encoding enzymes that build certain lipid molecules endow resistance to ceftriaxone, an antibiotic in the cephalosporin class. These genes have not been previously linked to antibiotic resistance, and warrant further investigation.

The team also discovered several new functions in carbohydrate metabolism, including an enzyme needed to metabolize glucosamine, a modified sugar molecule found in bones, connective tissue, and the exoskeletons of insects and crustaceans. In the gut, microbes use glucosamine as an energy molecule and to construct their cell walls, whereas human cells that form the lining of the intestine use it to produce the mucus membrane that helps maintain healthy nutrient uptake and prevent invasion of pathogens.

These insights into Bacteroidales will help health researchers better understand gut function, as this order acts as "commensals most of the time and really maintain gut health," said Huang. "But in certain states, the nutrient released by Bacteroidales can be used by pathogens to support their own growth."

Arkin and his ENIGMA colleagues are now using Boba-seq to investigate how soil microbes derive energy from complex carbon-based molecules in the environment that most life forms cannot metabolize. Meanwhile, Huang plans to use Boba-seq in her new lab at the University of Buffalo's Jacobs School of Medicine & Biomedical Sciences to study genes that bacteria use to evade attacks from bacteriophages (viruses that infect bacteria), increase colonization efficiency in the gut, and break down complex carbohydrates.

This research was supported in part by the DOE Office of Science. Yolanda Huang is an Astellas Pharmaceuticals Awardee of the Life Sciences Research Foundation.
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How bread dough gave rise to civilization | ScienceDaily
A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.


						
"Our findings shed new light on an iconic event in our civilisation that created a new kind of agriculture and allowed humans to settle down and form societies," said Professor Brande Wulff, a wheat researcher at KAUST (King Abdullah University of Science and Technology) and one of the lead authors of the study which appears in Nature.

Professor Cristobal Uauy, a group leader at the John Innes Centre and one of authors of the study said: "This work exemplifies the importance of global collaboration and sharing of data and seeds across countries; we can achieve so much by combining resources and expertise across institutes and across international boundaries."

The secret of bread wheat's success, according to the research by institutes that make up the Open Wild Wheat Consortium (OWWC), lies in the genetic diversity of a wild grass called Aegilops tauschii.

Bread wheat is a hybrid between three wild grasses containing three genomes, (A, B and D) within one complex plant.

Aegilops tauschii, an otherwise inconspicuous weed, provided bread wheat's D-genome when it crossed with early cultivated pasta wheat in the Fertile Crescent sometime between eight and eleven thousand years ago.

The chance hybridisation on the banks of the southern Caspian Sea spawned an agricultural revolution. Cultivation of bread wheat rapidly spread across a wide new range of climates and soils as farmers enthusiastically adopted this dynamic new crop, with its high gluten content that creates an airier elasticated breadmaking dough.




This rapid geographical advance has puzzled wheat researchers. There is no wild bread wheat: and the kind of hybridisation event that added the new D genome to wheat's existing A and B genomes created a genetic bottleneck, whereby the new species had a much-reduced genetic diversity compared to its surrounding wild grasses.

This bottleneck effect coupled with the fact that wheat is an in-breeding species -- meaning it is self-pollinating -- would suggest that bread wheat might struggle outside its Fertile Crescent origins. So how did it become well-travelled and widely adopted across the region?

In solving this conundrum, the international collaboration assembled a diversity panel of 493 unique accessions spanning the geographical range of Aegilops tauschii from north-western Turkey to eastern China.

From this panel the researchers selected 46 accessions reflecting the species traits and genetic diversity, to create a Pangenome, a high-quality genetic map of Aegilops tauschii.

Using this map, they scanned 80,000 bread wheat landraces -- locally adapted varieties -- held by CIMMYT and collected from around the world.

This data showed that around 75% of the bread wheat D-genome is derived from the lineage (L2) of Aegilops tauschii which originates from the southern Caspian Sea. The remaining 25% of its genetic make-up is derived from lineages across its range.




"This 25% influx of genetic material from other lineages of tauschii has contributed and defined the success of bread wheat," said Professor Simon Krattinger, lead author of the study.

"Without the genetic viability that this diversity brings, we would most likely not eat bread on the scale we do today. Otherwise, bread wheat today would be a regional crop -- important to the Middle East but I doubt that it would have become globally dominant without this plasticity that enabled bread wheat to adapt."

A previous study by OWWC revealed the existence of a distinct lineage of Aegilops tauschii geographically restricted to present day Georgia in the Caucasus region -- 500 kilometers from the Fertile Crescent. This Aegilops tauschii lineage (L3) is significant because it has provided bread wheat with the best-known gene for dough quality.

In this study the researchers hypothesised that if this were an historic introgression, akin to a Neanderthal genetic footprint in the human genome, they would find landraces in the CIMMYT collections that had a higher proportion of it.

Data analysis showed that CIMMYT wheat landraces collected from the Georgian region contained 7% L3 introgressions in the genome, seven times more than that of bread wheat landraces collected from the Fertile Crescent.

"We used the L3 tauschii accessions as a guinea pig to track and trace the hybridizations using 80,000 bread wheat landraces," said Professor Krattinger.

"The data beautifully supports a picture where bread wheat emerges in the southern Caspian, then with migration and agricultural expansion it reached Georgia and here with gene flow and hybridisations with the peculiar, genetically distinct and geographically restricted L3 accessions it resulted in the influx of new genetic material."

"This is one of the novel aspects of our study and it confirms that using our new resources we can trace the dynamics of these introgressions in bread wheat."

In addition to solving this age-old biological mystery the new Aegilops tauschii open source Pangenome and germplasm made available by the OWWC, are being used by researchers and breeders worldwide to discover new disease resistance genes that will protect wheat crops against age-old agricultural plagues like wheat rust. They can also mine this wild grass species for climate resilient genes which can be bred into elite wheat cultivars.

Researchers at the John Innes Centre worked closely with colleagues from KAUST using bioinformatic approaches to track levels of DNA contributed to bread wheat by the L3 lineage of Aegilops tauschii.

Professor Uauy concluded: "The study highlights the importance of maintaining genetic resources such as the BBSRC funded Germplasm Resources Unit here at the John Innes Centre which maintains historic collections of wild grasses that can be used to breed valuable traits such as disease resistance and pest resistance into modern wheat."
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Lake Erie walleye growth is driven by parents' size, experience | ScienceDaily
Parent size and the conditions in which actively spawning adults lived are the most influential factors affecting growth of Lake Erie walleye, a new study has found.


						
The findings surprised the scientists, who expected recent temperatures and food availability to have the highest impact on walleye growth.

Cold winters and more sizable mothers were associated with faster growth in 3- to 5-year-old walleye offspring, the analysis showed, suggesting that warmer winters that come with climate change might lead to future generations of smaller fish.

The findings also may mean ecological research in other species should take parental experiences into account to better understand animals' present health, researchers say.

"We really did think that the recent environment would have the strongest effects," said lead author Zoe Almeida, who completed the work as a PhD student in evolution, ecology and organismal biology at The Ohio State University. "When you're thinking about factors that affect growth, you think you have to account for temperature and prey. And in reality, those signals were so small themselves that they weren't the strongest in any way. It was very surprising."

The study was published Aug. 13 in the Journal of Animal Ecology.

The pace of growth is used in research as an indicator of overall health in many species -- and is influenced not only by experiences, but also genetics. By any measure, the current status of the Lake Erie walleye population is considered quite robust, according to the 2024 status report from the Ohio Division of Wildlife (ODNR-DOW).




"The Lake Erie walleye population is doing fantastic right now," said Almeida, now a senior research associate in natural resources and the environment at Cornell University. "But is there something going on behind the scenes we're not noticing, or that we won't notice until much later because we don't realize its effects?"

In pursuit of an answer, Almeida and colleagues made use of the wealth of walleye data generated by ODNR-DOW through its longtime monitoring of the Lake Erie population.

The team analyzed five factors that can affect growth: recent environmental conditions, such as food supply and temperature; previous year traits, including growth; population density that could indicate the extent of competition early in life; early-life body size; and parental conditions and environmental experiences.

The analysis was done on annual cohorts using data of walleye populations that were 3 to 5 years old in each year between 1982 and 2015, an age when they're reaching maturity, but still growing rapidly. ODNR-DOW data also indicated the proportion of walleye that were spawning each year. Researchers explored relationships between these factors and cohort growth using statistical modeling.

"We parsed all that out and what was affecting the growth on a cohort level was really what happened to the parents," Almeida said. "The size composition and winters they experienced determined whether or not the cohort was faster growing or slower growing than typical in the year before in individuals 3 to 5 years old."

Meanwhile, no big impact on growth could be traced to the expected factors: recent prey, temperature and fishing pressure (anglers are the walleye's main predator). This is not to say they had no effect -- their effects were just not the most influential, she said.




The findings have implications for wildlife management and ecology research.

"It helps us set our expectations and understand the mechanisms behind things going on out there. When managers are thinking about what this population is going to look like in three to five years, they ideally will acknowledge the fact that what happened in the past is affecting them and keep that in mind when they're making their management decisions," Almeida said.

"And I do think that it has implications for other animals because what happens in early life or what happened to parents might be more influential than what is happening currently in their environment. And we're not accounting for that."

This work was supported by the National Science Foundation, a Distinguished University Fellowship from Ohio State, the American Fisheries Society, the International Association of Great Lakes Research, and the Federal Aid in Sport Fish Restoration Program administered jointly by the U.S. Fish and Wildlife Service and ODNR Division of Wildlife.

Co-authors were Stuart Ludsin and Elizabeth Marschall of Ohio State, and Matthew Faust of ODNR.
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Tropical Atlantic mixing rewrites climate pattern rules | ScienceDaily
The churning of the upper ocean in the tropics of Atlantic Ocean plays a crucial role in shaping long-term climate patterns across the world, a new study has found.


						
Researchers have discovered that changes in the ocean's mixed layer -- the topmost section where wind and waves blend warm surface waters with cooler depths -- are the primary force behind a climate phenomenon known as Atlantic Multidecadal Variability (AMV) in the tropics.

The AMV has far-reaching effects on global climate. It influences weather patterns from North America to Europe and Africa, affecting everything from hurricane activity in the Caribbean to rainfall in the Sahel region.

Dr Balaji Senapati, lead author of the study at the University of Reading, said: "Until now, it was believed that changes in heat exchange between the ocean and atmosphere drove the climate patterns that affect weather in the various parts of the world. Our new study challenges that view, demonstrating that the depth of the ocean's mixed layer is the key player in global climate variability.

"This research advances our understanding of Atlantic climate variability and highlights the complex relationship between the ocean and atmosphere in shaping our planet's climate. Insights into natural climate variability become increasingly valuable for developing effective mitigation strategies as we face the challenges of climate change."

Forecasting improvements

The study, published this month in Geophysical Research Letters, found that when the extratropical North Atlantic is warmer than average, trade winds become weaker. This weakening causes the mixed layer of the ocean to become shallower, especially during summer. As a result, the sun's energy warms a thinner layer of water, leading to more intense warming of the tropical Atlantic.

This process creates a feedback loop: warmer waters in the northern part of the Atlantic weaken the trade winds, which then leads to a shallower mixed layer and further warming in the tropics. When the AMV shifts to its cooler phase, this process reverses, resulting in cooler temperatures across the Atlantic.

The findings have significant implications for climate modelling and long-range forecasting. Many current climate models may not accurately represent these upper-ocean processes, potentially leading to poor predictions of the AMV and its global impacts. By incorporating this new understanding of ocean mixing into climate models, scientists hope to improve their ability to forecast long-term climate trends and their associated effects on weather patterns worldwide.
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Rare archaeological site reveals 'surprising' Neanderthal behaviour at Pyrenees foothills | ScienceDaily
An unchartered area in the foothills of the Southern Pyrenees in Spain is providing insights into a poorly known period of Neanderthal history, offering clues that could help archaeologists uncover the mystery of their downfall, according to new research from The Australian National University (ANU).


						
Abric Pizarro is one of only a few sites worldwide dating from 100,000 to 65,000 years ago during a period called MIS 4. The researchers have gathered hundreds of thousands of artefacts, including stone tools, animal bones and other evidence, providing significant data about the Neanderthal way of life during that time -- largely unknown in human history until now.

The findings reveal Neanderthals were able to adapt to their environment, challenging the archaic humans' reputation as slow-footed cavemen and shedding light on their survival and hunting skills.

Lead author and ANU archaeologist, Dr Sofia Samper Carro, said that the findings show that Neanderthals knew the best ways to exploit the area and territory and were resilient through harsh climate conditions.

"Our surprising findings at Abric Pizarro show how adaptable Neanderthals were. The animal bones we have recovered indicate that they were successfully exploiting the surrounding fauna, hunting red deer, horses and bison, but also eating freshwater turtles and rabbits, which imply a degree of planning rarely considered for Neanderthals," she said.

According to the researchers, these new insights challenge widespread beliefs that Neanderthals only hunted large animals, such as horses and rhinoceros.

"Through the bones that we are finding, which display cut marks, we have direct proof that Neanderthals were capable of hunting small animals," Dr Samper Carro said.




"The bones on this site are very well preserved, and we can see marks of how Neanderthals processed and butchered these animals.

"Our analysis of the stone artefacts also demonstrates variability in the type of tools produced, indicating Neanderthals' capability to exploit the available resources in the area."

Shedding light on this crucial transitional period helps archaeologists edge closer to solving a mystery that has plagued researchers for decades: what drove the Neanderthals to extinction?

According to the researchers, finding sites like Abric Pizarro, from this specific and not well-recorded period, gives information about how Neanderthals lived when modern humans were not in the area yet and shows that they were thriving.

"The unique site at Abric Pizarro gives a glimpse of Neanderthal behaviour in a landscape they had been roaming for hundreds of thousands of years," Dr Samper Carro said.

"Neanderthals disappeared around 40,000 years ago. Suddenly, we modern humans appear in this region of the Pyrenees, and the Neanderthals disappear. But before that, Neanderthals had been living in Europe for almost 300,000 years.




"They clearly knew what they were doing. They knew the area and how to survive for a long time.

"This is one of the most interesting things about this site, to have this unique information about when Neanderthals were alone and living in harsh conditions and how they thrived before modern humans appeared."

Thanks to modern excavation techniques, Abric Pizarro and other nearby Neanderthal sites provide fine-grain data to understand Neanderthal behaviour.

"We 3D plot every single remain found larger than one to two centimetres. This makes our work slow, and we have been excavating some of these sites for over 20 years, but it turns into a uniquely precise recording of the sites," Dr Samper Carro said.

"We are interested in how the different data relates to each other, from stone tools to bones and hearths. This more thorough excavation gives archaeologists information on how Neanderthals lived and how long they were in an area.

"It's not only the individual materials that give us clues, but also where exactly they are found in relation to other materials on the site that helps us understand how and when Neanderthals were visiting these sites. Were they settled there or just passing through?"

The research team also included scientists from the Autonomous University of Barcelona (CEPAP-UAB). Research in the Catalan Pre-Pyrenees is supported by The Spanish Ministry of Science and Innovation and the Culture Department of the Catalan Government.
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Historic map reveals how mussel farm is bringing shellfish reefs back to the seabed | ScienceDaily
The UK's first large scale offshore mussel farm is allowing shellfish reefs to return to parts of the seabed off England's south coast for the first time in up to 150 years, a new study has revealed.


						
Researchers have spent the past decade examining the environmental impact of the farm, which was first established in Lyme Bay off the coast of South Devon in 2013.

In that time, the seabed beneath the farm's ropes has begun to undergo a transformation as mussels from the lines are deposited on the seabed below.

This has seen it change from muddy sediment with limited biodiversity into reefs, which research has shown have the potential to benefit a number of commercial fish and crustacean species and the ecosystem more generally.

However, a historic map -- recently uncovered by a Devon-based artist -- has revealed this might in fact be a form of restoration rather than creating habitats never seen in the area before.

Dating from 1871, the French map describes a large area of the seabed -- stretching from Torquay in the west and beyond Lyme Regis to the east -- as being home to "rich shell beds."

Scientists believe these are likely to have been oyster or mussel reefs that have long since been destroyed through the use of bottom towed fishing gear during the 20th century.




With such practices banned following the designation of the Lyme Bay Marine Protected Area (MPA) -- and the mussel farm's three sites located above the old shell beds -- it is allowing the region to become home to shellfish reefs once more.

The map was part of the Marine Biological Association's collection but now donated to artist Hannah Wisdom. She shared it with scientists at the University of Plymouth, who have been working with fishing communities along the Lyme Bay coastline to monitor the impacts of the MPA since 2008, and the mussel farm since 2013.

Dr Emma Sheehan, Associate Professor in Marine Conservation and senior author on the study, said: "When we first started to monitor the mussel farm in 2013, we hoped to find evidence of its potential to restore the health of the seabed. That is something we have shown consistently, with new species of marine flora and fauna regularly being seen within its ropes and on the seabed. However, to find out that such habitats were found in the region 150 years ago is really exciting. It shows that the farm is not only having a positive impact on the health of the ocean now, but also returning the seabed to some semblance of its former state."

In the study, published in Science of the Total Environment, researchers also highlight how the shellfish reefs that have been recreated over the past decade are being used by a number of commercially important species.

Using a combination of acoustic tags and underwater monitoring equipment, scientists found that individual European lobsters (Homarus gammarus) remained beneath the farm for up to 283 days using both the farm anchors -- and areas of seabed dominated by fallen mussels -- for feeding and refuge.

By contrast, brown crabs (Cancer pagurus) showed little willingness to stay within the farm's infrastructure and all tagged crabs had left the area of the farm under surveillance within nine days.

This, scientists say, could be evidence that the mussel farm is providing refuge and similar feeding opportunities for lobster and crab as their typical habitat on rocky reefs.

John Holmyard, Managing Director at Offshore Shellfish Ltd which manages the Lyme Bay mussel farm, said: "These findings show that an area of flat, muddy and degraded seabed can be restored into a productive, biodiverse habitat. Through the location of a carefully designed offshore mussel farm, we are creating an effect comparable to that seen from the statutory protection of a rocky reef area. It is enabling lobsters and crabs to feed and grow within the protection of the farmed area before they move out and provide further benefits to surrounding fisheries."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240814124623.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Beige fat cells with a 'Sisyphus mechanism' | ScienceDaily
Fat cells come in three colours: white, brown, and beige. White fat cells store fat in our body as an energy reserve. We need these cells, but having too many creates health problems. Brown fat cells are particularly active in infants. They produce heat and thus maintain the baby's body temperature. However, the amount of brown adipose tissue decreases over a person's lifetime; adults have very little of it. Then, finally, the beige fat cells. These can also produce heat, albeit somewhat less well than brown fat cells. Beige fat cells occur in adults as well: scattered throughout the white fatty tissue, especially in the neck and shoulder area, they help in using up excess energy.


						
Now an international research team has discovered and described a new type of beige fat cells, which differ from the ones that were already known. "Fat cells of this new beige type play an important role in energy metabolism in the human body and have a positive effect on metabolic diseases and obesity," says Anand Sharma, a postdoc in ETH Professor Christian Wolfrum's group and coauthor of the study. "That's why it's so important to understand in detail how they work." The study was led by ETH Zurich, the University of Basel, the University of Leipzig Medical Center and the Dana-Farber Cancer Institute in Boston. Numerous other hospitals and research institutions around the world were involved in the project.

Independent of a known protein

The beige fat cells that researchers were already familiar with generate heat in the same way as brown fat cells: via a protein called UCP1. This protein is located in the inner of two membranes that surround the mitochondria, the structural units often referred to as the powerhouse of the cell. As part of their normal function, mitochondria pump protons into the space between the two membranes. Protons are electrically charged elementary particles that generally play an important role in energy conversion processes in cells. Bown fat cells and the classic beige fat cells described earlier have the protein UCP1. It forms a very narrow channel in the inner membrane through which the protons flow back into the mitochondria, thereby generating heat from friction.

In recent years, scientists have discovered that there are also beige fat cells without the UCP1 protein, and that these also consume energy and thus produce heat. The research team from ETH Zurich and the participating institutions has now precisely characterised the new class of beige fat cells and shown how they do this: by means of a "Sisyphus mechanism."

Here's how it works: All biochemical processes that take place in cells always generate some heat. The new class of beige fat cells takes advantage of this and allows individual processes to run back and forth, seemingly without purpose. This primarily involves two conversion processes. In one, the cells break fats down into their components (fatty acids) at full speed and then assemble them into new fats just as quickly. In the other, they apply an enzyme to convert molecules of creatine into creatine phosphate, a related molecule, only to immediately convert it back into creatine. Scientists call these back-and-forth processes "futile cycles." They don't add anything to the biochemical budget overall, but they consume energy and generate heat.

Preventing diabetes and obesity

The research team first described the new type of beige fat cells in mice. They then examined human adipose tissue and were able to show that these fat cells occur there, too. While less than half the population has the previously known type of classical beige fat cells, almost all humans have the new futile-cycle type, albeit in differing amounts.

As the researchers were able to show, people with a high number of beige fat cells -- of either the previously known type or this new type -- are slimmer and tend to have better metabolic health. That makes them less prone to obesity and metabolic disorders such as diabetes. "Because beige fat cells convert energy into heat, they help to break down excess fat," explains Tongtong Wang, an ETH doctoral student in ETH Professor Wolfrum's group and lead author of the study.

The researchers also explain how the new findings could be used medically in the future. For example, it may be possible to transplant beige fat cells into people who have only a few of them and suffer from metabolic diseases or weight problems. It would also be conceivable to develop drugs that activate the beige fat cells, which are often inactive. Such drugs could be used to treat people with high blood sugar levels or formerly overweight people who have reduced their weight through surgery or other means. "Activating their beige fat cells could help them to maintain their lower body weight in the long term," Sharma says.
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Sugar intake decreasing but still too high | ScienceDaily
A high-sugar diet is seen as a risk factor for obesity and chronic illness. University of Bonn researchers have analyzed data on sugar intake among children and adolescents in a long-term study, finding that intake has been declining steadily since 2010 -- but is still above the level recommended by the World Health Organization (WHO). The results, to be published in the European Journal of Nutrition, is already available online.


						
"Our study concerns the intake of free sugars," explains Dr. Ines Perrar, who is a research associate at the University of Bonn Institute of Nutritional and Food Science (IEL) and lead author of the study. "There is debate on whether sugar, like salt and fats, is linked to the development of chronic diseases." The WHO defines "free" sugar as any form of sugar, including honey, syrup and fruit juice concentrates, added by a manufacturer or when preparing food and beverages at home. Free sugar also includes sugar naturally occurring in juices.

For their project, IEL researchers analyzed data from the "Dortmund Nutritional and Anthropometric Longitudinally Designed" cohort study (DONALD). The DONALD study has been ongoing since 1985, gathering detailed data on nutrition, metabolism, growth and health of children and adolescents. "Study participants weigh and document everything they eat and drink on three consecutive days every year," relates Dr. Ute Nothlings, Professor of Nutritional Epidemiology at the IEL. "Referring to our Institute's in-house nutrient database, we are able to estimate intake of certain nutrients, including free sugars."

Sugar intake too high among adolescents in particular

The authors evaluated 4,218 sets of three-day weighing dietary records by 751 children and adolescents between ages three and 18 in the years 2010-2023. "Our finding is that free sugar intake continues to decline," Dr. Perrar notes, "but average daily intake still exceeds the level recommended by the WHO and the German Nutrition Society (Deutsche Gesellschaft fur Ernahrung, DGE) of a maximum 10% of total daily energy intake."

An analysis of DONALD back in 2019 already indicated that free sugar intake has been declining since 2005, then in 2016 a median value of approximately 16% of daily energy intake was determined. That value has subsequently declined further to 11.7%. The researchers surmise this trend may be explained by increased awareness of the health consequences of excessive consumption of sugar-sweetened beverages and certain other sugary foods.

While the decline definitely represents good progress, there are noteworthy age group differences, as Professor Nothlings points out, who is director of the DONALD study, spokesperson for the Transdisciplinary Research Area (TRA) Sustainable Futures and a member of the Life and Health TRA at the University of Bonn: "During the observation period, we saw a relatively high intake of free sugars around 15 percent of the daily energy intake in some cases, particularly among adolescents aged six to 14. The intake then declines significantly with increasing age."

Actual sugar intake likely higher




The findings affirm the purpose of the ongoing federal government policy initiative to lower sugar content in breakfast cereals, sweetened dairy products, soft drinks and fruit drinks by 15% or more by the year 2025. The researchers point out that the actual sugar intake is likely higher than the study data suggests, due in part to potential under-reporting by the study participants self-reporting on what they eat. In addition, the study is not broadly representative of society, as the design of this large study favors participation by families of a rather higher socioeconomic status who are generally more aware regarding nutrition and health issues.

Funding

The DONALD study is funded by the Ministry of Culture and Science of the state of North Rhine-Westphalia.
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A belly full of jelly | ScienceDaily
For a long time, scientists assumed that jellyfish were a dead-end food source for predatory fish. However, a team from the Alfred Wegener Institute together with the Thunen Institute has now discovered that fish in Greenland waters do indeed feed on jellyfish. In two of the analyzed species, they even made up the majority of the food, as the researchers describe in a study published in the journal Royal Society Open Science. The results suggest that the role of jellyfish as prey in marine food webs should be reconsidered, especially in regards to the fact that they could be profiting from climate change and spreading farther and farther north.


						
Jellyfish are found in all oceans, from polar to tropical regions. In the future, gelatinous zooplankton could spread even further, as it is generally one of the winners of climate change: unlike other species, jellyfish are able to better cope with the fact that the global oceans are becoming warmer and more acidic. "Therefore, it is important that we rethink and understand how jellyfish and gelatinous zooplankton generally fit into marine food webs," says Dr Charlotte Havermans, head of the ARJEL junior research group at the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI). In a new study, she and her team have therefore investigated the role of gelatinous zooplankton as prey of fish in Greenlandic waters.

Greenlandic waters are home to large quantities of various types of gelatinous zooplankton. However, whether and to what extent jellyfish and co. are on the menu of the fish that live here was previously unclear. "We analyzed the stomach contents of seven fish species, including commercially used species such as Atlantic cod, haddock and redfish," says Charlotte Havermans. "With the help of DNA metabarcoding, we were able to determine very precisely what the animals fed on."

The results were surprising: "We found DNA of jelly in the stomachs of all examined fish species, albeit in varying quantities," says Annkathrin Dischereit, first author of the study and doctoral student in ARJEL. For two species, the greater silver smelt and the northern wolffish, they even made up the largest proportion of the food. This is despite the fact that gelatinous zooplankton is widely considered a trophic dead end and emergency food for some fish species at best. "This assumption is based on the fact that their tissue is quickly digested by predator fish and jellyfish are therefore rarely recorded as prey in studies," explains Annkathrin Dischereit.

Modern method shows that the role of jellyfish is greater than previously thought

DNA metabarcoding provided a solution to this situation: Using this state-of-the-art method, researchers were able to detect short gene fragments in the stomachs, compare them with genetic reference databases and thus identify those prey species to which the fragments belonged. "We were able to see that every species we analyzed fed on jellyfish or other gelatinous zooplankton," explains Annkathrin Dischereit. "We detected up to 59 species of gelatinous invertebrates in the stomachs of the fish. This clearly shows that they play a significant but previously overlooked role in the subarctic food web." The stomach contents of some of these species had never been analyzed before in this area.

The study shows that we need to rethink our view of the role of jellyfish and co. in marine food webs. Gelatinous zooplankton is more than just stop-gap food. It is regular prey for predator fish higher up the food chain. "Our results raise the question of why fish seem to eat jellyfish surprisingly frequently," says Charlotte Havermans. Despite their low energy density, their contribution to the energy budget of predator fish could be more significant than previously assumed: They could be digested more quickly, are easier to hunt, are increasingly common and provide energy-rich components thanks to their diet. "There is still a need for research here," says Annkathrin Dischereit. "Our study provides a snapshot in time that only takes into account recently digested prey. We need to collect continuous samples throughout the year and link these to how the gelatinous zooplankton communities change over this period of time. Only then can we understand the trophic links between fish and gelatinous zooplankton."

This is absolutely necessary, as Charlotte Havermans says: "Only trophic insights can provide information on why jellyfish are important for fish and other organisms." So far, no proper trophic studies have yet been carried out on several species, such as redfish. "The results of our current study raise doubts about how well we understand subpolar ecosystems and how the recently observed increase in gelatinous zooplankton might affect them."
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Impact of 700 years of Inuvialuit subsistence hunting on beluga whales | ScienceDaily
An international team of researchers, led by scientists from the University of Copenhagen and University of Toronto, analysed beluga whale bones retrieved from archaeological sites in the Mackenzie Delta, Northwest Territories, Canada, to shed light on the sustainability of centuries of Inuvialuit beluga whale subsistence harvests.


						
'Since Inuvialuit ancestors arrived in the Mackenzie Delta around 800 years ago, beluga whales have been central to their livelihood and culture,' said archaeologist and co-senior author Professor Max Friesen from University of Toronto.

'However, little is known of the impact of centuries of sustained subsistence harvests on the beluga population'.

Integrating paleogenomics, genetic simulations, and stable isotope analysis of 45 zooarchaeological beluga remains, and comparing the findings with contemporary data from tissue samples provided by Inuvialuit hunters from their beluga subsistence hunts, the team characterised the effect of 700 years of subsistence harvests on beluga genetic diversity, population structuring, and foraging ecology.

'We found no changes in genetic diversity or population structuring over time, indicating population continuity,' said first author Postdoc Mikkel Skovrind from University of Copenhagen's Globe Institute.

'Our findings suggest Inuvialuit harvests had a negligible impact on the genetic diversity of contemporary Mackenzie belugas'.

The authors used genomic data to sex the belugas and found remarkable shifts in the ratio of females and males harvested across time, suggesting past changes in Inuvialuit resource use.

The stable isotope data showed concurrent shifts in the foraging ecology of female and male belugas, and may suggest changes over time in beluga behaviour or regional ecosystems,' said palaeogeneticist and co-senior author of the study Professor Eline Lorenzen from Globe Institute.

'Our study highlights the applicability of combining genomic sexing and isotope analysis of zooarchaeological remains for advancing our understanding of past hunting practices and faunal ecologies'.
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New mechanism of action kills cancer cells | ScienceDaily
In a first, a Bochum-based team has produced a substance capable of sending cancer cells into ferroptosis, that is a specific form of cell death. This could pave the way for the development of new drugs.


						
Conventional cancer drugs work by triggering apoptosis, that is programmed cell death, in tumor cells. However, tumor cells have the ability to develop strategies to escape apoptosis, rendering the drugs ineffective. In the journal Angewandte Chemie, a research team from Ruhr University Bochum, Germany, describes a new mechanism of action that kills cancer cells through ferroptosis. Ferroptosis is another form of programmed cell death that wasn't discovered until the 2010s. The Bochum group synthesized a metal complex, demonstrated its effectiveness in cell cultures and on microtumors and identified the chemical processes underlying the mechanism of action. The article was published online on August 13, 2024.

The research was carried out in Dr. Johannes Karges' Medicinal Inorganic Chemistry group in collaboration with doctoral student Nicolas Montesdeoca and two Bachelor students, Lukas Johannknecht and Elizaveta Efanova, and with the support of Dr. Jaqueline Heinen-Weiler from the Medical Imaging Center at Ruhr University Bochum.

Two types of programmed cell death

In programmed cell death, certain signaling molecules initiate a kind of suicide program to cause cells to die in a controlled manner. This is an essential step to eliminate damaged cells or to control the number of cells in certain tissues, for example. Apoptosis has long been known as a mechanism for programmed cell death. Ferroptosis is another mechanism that has recently been discovered which, in contrast to other cell death mechanisms, is characterized by the accumulation of lipid peroxides. This process is typically catalyzed by iron -- ferrum in Latin -- which is where the name ferroptosis derives from.

"Searching for an alternative to the mechanism of action of conventional chemotherapeutic agents, we specifically looked for a substance capable of triggering ferroptosis," explains Johannes Karges. His group synthesized a cobalt-containing metal complex that accumulates in the mitochondria of cells and generates reactive oxygen species, more precisely hydroxide radicals. These radicals attack polyunsaturated fatty acids, resulting in the formation of large quantities of lipid peroxides, which in turn trigger ferroptosis. The team was thus the first to produce a cobalt complex designed to specifically trigger ferroptosis.

Effectiveness demonstrated on artificial microtumors

The researchers from Bochum used a variety of cancer cell lines to show that the cobalt complex induces ferroptosis in tumor cells. On top of that, the substance slowed down the growth of artificially produced microtumors.




"We are confident that the development of metal complexes that trigger ferroptosis is a promising new approach for cancer treatment," as Johannes Karges sums up the research, adding: "However, there's still a long way to go before our studies result in a drug." The metal complex must first prove effective in animal studies and clinical trials. What's more, the substance doesn't currently selectively target tumor cells, but would also attack healthy cells. This means that researchers must first find a way to package the cobalt complex in such a way that it damages nothing but tumor cells.

Funding

Johannes Karges is funded by a Liebig Scholarship from the Fonds der Chemischen Industrie as well as the Life Sciences Bridge Award from the Aventis Foundation and the Paul Ehrlich & Ludwig Darmstaedter Early Career Award 2024.
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Season of birth is associated with the development of asthma and allergic rhinitis | ScienceDaily
Being born in autumn or winter is associated with asthma and allergic rhinitis in Finland, a new registry-based study shows.


						
Season of birth, and specifically being born in autumn or winter, is associated with allergic rhinitis and asthma in Finland, a new study by the University of Eastern Finland, the University of Helsinki and Helsinki University Hospital shows. Conversely, being born in summer was associated with the lowest incidence of asthma and allergic rhinitis.

"When using summer as a reference, we found that being born in any other time of the year was significantly associated with allergic rhinitis, and that being born in autumn or winter was associated with asthma. However, we did not find a statistically significant association of season of birth with chronic rhinosinusitis or NSAID-exacerbated respiratory disease," says Sanna Salmi, Professor of Otorhinolaryngology at the University of Eastern Finland.

The association of season of birth with airway allergies and related diseases may be influenced by seasonal variation in light levels, vitamin D metabolism, vegetation and air pollution, which affect allergenicity and immunological responses, as well as the risk of allergic rhinitis. A previous population-based study in Finland has shown that those born in winter or spring have a higher risk of developing asthma in adulthood.

The new study utilised registry-based follow-up data on 74,868 patients who visited a hospital in the Hospital District of Helsinki and Uusimaa (HUS) in Finland, and their birth date, sex, visit date and comorbidities were collected from electronic health record data during visits from 2005 to 2019. When observing the season of birth groups, the proportion of those having asthma was 43.1% in the winter group, 42.1% in the spring group, 41.1% in the summer group, and 42.7% in the autumn group. The proportion of those having allergic rhinitis was 12.6% in the winter group, 12.0% in the spring group, 10.7% in the summer group, and 12.1% in the autumn group.

Published in Clinical and Translational Allergy, the study aimed to explore whether season of birth is associated with airway allergies and related diseases, such as NSAID-exacerbated respiratory disease, asthma, allergic rhinitis, nonallergic rhinitis, chronic rhinosinusitis with nasal polyps, and chronic rhinosinusitis without nasal polyps in Finland.

"Our results may also suggest that the pathogenesis of chronic rhinosinusitis and NSAID-exacerbated respiratory disease is less dependent on these early life events; however, further research in larger cohorts is needed to confirm this," Professor Salmi notes.
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UV rays may boost health in low-sunlight countries | ScienceDaily
The health benefits of spending time in the sun could outweigh the risks for those living in areas with limited sunshine, a study suggests.


						
In low-sunlight locations such as parts of the UK, exposure to higher levels of ultraviolet (UV) radiation -- found in sunlight -- was linked to a drop in deaths due to cardiovascular disease and cancer.

Adapting public health advice to reflect both the risks and benefits of UV exposure may help to reduce disease burden and improve life expectancy in low-sunlight countries, the research team says.

Experts caution that measures should still be taken to protect the skin when UV levels are high, to prevent sunburn and the development of skin cancer.

University of Edinburgh scientists used genetic and health information from the UK BioBank -- an anonymised database of health details from volunteers -- to examine the UV exposure of 395,000 people across the UK. Participants were restricted to those of white European descent, due to the role skin pigmentation plays in the body's response to UV exposure.

The team applied two measures to identify those exposed to higher levels of UV. They used the geographical location of participants to calculate their average annual exposure to solar energy and, separately, whether they used sunbeds.

The findings were adjusted for other factors that might influence health -- including smoking, exercise, social deprivation and gender -- to reduce the chance that these factors were responsible for any of the changes observed.




Living in locations with higher UV levels, for example Cornwall, was associated with a lower risk of death from cardiovascular disease and cancer -- 19 per cent and 12 per cent, respectively -- than living in areas with lower UV levels, such as Edinburgh or Glasgow.

Sunbed use was linked to a 23 per cent lower risk of death from cardiovascular disease and a 14 per cent lower risk of death from cancer, compared to non-users. It is possible that people who use sunbeds may also seek out greater sun exposure and so this result may reflect broader sun seeking behaviour, the team says.

Those with a higher estimated UV exposure had a slightly increased risk of being diagnosed with melanoma -- a type of skin cancer -- but their risk of dying from the condition was not raised.

As the study is based on UK data from a white European population, the findings are of most relevance to similar groups in low-sunlight countries. Further research into locations with higher UV exposure is needed to build a clearer picture of the potential benefits to health, experts say.
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Rising mercury pollution in soil could be related to climate change | ScienceDaily
In 2017, the Minamata Convention on Mercury went into effect, designed to help curb mercury emissions and limit exposure across the globe. However, a new study of mercury levels in soil suggests that the treaty's provisions might not be enough. The study published in ACS' Environmental Science & Technology estimates that soil stores substantially more mercury than previously thought, and it predicts that increases in plant growth due to climate change may add even more.


						
Mercury is a persistent environmental pollutant, moving through air, water and soil, and accumulating within plants and animals. Soil is the primary reservoir for mercury, storing three times the amount found in the oceans and 150 times the amount found in the atmosphere. Typically, the heavy metal naturally moves through these reservoirs, but humans have altered this cycling. Human-caused climate change increases carbon dioxide levels, promoting vegetation growth and most likely depositing more mercury in the soil when the vegetation decomposes. Previous studies on soil mercury levels have mostly focused on small, regional scales. But Xuejun Wang, Maodian Liu and colleagues wanted to develop a more accurate, worldwide model of soil mercury levels that could take into account the effects of a continuously warming climate.

The team began by compiling nearly 19,000 previously published soil mercury measurements, producing one of the largest databases of its kind. The dataset was fed into a machine learning algorithm to estimate the global distribution of mercury in both topsoil and subsoil. They found that the total amount of mercury stored in the first 40 inches (around 1 meter) of soil is approximately 4.7 million tons. This value is double what some previous estimates concluded, though some of those studies accounted for a shallower depth of soil. The team's model identified the highest levels of mercury in plant-dense areas such as low latitudes of the tropics, but also in permafrost and areas with high human density. Conversely, bare land such as shrubland or grassland had relatively low levels of soil mercury.

To understand how climate warming could affect mercury soil levels, the researchers combined their initial model with datasets of environmental factors representing future climate scenarios. Their model predicts that as temperatures increase around the globe, vegetation growth will be promoted as well, which could raise soil mercury levels in turn. This symbiotic effect would outweigh the reduction efforts proposed by current worldwide control schemes, like those in the Minamata Convention. Though additional research and observations are needed, the researchers say that this work emphasizes the need for stricter, long-term and simultaneous control of mercury and carbon dioxide emissions.
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Great Scott! Stonehenge's Altar Stone origins reveal advanced ancient Britain | ScienceDaily
New research led by Curtin University has revealed Stonehenge's monumental six-tonne Altar Stone, long believed to originate from Wales, actually hails from Scotland.


						
Furthermore, the findings point to the existence of unexpectedly advanced transport methods and societal organisation at the time of the stone's arrival at its current location in southern England about 5000 years ago.

Curtin researchers studied the age and chemistry of mineral grains within fragments of the Altar Stone, which is a 50cm thick sandstone block measuring 5 x 1 metres, that sits at the centre of Stonehenge's iconic stone circle in Wiltshire.

Lead author PhD student Anthony Clarke from the Timescales of Mineral Systems Group within Curtin's School of Earth and Planetary Sciences said analysis of the age and chemical composition of minerals within fragments of the Altar Stone matched it with rocks from northeast Scotland, while also clearly differentiating them from Welsh bedrock.

"Our analysis found specific mineral grains in the Altar Stone are mostly between 1000 to 2000 million years old, while other minerals are around 450 million years old," Mr Clarke said.

"This provides a distinct chemical fingerprint suggesting the stone came from rocks in the Orcadian Basin, Scotland, at least 750 kilometres away from Stonehenge.

"Given its Scottish origins, the findings raise fascinating questions, considering the technological constraints of the Neolithic era, as to how such a massive stone was transported over vast distances around 2600 BC.




"This discovery also holds personal significance for me. I grew up in the Mynydd Preseli, Wales, where some of Stonehenge's stones came from. I first visited Stonehenge when I was one year old and now at 25, I returned from Australia to help make this scientific discovery -- you could say I've come full circle at the stone circle."

Study co-author Professor Chris Kirkland, also from the Timescales of Mineral Systems Group at Curtin, said the findings had significant implications for understanding ancient communities, their connections, and their transportation methods.

"Our discovery of the Altar Stone's origins highlights a significant level of societal coordination during the Neolithic period and helps paint a fascinating picture of prehistoric Britain," Professor Kirkland said.

"Transporting such massive cargo overland from Scotland to southern England would have been extremely challenging, indicating a likely marine shipping route along the coast of Britain.

"This implies long-distance trade networks and a higher level of societal organisation than is widely understood to have existed during the Neolithic period in Britain."

Funded by an Australian Research Council Discovery Project, the research was performed in collaboration with Aberystwyth University, The University of Adelaide and University College London.




Co-author Professor Richard Bevins from Aberystwyth University said the findings overturned what had been thought for the past century.

"We have succeeded in working out, if you like, the age and chemical fingerprints of perhaps one of the most famous of stones in the world-renowned ancient monument," Professor Bevins said.

"While we can now say that this iconic rock is Scottish and not Welsh, the hunt will still very much be on to pin down where exactly in the north-east of Scotland the Altar Stone came from."

Co-author Dr Robert Ixer of the UCL Institute of Archaeology said the findings were genuinely shocking, but if plate tectonics and atomic physics were correct, then the Altar Stone is Scottish.

"The work prompts two important questions: why and exactly how was the Altar Stone transported from the very north of Scotland, a distance of more than 700 kilometres, to Stonehenge?"

Curtin Vice-Chancellor Professor Harlene Hayne said much of the research and analysis done by Mr Clarke and Professor Kirkland was undertaken at the University's John de Laeter Centre.

"This fascinating study is another example of the stellar work being undertaken by Curtin University's Timescales of Mineral Systems Group with the John de Laeter Centre, using state-of-the-art equipment in our GeoHistory Facility that supports important minerals research," Professor Hayne said.

"It offers specialist mass spectrometers which are used to examine the composition of materials such as rock-forming minerals, archaeological artefacts, meteorites, ceramics and even biological substances such as teeth, bones and shell.

"Ongoing investment is required to maintain cutting-edge facilities like this, which are crucial for attracting the world's best minds. In this case, we are delighted that our outstanding research reputation and facilities led PhD student Anthony Clarke to travel 15,000 kilometres from his home in Wales to study at Curtin and make this significant finding."

Mr Clarke said he chose Curtin for his PhD because it also offered the chance to work alongside renowned researchers, such as Professor Kirkland.

"Curtin has given us the freedom and independence to explore fascinating work, such as Stonehenge and access to the world's most advanced equipment and expert staff means I can complete all my work there," Mr Clarke said.

"Western Australia itself as home to the oldest minerals on Earth, is an outstanding natural laboratory. So I'm very grateful to have had the opportunity to do this research in this outstanding place."
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C-section antibiotics impact the infant microbiome far less than infant diet | ScienceDaily
Caesarean section recipients are usually given prophylactic antibiotics just before the procedure to prevent later infections at the surgical site. But there have been concerns about whether these antibiotics may have a negative impact on newborns and their microbiomes if the drugs travel through the umbilical cord and reach the baby before the cord is cut. Now, a study from the Netherlands has confirmed that although these antibiotics can cause subtle changes to the infant microbiome, they are much less significant than the impact of how the babies are fed. The findings were reported August 14 in the journal Cell Host & Microbe.


						
"We decided to conduct this study because it addresses a significant clinical question with possibly profound implications for infant health," says first and corresponding author Trishla Sinha of University Medical Center Groningen. "It is crucial to balance high-quality evidence of immediate benefits to the mother against equally robust evidence of any potential short- and long-term risks to the infant. Mothers often ask whether the antibiotics they take influence their child, and this study can provide assurance that they have only small effects on infant gut microbiome."

A handful of previous studies have looked at this question, but they had smaller sample sizes. The first part of the current study prospectively enrolled 28 mother-infant pairs. Twelve of the mothers received antibiotics before skin incision, and the other 16 received them after the umbilical cord was clamped. For this group, a total of 172 infant microbiome samples were collected at 8 different timepoints after birth, up to one year. The second part of the analysis also included data from two other similar trials for a total of 79 infants.

"Our combined analysis makes this the largest study in the field," Sinha says. "Additionally, our longitudinal data and deep metagenomic sequencing were unprecedented."

For the samples they collected, the researchers looked at infant gut microbiome species composition and strain variability, as well as the composition of antibiotic-resistance genes. They also looked at the composition of bile and short-chain fatty acids. In addition to information about antibiotic usage, the investigators had information about whether the infants were formula-fed or breastfed.

The results showed that in general, feeding mode had a significant impact on gut microbial diversity, species, and strain-level bacterial composition, as well as bile acid composition. Infants who were formula-fed had a significantly different overall microbiome profile, with feeding mode explaining 12% of the variation in overall infant gut microbiome composition during the first six weeks of life. These differences were also reflected in the bile acid profiles in the stools of these infants. Recent research has highlighted the crucial role of the gut microbiome and bile acids in the development of immune disorders later in life. Therefore, these early-life changes could have important long-term consequences. However, further long-term studies are needed to confirm these findings. Antibiotics, in contrast to feeding mode, only had subtle impacts on antibiotic resistance genes and strain variability.

"We were surprised that the antibiotics did not drastically alter the microbiome, because other research has reported a large impact of antibiotics on infant gut microbiome composition," Sinha says. "This is probably due to the fact that it is a one-time exposure to intravenous antibiotics during birth in contrast to prolonged exposure to antibiotics throughout infancy."

In their next study, the researchers plan to examine a group of 1,500 mother-infant pairs from the Dutch cohort called Lifelines NEXT, looking at various health, environmental, and dietary factors during pregnancy and birth, as well as factors after birth that may influence the infant gut microbiome composition. The researchers plan to follow the infants throughout childhood and into adulthood to assess the long-term impact of the infant gut microbiome on future health outcomes.

"It's also important to realize that alterations in the gut microbiome do not immediately translate to future health outcomes for the child," Sinha says. "These still need to be extensively studied in longitudinal studies with longer follow-up time."
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A ketogenic diet could improve the response to pancreatic cancer therapy | ScienceDaily
A study of fasting and the ketogenic diet reveals a new vulnerability of pancreatic tumors to an existing cancer drug.


						
Scientists at UC San Francisco have discovered a way to get rid of pancreatic cancer in mice by putting them on a high fat, or ketogenic, diet and giving them cancer therapy.

The cancer therapy blocks fat metabolism, which is the cancer's only source of fuel for as long as the mice remain on the ketogenic diet, and the tumors stop growing.

The team made the discovery, which appears August 14 in Nature, while they were trying to figure out how the body manages to subsist on fat while fasting.

"Our findings led us straight to the biology of one of the deadliest cancers, pancreatic cancer," said Davide Ruggero, PhD, Goldberg-Benioff Endowed Professor and American Cancer Society Research Professor in the Departments of Urology and Cellular Molecular Pharmacology at UCSF and senior author of the paper.

Ruggero's team first uncovered how a protein known as eukaryotic translation initiation factor (eIF4E) changes the body's metabolism to switch to fat consumption during fasting. The same switch also occurs, thanks to eIF4E, when an animal is on a ketogenic diet.

They found that a new cancer drug called eFT508, currently in clinical trials, blocks eIF4E and the ketogenic pathway, preventing the body from metabolizing fat. When the scientists combined the drug with a ketogenic diet in an animal model of pancreatic cancer, the cancer cells starved.




"Our findings open a point of vulnerability that we can treat with a clinical inhibitor that we already know is safe in humans," Ruggero said. "We now have firm evidence of one way in which diet might be used alongside pre-existing cancer therapies to precisely eliminate a cancer."

Burning different fuels in the engine of the cell

Humans can survive for weeks without food, in part because the body burns stored fat.

During fasting, the liver converts fats into ketone bodies to use in place of glucose, the body's normal source of energy. Ruggero's team found that eIF4E in the liver became more active, even as the liver paused its other metabolic activity, suggesting that this factor was involved in making ketone bodies, a process called ketogenesis.

"Fasting has been part of various cultural and religious practices for centuries, often believed to promote health," said Haojun Yang, PhD, post-doctoral researcher in Ruggero's lab and first author of the study. "Our finding that fasting remodels gene expression provides a potential biological explanation for these benefits."

By tracking how different metabolic pathways changed during fasting, the scientists discovered that eIF4E was activated by the presence of free fatty acids, which are released by fat cells early in fasting, so the body has something to consume.




"The metabolite that the body uses to make energy is also being used as a signal molecule during fasting," Ruggero said. "To a biochemist, seeing a metabolite act like a signal was the coolest thing."

These same changes in the liver -- ketone body production from burning fat, along with a rise in eIF4E activity -- also occurred when laboratory animals were given a ketogenic diet consisting mostly of fat.

That's when the lightbulb went off.

"Once we could see how the pathway works, we saw the opportunity to intervene," Ruggero said.

The Achilles' heel of pancreatic cancer

The scientists first treated pancreatic cancer with a cancer drug called eFT508 that disables eIF4E, intending to block tumor growth. Yet, the pancreatic tumors continued to grow, sustained by other sources of fuel like glucose and carbohydrates.

Knowing that pancreatic cancer can thrive on fat, and that eIF4E is more active during fat burning, the scientists first placed the animals on a ketogenic diet, forcing the tumors to consume fats alone, and then put them on the cancer drug. In this context, the drug cut off the cancer cells' only sustenance -- and the tumors shrank.

Ruggero, along with Kevan Shokat, PhD, UCSF professor of cellular and molecular pharmacology, developed eFT508 in the 2010s, and it showed some promise in clinical trials. But now, there's a much more powerful way to use it.

"The field has struggled to firmly link diet with cancer and cancer treatments," Ruggero said. "But to really connect these things productively, you need to know the mechanism."

Different diet-drug combinations will be needed to treat more forms of cancer.

"We expect most cancers to have other vulnerabilities," Ruggero said. "This is the foundation for a new way to treat cancer with diet and personalized therapies."
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Decoding the world's largest animal genome | ScienceDaily
Thirty times the size of the human genome: An international team of researchers led by Konstanz evolutionary biologist Axel Meyer and Wurzburg biochemist Manfred Schartl has sequenced the largest genome of all animals, the lungfish genome. Their data help to explain how the fish ancestors of today's land vertebrates were able to conquer land.


						
Join us as we travel back in time! We have arrived in the Devonian period, some 420 to 360 million years ago. In a shallow area near the water's edge, something happened that would forever change life on our planet: a fish from the class of lobe-finned fishes uses its pair of powerful pectoral fins to pull itself out of the shallow water onto land, moving its body across the sludgy surface at the shoreline. The fish is in no hurry to return to the water. It can easily breathe air, because this fish already has lungs, like we land vertebrates still do today.

This scenario or one similar to it could have been the first time a vertebrate moved on land, one of the most important events in evolutionary history. Because all later land vertebrates, or tetrapods, can be traced back to a fish. This encompasses not only amphibians, reptiles and birds, but also mammals -- humans included. Yet one mystery remains: Why were the fish of this lobe-finned lineage so well prepared to conquer land?

A look at its living relatives

To find the answer to this question after such a long time, the genetic material of the closest living relatives of our Devonian ancestor has now been analysed, making it possible to draw conclusions about its appearance. Only three lineages of these closest relatives, the lungfish, are still alive today: one in Africa, one in South America and one in Australia. It seems that evolution has forgotten them, because these ancient "living fossils" still look very much like their ancestors. Since our genetic material, the DNA, is made up of nucleobases and the sequence of these nucleobases contains the actual genetic information, a comparative analysis of the lungfish genomes is only possible with knowledge of their complete sequences.

We already knew that the genomes of lungfish are huge, but how gigantic they really are and what can be learned from them was not clear until now. Accordingly, the sequencing of the lungfish genomes was very labour intensive and complicated from both a technical and a bioinformatic perspective. However, an international research team led by Konstanz biologist Axel Meyer and Wurzburg biochemist Manfred Schartl has now succeeded in fully sequencing the genome of the South American lungfish and that of a member of the African lineage. The previously largest genome sequence of the Australian lungfish (Neoceratodus) had already been sequenced by the same team. The findings of their latest research were published in the journal Nature.

Very, very big, but why?

The genetic material of the South American lungfish in particular breaks all records for size: "With over 90 gigabases (in other words, 90 billion bases), the DNA of the South American species is the largest of all animal genomes and more than twice as large as the genome of the previous record holder, the Australian lungfish. 18 of the 19 chromosomes of the South American lungfish are each individually larger than the entire human genome with its almost 3 billion bases," says Meyer. Autonomous transposons are responsible for the fact that the lungfish genome has ballooned to this enormous size over time. These are DNA sequences that "replicate" and then change their position in the genome, which in turn causes the genome to grow.




Although this occurs in other organisms as well, the research team's analyses showed that the expansion rate of the genome of the South American lungfish is by far the fastest on record: Every 10 million years in the past, its genome has grown by the size of the entire human genome. "And it continues to grow," reports Meyer. "We have found evidence that the transposons responsible are still active." The researchers identified the mechanism for this gigantic genome growth: The extreme expansion is at least partially due to very low piRNA abundance. This type of RNA is part of a molecular mechanism that normally silences transposons.

Remarkably stable nonetheless

Because transposons replicate and jump around in the genome, thereby contributing to its growth, they can greatly alter and destabilise the genetic material of an organism. This is not always detrimental, and it can even be an important driver of evolution, as these "jumping genes" sometimes also cause evolutionary innovations by altering gene functions. This makes it all the more surprising that the current study found no correlation between the enormous transposon surplus and genome instability -- the genome of the lungfish is unexpectedly stable and the gene arrangement is surprisingly conservative. This fact enabled the research team to reconstruct the original architecture of the set of chromosomes (karyotype) of the ancestral tetrapod from the sequences of the lungfish species that are still alive today.

In addition, the comparison of the lungfish genomes enabled them to draw conclusions about the genetic basis of differences between the lineages still alive today. The Australian lungfish, for example, still has the limb-like fins that once enabled its relatives to move on land. In today's other lungfish species from Africa and South America, these fins, which are similar in bone structure to our arms, evolved back into filamentous fins over the last 100 million years or so. "In our research, we also used experiments with CRISPR-Cas transgenic mice to show that this simplification of the fins is attributable to a change in what is known as the Shh-signalling pathway," says Meyer.

During the embryonic development of mice, for example, the Shh-signalling pathway controls the number and development of the fingers, among other things. The research findings thus provide additional evidence of the evolutionary link between the ray fins of bony fish and the fingers of land vertebrates. As scientists now have the complete genome sequences of all current lungfish families at their disposal thanks to the new research, additional comparative genomic studies will provide further insights into the lobe-finned ancestors of land vertebrates in the future -- and help solve the mystery of how vertebrates made their way onto land.
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Newly discovered ability of comammox bacteria could help reduce nitrous oxide emissions in agriculture | ScienceDaily
An international research team led by the Centre for Microbiology and Environmental Systems Science (CeMESS) at the University of Vienna has discovered that comammox bacteria, first identified by them in 2015, can grow using guanidine, a nitrogen-rich organic compound, as their sole energy and nitrogen source. This unique ability opens new avenues for targeted cultivation of these enigmatic microbes and could also provide a key to reducing agricultural nitrous oxide emissions. The research findings were recently published as an article in the journal Nature.


						
Nitrification, the conversion of ammonia via nitrite to nitrate, is carried out by specialized microorganisms called nitrifiers. This process is extremely important for the global biogeochemical nitrogen cycle in virtually all ecosystems, but it plays an ambivalent role in global change. On one hand, nitrification contributes to the emission of the potent greenhouse gas and ozone-depleting substance nitrous oxide and leads to massive fertilizer losses in agriculture, resulting in the eutrophication of water bodies. On the other hand, nitrification is indispensable as a biological purification step for nutrient removal in wastewater treatment plants, thus protecting water bodies from excessive nitrogen input from wastewater. The study authors have now found a way that may promote nitrifiers in the environment that emit less nitrous oxide.

"Green" Nitrifiers

Comammox bacteria are considered "green" nitrifiers because, unlike many other nitrifiers, they produce only small amounts of nitrous oxide as a byproduct of their metabolism and efficiently remove nitrogen compounds from wastewater in treatment plants. Since the discovery of nitrifiers in the 19th century, it was assumed that these microorganisms could only respire ammonia and urea. In 2015, the research groups led by Michael Wagner and Holger Daims demonstrated that some nitrifiers could also use the chemically unstable cyanate for their energy metabolism. "In the recently published paper, our team has now shown that comammox bacteria can also grow with the unconventional substrate guanidine," explains Marton Palatinszky, the study's first author. "The comammox bacteria use a transporter and an enzyme, structurally and functionally characterized in detail by us, which allows them to produce ammonium from guanidine in a highly energy-efficient manner within the cell."

Guanidine is a metabolic product of microorganisms and plants. Little is known about its role in human and animal metabolism. It is formed in soils during the degradation of synthetic fertilizer additives and in wastewater during the breakdown of the commonly used drug metformin. However, little is known about the distribution and further processing of guanidine in the environment. The international research team, including microbiologists from the Helmholtz Centre for Environmental Research in Leipzig; Germany and Aalborg University in Denmark, demonstrated that guanidine is present not only in human urine but also in livestock excreta and that comammox bacteria utilize guanidine in wastewater treatment plants. They also showed that guanidine is metabolized by nitrifiers in agricultural soils.

New Opportunities for Cultivation and Nitrous Oxide Reduction

The Vienna microbiologists are now attempting to enrich and isolate the widespread comammox bacteria from environmental samples using guanidine, as only one strain is currently available in pure culture worldwide. "This seems particularly promising as none of the other nitrifier strains we tested could grow with guanidine as the sole energy and nitrogen source," explains Katharina Kitzinger, a Senior Scientist at CeMESS. The team also wants to investigate whether adding guanidine to agricultural fertilizers could increase the abundance of comammox bacteria in arable soils, thereby reducing agricultural nitrous oxide emissions.

"This work would not have been possible without the close collaboration of many researchers involved in the 'Microbiomes Drive Planetary Health' Cluster of Excellence, launched in 2023. We extend our sincere thanks to the Austrian Science Fund (FWF) for this special support," says study leader Michael Wagner.
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Ecologists put an insect group on century-old map of biodiversity | ScienceDaily
The distribution of species around the globe is not a random process but an outcome resulting from several evolutionary mechanisms as well as past and current environmental limitations. As a result, since the mid-19th century, biologists have identified several main regions, called biogeographic realms, that depict these large ensembles of species around the world. These biogeographic realms represent one of the most fundamental descriptions of biodiversity on Earth and are commonly used in various fields of biology.


						
For nearly 150 years, however, the characterisation of these biogeographic units resulted exclusively from the study of vertebrate (e.g. birds, mammals) and plant groups. These latter groups, however, represent only a minority of the species found on Earth. In contrast, hyperdiverse groups like insects were left aside from such efforts that offer a fundamental tool for conservation planning to understand biodiversity distribution.

Recently, ecologists from The University of Hong Kong (HKU) and their collaborators in Japan, mapped global biogeographic regions for a major insect group, ants, providing the first effort and a set of novel approaches to include these organisms. This work, published in Nature Communications, provides the best window yet for understanding the distribution of insects and is of significance for global conservation.

Insects, 'the little things that run the world', make up over 55% of all described species. However, the knowledge gap regarding their distribution information impedes scientists to map their biogeographic regions. 'A first step to protect species, and thus biodiversity, is to understand where those are located,' says Professor Benoit GUENARD, senior author of the study, and head of the Insect Biodiversity and Biogeography Laboratory at HKU School of Biological Sciences (SBS).

To tackle this challenge, Professor Guenard has been leading an international team to assemble the distribution data of nearly 16,000 ant species for more than a decade. Ants are among the most widespread and ecologically dominant insects, weighting as much as twice the combined mass of wild birds and mammals as shown in one of Professor Guenard's team previous studies. For an insect group, they are relatively well-documented. The hard work of Professor Guenard's team, compiling data from over 300 years' research of ants, makes it possible to use advanced techniques, including bioinformatics and machine learning, to predict and analyse their distribution. In the end, they were able to produce the first biogeographic map of ants.

This map shows the division of ant's global territory into 9 large biogeographic realms. 'Interestingly, when I was comparing this map with those for vertebrates and plants, I saw so many similarities,' says the first author Mr Runxi WANG, a PhD candidate from School of Biological Sciences, 'with ants and plants sharing several regions that are not found in vertebrates.'

The further analysis confirms the authors' observations -- the biogeographic regions are very similar among different taxa, but plants are more similar with ants than with any vertebrate groups. 'It's not very surprising because we know that ants and plants have very close ecological and evolutionary relationships. For instance, ants help tens of thousands of plants to disperse their seeds and protect many more from herbivores. 'They have been co-evolved for millions of years,' explains Professor Guenard, 'but it is one of the first evidences showing such significant biogeographic consequences.'

This result indicates that many similarities between animals and plants may be not captured by vertebrates. 'Ants alone cannot represent the hyperdiversity of all insects, but their similarities to plants are probably not an exception,' adds Mr Wang, 'we certainly need greater efforts to include more insect groups in the future to depict the global picture of biodiversity.'
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Giant fossil seeds from Borneo record ancient plant migration | ScienceDaily
Ancient fossil beans about the size of modern limes, and among the largest seeds in the fossil record, may provide new insight into the evolution of today's diverse Southeast Asian and Australian rainforests, according to Penn State researchers who identified the plants.


						
They discovered that the fossils represent a now extinct legume genus that lived in Southeast Asia that was closely related to modern Castanospermum, known as the black bean tree. This tree is only found today in the coastal rainforests of northern Australia and neighboring islands.The team, which also included paleontologists based in Indonesia, Canada, the United Kingdom and elsewhere in the United States, reported their findings in the International Journal of Plant Sciences.

The fossils, discovered in Indonesian Borneo, date back to the Eocene period approximately 34 to 40 million years ago. They suggest that the ancestors of the black bean tree migrated from Asia into Australia during the tectonic-plate collision that brought the landmasses together and allowed for an exchange of plants and animals between the continents. The collision of the Southeast Asian and Australian tectonic plates, which began about 20 million years ago and continues today, led to a large exchange of plant and animal species between the landmasses, the scientists said.

The findings provide the first macrofossil evidence of a plant lineage moving from Asia into Australia after the Asia-Australia tectonic collision, the researchers said. The fossils are also the oldest definite fossil legumes -- the bean family -- from the Malay Archipelago and the first fossil record anywhere of plants related to the black bean tree.

"These fossil seeds suggest that the ancient relatives of Castanospermum migrated into Australia from Southeast Asia during the tectonic collision event and later went extinct in Asia," said Edward Spagnuolo, a doctoral student in the Department of Geosciences at Penn State and lead author of the study.

The suggestion is in opposition to most of the existing direct macrofossil evidence for plant migrations, which represents lineages that moved from Australia into Asia. According to the scientists, the lack of direct evidence for movement from Asia to Australia is at least partially due to a poor plant fossil record in the Malay Archipelago, which includes the Philippines, Indonesia, East Timor, Papua New Guinea and parts of Malaysia.

"It's really hard to collect fossils in this part of the world," Spagnuolo said. "Most surface rocks are destroyed by the heavy tropical rainfall or covered by vegetation, agriculture and buildings, so there are few places to look for fossils other than mine and quarry exposures. There is also very little paleontological infrastructure. We're fortunate to have a partnership with Indonesian paleontologists at Institut Teknologi Bandung in Java, who make this work possible."

An international research team, including Peter Wilf, professor of geosciences at Penn State, collected the fossils in 2014 from the seams of a coal mine in South Kalimantan, Indonesian Borneo.




The collection included three large beans, pollen samples and about 40 leaves. Along with plants, the team also discovered diverse fossilized bird tracks, burrowing traces of marine invertebrates and fossil turtle remains, among other fossils recently published or under continued study.

The seeds are some of the largest in the fossil record, excluding coconuts and some other palms. They would have grown in a pod that most likely reached up to 3 feet long, or the length of a baseball bat, and fit up to five seeds, the scientists said.

After field work, the fossils were loaned to Penn State, where the seeds underwent CT scan imaging. Spagnuolo and Wilf analyzed the fossil beans taxonomically, describing anatomical characters useful for identification, and found they most closely resembled modern Castanospermum, which has no previous fossil representatives.

"Although some of the characteristics of these fossils are common across legumes, there is no fossil or living legume group besides Castanospermum that has a combination of features closely matching the fossils," Spagnuolo said. "That makes us confident with our identification."

The fossil seeds were named Jantungspermum gunnellii. The genus name refers to the heart shape of the fossil -- jantung means heart in Indonesian and spermum means seed in Latin. The species name honors the late Gregg Gunnell, a vertebrate paleontologist formerly of the Duke University Lemur Center, who led the field trip.

Legumes are a diverse family of flowering plants, with about 20,000 species alive today that include many large tropical trees, the scientists said. But despite their abundance and diversity in modern ecosystems, these seeds are the only definite legume fossils from before the Neogene period, the interval between 2.6 million and 23 million years ago, in the Southeast Asian wet tropics.




"The tropics are the most diverse biome on Earth," Wilf said. "We know very little from the fossil record about how tropical ecosystems evolved, especially in Asia, even as extinction risks are rising quickly, and we lose vast areas every year to deforestation. The Penn State paleobotany group is working on this problem in the field with colleagues in several Asian countries, and the new giant fossil beans from Borneo are a fantastic example of the discovery potential."

These findings confirm legumes' presence in Southeast Asia and fill a critical hole in the fossil record, the scientists said.

"We have a great legume fossil record for much of the world but not Southeast Asia," Spagnuolo said. "Our work highlights the neglected paleobotanical potential of this region and the need for more fossil sampling in the Malay Archipelago."

Also contributing were John-Paul Zonneveld, professor, University of Alberta, Canada; David Shaw, stratigraphic palynologist, Biostratigraphic Associates, United Kingdom; Aswan, lecturer, and Yan Rizal, associate professor, Institut Teknologi Bandung, Indonesia; Yahdi Zaim, professor, Institut Teknologi Sumatera, Indonesia; Jonathan Bloch, curator of vertebrate paleontology, Florida Museum of Natural History; and Russell Ciochon, professor emeritus, University of Iowa.

The National Geographic Society, the U.S. National Science Foundation and Penn State supported researchers involved in this work.
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Climate change raised the odds of unprecedented wildfires in 2023-24 | ScienceDaily
Unprecedented wildfires in Canada and parts of Amazonia last year were at least three times more likely due to climate change and contributed to high levels of CO2 emissions from burning globally, according to the first edition of a new systematic annual review.


						
The State of Wildfires report takes stock of extreme wildfires of the 2023-2024 fire season (March 2023-February 2024), explains their causes, and assesses whether events could have been predicted. It also evaluates how the risk of similar events will change in future under different climate change scenarios.

The report, which will be published annually, is co-led by the University of East Anglia (UEA, UK), the UK Centre for Ecology & Hydrology (UKCEH), the Met Office (UK) and European Centre for Medium-Range Weather Forecasts (ECMWF, UK).

Published today in the journal Earth System Science Data, the report finds that carbon emissions from wildfires globally were 16% above average, totalling 8.6 billion tonnes of carbon dioxide. Emissions from fires in the Canadian boreal forests were over nine times the average of the past two decades and contributed almost a quarter of the global emissions.

If it had not been a quiet fire season in the African savannahs, then the 2023-24 fire season would have set a new record for CO2 emissions from fires globally.

As well as generating large CO2 emissions, fires in Canada led to more than 230,000 evacuations and eight firefighters lost their lives. An unusually high number of fires were also seen in northern parts of South America, particularly in Brazil's Amazonas state and in neighbouring areas of Bolivia, Peru, and Venezuela. This led to the Amazon region experiencing among the worst air quality ratings on the planet.

Elsewhere in the world, individual wildfires that burned intensely and spread quickly in Chile, Hawaii, and Greece led to 131, 100, and 19 direct fatalities, respectively. These were among the many wildfires worldwide with significant impacts on society, the economy, and the environment.




"Last year, we saw wildfires killing people, destroying properties and infrastructure, causing mass evacuations, threatening livelihoods, and damaging vital ecosystems," said the lead author of this year's analysis, Dr Matthew Jones, Research Fellow at the Tyndall Centre for Climate Change Research at UEA.

"Wildfires are becoming more frequent and intense as the climate warms, and both society and the environment are suffering from the consequences."

The loss of carbon stocks from boreal forests in Canada and tropical forests in South America have lasting implications for the Earth's climate. Forests take decades to centuries to recover from fire disturbance, meaning that extreme fire years such as 2023-24 result in a lasting deficit in carbon storage for many years to come.

"In Canada, almost a decade's worth of carbon emissions from fire were recorded in a single fire season -- more than 2 billion tonnes of CO2," said Dr Jones. "In turn, this raises atmospheric concentrations of CO2 and exacerbates global warming."

Climate change made the 2023-24 fire season more extreme

As well as cataloguing high-impact fires globally, the report focused on explaining the causes of extreme fire extent in three regions: Canada, western Amazonia, and Greece.




Fire weather -- characterised by hot, dry conditions that promote fire -- has shifted significantly in all three focal regions when compared to a world without climate change. Climate change made the extreme fire-prone weather of 2023-24 at least three times more likely in Canada, 20 times more likely in Amazonia, and twice as likely in Greece.

The report also used cutting-edge attribution tools to distinguish how climate change has altered the area burned by fires versus a world without climate change. It found that the vast extent of wildfires in Canada and Amazonia in the 2023-24 fire season was almost certainly greater due to climate change (with more than 99% confidence).

"It is virtually certain that fires were larger during the 2023 wildfires in Canada and Amazonia due to climate change," said Dr Chantelle Burton, Senior Climate Scientist at the Met Office.

"We are already seeing the impact of climate change on weather patterns all over the world, and this is disrupting normal fire regimes in many regions. It is important for fire research to explore how climate change is affecting fires, which gives insights into how they may change further in the future."

Likelihood of extreme wildfires will rise but can be mitigated

Climate models used in the report suggest that the frequency and intensity of extreme wildfires will increase by the end of the century, particularly in future scenarios where greenhouse gas emissions remain high.

The report shows that by 2100, under a mid-to-high greenhouse gas emissions scenario (SSP370), wildfires similar in scale to the 2023-24 season will become over six times more common in Canada. Western Amazonia could see an extreme fire season like 2023-24 almost three times more frequently. Similarly, years with fires on the scale of those seen in Greece during 2023-2024 are projected to double in frequency.

"As long as greenhouse gas emissions continue to rise, the risk of extreme wildfires will escalate," said Dr Douglas Kelley, Senior Fire Scientist at the UK Centre for Ecology & Hydrology.

Increases in the future likelihood of extreme wildfire events, on the scale of 2023-2024, can be minimised by reducing greenhouse gas emissions. Following a low emissions scenario (SSP126) can limit the future likelihood of extreme fires. In western Amazonia, the frequency of events like 2023-24 is projected to be no larger in 2100 than in the current decade under a low emissions scenario. In Canada, the future increase in frequency of extreme fires is reduced from a factor of six to a factor of two, while in Greece the increase is limited to 30%.

"Whatever emissions scenario we follow, risks of extreme wildfires will increase in Canada, highlighting that society must not only cut emissions but also adapt to changing wildfire risks," said Dr Kelley.

"These projections highlight the urgent need to rapidly reduce greenhouse gas emissions and manage vegetation in order to reduce the risk and impacts of increasingly severe wildfires on society and ecosystems."

Disentangling the causes of extreme fires

Several factors control fire, including weather conditions influenced by climate change, the density of vegetation on the landscape influenced by climate and land management, and ignition opportunities influenced by people and lightning.

Disentangling the influence of these factors can be complex, but the report used cutting-edge fire models to reveal the influence of different factors on extreme fire activity.

The report found that the area burned by fires in Canada and Greece would likely have been larger if the landscape had not been altered by people. Activities such as agriculture, forestry, and dedicated fire management efforts all influence the landscape, and can reduce the density of vegetation. In addition, firefighters also help to reduce fire spread by tackling active wildfires. When wildfires meet areas with sparse vegetation or more aggressive firefighting strategies, they can run out of fuel or be contained.

"In Canada and Greece, a mix of severe fire weather and plenty of dry vegetation reinforced one another to drive a major uptick in the number and extent of fires last year," said Dr Francesca Di Giuseppe, Senior Scientist at ECMWF.

She added: "But our analysis also shows that factors such as suppression and landscape fragmentation related to human activities likely played important roles in limiting the final extent of the burned areas.

"Human practices played an important role in the most extreme events we analysed. However, we found that the final extent of these fires was determined by the simultaneous occurrence of multiple predictable factors -- principally weather, fuel abundance, and moisture -- rather than direct human influence."

The report found that human activities increased the extent of the 2023 wildfires in western Amazonia. In this region, the expansion of agriculture has resulted in widespread deforestation and forest degradation. This has left forests more vulnerable to fire during periods of drought and fire weather, amplifying the effect of climate change.

During 2023-24, the fourth most powerful El Nino event on record drove a prolonged drought and heatwave in South America. This natural feature of Earth's climate increases temperatures and reduces rainfall in Amazonia every three to eight years, but it is increasingly superimposed on higher temperatures due to climate change.

"In many tropical forests like Amazonia, deforestation and the expansion of agriculture have exacerbated the effects of climate change on wildfire risk, leaving these vital ecosystems more vulnerable," said Dr Burton.

An eye towards the 2024-2025 fire season

Forecasting fire risk is a growing research area and early warning systems have already been built based on weather factors alone. For example, in Canada, extreme fire weather was predicted two months in advance and provided early indications of high fire potential in 2023. Events in Greece and Amazonia had shorter windows of predictability.

For the 2024-25 season, forecasts suggested a continued above-average likelihood of fire weather -- hot, dry, and windy conditions -- in parts of North and South America, which presented favourable conditions for wildfires in California, Alberta, British Columbia, and in the Brazilian Pantanal in June and July.

Dr Di Giuseppe said: "We're not particularly surprised by some of the recent fires in the news, as above-average fire weather was predicted in parts of North and South America. However, the extensive Arctic fires we've witnessed recently have caught us by surprise -- something to look at in our next report."
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Common equine painkiller disrupts assisted reproduction technique efficiency in mares | ScienceDaily
Researchers at the Texas A&M School of Veterinary Medicine & Biomedical Sciences (VMBS) have discovered that phenylbutazone, a non-steroidal anti-inflammatory drug (NSAID) commonly prescribed in horses, can affect the ability of a mare's egg cells -- called "oocytes" -- to become viable embryos, which is a crucial step in assisted reproduction in horses.


						
This discovery, recently published in the journal Theriogenology, is significant because of the time and money that horse owners often invest in assisted reproduction.

Just like humans, horses sometimes need help from science in order to reproduce. When they do, special steps are needed for a successful pregnancy because of the unique properties of equine sex cells.

"In horses, the process of in-vitro fertilization (IVF) is more complex than it is in humans," said Dr. Luisa Ramirez-Agamez, a Ph.D. candidate in the VMBS' Department of Large Animal Clinical Sciences (VLCS) studying equine reproduction. "First, a mare's oocytes need approximately 30 hours to mature in the laboratory once they have been collected before they can be fertilized. Then, we have to inject the eggs with sperm to induce fertilization, a process known as Intracytoplasmic Sperm Injection (ICSI).

"We discovered that phenylbutazone, commonly known as bute, can affect both the ability of a mare's eggs to mature correctly when cultured and whether the fertilized eggs will develop into a viable embryo," she explained. "In either of those cases, the eggs affected by bute cannot be used in assisted reproduction."

The Value Of Equine Assisted Reproduction

Assisted reproduction is an important resource for many horse owners, especially those who make a living from their herds. Many horse owners also care deeply about producing offspring from their favorite horses in order to carry on their legacies.




In some cases, mares who are chronically lame and unable to support a pregnancy themselves may become egg donors, with their eggs fertilized in a laboratory and carried to term by a surrogate.

"This is one of the specific situations impacted by our discovery," Ramirez said. "Mares who are chronically lame are likely going to be on bute because it helps with pain management -- especially in the musculoskeletal system -- which, according to our results, will hinder their ability to participate in assisted reproduction programs.

"In a future study, we hope to determine an alternative to bute that supplies the same level of pain management but does not interfere with reproduction," she said.

The good news is that bute's effect on equine oocytes appears to wear off within a few weeks.

"We collected the eggs at three days post treatment, then 33 days, and then 77 days," she said. "We found that eggs collected three days after administration of bute were not able to produce embryos, but those collected at 33 days were successful. We hope to find a more exact answer in terms of how bute affects egg cell quality in a future study."

Implications For Human Medicine

Looking to the future, Ramirez is interested in collaborating with researchers in human medicine because of the possible implications of her discovery for IVF in women.




"NSAIDs are often given to women during IVF to slow down their ovulation cycle, which is the ovaries' release of an egg each month," she explained. "Under normal circumstances, most women only produce one egg cell each month, but IVF is expensive and time-consuming, so women are given hormones that cause them to produce more than one egg each cycle. This way, there is more than one egg to collect. NSAIDs help prevent women from ovulating early so they don't lose those eggs."

But after her recent discovery about NSAIDs and horse reproduction, Ramirez wonders if NSAIDs could also have unknown negative effects on IVF.

"NSAIDs are generally thought to have a positive impact on IVF in women, but our results suggest that these drugs are not as benign for reproduction in horses," Ramirez said. "Some NSAIDs, like Banamine, actually cause anovulatory follicles in horses -- follicles in the ovaries that don't release egg cells during ovulation as they are supposed to.

"This is not the case in women, and so NSAIDs are thought to be safe. But now we know that bute can actually keep fertilized eggs from becoming embryos, and it's possible that some NSAIDs could have a similar effect in women," she said. "This is something I want to find out."
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Exciting advance in stem cell therapy | ScienceDaily
A new technique developed by McGill researchers for mechanically manipulating stem cells could lead to new stem cell treatments, which have yet to fulfill their therapeutic potential.


						
Stem cell therapy has been heralded as a new way to treat many diseases, ranging from multiple sclerosis, Alzheimer's and glaucoma to Type 1 diabetes. The anticipated advances have yet to materialize in part because it has proved much more difficult than originally thought to control the types of cells that develop from stem cells.

"The great strength of stem cells is their ability to adapt to the body, replicate and transform themselves into other kinds of cells, whether these are brain cells, heart muscle cells, bone cells or other cell types," explained Allen Ehrlicher, an associate professor in McGill's Department of Bioengineeringand the Canada Research Chair in Biological Mechanics. "But that is also one of the biggest challenges of working with them."

Recently, a team of McGill researchers discovered that by stretching, bending and flattening the nuclei of stem cells to differing degrees, they could generate precisely targeted cells that they could direct to become either bone or fat cells.

The first applications of this discovery are likely to involve bone regeneration, possibly relating to dental or cranio-facial repair, or treatments for bone traumas or osteoporosis, according to Ehrlicher, the senior author on the study, who led the research team.

He cautions, however, that it is likely to take a decade or two before this new understanding of how to differentiate stem cells translates into clinical treatments. Ongoing testing and manipulation of stem cells will help this discovery be incorporated into medical treatments.

The next steps in the research will involve determining how the molecular mechanisms underlying the different cells allow them to be stretched into cells that can become either fat or bone and then translating this knowledge into 3D fibre cultures.
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Scientists achieve more than 98% efficiency removing nanoplastics from water | ScienceDaily
University of Missouri scientists are battling against an emerging enemy of human health: nanoplastics. Much smaller in size than the diameter of an average human hair, nanoplastics are invisible to the naked eye.


						
Linked to cardiovascular and respiratory diseases in people, nanoplastics continue to build up, largely unnoticed, in the world's bodies of water. The challenge remains to develop a cost-effective solution to get rid of nanoplastics while leaving clean water behind.

That's where Mizzou comes in. Recently, researchers at the university created a new liquid-based solution that eliminates more than 98% of these microscopic plastic particles from water.

"Nanoplastics can disrupt aquatic ecosystems and enter the food chain, posing risks to both wildlife and humans," said Piyuni Ishtaweera, a recent alumna who led the study while earning her doctorate in nano and materials chemistry at Mizzou. "In layman's terms, we're developing better ways to remove contaminants such as nanoplastics from water."

The innovative method -- using water-repelling solvents made from natural ingredients -- not only offers a practical solution to the pressing issue of nanoplastic pollution but also paves the way for further research and development in advanced water purification technologies.

"Our strategy uses a small amount of designer solvent to absorb plastic particles from a large volume of water," said Gary Baker, an associate professor in Mizzou's Department of Chemistry and the study's corresponding author. "Currently, the capacity of these solvents is not well understood. In future work, we aim to determine the maximum capacity of the solvent. Additionally, we will explore methods to recycle the solvents, enabling their reuse multiple times if necessary."

Initially, the solvent sits on the water's surface the way oil floats on water. Once mixed with water and allowed to reseparate, the solvent floats back to the surface, carrying the nanoplastics within its molecular structure.




In the lab, the researchers simply use a pipette to remove the nanoplastic-laden solvent, leaving behind clean, plastic-free water. Baker said future studies will work to scale up the entire process so that it can be applied to larger bodies of water like lakes and, eventually, oceans.

Ishtaweera, who now works at the U.S. Food and Drug Administration in St. Louis, noted that the new method is effective in both fresh and saltwater.

"These solvents are made from safe, non-toxic components, and their ability to repel water prevents additional contamination of water sources, making them a highly sustainable solution," she said. "From a scientific perspective, creating effective removal methods fosters innovation in filtration technologies, provides insights into nanomaterial behavior and supports the development of informed environmental policies."

The Mizzou team tested five different sizes of polystyrene-based nanoplastics, a common type of plastic used in the making of Styrofoam cups. Their results outperformed previous studies that largely focused on just a single size of plastic particles.
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Chemists synthesize plant-derived molecules that hold potential as pharmaceuticals | ScienceDaily
MIT chemists have developed a new way to synthesize complex molecules that were originally isolated from plants and could hold potential as antibiotics, analgesics, or cancer drugs.


						
These compounds, known as oligocyclotryptamines, consist of multiple tricyclic substructures called cyclotryptamine, fused together by carbon-carbon bonds. Only small quantities of these compounds are naturally available, and synthesizing them in the lab has proven difficult. The MIT team came up with a way to add tryptamine-derived components to a molecule one at a time, in a way that allows the researchers to precisely assemble the rings and control the 3D orientation of each component as well as the final product.

"For many of these compounds, there hasn't been enough material to do a thorough review of their potential. I'm hopeful that having access to these compounds in a reliable way will enable us to do further studies," says Mohammad Movassaghi, an MIT professor of chemistry and the senior author of the new study.

In addition to allowing scientists to synthesize oligocyclotryptamines found in plants, this approach could also be used to generate new variants that may have even better medicinal properties, or molecular probes that can help to reveal their mechanism of action.

Tony Scott PhD '23 is the lead author of the paper, which appears in the Journal of the American Chemical Society.

Fusing rings

Oligocyclotryptamines belong to a class of molecules called alkaloids -- nitrogen-containing organic compounds produced mainly by plants. At least eight different oligocyclotryptamines have been isolated from a genus of flowering plants known as Psychotria, most of which are found in tropical forests.




Since the 1950s, scientists have studied the structure and synthesis of dimeric cyclotryptamines, which have two cyclotryptamine subunits. Over the past 20 years, significant progress has been made characterizing and synthesizing dimers and other smaller members of the family. However, no one has been able to synthesize the largest oligocyclotryptamines, which have six or seven rings fused together.

One of the hurdles in synthesizing these molecules is a step that requires formation of a bond between a carbon atom of one tryptamine-derived subunit to a carbon atom of the next subunit. The oligocyclotryptamines have two types of these linkages, both containing at least one carbon atom that has bonds with four other carbons. That extra bulk makes those carbon atoms less accessible to undergo reactions, and controlling the stereochemistry -- the orientation of the atoms around the carbon -- at all these junctures poses a significant challenge.

For many years, Movassaghi's lab has been developing ways to form carbon-carbon bonds between carbon atoms that are already crowded with other atoms. In 2011, they devised a method that involves transforming the two carbon atoms into carbon radicals (carbon atoms with one unpaired electron) and directing their union. To create these radicals, and guide the paired union to be completely selective, the researchers first attach each of the targeted carbon atoms to a nitrogen atom; these two nitrogen atoms bind to each other.

When the researchers shine certain wavelengths of light on the substrate containing the two fragments linked via the two nitrogen atoms, it causes the two atoms of nitrogen to break away as nitrogen gas, leaving behind two very reactive carbon radicals in close proximity that join together almost immediately. This type of bond formation has also allowed the researchers to control the molecules' stereochemistry.

Movassaghi demonstrated this approach, which he calls diazene-directed assembly, by synthesizing other types of alkaloids, including the communesins. These compounds are found in fungi and consist of two ring-containing molecules, or monomers, joined together. Later, Movassaghi began using this approach to fuse larger numbers of monomers, and he and Scott eventually turned their attention to the largest oligocyclotryptamine alkaloids.

The synthesis that they developed begins with one molecule of cyclotryptamine derivative, to which additional cyclotryptamine fragments with correct relative stereochemistry and position selectivity are added, one at a time. Each of these additions is made possible by the diazene-directed process that Movassaghi's lab previously developed.




"The reason why we're excited about this is that this single solution allowed us to go after multiple targets," Movassaghi says. "That same route provides us a solution to multiple members of the natural product family because by extending the iteration one more cycle, your solution is now applied to a new natural product."

"A tour de force"

Using this approach, the researchers were able to create molecules with six or seven cyclotryptamine rings, which has never been done before.

"Researchers worldwide have been trying to find a way to make these molecules, and Movassaghi and Scott are the first to pull it off," says Seth Herzon, a professor of chemistry at Yale University, who was not involved in the research. Herzon described the work as "a tour de force in organic synthesis."

Now that the researchers have synthesized these naturally occurring oligocyclotryptamines, they should be able to generate enough of the compounds that their potential therapeutic activity can be more thoroughly investigated.

They should also be able to create novel compounds by switching in slightly different cyclotryptamine subunits, Movassaghi says.

"We will continue to use this very precise way of adding these cyclotryptamine units to assemble them together into complex systems that have not been addressed yet, including derivatives that could potentially have improved properties," he says.

The research was funded by the U.S. National Institute of General Medical Sciences.
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Study reveals urban trees suffer more from heat waves and drought than their rural counterparts | ScienceDaily

The research is particularly timely, given the record-breaking increase in global mean temperatures and the ongoing hottest summer on record. As cities continue to grapple with the impacts of climate change, this study provides critical insights into how urban trees' health and the ecosystem services they offer might be jeopardized.

Key Findings:
    	Urban trees in NYC and Boston experience greater negative impacts from heat waves and drought compared to rural trees.
    	Urban trees' growth rates and carbon storage capabilities are significantly reduced during extreme weather conditions.
    	The authors suspect that the harsh urban environment, characterized by hotter, drier conditions and higher pollution levels, exacerbates the vulnerability of urban trees to climate stress.

For their study, researchers used tree cores from urban and rural forests to reconstruct historical growth rates and then compared these with climate data. The aim was to determine if urban trees are more adversely affected by climate stress than their rural counterparts. The study found that urban trees suffer more during periods of heat waves and drought, raising concerns about their long-term health and ability to provide crucial ecosystem services.

"Trees are integral to urban sustainability and climate resiliency strategies, offering benefits such as temperature reduction, stormwater management, recreational spaces, biodiversity support, and improved human health," said the study's principal investigator Andrew Reinmann, a professor with the CUNY ASRC's Environmental Science Initiative and Hunter College's Department of Geography and Environmental Science. "Understanding why urban trees are more sensitive to climate stress is the next step so that urban planners, forest managers, community groups, and policymakers can develop effective urban forestry plans."

Such plans might include designing new management protocols that maximize the size of tree planting pits and selecting tree species better suited to urban conditions.

This study received support from The City University of New York (CUNY), the United States Department of Agriculture Forest Services Northern Research Station, Barnard College Summer Research Institute, USDA National Institute of Food and Agriculture and the NSF Research Experience for Undergraduates program.
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Significant link found between heme iron, found in red meat and other animal products, and type 2 diabetes risk | ScienceDaily
Higher intake of heme iron, the type found in red meat and other animal products -- as opposed to non-heme iron, found mostly in plant-based foods -- was associated with a higher risk of developing type 2 diabetes (T2D) in a new study led by researchers at Harvard T.H. Chan School of Public Health. While the link between heme iron and T2D has been reported previously, the study's findings more clearly establish and explain the link.


						
"Compared to prior studies that relied solely on epidemiological data, we integrated multiple layers of information, including epidemiological data, conventional metabolic biomarkers, and cutting-edge metabolomics," said lead author Fenglei Wang, research associate in the Department of Nutrition. "This allowed us to achieve a more comprehensive understanding of the association between iron intake and T2D risk, as well as potential metabolic pathways underlying this association."

The study will be published August 13 in Nature Metabolism.

The researchers assessed the link between iron and T2D using 36 years of dietary reports from 206,615 adults enrolled in the Nurses' Health Studies I and II and the Health Professionals Follow-up Study. They examined participants' intake of various forms of iron -- total, heme, non-heme, dietary (from foods), and supplemental (from supplements) -- and their T2D status, controlling for other health and lifestyle factors.

The researchers also analyzed the biological mechanisms underpinning heme iron's relationship to T2D among smaller subsets of the participants. They looked at 37,544 participants' plasma metabolic biomarkers, including those related to insulin levels, blood sugar, blood lipids, inflammation, and two biomarkers of iron metabolism. They then looked at 9,024 participants' metabolomic profiles -- plasma levels of small-molecule metabolites, which are substances derived from bodily processes such as breaking down food or chemicals.

The study found a significant association between higher heme iron intake and T2D risk. Participants in the highest intake group had a 26% higher risk of developing T2D than those in the lowest intake group. In addition, the researchers found that heme iron accounted for more than half of the T2D risk associated with unprocessed red meat and a moderate proportion of the risk for several T2D-related dietary patterns. In line with previous studies, the researchers found no significant associations between intakes of non-heme iron from diet or supplements and risk of T2D.

The study also found that higher heme iron intake was associated with blood metabolic biomarkers associated with T2D. A higher heme iron intake was associated with higher levels of biomarkers such as C-peptide, triglycerides, C-reactive protein, leptin, and markers of iron overload, as well as lower levels of beneficial biomarkers like HDL cholesterol and adiponectin.




The researchers also identified a dozen blood metabolites -- including L-valine, L-lysine, uric acid, and several lipid metabolites -- that may play a role in the link between heme iron intake and TD2 risk. These metabolites have been previously associated with risk of T2D.

On a population level, the study findings carry important implications for dietary guidelines and public health strategies to reduce rates of diabetes, according to the researchers. In particular, the findings raise concerns about the addition of heme to plant-based meat alternatives to enhance their meaty flavor and appearance. These products are gaining in popularity, but health effects warrant further investigation.

"This study underscores the importance of healthy dietary choices in diabetes prevention," said corresponding author Frank Hu, Fredrick J. Stare Professor of Nutrition and Epidemiology. "Reducing heme iron intake, particularly from red meat, and adopting a more plant-based diet can be effective strategies in lowering diabetes risk."

The researchers noted that the study had several limitations, including the potential for incomplete accounting for confounders and measurement errors in the epidemiological data. In addition, the findings -- based on a study population that was mostly white -- need to be replicated in other racial and ethnic groups.

Other Harvard Chan authors included Andrea Glenn, Anne-Julie Tessier, Danielle Haslam, Marta Guasch-Ferre, Deirdre Tobias, Heather Eliassen, JoAnn Manson, Kyu Ha Lee, Eric Rimm, Dong Wang, Qi Sun, Liming Liang, and Walter Willett.
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Delivery robots' green credentials make them more attractive to consumers | ScienceDaily
The smaller carbon footprint, or wheel print, of automatic delivery robots can encourage consumers to use them when ordering food, according to a Washington State University study.


						
The suitcase-sized, self-driving electric vehicles are much greener than many traditional food delivery methods because they have low, or even zero, carbon emissions. In this study, participants who had more environmental awareness and knowledge about carbon emissions were more likely to choose the robots as a delivery method. The green influence went away though when people perceived the robots as a high-risk choice -- meaning they worried that their food would be late, cold or otherwise spoiled before it arrived.

The findings, reported in the International Journal of Hospitality Management, indicate a way to promote the use of delivery robots.

"Much of the marketing focus has been on the functionality and the convenience of these automatic delivery robots, which is really important, but it would enhance these efforts to promote their green aspects as well," said lead author Jennifer Han, a doctoral student in WSU's Carson College of Business.

Working with WSU researchers Hyun Jeong Kim and Soobin Seo, Han conducted an online survey with 418 adult participants recruited through MTurk, Amazon's crowdsourcing platform. More than half were from urban areas, and many were already familiar with delivery robots, which are gaining in popularity in big cities. The participants watched short videos about automatic delivery robots and answered questions about carbon emissions as well as the robots themselves.

The researchers found a strong correlation between high ranked statements related to carbon emissions and the willingness to use the automatic delivery robots or ADRs. That connection broke, however, among people who thought using the technology was risky.

"When people had a higher perceived risk about using the ADRs, they didn't really care about the environmental concerns, but people who had less perceived risk were more strongly attached to this decision mechanism," said Han. "So, it was pretty clear that all these essential functional features have to work. Then the environmental issues come after that."

The pandemic pushed an increase in online food ordering by 63%, according to Statista, which has in turn resulted in increased congestion and carbon emissions as more gas-powered vehicles hit the road to deliver the food. Many automatic delivery robots, which can travel on sidewalks and roads, are electric, and some rely on renewable energy sources like solar power. Other research has estimated that ADR-use can reduce congestion by 29% and carbon emissions by 16%.




More food service businesses are turning to automatic delivery robots to do so-called "last mile" delivery. Some companies like Dominos already have their own delivery fleets, but smaller restaurants are using them as well through services such as Grubhub and Starship Technologies.

ADRs may appeal to businesses simply because they help meet the growing demand for delivery services, but as this study indicates, their ability to curb carbon emissions may also prove a powerful motivator for consumers.

Han suggested that companies could highlight the delivery robots' green credentials by displaying a calculation of the emissions of each delivery method.

"They could show consumers that they are reducing this much of carbon footprint through the delivery robot service. That would be one cue to promote those purchasing behaviors, if consumers have a big interest in environmental issues," she said.
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New interpretation of runic inscription reveals pricing in Viking age | ScienceDaily
A new interpretation of the runic inscription on the Forsa Ring (Forsaringen in Swedish), provides fresh insights into the Viking Age monetary system and represents the oldest documented value record in Scandinavia. The inscription describes how the Vikings handled fines in a flexible and practical manner. This is highlighted in research from the Department of Economic History and International Relations at Stockholm University, recently published in the Scandinavian Economic History Review.


						
"The Forsaringen inscription "uksa ... auk aura tua" was previously interpreted to mean that fines had to be paid with both an ox and two ore of silver. This would imply that the guilty party had to pay with two different types of goods, which would have been both impractical and time-consuming," says Rodney Edvinsson, Professor of Economic History at Stockholm University, who conducted the study.

The Forsa Ring is an iron ring from Halsingland, dated to the 9th or 10th century. The runic inscription on the ring describes fines for a specific offense, where payment was to be made in the form of oxen and silver. The ring is believed to have been used as a door handle and is currently the oldest known preserved legal text in Scandinavia. By changing the translation of the word "auk" from the previous interpretation "and" to the new interpretation "also," the meaning changes so that fines could be paid either with an ox or with two ore of silver. An ore was equivalent to about 25 grams of silver.

"This indicates a much more flexible system, where both oxen and silver could be used as units of payment. If a person had easier access to oxen than to silver, they could pay their fines with an ox. Conversely, if someone had silver but no oxen, they could pay with two ore of silver," says Rodney Edvinsson.

The new interpretation shows that the Vikings had a system where both oxen and silver served as units of payment. This system allowed for multiple types of units of accounts to be used concurrently, reducing transaction complexity and making it easier for people to meet their financial obligations. The new interpretation also aligns better with how the system functioned later according to later regional laws and is, according to Rodney Edvinsson, significant for our understanding of both Scandinavian and European monetary history.

"As an economic historian, I particularly look for historical data to be economically logical, that is, to fit into other contemporary or historical economic systems. The valuation of an ox at two ore, or 50 grams of silver, in 10th-century Sweden resembles contemporary valuations in other parts of Europe, indicating a high degree of integration and exchange between different economies," says Rodney Edvinsson.

He has previously contributed to developing a historical consumer price index extending back to the 13th century, but this new interpretation provides insights into price levels even earlier in history.




"The price level during the Viking Age in silver was much lower than in the early 14th century and late 16th century, but approximately at the same level as in the late 15th century and the 12th century, when there was a silver shortage," says Rodney Edvinsson.

The study highlights the importance of using modern economic theories to interpret historical sources. By combining economic theory with archaeological and historical findings, new opportunities for interdisciplinary research and a deeper understanding of early economic systems are opened up.

What Did Things Cost During the Viking Age?

According to the new interpretation, an ox would cost 2 ore of silver, about 50 grams of silver, during the Viking Age. This corresponds to roughly 100,000 Swedish kronor today, if compared to the value of an hour's work. The Forsa Ring's fine amount was therefore quite high. One ore was likely equivalent to about nine Arabic dirhams, a currency that circulated in large quantities among the Vikings. A common price for a thrall was 12 ore of silver, or approximately 600,000 Swedish kronor today. The wergild for a free man, i.e., the fine paid to the family of the murdered to avoid blood revenge, was much higher, around 5 kilos of silver, which is about 10 million Swedish kronor today. The significant difference in value between a thrall and a free man reflects the power dynamics between free individuals and thralls in a slave society.

The relevant inscription of the Forsa Ring translated to modern English: One ox and [also/or] two ore of silver to the staff for the restoration of a sanctuary in a valid state for the first time; two oxen and [also/or] four ore of silver for the second time; but for the third time four oxen and eight ore of silver.
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Pit-building venom mixers | ScienceDaily

The larvae of net-winged insects are predators that use venom to catch and digest other arthropods. Well-known members of this order are the families of green lacewings and antlions. Green lacewing larvae are often used as beneficial insects in greenhouses because they feed on aphids and are therefore sometimes called "aphid lions." Antlions are only found in dry, sandy habitats where they build funnel traps in the sand and wait for insect prey. As there are not many insects in this barren environment, antlions cannot be picky about their prey. The food supply is very limited, so they must overpower and quickly kill even large and defensive prey insects to survive. To do this, they need powerful venom that can effectively paralyze their prey and prevent them from escaping.

Complex venom produced by venom apparatus with three different venom glands

The research team, led by Heiko Vogel from the Max Planck Institute for Chemical Ecology and Andreas Vilcinskas from the University of Giessen, wanted to find out more about antlion venom. In particular, the researchers wanted to know where the venom comes from and whether it is produced by symbiotic bacteria, which organs are responsible for venom production, what the composition of the venom is, and how the venom system and toxicity of the venom differs from that of the related green lacewing larvae.

"We identified a total of 256 venom proteins in the antlion. The complexity of the entire venom apparatus is extraordinary, with three different glands injecting different venoms and digestive enzymes into the prey via the pincers. The antlion's venom is much more complex and effective than that of the aphid lion, in which we were only able to identify 137 proteins from the venom glands. With the help of genetic analyses, we have also discovered toxins that are apparently unique to antlions," says first author Maike Fischer.

The research team used a variety of molecular biological, histological and three-dimensional reconstruction methods to study gene expression, protein diversity and the structure of the venom glands. The scientists also used HCR-RNA-FISH, a combination of fluorescence in situ hybridization (FISH) and hybridization chain reaction (HCR), to visualize and measure the distribution and amount of RNA molecules in individual cells. The researchers were able to show that three different tiny venom glands in the antlion are involved in the secretion of venom and produce different venom proteins.

Antlions get by without help from bacteria

Analysis using fluorescence in situ hybridization to visualize bacteria in the tissue also showed that antlions are apparently free of bacterial symbiotic partners. This result surprised the research team. "It is astonishing that antlions have no bacteria in their bodies. On the one hand, this is unusual, as most animals harbor a large number of microorganisms, especially in the gut, some of which are essential for survival. On the other hand, we had expected bacteria in the venom system, as it was previously assumed that certain venom proteins in antlion venom are produced by bacteria," says Martin Kaltenpoth, who heads the Department of Insect Symbiosis at the Max Planck Institute for Chemical Ecology.




The special venom apparatus is an adaptation to the antlion's ecological niche

Net-winged insects are of particular interest for biological control, e.g. in greenhouses. The role and evolution of venom composition in different species of net-winged insects has been largely neglected. "Our results show that different habitats and prey spectra have a strong influence on the venom composition and activity of net-winged insects, and that their dynamics could have a major impact on the evolution of predator-prey relationships. Antlions produce a complex venom mixture that enables them to overwhelm even large, defensive insects in their prey-poor habitat. In addition, they have developed evolutionarily unique structures that allow them to inject either venom or digestive enzymes into their prey via their mouthparts in separate systems," says Heiko Vogel, head of the "Adaptation and Immunity" project group in the Department of Insect Symbiosis.

Andreas Vilcinskas from the University of Giessen, head of the "Bioresources" department at the Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), continues to keep an eye on the effectiveness and complexity of the antlion venom: "We were able to show that antlion venom is highly effective when injected into insects. However, we don't know which substances are responsible for this toxicity. It would be interesting to find out which components play which roles in this very complex venom and how it differs from other insect venoms. The toxins found only in the antlion are particularly interesting," he says, looking ahead to further research.
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Surprising insight into cancer comes from unique plant species that find different solutions to evolutionary challenges | ScienceDaily
Whole genome duplication (WGD) happens in all kingdoms of life. It is most common in plants, but also occurs in some of the most aggressive cancers. After WGD, the cell has extra genomes and is called polyploid.


						
Most of our major crops are also polyploid, including, wheat, apples, bananas, oats, strawberries, sugar and brassicas like broccoli and cauliflower. Polyploidy also occurs in some of the most aggressive gliomas (a brain cancer) and is associated with cancer progression. In general, polyploidy has been associated with robustness (as in crops) and adaptation to the environment (as in cancers that metastasise).

Because polyploids have more genomes to manage, the doubling of these genomes can be a weakness, so it is important to understand what factors stabilise young polyploids and how genome doubled populations evolve.

In this new study, published in Cell Reports, experts from the University's School of Life Sciences look at how three successfully polyploid plant species evolved to manage the extra DNA and whether they each did this differently or all the same way.

Professor Levi Yant, who led the study said: "Understanding the range of issues that face polyploids may help us to understand why some succeed while others don't. We see that successful polyploids overcome specific issues with DNA management and we focus on exactly what their 'natural solutions' are.

"In our study, we looked at three instances where species have adapted to 'polyploid life' and not only survived, but even thrived. Then we looked at whether they used the same molecular solutions to survive. Surprisingly, they did not."

The researchers found that the clearest signal of rapid adaptation to the polyploid state came from the CENP-E molecule, which is an exact molecule that other groups recently found to be an Achillies heel for polypoid cancers, and is a promising therapeutic target to kill the cancers. The next clearest signal came from 'meiosis genes', which Professor Yant notes are turned on in many cancers, whereas they are turned off in nearly all normal cells.




"We discovered signals of rapid adaptation to the WGD state in the same molecular networks, and in the case of CENP-E, the exact molecule that is specifically important to polyploid cancers," continues Professor Yant.

"This WGD gives cancer a short-term advantage over most therapies, but targeting that exact molecule, CENP-E, specifically kills the polyploid cancer. This is a striking example of evolutionary repetition (or convergence) from completely different directions, but to the same adaptive hurdle. We can now take this model that adapts well to polyploidy and that can inform our thinking about certain types of cancer."

The findings of the study could impact in better understanding how certain polyploid cancers, such as gliomas (brain cancers) are able use polyploidy to progress, and what molecules can be targeted as part of any therapy to 'kill' the cancer cells.

More broadly, the study is important evidence that shows that mining evolutionary biology for these natural solutions can inform future therapies. Finally, the study also illustrates different ways in the future that we can better engineer our many polyploid crops to be more resilient to certain cataclysmic events -- such as climate change.
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Expansion of agricultural land threatens climate and biodiversity | ScienceDaily
By 2030, global cultivation areas are expected to expand by 3.6 percent, increasing global agricultural production by two percent. This projection comes from the Food and Agriculture Organization (FAO) of the United Nations and the Organization for Economic Cooperation and Development (OECD).


						
An interdisciplinary research team led by Dr. Florian Zabel and Prof. Dr. Ruth Delzeit from the Department of Environmental Sciences at the University of Basel has investigated which areas worldwide are most likely to be affected by future agricultural expansion. The study's findings were published in the journal Nature Sustainability.

Higher production, more greenhouse gases

The researchers developed a land-use model that identifies the most profitable areas worldwide for future agricultural expansion, taking into account both socio-economic and agro-ecological criteria. They then assessed the economic and ecological impacts of land-use changes in these areas. According to the study, new agricultural areas are expected to emerge mainly in the tropics, where there is still significant potential to increase agricultural production despite climate change.

However, since cropland stores much less carbon than the original vegetation, the study estimates that land-use changes would emit about 17 gigatons of CO2 in the long term. This is almost half of the current annual global CO2 emissions. In the areas affected by land-use changes, biodiversity would also decline by 26 percent. "The expansion of agricultural land would therefore be a concerning development, particularly for global climate protection and efforts to preserve biodiversity," says co-lead researcher Florian Zabel.

Conservation also makes economic sense

In light of recent political efforts to protect nature, forests, and biodiversity globally, the researchers also evaluated the impact of various scenarios of global conservation policies and their consequences. It became clear that conservation measures can also have unintended side effects: Preventing the expansion of agricultural land into forests, wetlands, and existing protected areas by law would shift agricultural expansion mainly to grasslands. This could have a negative effect on the biodiversity of these areas, as grasslands generally have higher diversity than other lands.




On the other hand, sticking to conservation efforts can also make economic sense. "Contrary to expectations, the preservation of forests, wetlands, and existing protected areas has little impact on the gross domestic product of the respective regions. Global agricultural production is also only slightly reduced as a result. In return, the greenhouse gas emissions caused by expansion are significantly reduced," says lead author Julia Schneider of Ludwig-Maximilians-Universitat Munchen. This finding is particularly relevant in the context of global food security: it shows that the conflicts between the provision of agricultural goods and environmental protection can be mitigated.

Improve planning of protected areas

The study makes a valuable contribution to answering the question of which areas are particularly worth protecting. In the Kunming-Montreal Biodiversity Convention, the international community has set a goal to protect 30 percent of the global land surface by 2030.

The current study identifies regions that are particularly at risk in the future and highlights the potential impacts of agricultural expansion on the economy and the environment. "This enables the planning of protected areas in such a way that they achieve the broadest possible impact on as many objectives as possible, such as climate and biodiversity protection, while also considering economic interests," says Florian Zabel.
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Protecting surf breaks mitigates climate change, helps coastal communities | ScienceDaily
Safeguarding places to hang ten and shoot the curl is an opportunity to simultaneously mitigate climate change, fuel tourism and help surrounding ecosystems, new research has shown.


						
"There is a growing conservation movement regarding coastal areas that host surf breaks," said Jacob Bukoski of Oregon State University, one of the study's co-authors. "Earlier research showed that surf breaks tend to be biodiversity hotspots, but no one had looked at the stocks of carbon held within these ecosystems -- carbon that could drive climate change if disturbed and lost."

In study published in Conservation Science & Practice, Bukoski and collaborators identified more than 88 million tonnes of "irrecoverable" carbon in the land-based ecosystems surrounding 3,602 surf breaks around the globe.

Surf breaks, nearshore areas whose special mix of coastal and seafloor characteristics creates waves surfers crave, are often found in or near ecosystems that are conservation priorities, such as coral reefs and mangrove forests.

Irrecoverable carbon is defined as carbon stored in nature that, if lost, could not be replenished within 30 years. Carbon sequestration is a key component of climate change mitigation.

Bukoski, a faculty member in the OSU College of Forestry, stresses that the study did not take into account the significant, but harder to quantify, carbon stocks in the marine portion of surf break areas.

The scientists looked at 28,500 square kilometers of watersheds that drain into surf areas. Their analysis showed that more than 17 million tonnes of irrecoverable surf break carbon are found in places categorized as key biodiversity areas but lacking any kind of formal protection. Just 3% of surf breaks are both formally protected and in a key biodiversity area.




Irrecoverable carbon density in surf ecosystems tends to be highest in the tropics and gets lower farther from the equator, with the exception of coastal forests in the Pacific Northwest.

"Temperate broadleaf and mixed forests and temperate conifer forests combined to hold nearly one-quarter of the carbon we found," said Bukoski, who collaborated with scientists from Conservation International, Save the Waves Coalition, California State University, Channel Islands, and Arizona State University.

Oregon ranks second among U.S. states in irrecoverable surf break carbon at almost 3.5 million tonnes. California, at just under 7 million tonnes, leads the way, and rounding out the top 10 are North Carolina, Florida, Texas, Washington, Virginia, New Jersey, South Carolina and Massachusetts.

Increasingly, surf breaks are being recognized as socio-environmental phenomena that can bring opportunity for sustained benefits for local communities, the authors say. They point to the potential intersection of the surf tourism industry, valued at as much as $65 billion globally, and the carbon offset market, where credits are trading at a price of about $10 per tonne of carbon dioxide.

"Despite their high and multifaceted value, surf breaks and their surrounding environments face all kinds of threats, including coastal development, degradation of habitats, and impacts from climate change like rising sea levels," Bukoski said. "When carbon-dense ecosystems are converted to other uses, they pump out large amounts of carbon dioxide into the atmosphere. Expanded conservation of surf ecosystems -- both their marine and onshore components -- could provide a range of benefits in addition to biodiversity conservation and climate mitigation."

Coastal estuaries, he explains, help with nutrient cycling, control sedimentation and act as nurseries for young fish. Healthy upland ecosystems reduce erosion, which means better habitats and also reduced illness risk to surfers because of improved water quality.

"Coral reefs shape surf breaks and provide fishing grounds, offer non-surfing recreational opportunities such as diving, and protect shorelines," Bukoski said. "And just as importantly, ecosystems associated with surf breaks are culturally and spiritually valuable to communities around the world."

He notes that irrecoverable carbon constitutes only a fraction of the total carbon stored in surf ecosystems. Given resource and time constraints, irrecoverable is the type of carbon that should be prioritized for conservation, "but any carbon lost to ecosystem conversion will affect the climate."

"Our results suggest a significant opportunity for surf conservation to strengthen protection of climate-critical carbon stocks," Bukoski said. "At the end of the day, we should be shredding waves, not ecosystem carbon."
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House call: A new study rethinks early Christian landmark | ScienceDaily
Since its discovery by modern researchers a century ago, an ancient structure known as the "Christian building" has become widely considered the cornerstone of early Christian architecture. Constructed around 232 C.E. in the ancient city of Dura-Europos, a Roman garrison town in what is now eastern Syria, the building is the only example of a "house church," or domus ecclesiae, a domestic space that was renovated for worship by Christians at a time when the open practice of their faith is thought to have made them subject to persecution.


						
But a new study published in the Journal of Roman Archaeology challenges that conventional belief, arguing that the building was almost certainly not domestic in form or function after undergoing renovations to accommodate religious rituals. The findings call into question the validity of the category of the domus ecclesiae in its totality.

A careful comparison of the building's later architectural features with those of other domestic structures in Dura-Europos -- and an analysis of the way renovations impacted natural light flow within the building -- provide considerable evidence that it was not a house church at all, said Camille Leon Angelo, a Ph.D. candidate in Yale's Graduate School of Arts and Sciences and one of the researchers.

"Dialogues within the academy as well as in popular culture give the impression that Christians had, prior to Emperor Constantine, gathered and worshipped in pseudo-domestic spaces," said Leon Angelo, who is part of Yale's Department of Religious Studies. "But if this is the only securely dated example we have, and it wasn't in fact particularly or even somewhat domestic, then why do we keep up that perception?"

Her co-author on the study is Joshua Silver, a postgraduate doctoral researcher at the University of Manchester with the Manchester Architectural Research Group.

It was during a 10-year excavation of Dura-Europos in the 1920s and '30s that the Christian building, along with a synagogue and a Mithraeum, was unearthed by a team of scholars from Yale and the French Academy of Inscriptions and Letters. Their excavation journals and photographs (along with thousands of artifacts) are archived at the Yale University Art Gallery.

It was believed that the structure was originally a private residence but was renovated around 234 C.E. to make it suitable for Christian worship. Scholars came to consider it an architectural steppingstone -- the domus ecclesiae -- connecting the private homes used for Christian worship that are referenced in the New Testament (e.g., Acts 12:12) with the basilicas constructed under Constantine.




It remained in use until around 254-56 C.E., when Sasanians besieged the city and the Romans attempted to fortify the city's western fortification wall with a massive earthen embankment that sealed off many buildings. After the city was conquered and abandoned, the remaining embankment served to preserve the structures extraordinarily well over centuries.

The Christian building was on the same street as the synagogue and Mithraeum, both of which also began as private homes that were later renovated, Leon Angelo said.

"But we don't say 'house synagogue,' or 'house Mithraeum.' We allow them to stand on their own," she said. "So if we have a building that follows the same architectural trajectory in the city, why are we emphasizing the structure's domestic origins? We wanted to know, how domestic was it, and how would it have been seen by the community?"

Understanding a community and its story

To answer these questions, the researchers pored through all the archived excavation reports to understand what houses in Dura-Europos looked like, what they contained, and the functions they served. After gaining a thorough understanding of what constituted domestic space for that community, they juxtaposed it against the features of the Christian building. And they found significant differences.

For example, the building as it was preserved had figural wall paintings, a courtyard staircase, and no cistern for storing water. No other house in the researchers' data set had such a combination of features.




The removal of the cistern, as well as the building's food preparation area, also suggested that people interacted differently with the space than with their dwellings.

Its ground-floor rooms were modified to create one that was uncommonly large and another, used as a baptistery, that was uncommonly small, relative to other homes in the city.

In addition, researchers studied changes in how people circulated through the rooms, and the use of different surfaces and seating formations, which suggested moving away from a domestic environment. They used simulations of changing sunlight to determine that certain renovations to the building meant that a greater area of the rooms off the courtyard could be used at more times throughout the day without needing a lamp or candle.

"The Christian building had little akin to any domestic space at Dura, and therefore calls the narrative of early Christianity's material origins into question," Leon Angelo said.

She said she fully expects pushback against such a bold challenge of entrenched understandings of what early Christianity looked like.

"Those understandings hold a lot of weight and power," she said. "We are deeply interested in early Christianity too. But we want to do justice to Dura's Christian community and their story and try to understand them on their own terms, rather than through assumptions that scholars have projected onto their space."

Scholarship around Dura-Europos is ongoing. The recently launched International (Digital) Dura-Europos Archive, or IDEA, funded by the National Endowment for the Humanities, aims to reassemble and provide digital access to the artifacts and archival documentation derived from excavations of the city and now housed at various museums across the world. The initiative was founded by Anne Hunnell Chen, a former postdoctoral associate at Yale who is now an assistant professor of art history and visual culture at Bard College.
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Rewriting the evolutionary history of critical components of the nervous system | ScienceDaily
A new study has rewritten the conventionally understood evolutionary history of certain proteins critical for electrical signaling in the nervous system. The study, led by Penn State researchers, shows that the well-studied family of proteins -- potassium ion channels in the Shaker family -- were present in microscopic single cell organisms well before the common ancestor of all animals. This suggests that, rather than evolving alongside the nervous system as previously thought, these ion channels were present before the origin of the nervous system.


						
The study appeared in the Proceedings of the National Academy of Sciences.

"We tend to think of evolution as a one-way march toward greater and greater complexity, but that often isn't what occurs in the natural world," said Timothy Jegla, associate professor of biology in the Penn State Eberly College of Science and leader of the research team. "For example, it was thought that as different kinds of animals evolved and the nervous system became more complex, ion channels arose and diversified to match that complexity. But our research suggests that this is not the case. We have previously shown that the oldest living animals, those with simple nerve nets, have the highest ion channel diversity. This new finding adds to growing evidence that many of the building blocks for the nervous system were already in place in our protozoan ancestors -- before the nervous system even existed."

Ion channels are located in the membranes of cells and regulate how charged particles called ions move in and out of the cell, a process that results in the electrical signals that are the foundation of communication in the nervous system. The Shaker family of ion channels is found in a large range of animals, from humans to mice and fruit flies, and specifically regulates how potassium ions flow out of the cell to terminate electrical signals called action potentials. These channels can open or close based on changes in the electric field, much like transistors in computer chips.

"Much of what we know about how ion channels work on a molecular level comes from mechanistic studies of the Shaker family of ion channels," Jegla said. "We previously thought that the Shaker family of voltage-gated potassium channels were only found in animals, but now we see that the genes that code for this family of ion channels were present in several species of the closest living relatives of animals, a group of single cell organisms called choanoflagellates."

The researchers had previously looked for these genes in two species of choanoflagellates but failed to find them. In the current study, they expanded their search to 21 choanoflagellates species and found evidence of Shaker family genes in three of these species.

Several subfamilies, or types, of ion channels within the Shaker family are present across the animal kingdom. The research team previously found that comb jellies -- animals with a comparatively simple "nerve nets" (that are) thought to be similar to the very first animal nervous systems -- have only one of these types, called Kv1. This led the team to believe that the common ancestor of animals likely had only Kv1, with other types evolving later. However, Jegla and colleagues found that the Shaker family genes in choanoflagellates were more closely related to types Kv2, Kv3 and Kv4.




"We thought types 2 through 4 were thought to have evolved on a more recent timeline, but our new work suggests that the Kv2-4-like channels found in choanoflagellates are actually the oldest subtype," Jegla said.

Additionally, this finding indicates that multiple subtypes were present at the base of the animal family tree, including Kv1, which are found in comb jellies, and the Kv2-4-like channels, which are found in choanoflagellates.

"The genes for Kv2-4-like were lost in the living descendants of the earliest animal groups like comb jellies and sponges, so the only reason we know that they were present in the earliest animals are thanks to the choanoflagellates," Jegla added. "Gene loss is really common in evolution -- about as common as evolution of new genes -- though it can be hard to detect. Now that genetic sequencing is cheap enough that scientists can broadly sample species, rather than looking at just a few representative species, we can detect a lot more of these gene losses and that will change our views of how many of our own gene families first evolved."

This work also adds to growing evidence that many elements of the nervous system were present before the nervous system as a whole evolved, Jegla noted.

"Most of the functionally important proteins that we use in electrical signaling, which underlie neuronal communication and neuromuscular movement, are all based on proteins that existed before animals," Jegla said. "It seems that animals were able to cobble together a functioning nervous system very early in their evolution simply because most of the necessary proteins were already there."

Jegla added that understanding how these ion channels evolved helps us understand how they function and that in turn may have implications for the treatment of disorders related to ion channel dysfunction, such as heart arrhythmias and epilepsy.

In addition to Jegla, the research team includes Benjamin Simonson, graduate student in the molecular, cellular and integrative biosciences program in the Huck Institutes of the Life Sciences and the Eberly College of Science at Penn State who recently defended his dissertation, and David Spafford, associate professor of biology at the University of Waterloo who specializes in choanoflagellate physiology. Funding from the Penn State Department of Biology and the Huck Institutes of the Life Sciences supported this work.
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Reduce, reuse, 're-fly-cle' | ScienceDaily
A Macquarie University team proposes using genetically engineered black soldier flies (Hermetia illucens) to address worldwide pollution challenges and produce valuable raw materials for industry, including the USD $500 billion global animal feed market.


						
In a new paper published on 24 July in the journal Communications Biology, scientists at Macquarie University outline a future where engineered flies could transform waste management and sustainable biomanufacturing, addressing multiple United Nations Sustainable Development Goals (SDGs).

Synthetic biologist Dr Kate Tepper is lead author of the paper and a Postdoctoral Research Fellow at Applied BioSciences, Macquarie University.

"One of the great challenges in developing circular economies is making high-value products that can be produced from waste," says Dr Tepper.

Landfill Emitters

An estimated 40 to 70 per cent of global organic waste finds its way to landfills.

"The landfilling of organic waste creates about five per cent of annual global greenhouse gas emissions and we need to get this to zero per cent," Dr Tepper says.




Organic by-products from sewage treatment -- municipal biosolids -- can be used as an alternative to synthetic fertiliser to grow crops and close nutrient cycles.

However Dr Tepper notes there are rising concerns about toxic chemicals in waste, including dangerous 'forever chemicals' such as per- and poly-fluoroalkyl substances (PFAS).

In developing countries, organic wastes dumped in open areas can contaminate water used for drinking or irrigation, attracting pests, spreading disease and degrading natural habitat, and farmers often burn leftover crop parts they can't use, causing air pollution.

Black soldier flies are already valued in waste management where they consume commercial organic wastes before being processed as 'insect biomass' into foods for domestic pets and commercial chicken and fish farmers.

But the Macquarie team believes genetic engineering could extend the usefulness of the black soldier fly, enabling them to turn waste inputs into enhanced animal feeds or valuable industrial raw materials.

The larvae could bio-manufacture industrial enzymes currently for use in livestock, textile, food and pharmaceutical industries and representing a global market worth billions of dollars annually.




The flies can also be engineered to generate specialised lipids for use in biofuels and lubricants, replacing fossil-fuel derived products.

Engineering insects to make industrial enzymes and lipids that are not used in food supply chains will expand the types of organic wastes that can be used, and the research team propose modifying the fly so it can digest contaminated organic wastes, sewage sludge, and other complex organic wastes.

"Even the fly-poo, called 'frass,' could be enhanced to improve fertiliser," Dr. Tepper says. "The flies could be engineered to clean up chemical contaminants in their frass, which can be applied as pollutant free fertiliser to grow crops and prevent contaminants entering our food supply chains."

Sustainable biomanufacturing

Senior author Dr Maciej Maselko, who heads an animal synthetic biology lab at Macquarie University's Applied BioSciences, says: "Insects will be the next frontier for synthetic biology applications, dealing with some of the huge waste-management challenges we haven't been able to solve with microbes."

Genetically engineered microbes require sterile environments to prevent contamination, along with lots of water and refined nutrient inputs.

"We can feed black soldier flies straight, dirty trash rather than sterilised or thoroughly pre-processed. When it is just chopped into smaller pieces black soldier flies will consume large volumes of waste a lot faster than microbes," Dr Maselko says.

The researchers suggest genetic engineering could piggyback on the existing framework, elevating the flies from simple waste processors to high-tech biomanufacturing platforms. In the paper the researchers outline a roadmap calling for better genetic engineering tools in key insects.

"Physical containment is part of a series of protections. We are also developing additional layers of genetic containment so that any escapees can't reproduce or survive in the wild," Dr Maselko says.

Commercialisation

Macquarie University in partnership with some members of the research team has filed patent applications related to black soldier fly biomanufacturing, already underway through a Macquarie University spin-out company, EntoZyme.

Dr Tepper says that the introduction of genetically engineered insects has potential, not just in the multi-billion dollar waste management market, but also in the production of a range of high-value industrial inputs.

"If we want a sustainable circular economy, the economics of that have to work," says Dr Tepper.

"When there is an economic incentive to implement sustainable technologies, such as engineering insects to get more value from waste products, that will help to drive this transition more rapidly."
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The mother of all motion sensors | ScienceDaily
Peel apart a smartphone, fitness tracker or virtual reality headset, and inside you'll find a tiny motion sensor tracking its position and movement. Bigger, more expensive versions of the same technology, about the size of a grapefruit and a thousand times more accurate, help navigate ships, airplanes and other vehicles with GPS assistance.


						
Now, scientists are attempting to make a motion sensor so precise it could minimize the nation's reliance on global positioning satellites. Until recently, such a sensor -- a thousand times more sensitive than today's navigation-grade devices -- would have filled a moving truck. But advancements are dramatically shrinking the size and cost of this technology.

For the first time, researchers from Sandia National Laboratories have used silicon photonic microchip components to perform a quantum sensing technique called atom interferometry, an ultra-precise way of measuring acceleration. It is the latest milestone toward developing a kind of quantum compass for navigation when GPS signals are unavailable.

The team published its findings and introduced a new high-performance silicon photonic modulator -- a device that controls light on a microchip -- as the cover story in the journal Science Advances.

The research was supported by Sandia's Laboratory Directed Research and Development program. It took place, in part, at the National Security Photonics Center, a collaborative research center developing integrated photonics solutions for complex problems in the national security sector.

GPS-free navigation a matter of national security

"Accurate navigation becomes a challenge in real-world scenarios when GPS signals are unavailable," said Sandia scientist Jongmin Lee.




In a war zone, these challenges pose national security risks, as electronic warfare units can jam or spoof satellite signals to disrupt troop movements and operations.

Quantum sensing offers a solution.

"By harnessing the principles of quantum mechanics, these advanced sensors provide unparalleled accuracy in measuring acceleration and angular velocity, enabling precise navigation even in GPS-denied areas," Lee said.

Modulator the centerpiece of a chip-scale laser system

Typically, an atom interferometer is a sensor system that fills a small room. A complete quantum compass -- more precisely called a quantum inertial measurement unit -- would require six atom interferometers.

But Lee and his team have been finding ways to reduce its size, weight and power needs. They already have replaced a large, power-hungry vacuum pump with an avocado-sized vacuum chamber and consolidated several components usually delicately arranged across an optical table into a single, rigid apparatus.




The new modulator is the centerpiece of a laser system on a microchip. Rugged enough to handle heavy vibrations, it would replace a conventional laser system typically the size of a refrigerator.

Lasers perform several jobs in an atom interferometer, and the Sandia team uses four modulators to shift the frequency of a single laser to perform different functions.

However, modulators often create unwanted echoes called sidebands that need to be mitigated.

Sandia's suppressed-carrier, single-sideband modulator reduces these sidebands by an unprecedented 47.8 decibels -- a measure often used to describe sound intensity but also applicable to light intensity -- resulting in a nearly 100,000-fold drop.

"We have drastically improved the performance compared to what's out there," said Sandia scientist Ashok Kodigala.

Silicon device mass-producible and more affordable

Besides size, cost has been a major obstacle to deploying quantum navigation devices. Every atom interferometer needs a laser system, and laser systems need modulators.

"Just one full-size single-sideband modulator, a commercially available one, is more than $10,000," Lee said.

Miniaturizing bulky, expensive components into silicon photonic chips helps drive down these costs.

"We can make hundreds of modulators on a single 8-inch wafer and even more on a 12-inch wafer," Kodigala said.

And since they can be manufactured using the same process as virtually all computer chips, "This sophisticated four-channel component, including additional custom features, can be mass-produced at a much lower cost compared to today's commercial alternatives, enabling the production of quantum inertial measurement units at a reduced cost," Lee said.

As the technology gets closer to field deployment, the team is exploring other uses beyond navigation. Researchers are investigating whether it could help locate underground cavities and resources by detecting the tiny changes these make to Earth's gravitational force. They also see potential for the optical components they invented, including the modulator, in LIDAR, quantum computing and optical communications.

"I think it's really exciting," Kodigala said. "We're making a lot of progress in miniaturization for a lot of different applications."

Multidisciplinary team lifting quantum compass concept to reality

Lee and Kodigala represent two halves of a multidisciplinary team. One half, including Lee, consists of experts in quantum mechanics and atomic physics. The other half, like Kodigala, are specialists in silicon photonics -- think of a microchip, but instead of electricity running through its circuits, there are beams of light.

These teams collaborate at Sandia's Microsystems Engineering, Science and Applications complex, where researchers design, produce and test chips for national security applications.

"We have colleagues that we can go down the hall and talk to about this and figure out how to solve these key problems for this technology to get it out into the field," said Peter Schwindt, a quantum sensing scientist at Sandia.

The team's grand plan -- to turn atom interferometers into a compact quantum compass -- bridges the gap between basic research at academic institutions and commercial development at tech companies. An atom interferometer is a proven technology that could be an excellent tool for GPS-denied navigation. Sandia's ongoing efforts aim to make it more stable, fieldable and commercially viable.

The National Security Photonics Center collaborates with industry, small businesses, academia and government agencies to develop new technologies and help launch new products. Sandia has hundreds of issued patents and dozens more in prosecution that support its mission.

"I have a passion around seeing these technologies move into real applications," Schwindt said.

Michael Gehl, a Sandia scientist who works with silicon photonics, shares the same passion. "It's great to see our photonics chips being used for real-world applications," he said.

Sandia National Laboratories is a multimission laboratory operated by National Technology and Engineering Solutions of Sandia LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration. Sandia Labs has major research and development responsibilities in nuclear deterrence, global security, defense, energy technologies and economic competitiveness, with main facilities in Albuquerque, New Mexico, and Livermore, California.
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Starvation and adhesion drive formation of keratinocyte patterns in skin | ScienceDaily
Cell-cell adhesion-induced patterning in keratinocytes can be explained by just starvation and strong adhesion, Hokkaido University researchers find.


						
Fingerprints are one of the best-recognised examples of pattern formation by epithelial cells. The primary cells in the epithelium are the keratinocytes, and they are known to form patterns at the microscopic and macroscopic levels. While factors affecting this pattern formation have been reported, the exact mechanisms underlying the process are still not fully understood.

A team of researchers, led by Associate Professor Ken Natsuga at the Faculty of Medicine, Hokkaido University, have revealed that cell-cell adhesion governs pattern formation in keratinocytes. Their findings were published in the journal Life Science Alliance.

"In this study, we used an immortalized keratinocyte cell line, called HaCaT, which retains all the properties of normal keratinocytes," Natsuga explained. "In order to ensure that our findings were accurate, we established single-cell cultures from this cell line."

The team observed pattern formation in both the original heterogeneous cell line, as well as in single-cell-derived cultures. During culturing, the keratinocytes moved randomly and spontaneously formed high- and low-density regions, leading to pattern formation.

The pattern formation was markedly influenced by starvation. When the culture medium was renewed, patterns were obscured, but reappeared as the nutrients in the culture medium were consumed by the keratinocytes.

The team then examined the gene expression in the keratinocytes, which revealed that cell adhesion proteins and keratinocyte differentiation proteins were upregulated in high-density regions. "As cell adhesion is necessary for the development of high-cell-density regions, we specifically investigated the expression of adherens junction (AJ) molecules such as E-cadherin and actin," Natsuga elaborated. "We found that these molecules were localized at the intercellular junctions of high-density regions."

The authors then used a mathematical model to confirm that, under spatially uniform density and stress, strong cell adhesion leads to the formation of density patterns. They were also able to demonstrate that the keratinocyte patterns influenced cell proliferation and differentiation, and that serum starvation influences epidermal stratification (a type of differentiation) in skin cells from mice.

"Our study presents a novel and robust model of cell-cell adhesion-induced patterning (CAIP)," concludes Natsuga. "We have deepened our mechanistic insight into cellular organization and its consequences for cell fate decisions and epithelial stratification." The team demonstrated that epithelial cell-cell adhesion is essential and sufficient for patterning. Future work will focus on adding more variables to the model to understand other processes that occur concurrently during development.
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Ships now spew less sulfur, but warming has sped up | ScienceDaily
Last year marked Earth's warmest year on record. A new study finds that some of 2023's record warmth, nearly 20 percent, likely came as a result of reduced sulfur emissions from the shipping industry. Much of this warming concentrated over the northern hemisphere.


						
The work, led by scientists at the Department of Energy's Pacific Northwest National Laboratory, published today in the journal Geophysical Research Letters.

Regulations put into effect in 2020 by the International Maritime Organization required a roughly 80 percent reduction in the sulfur content of shipping fuel used globally. That reduction meant fewer sulfur aerosols flowed into Earth's atmosphere.

When ships burn fuel, sulfur dioxide flows into the atmosphere. Energized by sunlight, chemical intermingling in the atmosphere can spur the formation of sulfur aerosols. Sulfur emissions, a form of pollution, can cause acid rain. The change was made to improve air quality around ports.

In addition, water likes to condense on these tiny sulfate particles, ultimately forming linear clouds known as ship tracks, which tend to concentrate along maritime shipping routes. Sulfate can also contribute to forming other clouds after a ship has passed. Because of their brightness, these clouds are uniquely capable of cooling Earth's surface by reflecting sunlight.

The authors used a machine learning approach to scan over a million satellite images and quantify the declining count of ship tracks, estimating a 25 to 50 percent reduction in visible tracks. Where the cloud count was down, the degree of warming was generally up.

Further work by the authors simulated the effects of the ship aerosols in three climate models and compared the cloud changes to observed cloud and temperature changes since 2020. Roughly half of the potential warming from the shipping emission changes materialized in just four years, according to the new work. In the near future, more warming is likely to follow as the climate response continues unfolding.




Many factors -- from oscillating climate patterns to greenhouse gas concentrations -- determine global temperature change. The authors note that changes in sulfur emissions aren't the sole contributor to the record warming of 2023. The magnitude of warming is too significant to be attributed to the emissions change alone, according to their findings.

Due to their cooling properties, some aerosols mask a portion of the warming brought by greenhouse gas emissions. Though aerosols can travel great distances and impose a strong effect on Earth's climate, they are much shorter-lived than greenhouse gasses.

When atmospheric aerosol concentrations suddenly dwindle, warming can spike. It's difficult, however, to estimate just how much warming may come as a result. Aerosols are one of the most significant sources of uncertainty in climate projections.

"Cleaning up air quality faster than limiting greenhouse gas emissions may be accelerating climate change," said Earth scientist Andrew Gettelman, who led the new work.

"As the world rapidly decarbonizes and dials down all anthropogenic emissions, sulfur included, it will become increasingly important to understand just what the magnitude of the climate response could be. Some changes could come quite quickly."

The work also illustrates that real-world changes in temperature may result from changing ocean clouds, either incidentally with sulfur associated with ship exhaust, or with a deliberate climate intervention by adding aerosols back over the ocean. But lots of uncertainties remain. Better access to ship position and detailed emissions data, along with modeling that better captures potential feedback from the ocean, could help strengthen our understanding.

In addition to Gettelman, Earth scientist Matthew Christensen is also a PNNL author of the work. This work was funded in part by the National Oceanic and Atmospheric Administration.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240812195932.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New study unveils 16,000 years of climate history in the tropical Andes | ScienceDaily
A new study that explores ancient temperatures and rainfall patterns in the tropical Andes of South America has revealed how 16,000 years of climate history in this part of the world was driven by carbon dioxide levels and ocean currents from global climate events.


						
Led by Brown University researchers, the study marks the first high-resolution temperature record covering the past 16,000 years in the tropical Andes and could help scientists predict and mitigate future climate impacts in tropical regions of the planet. The work is described in the Proceedings of the National Academy of Science.

"Usually when we study climate change in the past, we emphasize the Northern Hemisphere or Southern Hemisphere because of the outsized role they play in affecting climates all over the globe," said Boyang Zhao, a scientist in Brown's Department of Earth, Environmental and Planetary Sciences and the study's first author. "One of the biggest questions we are getting at is what are the driving factors behind temperature history in this part of the tropics, so that we can begin to potentially apply that data and knowledge to other tropical regions."

Along with future implications, the new study provides a unique look at the way distinct and distant parts of the world influence temperature and weather elsewhere, emphasizing how regional climates are connected to global climate changes.

"Our evidence here suggests that temperatures in this region of the world are more influenced by the Southern Hemisphere -- so places like Antarctica," Zhao said.

The study focused on an analysis of sediment samples from Laguna Llaviucu, a lake located in Ecuador's Cajas National Park. The measurements from the sediment samples showed that temperature variations in the tropical Andes closely aligned with climate events that saw the planet's temperatures rise and fall during the past 16,000 years.

Overall, the evidence showed that the main driver in these temperature fluctuations was the concentration of CO2. Researchers saw evidence that the tropical Andean temperatures track with Antarctic temperatures, which are mainly controlled by carbon dioxide concentrations. The findings showed that about 17,000 to 14,000 years ago, tropical Andean temperatures rose when carbon dioxide increased and that the temperatures remained relatively stable about 12,000 years ago when carbon dioxide levels remained relatively stable.




Zhao said that the findings support previous research identifying carbon dioxide as a key driver of global temperature changes since the last Ice Age.

The study also highlighted the role of ocean currents that move warm water from the tropics to the North Atlantic. During a cooling period known as the Antarctic Cold Reversal 14,500 years ago, the northward current was strengthened, causing it to transport more heat northward and cool sea surface temperatures in the south. The researchers found that this cooling effect extended to the tropical Andes.

To reconstruct past climate conditions, the researchers analyzed lipid biomarkers and hydrogen isotopes collected in 2009 from Laguna Llaviucu by scientist Mark Bush from the Florida Institute of Technology. Lipid biomarkers are chemical compounds that provide clues about past temperatures and rainfall patterns. The high-resolution data, combined with accurate dating techniques, allowed the team to create a detailed timeline of climate changes over the past 16,000 years.

According to the researchers, this is the first time organic biomarkers have been used to put together a quantitative climate history for tropical South America. It is traditionally difficult to reconstruct temperatures from the tropics.

The study also points out a number of regional differences in temperature patterns, like how the tropical Andes and Southeast Asia cooled during certain historical periods while other regions like Africa did not.The research also shows how local factors may help to counteract the global effects of rising CO2 levels by looking at differences between past temperature models and what the sediment data show.

The researchers from Brown plan to continue to explore past temperature patterns in this part of the world that historically lacks complete climate records.

"Mountain environments are some of the most sensitive regions on Earth to climate change," said James Russell, a professor of Earth, environmental, and planetary sciences at Brown who oversaw the new research. "In fact, in the near future, high tropical mountains, such as the Andes, are predicted to experience a rate of warming second only to the Arctic, which is the fastest warming part of the planet."

Along with Zhao and Russell, authors from Brown also included undergraduate student Aaron Freeman. This work was supported by the U.S. National Science Foundation.
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Study reveals oleoyl-ACP-hydrolase underpins lethal respiratory viral disease | ScienceDaily
Respiratory infections can be severe, even deadly, in some individuals, but not in others. Scientists at St. Jude Children's Research Hospital, the Peter Doherty Institute for Infection and Immunity and other collaborators have gained new understanding of why this is the case by uncovering an early molecular driver that underpins fatal disease. Oleoyl-ACP-hydrolase (OLAH) is an enzyme involved in fatty acid metabolism. A study, published today in Cell, shows that OLAH drives severe disease outcomes.


						
The important role of OLAH in immune response has gone unrecognized for several reasons, including a lack of noticeable expression in healthy tissue, as well as the difficulty of obtaining datasets reflecting OLAH expression before and after infection. In this study, the researchers pieced together years of collaborative projects spanning multiple diseases to create the comprehensive datasets needed to understand how OLAH works.

"OLAH directly impacts disease severity in multiple globally relevant, but distinct viral infections," said co-first and co-corresponding author Jeremy Chase Crawford, PhD, St. Jude Department of Host-Microbe Interactions. "We started with the very specific disease context of avian influenza, but by forming these collaborations we were able to interrogate substantially broader disease contexts for this biological mechanism."

Transcriptomics reveals pivotal role of OLAH

The first clues pointing toward OLAH as a driver of lethal disease came from studies of avian A(H7N9) influenza. Transcriptomic analysis linked expression of OLAH with fatal A(H7N9) infection early after hospital admission, and OLAH levels remained high if a patient's disease progressed lethally. Patients who recovered from their infection had low OLAH expression throughout their hospital stay. This finding led the researchers to expand their collaborations, looking for expression of OLAH in a variety of different cohorts of people who had experienced infections as well as in mouse models of disease.

"We were generating transcriptomic datasets from several different projects, through years of studying distinct patient cohorts. It occurred to us to look at OLAH, and that's how we started to see these amazing associations across different diseases," explained Crawford, who is also a founding member of the St. Jude Center for Infectious Diseases Research.

Through this work, the investigators found high OLAH expression in patients hospitalized with life-threatening seasonal influenza, SARS-CoV-2, respiratory syntactical virus and multi-system inflammatory syndrome in children -- but not during mild disease. Additional work with mouse models showed that in mice that were not expressing OLAH, infections that would otherwise be lethal were, in fact, survivable.




Additionally, the researchers found that this effect was accompanied by differential lipid droplet dynamics, reduced viral replication in macrophages and virus-induced inflammation. The work suggests that OLAH-mediated inflammatory responses and severe disease outcomes can be attributed to elevated levels of fatty acids produced by OLAH. This is supported by previous discoveries showing that viral infection in cell lines can be made worse by increased amounts of oleic or palmitic acid. The main product of OLAH is oleic acid.

Potential impact on human health and disease

Co-corresponding and senior author Katherine Kedzierska, PhD, Head of the Human T cell Laboratory at the Doherty Institute, highlighted the research's significance in advancing our understanding of respiratory viruses and its potential far-reaching impact on patients' health.

"We're really excited about the potential of the OLAH gene to serve as a universal indicator of disease severity across different respiratory infections," said Kedzierska.

"Imagine if your doctor could predict whether your respiratory infection will become life-threatening or if you'll recover rapidly? Our findings suggest that OLAH expression levels could be used as a cutting-edge tool in assessing patients' prognosis, empowering clinicians with crucial insights for early risk assessment and personalized treatment strategies," she added.

In addition to defining the role of OLAH in severe respiratory viral disease, the understanding that OLAH expression begins early in severe disease may make it useful as a biomarker to determine if patients need more intense initial treatment. Also, in mouse models, supplementing oleic acid increased influenza replication in macrophages and their inflammatory potential. This may mean that modulating oleic acid levels can be explored as a potential therapeutic approach to disease.

"It took years of working closely with basic scientists and clinicians, from across the world, all studying different infections and diseases, for OLAH's important role in immune response to come to light. This is just the beginning of our exploration of OLAH; there is a lot more work to be done in infectious disease and other potential applications," Crawford said.
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Researchers ID body's 'quality control' regulator for protein folding | ScienceDaily
Anyone who's tried to neatly gather a fitted sheet can tell you: folding is hard. Get it wrong with your laundry and the result can be a crumpled, wrinkled mess of fabric, but when folding fails among the approximately 7,000 proteins with an origami-like complexity that regulate essential cellular functions, the result can lead to one of a multitude of serious diseases ranging from emphysema and cystic fibrosis to Alzheimer's disease. Fortunately, our bodies have a quality-control system that identifies misfolded proteins and marks them either for additional folding work or destruction, but how, exactly, this quality-control process functions is not entirely known. Researchers at the University of Massachusetts Amherst have now made a major leap forward in our understanding of how this quality-control system works by discovering the "hot spot" where all the action takes place. The research was published recently in the Proceedings of the National Academy of Sciences.


						
DNA may be the master blueprint for life, but it is of proteins that we're built. While many of them are structurally simple, there are approximately 7,000 proteins that must be made in a cell's secretory pathway and will be either dispersed throughout the cell or secreted to the extracellular space in order to perform their essential functions.

The story begins in the endoplasmic reticulum -- the cellular protein factories responsible for correctly building thousands of different proteins -- and involves two main players: an enzyme known as UGGT and the partner protein Sep15. Senior authors Daniel Hebert, professor of biochemistry and molecular biology at UMass Amherst, and Lila Gierasch, distinguished professor of biochemistry and molecular biology and chemistry at UMass Amherst, along with co-author, Kevin Guay, a graduate student in the molecular cellular biology program at UMass Amherst, had shown in previous research that UGGT acts as a "gatekeeper" by reading carbohydrate tags, called N-glycans, embedded into the protein to determine whether or not the protein is correctly folded.

"But there's something else at work," says lead-author Rob Williams, a postdoctoral fellow with a joint appointment in both Hebert's and Gierasch's labs. "There's an exclusive club of proteins called 'selenoproteins,' which contain the rare element selenium. Out of approximately 20,000 different proteins in our bodies, only 25 of them are selenoproteins. The UGGT partner Sep15 is a selenoprotein. Sep15 is always associated with UGGT. But until now, no one knew what it was doing there."

Using an AI model called AlphaFold2, Williams and his co-authors predicted that the protein Sep15 forms a complex helical shape that looks something like a catcher's mitt, and that this mitt perfectly matches a complementary site on the UGGT enzyme. The specific site where SEP15 and UGGT bind is also where UGGT reads the N-glycan code that tells it whether or not a protein is correctly folded.

"Basically," says Hebert, "we've found the hotspot where all the action is taking place -- and Sep15 is the key."

To test their AlphaFold2-generated prediction, the research team designed an experiment using recombinant DNA re-engineering of UGGT to interrupt its binding to Sep15 -- and, indeed, the modified UGGT failed to form a complex with Sep15.




So what, exactly, is Sep15 doing? "There are two possibilities, both of which we're following up on," says Hebert. "Either Sep15 is giving the misfolded protein a chance at correcting its shape, or it is marking that protein for destruction."

"The complexity of the proteins we are studying allows higher forms of life to function," says Gierasch, "but the complexity of those proteins also means that they're more prone to misfolding errors, and misfolding errors can have catastrophic consequences if the quality control process fails."

Though there is still a great deal of basic research to be done, the team's research sets the stage for novel drug therapies that target the Sep15/UGGT interface. "This is an untapped pharmaceutical area," says Hebert, "and Williams's research has moved us in the right direction for eventual treatment."

This research was supported by the National Institutes of General Medical Sciences and facilitated by the availability of instrumentation in the UMass Amherst Institute for Applied Life Sciences.
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        Climate reporting standards insufficient, must be expanded, say experts
        A new article concludes that current climate standards are not sufficiently incentivizing the big picture innovations necessary to deliver net zero, and must be expanded to include a company's broader influence on climate action.

      

      
        Fracking frenzy in India: A water crisis in the making?
        India's plans to scale up fracking operations without robust regulations could spell disaster for the country's finely balanced water security, according to research.

      

      
        Dark rituals: Understanding society's fascination with death and disaster
        Understanding why the popularity of organized events steeped in themes of death, disaster and suffering, such as the well-known Dia de los Muertos (Day of the Dead), Jack the Ripper Walking Tours and Remembrance Sunday, could be key to a deeper understanding of society, say researchers.

      

      
        Hydrometeorology and location affect hospitalizations for waterborne infectious diseases in the US
        An analysis of 12 years of data collected from over 500 hospitals in 25 different states shows that weather, geographic location, and urban or rural location all appear to influence hospitalizations for waterborne infectious diseases.

      

      
        How bread dough gave rise to civilization
        A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.

      

      
        Rocks collected on Mars hold key to water and perhaps life on the planet: Bring them back to Earth
        Between July and November of 2022, NASA's Perseverance rover collected seven samples of sediment from an ancient alluvial fan in Jezero crater. While onboard analysis gave researchers some information about their origins, only detailed analysis on Earth can retrieve evidence of when water flowed on Mars and whether life arose there. Geophysicists had hoped to get these samples back by 2033, but NASA's sample return mission may be delayed beyond that date.

      

      
        Researchers find possible inaccuracies in crash-reported child passenger injuries
        Researchers found discrepancies between crash reports and hospital data that might paint an incomplete or inaccurate picture of how crashes impact the safety of child passengers. Enhancing the quality of injury data reported in crash reports can aid researchers in assessing the effectiveness of various transportation safety strategies for children.

      

      
        Larger teams in academic research worsen career prospects, study finds
        Researchers reveal that individuals who finish their PhD in situations where the average team in their field is larger have worse academic career options.

      

      
        Work-related stress may increase the risk of an irregular heart rhythm
        Job strain and effort-reward imbalance at work were associated with a greater chance of developing an abnormal heart rhythm condition, finds a new study.

      

      
        Policing may play a role in youth mental health crises
        New York City neighborhoods subject to higher rates of policing during the Stop and Frisk years also experienced higher burdens of psychiatric hospitalization among their adolescent and young adult residents -- independent of underlying neighborhood socio-economic characteristics.

      

      
        Climate change raised the odds of unprecedented wildfires in 2023-24
        Unprecedented wildfires in Canada and parts of Amazonia last year were at least three times more likely due to climate change and contributed to high levels of CO2 emissions from burning globally, according to the a new systematic review. The State of Wildfires report takes stock of extreme wildfires of the 2023-2024 fire season (March 2023-February 2024), explains their causes, and assesses whether events could have been predicted. It also evaluates how the risk of similar events will change in ...

      

      
        Australia offers lessons for increasing American life expectancy
        A new study comparing expected lifespans among six high-income English-speaking countries found that Australians live the longest while American lifespans faltered over the last three decades.

      

      
        Childhood maltreatment is associated with greater cognitive difficulties than previously thought
        New research suggests that the overreliance on retrospective self-reports of maltreatment in research has resulted in a biased evidence base that overlooks the challenges faced by children and young people with documented exposure to maltreatment.

      

      
        Children born prematurely fall into three groups
        A new study finds that preterm-born children fit into three profiles, with markedly different results on tests that measure cognition and behavior.

      

      
        The atmosphere in the room can affect strategic decision-making, study finds
        The atmosphere within a group can influence the outcome of strategic decision-making, according to a new study. Researchers found that different atmospheres led to people speaking and interacting in different ways that changed how they made sense of the strategy.

      

      
        New interpretation of runic inscription reveals pricing in Viking age
        A new interpretation of the runic inscription on the Forsa Ring (Forsaringen in Swedish), provides fresh insights into the Viking Age monetary system and represents the oldest documented value record in Scandinavia. The inscription describes how the Vikings handled fines in a flexible and practical manner.

      

      
        Protecting surf breaks mitigates climate change, helps coastal communities
        Safeguarding places to hang ten and shoot the curl is an opportunity to simultaneously mitigate climate change, fuel tourism and help surrounding ecosystems, research has shown.

      

      
        Ships now spew less sulfur, but warming has sped up
        New findings document fewer ship tracks, reduced cloud cover, and boosted warming after ship emissions regulations took effect in 2020.

      

      
        AI poses no existential threat to humanity, new study finds
        Large Language Models (LLMs) are entirely controllable through human prompts and lack 'emergent abilities'; that is, the means to form their own insights or conclusions. Increasing model size does not lead LLMs to gain emergent reasoning abilities, meaning they will not develop hazardous abilities and therefore do not pose an existential threat. A new study sheds light on the (until now unexplained) capabilities and shortcomings of LLMs, including the need for carefully engineered prompts to exhi...

      

      
        Balancing technology and governance are key to achieving climate goals
        Despite advancements in clean energy, global CO2 emissions continue to rise. IIASA researchers contributed to a new international study that underscores the importance of integrating technological advancements with robust institutional capacities to formulate effective climate policies.

      

      
        Just say 'climate change' -- not 'climate emergency'
        The familiar terms 'climate change' and 'global warming' are more likely to resonate with people than other commonly used phrases.

      

      
        Babbling babies need timely responses to learn language, social norms
        New research shows the timing of others' reactions to their babbling is key to how babies begin learning language and social norms -- a process evident in infants' interactions with a robot.

      

      
        Redefining the computer whiz: Research shows diverse skills valued by youth
        Researchers have uncovered a more nuanced view of what makes an 'ideal' computer science student, challenging long-held stereotypes of geeky, clever, detail-oriented men, who lack social skills.

      

      
        Prioritizing the elderly for COVID-19 boosters reduces overall deaths
        When COVID-19 booster vaccines are in short supply, prioritizing the elderly over other age groups for booster vaccination results in the lowest loss of life, researchers report.

      

      
        Type 2 diabetes cases more than doubled seven decades after exposure to famine
        Researchers used the setting of the human-made Ukrainian Holodomor famine of 1932-1933 to examine the relation between prenatal famine and adult Type 2 diabetes mellitus.

      

      
        Nature at risk in the hunt for the perfect selfie
        The need for a dramatic selfie or the perfect landscape photo is proving detrimental to nature, a new research collaboration has found.

      

      
        Does physical isolation increase loneliness?
        A new study using data from COVID-19 lockdowns in Australia suggests that physical isolation does not lead to an increase in feelings of loneliness.

      

      
        'FoMO' is a key risk factor for mental health and burnout at work
        Fear of missing out (FoMO) is a key risk factor for employee mental health and, along with information overload, may increase burnout, according to new research.
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Climate reporting standards insufficient, must be expanded, say experts | ScienceDaily
A new paper from the Smith School of Enterprise and the Environment, University of Oxford concludes that current climate standards are not sufficiently incentivising the big picture innovations necessary to deliver net zero, and must be expanded to include a company's broader influence on climate action. The peer-reviewed research, published in Carbon Management, comes after a period of fierce public debate about climate standards and offers possible solutions for those seeking to improve both integrity and impact of corporate climate action.


						
Incentivising climate action and innovation in the corporate world is essential says co-author Dr Matilda Becker: "Of the 2000 largest companies, close to half still do not yet have a net zero target, while some are going further without reward. We need to incentivise companies' efforts beyond their boundaries."

The authors discuss actions that companies can take to accelerate the global transition to net zero across three spheres of influence: product power, purchasing power and political power, and propose an additional reporting track to capture their impact in these areas. This track would demonstrate a company's wider contribution to global net zero, and examples could include lobbying for cleaner energy systems or signalling financial support for new net zero technologies.

To date, corporate climate standards have been created primarily to guide companies in setting targets (e.g. through the Science Based Targets initiative) and to help them track their own emissions resulting from their activities (e.g. using the Greenhouse Gas Protocol). While these standards have been essential for reducing the emissions of individual companies, say the authors, they fail to incentivise broader climate action and can even discourage it.

"It is essential that companies report and reduce emissions across their value chains," says co-author Claire Wigg, Head of Climate Performance Practice at the Exponential Roadmap Initiative. "But it is also essential that they drive -- and are rewarded for driving -- systemic change via the products they produce, the purchases they make and the policies they lobby for or against."

"The way standards are currently set up, a high-growth renewable energy company might fare poorly because of the emissions generated in making turbines and solar panels, despite the fact these products can help to reduce emissions globally," explains lead author Kaya Axelsson, Research Fellow and Head of Policy and Partnerships at the Smith School. "We need a way to compare and reward companies that are changing the world, not just their operations."
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Fracking frenzy in India: A water crisis in the making? | ScienceDaily
India's plans to scale up fracking operations without robust regulations could spell disaster for the country's finely balanced water security, according to research from the University of Surrey.


						
India is positioning shale gas as a key transitional energy source and has announced 56 fracking projects across six states. Despite the promise of energy independence, Surrey's study raises alarm bells about the country's preparedness to handle the unique water risks posed by fracking.

Hydraulic fracturing, or fracking, involves injecting high-pressure fluid into shale rock to release natural gas. This process has been controversial worldwide due to its significant environmental impacts, particularly on water resources. The study points out that India's regulatory framework for fracking is currently based on rules designed for conventional drilling processes, which do not adequately address the distinct challenges fracking presents.

Shashi Kant Yadav, lead author from the University's School of Law, which has a specialism in environmental regulatory issues, and his co-authors identified four key fracking-specific water (FSW) issues that need urgent attention:
    	Water contamination: Fracking fluids and the release of methane can contaminate groundwater supplies.
    	Water usage: Fracking operations consume vast amounts of water, which can deplete local water supplies.
    	Wastewater management: Handling and disposing of the contaminated water that returns to the surface is a complex challenge.
    	Water-induced seismicity: The injection of fracking fluids can trigger earthquakes.

Drawing parallels with the US shale industry, the study maps these four FSW issues to the regulatory responses observed in the US. It highlights the gaps and inefficiencies in the Indian context, emphasising the need for a more stringent regulatory approach.

In the US, the Environmental Protection Agency (EPA) and various state-level bodies have put contrasting regulations in place -- some of the US states mitigate the environmental impact of fracking, while others encourage its commercial scaling. Mitigation measures include monitoring of water quality, mandatory reporting of chemicals used in fracking fluids, and robust waste management protocols.

Researchers argue that India should adopt similar, if not more rigorous, measures to protect its more under-strain water resources.




Shashi Kant Yadav, lead author of the study from the University of Surrey, said:

"Our research concludes with a stark warning: India must reassess the commercial scaling of fracking operations and conduct a thorough scientific inquiry into the potential impacts on water resources is conducted. Furthermore, our study calls for a re-examination of both federal and state-level regulations to ensure comprehensive coverage of all FSW issues.

"This study is a wake-up call for policymakers. The potential for a significant environmental crisis is real and imminent if proactive steps are not taken. As India marches towards its energy goals, the balance between energy security and water security must not be overlooked."

For more details on the research and its findings, read the full paper in Environmental Law Review.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240814160715.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Dark rituals: Understanding society's fascination with death and disaster | ScienceDaily
Understanding why the popularity of organised events steeped in themes of death, disaster and suffering, such as the well-known Dia de los Muertos (Day of the Dead), Jack the Ripper Walking Tours and Remembrance Sunday, could be key to a deeper understanding of society, say researchers from the University of Surrey.


						
In a study published by Annals of Tourism Research, researchers introduce a comprehensive framework to analyse these events, drawing from fields as diverse as thanatology (the scientific study of death and the practices associated with it), dark tourism, and collective memory studies.

Dark events include a broad spectrum, from historical commemorations and sports competitions to cultural festivals and horror experiences.

Dr James Kennell, co-author of the study and Associate Professor of Events and Hospitality at the University of Surrey, said:

People are fascinated with dark events for several reasons, embedded in psychological, cultural, and sociological aspects of human behaviour. There is a natural human curiosity about the darker aspects of life, including death, tragedy, and the macabre. Dark events often provide a safe and controlled environment for people to explore these themes. Dr James Kennell, Associate Professor in Events & Hospitality

The framework developed in this study advances understanding of the evolving landscape of dark events by identifying six key concepts crucial for researching dark events:
    	Commercialisation -- how dark events are marketed, consumed, and monetised.

    	Perspectives from disciplines such as thanatology, dark tourism, and collective memory studies.

    	Public sphere engagement -- how dark events interact with the public sphere and how they fit in broader societal discourse -- including media coverage, politics, public reactions, and the impact on social norms and values.

    	Deviant behaviour -- examines participant motivations, such as thrill-seeking or taboo exploration of violence, criminality or general harm.

    	Experiential aspects -- analysing how dark events evoke emotions such as fear, fascination, or reflection within the participants or audience.

    	The presence of death -- centres on the symbolic and literal presence of death within dark events, including: non-human death, death symbolism and actual death.

Metod Suligoj, co-author and Associate Professor of Tourism Studies at the University of Primorska, said:

"The fascination with dark events stems from a complex interplay of curiosity, thrill-seeking behaviour, cultural traditions, psychological exploration, and the desire for communal and shared experiences. These events allow individuals to engage with themes of death, disaster, and suffering in ways that are meaningful, educational, and sometimes transformative."
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Hydrometeorology and location affect hospitalizations for waterborne infectious diseases in the US | ScienceDaily
An analysis of 12 years of data collected from over 500 hospitals in 25 different states shows that weather, geographic location, and urban or rural location all appear to influence hospitalizations for waterborne infectious diseases, according to a study published August 7, 2024 in the open-access journal PLOS Water by Victoria Lynch and Jeffrey Shaman from Columbia University.


						
Waterborne infectious diseases caused by bacteria, parasites, and viruses still affect over 7,000,000 people annually in the United States. Lynch and Shaman analyzed potential links between weather and hospitalizations for waterborne infectious diseases, specifically looking at whether these associations were influenced by drinking water source, location (rural/urban), and region.

The authors looked at hospitalizations caused by 12 specific water-borne pathogens, including bacteria like Escherichia coli, parasites like Cryptosporidium, biofilm-forming bacteria such as Pseudomonas and the pathogen causing Legionnaires' disease -- distinct from other bacterial pathogens because they naturally inhabit environmental water -- and Norovirus. They used data from 516 hospitals in 25 states collected over 2000-2011 as part of the National Inpatient Sample (NIS) from the Healthcare Cost and Utilization Project (HCUP), along with weather and soil data from the NASA/ NOAA North American Land Data Assimilation System 2 (NLDAS-2) dataset.

There were 57,335 hospitalizations for waterborne disease between 2000 and 2011 from 516 hospitals in the United States. The biofilm-forming bacteria comprised nearly 81 percent of all hospitalizations (66 percent due to respiratory Pseudomonas infections alone.) Hospitalization rates for enteric and biofilm-forming bacterial pathogens were significantly higher in areas that used groundwater as a drinking water source instead of surface water. They also found that precipitation, water runoff, and rural locations were positively associated with hospitalizations for some enteric bacterial and parasitic infections, particularly in the Midwestern region. Specifically, parasitic hospitalizations (predominantly due to Cryptosporidium) increased 9 percent (95% CI: 4%-15%) with a 1-SD increase in precipitation. Conversely, hospitalizations for biofilm-forming bacterial infections were associated with soil moisture (a proxy for flooding). Incidences of Legionnaires' disease specifically increased 124 percent (95% CI: 90%-157%) with a 1-SD increase in soil moisture, and were the only infection more common in urban areas. In general, associations between hospitalization rates and meteorological conditions, location, and drinking water source varied depending on the specific pathogens.

The authors note they weren't able to include data on specific water quality (critical to assess the probable route of exposure for pathogens that can also be present in tainted food, like E. coli), or data from much of the Southeast (where states did not report monthly data to HCUP). Lynch and Shaman hope future work will be able to incorporate this information and additionally track outbreaks linked with extreme weather events to further clarify the links between hydrometeorology and waterborne diseases.

The authors add: "Our results show how analyses focused on specific pathogens can provide insight into distinct routes of exposure and risk factors for waterborne infectious diseases. This work can help inform weather preparedness efforts, which is particularly important as heavy rain becomes more severe and frequent in a warming climate."
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How bread dough gave rise to civilization | ScienceDaily
A major international study has explained how bread wheat helped to transform the ancient world on its path to becoming the iconic crop that today helps sustain a global population of eight billion.


						
"Our findings shed new light on an iconic event in our civilisation that created a new kind of agriculture and allowed humans to settle down and form societies," said Professor Brande Wulff, a wheat researcher at KAUST (King Abdullah University of Science and Technology) and one of the lead authors of the study which appears in Nature.

Professor Cristobal Uauy, a group leader at the John Innes Centre and one of authors of the study said: "This work exemplifies the importance of global collaboration and sharing of data and seeds across countries; we can achieve so much by combining resources and expertise across institutes and across international boundaries."

The secret of bread wheat's success, according to the research by institutes that make up the Open Wild Wheat Consortium (OWWC), lies in the genetic diversity of a wild grass called Aegilops tauschii.

Bread wheat is a hybrid between three wild grasses containing three genomes, (A, B and D) within one complex plant.

Aegilops tauschii, an otherwise inconspicuous weed, provided bread wheat's D-genome when it crossed with early cultivated pasta wheat in the Fertile Crescent sometime between eight and eleven thousand years ago.

The chance hybridisation on the banks of the southern Caspian Sea spawned an agricultural revolution. Cultivation of bread wheat rapidly spread across a wide new range of climates and soils as farmers enthusiastically adopted this dynamic new crop, with its high gluten content that creates an airier elasticated breadmaking dough.




This rapid geographical advance has puzzled wheat researchers. There is no wild bread wheat: and the kind of hybridisation event that added the new D genome to wheat's existing A and B genomes created a genetic bottleneck, whereby the new species had a much-reduced genetic diversity compared to its surrounding wild grasses.

This bottleneck effect coupled with the fact that wheat is an in-breeding species -- meaning it is self-pollinating -- would suggest that bread wheat might struggle outside its Fertile Crescent origins. So how did it become well-travelled and widely adopted across the region?

In solving this conundrum, the international collaboration assembled a diversity panel of 493 unique accessions spanning the geographical range of Aegilops tauschii from north-western Turkey to eastern China.

From this panel the researchers selected 46 accessions reflecting the species traits and genetic diversity, to create a Pangenome, a high-quality genetic map of Aegilops tauschii.

Using this map, they scanned 80,000 bread wheat landraces -- locally adapted varieties -- held by CIMMYT and collected from around the world.

This data showed that around 75% of the bread wheat D-genome is derived from the lineage (L2) of Aegilops tauschii which originates from the southern Caspian Sea. The remaining 25% of its genetic make-up is derived from lineages across its range.




"This 25% influx of genetic material from other lineages of tauschii has contributed and defined the success of bread wheat," said Professor Simon Krattinger, lead author of the study.

"Without the genetic viability that this diversity brings, we would most likely not eat bread on the scale we do today. Otherwise, bread wheat today would be a regional crop -- important to the Middle East but I doubt that it would have become globally dominant without this plasticity that enabled bread wheat to adapt."

A previous study by OWWC revealed the existence of a distinct lineage of Aegilops tauschii geographically restricted to present day Georgia in the Caucasus region -- 500 kilometers from the Fertile Crescent. This Aegilops tauschii lineage (L3) is significant because it has provided bread wheat with the best-known gene for dough quality.

In this study the researchers hypothesised that if this were an historic introgression, akin to a Neanderthal genetic footprint in the human genome, they would find landraces in the CIMMYT collections that had a higher proportion of it.

Data analysis showed that CIMMYT wheat landraces collected from the Georgian region contained 7% L3 introgressions in the genome, seven times more than that of bread wheat landraces collected from the Fertile Crescent.

"We used the L3 tauschii accessions as a guinea pig to track and trace the hybridizations using 80,000 bread wheat landraces," said Professor Krattinger.

"The data beautifully supports a picture where bread wheat emerges in the southern Caspian, then with migration and agricultural expansion it reached Georgia and here with gene flow and hybridisations with the peculiar, genetically distinct and geographically restricted L3 accessions it resulted in the influx of new genetic material."

"This is one of the novel aspects of our study and it confirms that using our new resources we can trace the dynamics of these introgressions in bread wheat."

In addition to solving this age-old biological mystery the new Aegilops tauschii open source Pangenome and germplasm made available by the OWWC, are being used by researchers and breeders worldwide to discover new disease resistance genes that will protect wheat crops against age-old agricultural plagues like wheat rust. They can also mine this wild grass species for climate resilient genes which can be bred into elite wheat cultivars.

Researchers at the John Innes Centre worked closely with colleagues from KAUST using bioinformatic approaches to track levels of DNA contributed to bread wheat by the L3 lineage of Aegilops tauschii.

Professor Uauy concluded: "The study highlights the importance of maintaining genetic resources such as the BBSRC funded Germplasm Resources Unit here at the John Innes Centre which maintains historic collections of wild grasses that can be used to breed valuable traits such as disease resistance and pest resistance into modern wheat."
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Rocks collected on Mars hold key to water and perhaps life on the planet: Bring them back to Earth | ScienceDaily
Over the course of nearly five months in 2022, NASA's Perseverance rover collected rock samples from Mars that could rewrite the history of water on the Red Planet and even contain evidence for past life on Mars.


						
But the information they contain can't be extracted without more detailed analysis on Earth, which requires a new mission to the planet to retrieve the samples and bring them back. Scientists hope to have the samples on Earth by 2033, though NASA's sample return mission may be delayed.

"These samples are the reason why our mission was flown," said paper co-author David Shuster, professor of earth and planetary science at the University of California, Berkeley, and a member of NASA's science team for sample collection. "This is exactly what everyone was hoping to accomplish. And we've accomplished it. These are what we went looking for."

The critical importance of these rocks, sampled from river deposits in a dried-up lake that once filled a crater called Jezero, is detailed in a study to be published Aug. 14 in AGU Advances, a journal of the American Geophysical Union.

"These are the first and only sedimentary rocks that have been studied and collected from a planet other than Earth," said paper co-author David Shuster, professor of earth and planetary science at the University of California, Berkeley, and a member of NASA's science team for sample collection. "Sedimentary rocks are important because they were transported by water, deposited into a standing body of water and subsequently modified by chemistry that involved liquid water on the surface of Mars at some point in the past. The whole reason that we came to Jezero was to study this sort of rock type. These are absolutely fantastic samples for the overarching objectives of the mission."

Shuster is co-author of the paper with first author Tanja Bosak, a geobiologist at the Massachusetts Institute of Technology (MIT) in Cambridge.

"These rock cores are likely the oldest materials sampled from any known environment that may have supported life," Bosak said. "When we bring them back to Earth, they can tell us so much about when, why and for how long Mars contained liquid water, and whether some organic, prebiotic and potentially even biological evolution may have taken place on that planet."

Significantly, some of the samples contain very fine-grained sediments that are the most likely type of rock to retain evidence of past microbial life on Mars -- if there ever was or is life on the planet.




"Liquid water is a key element in all of this because it is the key ingredient for biological activity, as far as we understand it," said Shuster, a geochemist. "Fine-grained sedimentary rocks on Earth are those that are most likely to preserve signatures of past biological activity, including organic molecules. That's why these samples are so important."

NASA announced on July 25 that Perseverance had collected new rock samples from an outcrop named Cheyava Falls that also might contain signs of past life on Mars. The rover's scientific instruments detected evidence of organic molecules, while "leopard spot" inclusions in the rocks are similar to features that on Earth are often associated with fossilized microbial life.

In a statement, Ken Farley, Perseverance project scientist at Caltech, said, "Scientifically, Perseverance has nothing more to give. To fully understand what really happened in that Martian river valley at Jezero crater billions of years ago, we'd want to bring the Cheyava Falls sample back to Earth, so it can be studied with the powerful instruments available in laboratories."

Sediments hold the answers

Shuster noted that Jezero and the fan of sediments left behind by the river that once flowed into it likely formed 3.5 billion years ago. That abundant water is now gone, either trapped underground or lost to space. But Mars was wet at a time when life on Earth -- in the form of microbes -- was already everywhere.

"Life was doing its thing on Earth at that point in time, 3.5 billion years ago," he said. "The basic question is: Was life also doing its thing on Mars at that point in time?"

"Anywhere on Earth over the last 3.5 billion years, if you give me the scenario of a river flowing into a crater transporting materials to a standing body of water, biology would have taken hold there and left its mark, in one way or another," Shuster said. "And in the fine-grained sediment, specifically, we would have a very good chance of recording that biology in the laboratory observations that we can make on that material on Earth."




Shuster and Bosak acknowledge that the organic analysis equipment aboard the rover did not detect organic molecules in the four samples from the sedimentary fan. Organic molecules are used and produced by the type of life we're familiar with on Earth, though their presence is not unequivocal evidence of life.

"We did not clearly observe organic compounds in these key samples," Shuster said. "But just because that instrument did not detect organic compounds does not mean that they are not in these samples. It just means they weren't at a concentration detectable by the rover instrumentation in those particular rocks."

To date, Perseverance has collected a total of 25 samples, including duplicates and atmospheric samples, plus three "witness tubes" that capture possible contaminants around the rover. Eight duplicate rock samples plus an atmospheric sample and witness tube were deposited in the so-called Three Forks cache on the surface of Jezero as a backup in case the rover suffers problems and the onboard samples can't be retrieved. The other 15 samples -- including the Cheyava Falls sample collected July 21 -- remain aboard the rover awaiting recovery.

Shuster was part of a team that analyzed the first eight rock samples collected, two from each site on the crater floor, all of which were igneous rocks likely created when a meteor impact smashed into the surface and excavated the crater. Those results were reported in a 2023 paper, based on analyses by the instruments aboard Perseverance.

The new paper is an analysis of seven more samples, three of them duplicates now cached on Mars' surface, collected between July 7 and November 29 of 2022 from the front of the western sediment fan in Jezero. Bosak, Shuster and their colleagues found the rocks to be composed mostly of sandstone and mudstone, all created by fluvial processes.

"Perseverance encountered aqueously deposited sedimentary rocks at the front, top and margin of the western Jezero fan and collected a sample suite composed of eight carbonate-bearing sandstones, a sulfate-rich mudstone, a sulfate-rich sandstone, a sand-pebble conglomerate," Bosak said. "The rocks collected at the fan front are the oldest, whereas the rocks collected at the fan top are likely the youngest rocks produced during aqueous activity and sediment deposition in the western fan."

While Bosak is most interested in possible biosignatures in the fine-grained sediments, the coarse-grained sediments also contain key information about water on Mars, Shuster said. Though less likely to preserve organic matter or potential biological materials, they contain carbonate materials and detritus washed from upstream by the now-vanished river. They thus could help determine when water actually flowed on Mars, the main emphasis of Shuster's own research.

"With lab analysis of those detrital minerals, we could make quantitative statements about when the sediments were deposited and the chemistry of that water. What was the pH (acidity) of that water when those secondary phases precipitated? At what point in time was that chemical alteration taking place?" he said. "We have this combination of samples now in the sample suite that are going to enable us to understand the environmental conditions when the liquid water was flowing into the crater. When was that liquid water flowing into the crater? Was it intermittent?"

Answers to these questions rely upon analyses of the returned materials in terrestrial laboratories to uncover the organic, isotopic, chemical, morphological, geochronological and paleomagnetic information they record, the researchers emphasized.

"One of the most important planetary science objectives is to bring these samples back," Shuster said.
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Researchers find possible inaccuracies in crash-reported child passenger injuries | ScienceDaily
Researchers from the Center for Injury Research and Prevention (CIRP) at Children's Hospital of Philadelphia (CHOP) found discrepancies between crash reports and hospital data that might paint an incomplete or inaccurate picture of how crashes impact the safety of child passengers. Enhancing the quality of injury data reported in crash reports can aid researchers in assessing the effectiveness of various transportation safety strategies for children. The findings were recently published by the American Journal of Preventive Medicine.


						
Traffic crashes remain the leading cause of unintentional injury and death for young children, and approximately 80% involve children riding as passengers in motor vehicles. Child Restraint Systems (CRS) are important in reducing risk of severe injuries. However, to date, no study has specifically compared crash- and hospital-reported injuries among child passengers involved in crashes. Incorrect information in a crash report, the most used source of motor vehicle crash injury data, can hinder the evaluation of how effectively CRS or vehicle technology reduces injuries.

"Our study demonstrated crash-involved child passengers' injury information, specifically injury frequency, location, and severity, are reported differently across crash reports and hospital records," said first study author Emma Sartin, PhD, MPH, CPST, research scientist with the NJ-SHO Center for Integrated Data at CHOP. "This could misrepresent our understanding of how many children are injured in crashes, as well as the types of injuries they may experience. Since this information is often used to allocate funding for traffic safety efforts and programs, its inaccuracy can also lead to funding being misdirected away from the communities that may need it most."

Using data from the New Jersey Safety and Health Outcomes (NJ-SHO) Data Warehouse, researchers identified child passengers under the age of 13 involved in a crash from 2017 through 2019 and compared their injuries documented in both crash and hospital reports. They characterized injury frequency, severity and location, as well as the frequency of injuries by age and restraint type.

Of 84,060 crash-involved child passengers, the researchers found that crash reports documented 7,858 (9%) children with at least "possible" injuries. However, only 2,577 (3%) of all the crash-involved child passengers had at least one documented injury in hospital reports. Crash and hospital data were incongruent for both body region of injury and injury severity.

Importantly, among the few children who had any documented injuries, most of those injuries were classified as "minor." However, the proportion of injured children increased as CRS type progressed, with children in rear-facing car seats having the fewest injuries compared with children restrained in seat belts who had more serious injuries in this study group. These findings underscore previous research highlighting the importance of delaying transitions between various types of CRS as long as possible.

"Our study found that crash and hospital reports provide different pictures regarding the injuries sustained by child passengers, which has important considerations for injury research, CRS and vehicle manufacturing, and policymaking. We are especially concerned about the increase in injuries observed among older children and those who were not using CRS," said Rachel K. Myers, PhD, senior study author and associate director of the Center for Injury Research and Prevention (CIRP) at CHOP. "We believe efforts to understand barriers to keeping children restrained in age-appropriate CRS are important in our continued efforts to protect children, and findings like these have only been made possible by large data linkages connected with public health efforts."

This study was supported by the Eunice Kennedy Shriver National Institute of Child Health and Human Development grant K99HD10592 and the Center for Child Injury Prevention Studies (CChIPS).
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Larger teams in academic research worsen career prospects, study finds | ScienceDaily
As the Paris Olympics captured the world's attention this month, it proved apparent that winning medals often hinged on the success of teamwork.


						
While such an approach clearly works in sports, new research suggests teamwork is not always the desired method ... especially for young scientists trying to find an academic job.

"We found that if your team size in your discipline is large, your prospects for an academic career go down," said Donna Ginther, the Roy A. Roberts Distinguished Professor of Economics at the University of Kansas.

Her paper titled "The rise of teamwork and career prospects in academic science" reveals individuals who finish their doctorate in situations where the average team in their field is larger have worse career options. The results demonstrate that academic science has not adjusted its reward structure (which is largely individual) in response to team science. It appears in Nature Biotechnology.

"The number of authors on papers in our discipline has changed," she said. "In econ, when I graduated, there were single-author papers. Now it's often three to five -- so it's essentially doubled. In science fields in particular, it's grown a lot. And when the National Institutes of Health budget doubled, papers increased by about one author."

Co-written with Mabel Andalon, Catherine de Fontenay and Kwanghui Lim of the University of Melbourne, this research combined data on career outcomes from the Survey of Doctorate Recipients with publication data that measured research size from ISI Web of Science. It also incorporated a regression on career outcomes at the individual level to control for any changes in the characteristics of young scientists (such as whether the scientists obtained their doctorate from a top-ranked school).

"The questions we asked were if the average team size gets larger, what does it affect? Then how does it affect your career?" Ginther said.




"My co-author Catherine de Fontenay and Kwanghui Lim developed a theoretical model where if you have large teams, it's unclear who contributed what to the paper. That makes the signal of your scientific ability noisy. But if there are just two authors, it's pretty clear you both did a lot of work. Then the signal of your contribution is clear."

As a result, it's hard to discern and give individuals credit for their contribution ... and that affects their next job and whether they get research funding.

"All of the phenomena we're seeing about the length of time it takes from the time you get your Ph.D., until you get your first academic job, until you get your first R01 -- that can be explained by this growth in team size," she said.

Ginther recently spent six months on sabbatical in Australia, which led to a research partnership with her University of Melbourne colleagues.

"I have a whole body of work on early career scientists," she said. "For this paper, I really liked the model we used and the intuition behind the result. The world is big and complex, and teams are an important part of it. You can't be this kind of solitary intellectual. Teamwork is something you must be able to navigate."

Now in her 22nd year at KU, Ginther specializes in labor economics. She is also the director of the Institute for Policy & Social Research, an interdisciplinary campus center for faculty and students doing funded work in the social and behavioral sciences.




The economist believes her findings can be applied to other professions beyond academia.

"I'd be very curious to look at the military because you always operate in teams. How does the size of your team or the composition of your team affect your career?" she said.

Ultimately, Ginther emphasizes the key takeaway of this latest research is how money is correlated with team size.

"To the extent we can make more groups of scientists that are smaller, this could lead to a policy change that is supported by our work," she said. "Having more smaller teams may be better than mega teams, both in terms of scientific discovery and career outcomes."
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Work-related stress may increase the risk of an irregular heart rhythm | ScienceDaily
Work-related stress caused by job strain and an imbalance between efforts applied vs. rewards received may increase the risk of developing atrial fibrillation, according to new research published today in the Journal of the American Heart Association, an open access, peer-reviewed journal of the American Heart Association.


						
Also known as AFib or AF, atrial fibrillation is the most common form of arrhythmia -- an abnormal heart rhythm. It can lead to stroke, heart failure or other cardiovascular complications. More than 12 million people are projected to have AFib in the United States by 2030, according to the American Heart Association's 2024 heart disease and stroke statistics.

Previous research linked high job strain and effort-reward imbalance at work with an increased risk of coronary heart disease. This research is the first to examine the adverse effect of both psychosocial stressors at work on atrial fibrillation, said the study's senior author Xavier Trudel, Ph.D., an occupational and cardiovascular epidemiologist and associate professor at Laval University in Quebec City, Quebec, Canada.

"Our study suggests that work-related stressors may be relevant factors to include in preventive strategies," Trudel said. "Recognizing and addressing psychosocial stressors at work are required to foster healthy work environments that benefit both individuals and the organizations where they work."

Trudel and team studied the impact of job strain, which refers to a work environment in which employees face high job demands, such as a heavy workload and tight deadlines, and low control over their work with little say in decision-making and how they execute their tasks.

Another factor assessed in the study was the effort-reward imbalance. This occurs when employees invest significant effort into their work but perceive the rewards they get in return -- such as salary, recognition or job security -- as insufficient or unequal to their performance.

Researchers examined medical database records for nearly 6,000 adults in white-collar jobs in Canada, with 18 years of follow-up data. The analysis found that:
    	employees who said they experienced high job strain had an 83% higher risk of developing AFib compared to workers unaffected by the stressors;
    	those who perceived an effort-reward imbalance had a 44% greater risk, compared to workers who did not report this imbalance; and
    	combined perceptions of high job strain and effort-reward imbalance were associated with a 97% increased risk of AFib.

"The effectiveness of workplace interventions to reduce psychosocial stressors that may also reduce the risk of AFib should be investigated in future research efforts," Trudel said. "Our research team previously conducted an organizational intervention designed to reduce psychosocial stressors at work, which was shown to effectively reduce blood pressure levels. Examples of organizational changes implemented during the intervention included slowing down the implementation of a large project to prevent increased workload; implementing flexible work hours; and holding meetings between managers and employees to discuss day-to-day challenges."

Limitations of the study include that participants were all white-collar workers encompassing managers, professional and office workers in Canada which means results may not apply to other types of workers or to workers in other countries.

Study details, background or design:
    	Researchers collected data through the PROspective Quebec (PROQ) Study on Work and Health, which started in the Quebec region in 1991-1993 and recruited white-collar workers from 19 public and semi-public organizations.
    	A total of 5,926 workers (49% men, 51% women) were included in this analysis. Their average age was 45 at the beginning of the study (1999-2001) and 65 at the end of the follow-up (Dec. 2018). Most study participants were white adults.
    	Work stress was assessed from self-reported questionnaires.
    	The analysis identified 186 AFib cases, and among that group, 19% of the people with AFib reported high job strain; 25% said they perceived effort-reward imbalance; and 10% reported experiencing both stressors simultaneously.
    	More than one-third of participants had been diagnosed with coronary heart disease or heart failure before their AFib incidence.
    	The study measured the work-related stressors through self-reported questionnaires specifically on job strain and effort-reward imbalance, controlling for a broad list of socioeconomic characteristics (sex and education), health risks (diabetes status and high blood pressure) and lifestyle factors (smoking and alcohol).
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Policing may play a role in youth mental health crises | ScienceDaily
New York City neighborhoods subject to higher rates of policing during the Stop and Frisk years also experienced higher burdens of psychiatric hospitalization among their adolescent and young adult residents -- independent of underlying neighborhood socio-economic characteristics. This association was larger in neighborhoods of color which have been disproportionately targeted by "hot spot" and order-maintenance policing practices and policies.


						
The study by researchers at Columbia University Mailman School of Public Health is one of the first to explore how neighborhood-level differences in policing may be an important driver of the uneven burden of mental illness across the city -- especially among young people living in heavily policed neighborhoods during a critical developmental period. The findings, which add to a growing body of evidence finding aggressive policing to be a social determinant of adolescent mental health, appear in the journal Social Psychiatry and Psychiatric Epidemiology.

According to research cited in the new study, at least half of all recorded police stops in New York City involve individuals under age 25. Nationally, approximately one-third of teens aged 12-18, have been stopped by police at least once, and roughly 21 percent of Black boys, compared with 9 percent of white boys, have been stopped two or more times. Police stops have been linked to depressive symptoms among adolescents, and this association is twice as strong in young Black men as compared with young white men.

In the new study, researchers drew on publicly available data from the New York City Police Department (NYPD), psychiatric hospitalization from Statewide Planning and Research Cooperative System (SPARCS) data, and socio-demographic data from the American Community Survey (ACS). They focused on psychiatric hospitalization of young people aged 10-24 and all police stops during the years 2006 to 2014 when the NYPD Stop Question and Frisk (SQF) program was in effect (SQF was declared unconstitutional in 2013).

They found an increase in one policing incident per 1,000 residents was associated with a 0.3 percent increase in the rate of youth psychiatric hospitalization time. The rates of psychiatric hospitalization and policing were higher in neighborhoods with a higher proportion of Black residents, and the association between these was also significantly higher in neighborhoods with a larger share of Black residents compared with predominantly non-Black neighborhoods. The link between rates of policing and psychiatric hospitalization was strongest when limited to SQF encounters and criminal summonses rather than the sum of all policing incidents -- evidence that the associations highlighted in the study are not explained by overall crime levels, one potential confounder, the authors explain. Policing incidents in response to psychiatric emergencies, a potential source of reverse causation, are thought to be negligible.

The mental health effects of policing are both direct and indirect. People who live, work, and spend time in aggressively policed neighborhoods are regularly exposed to police through either direct encounters or witnessing encounters involving friends, family, and neighbors. More broadly, the study's authors explain, the fabric of a neighborhood itself is shaped by a city that prioritizes policing over social supports. Future research might explore the effects of policies and programs that move resources away from policing and toward social and economic services.

"We know that direct and indirect exposure to policing may be a stressful and traumatic experience for individuals," says Sam Packard, a doctoral student in the Department of Epidemiology at Columbia Mailman School of Public Health. "An increasing amount of research demonstrates that the collective impact of this trauma as a form of structural violence is a public health issue, which is what we found in this analysis."

"Our findings support what hyper-policed communities have long known: exposure to aggressive policing is harmful to individual and community health. Given rising rates of adolescent psychiatric disorders, preventing and reducing mental illness will require not just individual treatments but also confronting its social and structural determinants, including over-policing," adds Seth J. Prins, PhD, assistant professor of Epidemiology and Sociomedical Sciences at Columbia Mailman School of Public Health.




The findings are more than a historical footnote and still have relevance a decade after the Stop and Frisk program ended, Prins explains. "Even though stop-and-frisk officially ended, we know stops still happen and they're just not recorded as such. So even if it's happening less frequently, aggressive policing is still happening differentially across the city."

Previously, Prins has published studies on the consequences of intimate partner violence policing, how school policing and disciplining may lead to student substance abuse, and the link between incarceration and premature death.

The new study's co-authors also include Zoe Verzani, Megan C. Finsaas, Natalie S. Levy, Ruth Shefner, and Amelia K. Boeme at Columbia Mailman, and Arrianna M. Planey at University of North Carolina, Chapel Hill.

The research was supported by National Institute on Drug Abuse (grants DA045955, DA058962), National Institutes of Health (CA240092-03S1), and National Institute of Mental Health (MH013043).
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Climate change raised the odds of unprecedented wildfires in 2023-24 | ScienceDaily
Unprecedented wildfires in Canada and parts of Amazonia last year were at least three times more likely due to climate change and contributed to high levels of CO2 emissions from burning globally, according to the first edition of a new systematic annual review.


						
The State of Wildfires report takes stock of extreme wildfires of the 2023-2024 fire season (March 2023-February 2024), explains their causes, and assesses whether events could have been predicted. It also evaluates how the risk of similar events will change in future under different climate change scenarios.

The report, which will be published annually, is co-led by the University of East Anglia (UEA, UK), the UK Centre for Ecology & Hydrology (UKCEH), the Met Office (UK) and European Centre for Medium-Range Weather Forecasts (ECMWF, UK).

Published today in the journal Earth System Science Data, the report finds that carbon emissions from wildfires globally were 16% above average, totalling 8.6 billion tonnes of carbon dioxide. Emissions from fires in the Canadian boreal forests were over nine times the average of the past two decades and contributed almost a quarter of the global emissions.

If it had not been a quiet fire season in the African savannahs, then the 2023-24 fire season would have set a new record for CO2 emissions from fires globally.

As well as generating large CO2 emissions, fires in Canada led to more than 230,000 evacuations and eight firefighters lost their lives. An unusually high number of fires were also seen in northern parts of South America, particularly in Brazil's Amazonas state and in neighbouring areas of Bolivia, Peru, and Venezuela. This led to the Amazon region experiencing among the worst air quality ratings on the planet.

Elsewhere in the world, individual wildfires that burned intensely and spread quickly in Chile, Hawaii, and Greece led to 131, 100, and 19 direct fatalities, respectively. These were among the many wildfires worldwide with significant impacts on society, the economy, and the environment.




"Last year, we saw wildfires killing people, destroying properties and infrastructure, causing mass evacuations, threatening livelihoods, and damaging vital ecosystems," said the lead author of this year's analysis, Dr Matthew Jones, Research Fellow at the Tyndall Centre for Climate Change Research at UEA.

"Wildfires are becoming more frequent and intense as the climate warms, and both society and the environment are suffering from the consequences."

The loss of carbon stocks from boreal forests in Canada and tropical forests in South America have lasting implications for the Earth's climate. Forests take decades to centuries to recover from fire disturbance, meaning that extreme fire years such as 2023-24 result in a lasting deficit in carbon storage for many years to come.

"In Canada, almost a decade's worth of carbon emissions from fire were recorded in a single fire season -- more than 2 billion tonnes of CO2," said Dr Jones. "In turn, this raises atmospheric concentrations of CO2 and exacerbates global warming."

Climate change made the 2023-24 fire season more extreme

As well as cataloguing high-impact fires globally, the report focused on explaining the causes of extreme fire extent in three regions: Canada, western Amazonia, and Greece.




Fire weather -- characterised by hot, dry conditions that promote fire -- has shifted significantly in all three focal regions when compared to a world without climate change. Climate change made the extreme fire-prone weather of 2023-24 at least three times more likely in Canada, 20 times more likely in Amazonia, and twice as likely in Greece.

The report also used cutting-edge attribution tools to distinguish how climate change has altered the area burned by fires versus a world without climate change. It found that the vast extent of wildfires in Canada and Amazonia in the 2023-24 fire season was almost certainly greater due to climate change (with more than 99% confidence).

"It is virtually certain that fires were larger during the 2023 wildfires in Canada and Amazonia due to climate change," said Dr Chantelle Burton, Senior Climate Scientist at the Met Office.

"We are already seeing the impact of climate change on weather patterns all over the world, and this is disrupting normal fire regimes in many regions. It is important for fire research to explore how climate change is affecting fires, which gives insights into how they may change further in the future."

Likelihood of extreme wildfires will rise but can be mitigated

Climate models used in the report suggest that the frequency and intensity of extreme wildfires will increase by the end of the century, particularly in future scenarios where greenhouse gas emissions remain high.

The report shows that by 2100, under a mid-to-high greenhouse gas emissions scenario (SSP370), wildfires similar in scale to the 2023-24 season will become over six times more common in Canada. Western Amazonia could see an extreme fire season like 2023-24 almost three times more frequently. Similarly, years with fires on the scale of those seen in Greece during 2023-2024 are projected to double in frequency.

"As long as greenhouse gas emissions continue to rise, the risk of extreme wildfires will escalate," said Dr Douglas Kelley, Senior Fire Scientist at the UK Centre for Ecology & Hydrology.

Increases in the future likelihood of extreme wildfire events, on the scale of 2023-2024, can be minimised by reducing greenhouse gas emissions. Following a low emissions scenario (SSP126) can limit the future likelihood of extreme fires. In western Amazonia, the frequency of events like 2023-24 is projected to be no larger in 2100 than in the current decade under a low emissions scenario. In Canada, the future increase in frequency of extreme fires is reduced from a factor of six to a factor of two, while in Greece the increase is limited to 30%.

"Whatever emissions scenario we follow, risks of extreme wildfires will increase in Canada, highlighting that society must not only cut emissions but also adapt to changing wildfire risks," said Dr Kelley.

"These projections highlight the urgent need to rapidly reduce greenhouse gas emissions and manage vegetation in order to reduce the risk and impacts of increasingly severe wildfires on society and ecosystems."

Disentangling the causes of extreme fires

Several factors control fire, including weather conditions influenced by climate change, the density of vegetation on the landscape influenced by climate and land management, and ignition opportunities influenced by people and lightning.

Disentangling the influence of these factors can be complex, but the report used cutting-edge fire models to reveal the influence of different factors on extreme fire activity.

The report found that the area burned by fires in Canada and Greece would likely have been larger if the landscape had not been altered by people. Activities such as agriculture, forestry, and dedicated fire management efforts all influence the landscape, and can reduce the density of vegetation. In addition, firefighters also help to reduce fire spread by tackling active wildfires. When wildfires meet areas with sparse vegetation or more aggressive firefighting strategies, they can run out of fuel or be contained.

"In Canada and Greece, a mix of severe fire weather and plenty of dry vegetation reinforced one another to drive a major uptick in the number and extent of fires last year," said Dr Francesca Di Giuseppe, Senior Scientist at ECMWF.

She added: "But our analysis also shows that factors such as suppression and landscape fragmentation related to human activities likely played important roles in limiting the final extent of the burned areas.

"Human practices played an important role in the most extreme events we analysed. However, we found that the final extent of these fires was determined by the simultaneous occurrence of multiple predictable factors -- principally weather, fuel abundance, and moisture -- rather than direct human influence."

The report found that human activities increased the extent of the 2023 wildfires in western Amazonia. In this region, the expansion of agriculture has resulted in widespread deforestation and forest degradation. This has left forests more vulnerable to fire during periods of drought and fire weather, amplifying the effect of climate change.

During 2023-24, the fourth most powerful El Nino event on record drove a prolonged drought and heatwave in South America. This natural feature of Earth's climate increases temperatures and reduces rainfall in Amazonia every three to eight years, but it is increasingly superimposed on higher temperatures due to climate change.

"In many tropical forests like Amazonia, deforestation and the expansion of agriculture have exacerbated the effects of climate change on wildfire risk, leaving these vital ecosystems more vulnerable," said Dr Burton.

An eye towards the 2024-2025 fire season

Forecasting fire risk is a growing research area and early warning systems have already been built based on weather factors alone. For example, in Canada, extreme fire weather was predicted two months in advance and provided early indications of high fire potential in 2023. Events in Greece and Amazonia had shorter windows of predictability.

For the 2024-25 season, forecasts suggested a continued above-average likelihood of fire weather -- hot, dry, and windy conditions -- in parts of North and South America, which presented favourable conditions for wildfires in California, Alberta, British Columbia, and in the Brazilian Pantanal in June and July.

Dr Di Giuseppe said: "We're not particularly surprised by some of the recent fires in the news, as above-average fire weather was predicted in parts of North and South America. However, the extensive Arctic fires we've witnessed recently have caught us by surprise -- something to look at in our next report."
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Australia offers lessons for increasing American life expectancy | ScienceDaily
Despite being home to some of the world's most dangerous animals, Australia has led the English-speaking world in life expectancy for the last three decades. As for other high-income Anglophone countries, the Irish saw the largest gains in life expectancy, while Americans have finished dead last since the early 1990s, according to a team of social scientists led by a Penn State researcher.


						
The team published their findings today (August 13) in the journal BMJ Open.

"One lesson we Americans can learn about life expectancy from looking at comparable countries is where the frontier of best performance lies," said Jessica Ho, associate professor of sociology and demography at Penn State and senior author on the paper. "Yes, we're doing badly, but this study shows what can we aim for. We know these gains in life expectancy are actually achievable because other large countries have already done it."

The researchers compared life expectancy in the United States, Canada, Ireland, the United Kingdom, Australia and New Zealand using data from the Human Mortality Database and the World Health Organization Mortality Database between 1990 and 2019. They analyzed the data by sex, age and 18 individual and comprehensive cause of death categories, including cancers, drug- and alcohol-related deaths, firearms and motor vehicle collisions.

They also examined life expectancy within each country to identify geographical inequalities in life expectancy by region.

The researchers found that Australians had the longest life expectancy at birth over the study period, with women living nearly 4 more years and men 5 more years than their American counterparts. The Irish showed the largest gains in life expectancy, with men's lifespans increasing by approximately 8 years and women's lifespans by more than 6.5 years. Americans had the shortest life expectancy at birth, with women living an average of almost 81.5 years and men an average of nearly 76.5 years in 2019.

The United States also showed some of the largest geographical inequalities in life expectancy compared to the other countries, according to the researchers. Women and men in California and Hawaii had some of the highest life expectancies at birth, with women averaging 83 to 83.9 years and men averaging 77.5 to 78.4 years. States in the American Southeast saw some of the lowest life expectancies at birth of all subnational regions studied, with women averaging 72.6 to 79.9 years and men averaging 69.3 to 74.4 years.




"One of the main drivers of why American longevity is so much shorter than in other high-income countries is our younger people die at higher rates from largely preventable causes of death, like drug overdose, car accidents and homicide," said Ho, who is also an associate of Penn State's Social Science Research Institute.

In midlife -- the 45 to 64 age range -- some of these causes continue, like high death rates from drug- and alcohol-related mortality, Ho explained, adding that Americans also see higher rates of cardiovascular disease mortality.

"Some of the latter could be related to sedentary lifestyle, high rates of obesity, unhealthy diet, stress and a history of smoking," she said. "It's likely that these patterns of unhealthy behaviors put Americans at a disadvantage in terms of their health and vitality."

Australia offers the U.S. a model for improving its life expectancy, Ho added. Like the U.S., Australia is large in terms of land area and has a comparable history of personal vehicle ownership. The two countries have some cultural similarities, including historically greater use of firearms. However, Australia implemented a number of policies in recent decades including gun law reforms that helped vault them to the top of the life expectancy rankings.

"What the study shows is that a peer country like Australia far outperforms the U.S. and was able to get its young adult mortality under control," Ho said. "It has really low levels of gun deaths and homicides, lower levels of drug and alcohol use and better performance on chronic diseases, the latter of which points to lifestyle factors, health behaviors and health care performance."

Ho said policies like investing in public transit infrastructure, adding more roundabouts and having fewer large cars on the road could decrease traffic deaths in the United States. More support for programs designed to reduce drug dependence and reducing barriers to treatment and prevention of drug overdose could help lower drug-related mortality, she said. And having a strong combination of public health effort, health care access and community interventions to encourage healthier lifestyles and the use of preventive medicine could reduce cardiovascular disease mortality, she added.

"Australia is a model for how Americans can do better and achieve not only a higher life expectancy but also lower geographic inequality in life expectancy," Ho said.

Rachel Wilkie, a doctoral student at the University of Southern California, also contributed to this research. The National Institute on Aging of the National Institutes of Health supported this work.
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Childhood maltreatment is associated with greater cognitive difficulties than previously thought | ScienceDaily
New research from the Institute of Psychiatry, Psychology & Neuroscience (IoPPN) at King's College London and City University of New York suggests that the cognitive difficulties associated with childhood maltreatment, and particularly neglect, have been grossly underestimated in previous studies.


						
The research, published in Lancet Psychiatry, suggests that the overreliance on retrospective self-reports of maltreatment in research has resulted in a biased evidence base that overlooks the challenges faced by children and young people with documented exposure to maltreatment.

Researchers in this study tested the relative associations of court-documented exposure to, and adult recall of, childhood maltreatment with cognitive abilities within the same individuals. 1179 participants were identified from an ongoing cohort in the USA. All participants underwent a variety of tests in order to assess their cognitive abilities in adult life.

Researchers found that participants with official records of childhood maltreatment showed, on average, cognitive deficits across most tests undertaken compared to those without records. In contrast, the participants who retrospectively self-reported maltreatment did not demonstrate deficits when compared with those without reports.

Researchers also noted that these findings were not consistent across the different types of maltreatment. Participants who had documented experiences of neglect demonstrated cognitive deficits, but those who had documented experiences of physical and sexual abuse did not.

Andrea Danese, Professor of Child & Adolescent Psychiatry at King's IoPPN and one of the study's co-authors said, "While there are some important exceptions, most research in this area has relied on retrospective reports of childhood maltreatment from adult participants. Our study has shown that this reliance on retrospective reports has likely resulted in researchers and clinicians underestimating the extent to which individuals with documented cases of maltreatment, and particularly neglect, are experiencing cognitive deficits.

"Our study highlights the importance of identifying young people who have experienced neglect so that the proper support can be put in place, for example, to mitigate the negative consequences in education and employment."

More research is needed to understand why individuals with documented histories of neglect have cognitive deficits. The researchers suspect this might be due to a lack of stimulation in childhood, the familial transmission of cognitive challenges, and/or the role of other experiences that often accompany neglect, such as family poverty. Disentangling the mechanisms underlying the observed associations will provide helpful insights to develop effective interventions.

This research was supported by funding from the National Institute of Justice, the National Institute of Mental Health, the Eunice Kennedy Shriver National Institute of Child Health and Human Development, and the National Institute on Aging.
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Children born prematurely fall into three groups | ScienceDaily
About thirteen million babies each year are born prematurely, with preterm birth linked to increases in risk for attention-deficit/hyperactivity disorder (ADHD), problems with social development, and lower grades.


						
A problem with past analyses of prematurity, however, is that they do not capture the variety seen in children born pre-term, including some with outcomes better than the average results for full- term children. Pre-term means birth before 37 weeks of gestation, with full term being 40 weeks.

The tendency to lump preterm babies into one group hinders efforts to tailor care for any one child, researchers say. Now a new study, published online August 13 in the journal Child Development, finds that preterm-born children fit into three profiles, with markedly different results on tests that measure cognition (thinking, reasoning, remembering) and behavior (ability to pay attention).

Led by researchers at NYU Grossman School of Medicine, the analysis defined the first neurocognitive profile, made up 19.7% of all children tested, as performing above the average for even full-term children on standard cognition tests. A second profile, representing 41% of the children, showed scores above the norm for four tests (e.g., on memory, vocabulary, and reading) and below the norm for three others (pattern recognition and working memory).

A third profile (39.3%) scored below the norm on all tests, with the cognitive deficits seen in this group found to correspond with attention deficits and lower grades in school. Specifically, children born prematurely in profile 1 did an average of 21% better on standard cognitive tests than those in profile 3. In behavioral tests, the study found that 2.5% of children in profile 1 went on to have attention deficits compared with 9.9% in profile 3.

As for academic performance, 66.47% of students in profile 1 had grade average of A- or above, 60.69% had an A- or above average in group 2, and 32.21% had an average of A- or above in profile 3.

"Our study dispels the notion that every preterm child is born with cognitive and behavioral deficits," says lead study author Iris Menu, PhD, a post-doctoral scholar in the laboratory of Moriah Thomason, PhD, vice chair for research in the Department of Child and Adolescent Psychiatry.




"Precision psychiatry is not based on a general diagnosis, because two patients with the same diagnosis, like preterm birth, may have totally different experiences," said Thomason, senior author on the new study. "Our work highlights the complexity of preterm birth, and promises to improve treatment for each, individual child."

The current study analyzed cognitive and behavioral data in 1,891 boys and girls who were born prematurely, that had aged to between 9 and 11 years, and who were enrolled in another large, ongoing study: the Adolescent Brain Cognitive Development (ABCD) study. It tracks cognition in each child using a standard set of seven tests that measure attention, decision-making, memory, reading comprehension, and processing speed. The researchers then applied a statistical technique to each child's results to sort them into previously hidden subgroups that better represent the "real developmental landscape."

Brain Differences

Neuroimaging of each child revealed that children aged 9 to 11 from profile 3 had brains that were on average 3% smaller, in volume and surface area of gray matter, than children in profile 1. While children in profile 3 were born on average 4.5 days earlier than the other profiles, smaller brain volumes were not tied to how prematurely the children were born. The question of whether some of the differences in outcomes between children could be linked to smaller developmental brain volume warrants further investigation, along with its causes, the study authors say.

The research team also looked at functional connectivity, which measures activity levels in two connected brain circuits by measuring blood flow to them with a technique called functional MRI. For one key pair of networks -- the dorsal attention network and the default mode network -- connectivity between them was found to be on average 11.21% weaker in profile 3 than in profile 1.

With dorsal attention network known to play a role in sustaining attention, the functional connectivity results affirm the potential of the team's profiling approach to enable earlier diagnoses (e.g., potentially for conditions like ADHD), and more tailored behavioral therapy and drug treatment, the authors say.




Importantly, the team's analyses also found that preterm children who were Black had nearly four times as great a chance of falling into the lower-performing profile 3.

"Based on these results, we call for the launch of social and structural interventions that ensure all preterm-born children receive equitable care," said Menu. "Children that get speech, physical, and behavioral therapy almost every day, which is more likely to happen in affluent households, tend do better on the study tests, but there are other factors involved. For instance, children in communities where more are covered by health insurance were less likely to belong to Profile 3."

Moving forward, the research team plans further studies to identify factors common to kids born prematurely who performed poorly later (e.g. were such children more likely to have experienced low oxygen supply during birth), as well as factors that helped 20 percent of the preterm kids in profile 1 perform better than many full-term children.

Along with Menu and Thomason, NYU Langone authors were Lanxin Ji, Tanya Bhatia, Mark Duffy, and Cassandra Hendrix in the Department of Child & Adolescent Psychiatry. This project was supported by National Institutes of Health grants MH125870, MH126468, MH122447, DA055338, ES032294, and K99MH133978.
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The atmosphere in the room can affect strategic decision-making, study finds | ScienceDaily
The atmosphere within a group can influence the outcome of strategic decision-making, according to a new study co-authored by Bayes Business School (formerly Cass).


						
Paula Jarzabkowski, Professor of Strategic Management at Bayes, along with researchers from University of Queensland, Macquarie University and Leuphana University of Luneburg, found that different atmospheres led to people speaking and interacting in different ways that changed how they made sense of the strategy.

For instance, when the atmosphere was pensive, people were cautious about the way to proceed, whereas, when it was curious they felt free to be exploratory in their strategy making. However, when the atmosphere bordered on tense or dismissive, participants became argumentative and struggled to agree on ways forward.

The academics examined video recordings, workshops, interviews, and first-hand observations of a strategic project team composed of managers and consultants at an electronic bank in Australia, conducted over 18 months. The observations examined the interactions of the banking team assessing a digital product which used AI-informed technologies to help bank customers manage their spending.

The academics also noted that the atmosphere can change rapidly, as subtle shifts in tone of voice, speech, or body language affected how groups react to ideas. Overall, the research found that in group settings, people's sensing of the atmosphere influences their collective sensemaking when deciding on issues.

Professor Jarzabkowski said:

"We wanted to explore how people's subconscious signals like tone of voice, attitude, emotional interaction and body language could affect others' views around decision-making.




"Our research shows that strategy making is not just a matter of optimal decisions. The strategies firms take are affected by the way people feel -- the mood in the room -- during strategy making."

Professors Eric Knight and Jaco Lok at Macquarie Business School said:

"While we all know that atmosphere can affect how we feel, its effect on how we make sense of complex issues has not been systematically studied. This is why our study is important and unique."

Matthias Wenzel, Professor of Organization Studies at the Leuphana University of Luneburg, said:

"We often assume that there is some consensus or shared understanding in managerial decision making. Our research shows that the atmosphere in the room is what is shared, and that affects the decisions made."
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New interpretation of runic inscription reveals pricing in Viking age | ScienceDaily
A new interpretation of the runic inscription on the Forsa Ring (Forsaringen in Swedish), provides fresh insights into the Viking Age monetary system and represents the oldest documented value record in Scandinavia. The inscription describes how the Vikings handled fines in a flexible and practical manner. This is highlighted in research from the Department of Economic History and International Relations at Stockholm University, recently published in the Scandinavian Economic History Review.


						
"The Forsaringen inscription "uksa ... auk aura tua" was previously interpreted to mean that fines had to be paid with both an ox and two ore of silver. This would imply that the guilty party had to pay with two different types of goods, which would have been both impractical and time-consuming," says Rodney Edvinsson, Professor of Economic History at Stockholm University, who conducted the study.

The Forsa Ring is an iron ring from Halsingland, dated to the 9th or 10th century. The runic inscription on the ring describes fines for a specific offense, where payment was to be made in the form of oxen and silver. The ring is believed to have been used as a door handle and is currently the oldest known preserved legal text in Scandinavia. By changing the translation of the word "auk" from the previous interpretation "and" to the new interpretation "also," the meaning changes so that fines could be paid either with an ox or with two ore of silver. An ore was equivalent to about 25 grams of silver.

"This indicates a much more flexible system, where both oxen and silver could be used as units of payment. If a person had easier access to oxen than to silver, they could pay their fines with an ox. Conversely, if someone had silver but no oxen, they could pay with two ore of silver," says Rodney Edvinsson.

The new interpretation shows that the Vikings had a system where both oxen and silver served as units of payment. This system allowed for multiple types of units of accounts to be used concurrently, reducing transaction complexity and making it easier for people to meet their financial obligations. The new interpretation also aligns better with how the system functioned later according to later regional laws and is, according to Rodney Edvinsson, significant for our understanding of both Scandinavian and European monetary history.

"As an economic historian, I particularly look for historical data to be economically logical, that is, to fit into other contemporary or historical economic systems. The valuation of an ox at two ore, or 50 grams of silver, in 10th-century Sweden resembles contemporary valuations in other parts of Europe, indicating a high degree of integration and exchange between different economies," says Rodney Edvinsson.

He has previously contributed to developing a historical consumer price index extending back to the 13th century, but this new interpretation provides insights into price levels even earlier in history.




"The price level during the Viking Age in silver was much lower than in the early 14th century and late 16th century, but approximately at the same level as in the late 15th century and the 12th century, when there was a silver shortage," says Rodney Edvinsson.

The study highlights the importance of using modern economic theories to interpret historical sources. By combining economic theory with archaeological and historical findings, new opportunities for interdisciplinary research and a deeper understanding of early economic systems are opened up.

What Did Things Cost During the Viking Age?

According to the new interpretation, an ox would cost 2 ore of silver, about 50 grams of silver, during the Viking Age. This corresponds to roughly 100,000 Swedish kronor today, if compared to the value of an hour's work. The Forsa Ring's fine amount was therefore quite high. One ore was likely equivalent to about nine Arabic dirhams, a currency that circulated in large quantities among the Vikings. A common price for a thrall was 12 ore of silver, or approximately 600,000 Swedish kronor today. The wergild for a free man, i.e., the fine paid to the family of the murdered to avoid blood revenge, was much higher, around 5 kilos of silver, which is about 10 million Swedish kronor today. The significant difference in value between a thrall and a free man reflects the power dynamics between free individuals and thralls in a slave society.

The relevant inscription of the Forsa Ring translated to modern English: One ox and [also/or] two ore of silver to the staff for the restoration of a sanctuary in a valid state for the first time; two oxen and [also/or] four ore of silver for the second time; but for the third time four oxen and eight ore of silver.
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Protecting surf breaks mitigates climate change, helps coastal communities | ScienceDaily
Safeguarding places to hang ten and shoot the curl is an opportunity to simultaneously mitigate climate change, fuel tourism and help surrounding ecosystems, new research has shown.


						
"There is a growing conservation movement regarding coastal areas that host surf breaks," said Jacob Bukoski of Oregon State University, one of the study's co-authors. "Earlier research showed that surf breaks tend to be biodiversity hotspots, but no one had looked at the stocks of carbon held within these ecosystems -- carbon that could drive climate change if disturbed and lost."

In study published in Conservation Science & Practice, Bukoski and collaborators identified more than 88 million tonnes of "irrecoverable" carbon in the land-based ecosystems surrounding 3,602 surf breaks around the globe.

Surf breaks, nearshore areas whose special mix of coastal and seafloor characteristics creates waves surfers crave, are often found in or near ecosystems that are conservation priorities, such as coral reefs and mangrove forests.

Irrecoverable carbon is defined as carbon stored in nature that, if lost, could not be replenished within 30 years. Carbon sequestration is a key component of climate change mitigation.

Bukoski, a faculty member in the OSU College of Forestry, stresses that the study did not take into account the significant, but harder to quantify, carbon stocks in the marine portion of surf break areas.

The scientists looked at 28,500 square kilometers of watersheds that drain into surf areas. Their analysis showed that more than 17 million tonnes of irrecoverable surf break carbon are found in places categorized as key biodiversity areas but lacking any kind of formal protection. Just 3% of surf breaks are both formally protected and in a key biodiversity area.




Irrecoverable carbon density in surf ecosystems tends to be highest in the tropics and gets lower farther from the equator, with the exception of coastal forests in the Pacific Northwest.

"Temperate broadleaf and mixed forests and temperate conifer forests combined to hold nearly one-quarter of the carbon we found," said Bukoski, who collaborated with scientists from Conservation International, Save the Waves Coalition, California State University, Channel Islands, and Arizona State University.

Oregon ranks second among U.S. states in irrecoverable surf break carbon at almost 3.5 million tonnes. California, at just under 7 million tonnes, leads the way, and rounding out the top 10 are North Carolina, Florida, Texas, Washington, Virginia, New Jersey, South Carolina and Massachusetts.

Increasingly, surf breaks are being recognized as socio-environmental phenomena that can bring opportunity for sustained benefits for local communities, the authors say. They point to the potential intersection of the surf tourism industry, valued at as much as $65 billion globally, and the carbon offset market, where credits are trading at a price of about $10 per tonne of carbon dioxide.

"Despite their high and multifaceted value, surf breaks and their surrounding environments face all kinds of threats, including coastal development, degradation of habitats, and impacts from climate change like rising sea levels," Bukoski said. "When carbon-dense ecosystems are converted to other uses, they pump out large amounts of carbon dioxide into the atmosphere. Expanded conservation of surf ecosystems -- both their marine and onshore components -- could provide a range of benefits in addition to biodiversity conservation and climate mitigation."

Coastal estuaries, he explains, help with nutrient cycling, control sedimentation and act as nurseries for young fish. Healthy upland ecosystems reduce erosion, which means better habitats and also reduced illness risk to surfers because of improved water quality.

"Coral reefs shape surf breaks and provide fishing grounds, offer non-surfing recreational opportunities such as diving, and protect shorelines," Bukoski said. "And just as importantly, ecosystems associated with surf breaks are culturally and spiritually valuable to communities around the world."

He notes that irrecoverable carbon constitutes only a fraction of the total carbon stored in surf ecosystems. Given resource and time constraints, irrecoverable is the type of carbon that should be prioritized for conservation, "but any carbon lost to ecosystem conversion will affect the climate."

"Our results suggest a significant opportunity for surf conservation to strengthen protection of climate-critical carbon stocks," Bukoski said. "At the end of the day, we should be shredding waves, not ecosystem carbon."
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Ships now spew less sulfur, but warming has sped up | ScienceDaily
Last year marked Earth's warmest year on record. A new study finds that some of 2023's record warmth, nearly 20 percent, likely came as a result of reduced sulfur emissions from the shipping industry. Much of this warming concentrated over the northern hemisphere.


						
The work, led by scientists at the Department of Energy's Pacific Northwest National Laboratory, published today in the journal Geophysical Research Letters.

Regulations put into effect in 2020 by the International Maritime Organization required a roughly 80 percent reduction in the sulfur content of shipping fuel used globally. That reduction meant fewer sulfur aerosols flowed into Earth's atmosphere.

When ships burn fuel, sulfur dioxide flows into the atmosphere. Energized by sunlight, chemical intermingling in the atmosphere can spur the formation of sulfur aerosols. Sulfur emissions, a form of pollution, can cause acid rain. The change was made to improve air quality around ports.

In addition, water likes to condense on these tiny sulfate particles, ultimately forming linear clouds known as ship tracks, which tend to concentrate along maritime shipping routes. Sulfate can also contribute to forming other clouds after a ship has passed. Because of their brightness, these clouds are uniquely capable of cooling Earth's surface by reflecting sunlight.

The authors used a machine learning approach to scan over a million satellite images and quantify the declining count of ship tracks, estimating a 25 to 50 percent reduction in visible tracks. Where the cloud count was down, the degree of warming was generally up.

Further work by the authors simulated the effects of the ship aerosols in three climate models and compared the cloud changes to observed cloud and temperature changes since 2020. Roughly half of the potential warming from the shipping emission changes materialized in just four years, according to the new work. In the near future, more warming is likely to follow as the climate response continues unfolding.




Many factors -- from oscillating climate patterns to greenhouse gas concentrations -- determine global temperature change. The authors note that changes in sulfur emissions aren't the sole contributor to the record warming of 2023. The magnitude of warming is too significant to be attributed to the emissions change alone, according to their findings.

Due to their cooling properties, some aerosols mask a portion of the warming brought by greenhouse gas emissions. Though aerosols can travel great distances and impose a strong effect on Earth's climate, they are much shorter-lived than greenhouse gasses.

When atmospheric aerosol concentrations suddenly dwindle, warming can spike. It's difficult, however, to estimate just how much warming may come as a result. Aerosols are one of the most significant sources of uncertainty in climate projections.

"Cleaning up air quality faster than limiting greenhouse gas emissions may be accelerating climate change," said Earth scientist Andrew Gettelman, who led the new work.

"As the world rapidly decarbonizes and dials down all anthropogenic emissions, sulfur included, it will become increasingly important to understand just what the magnitude of the climate response could be. Some changes could come quite quickly."

The work also illustrates that real-world changes in temperature may result from changing ocean clouds, either incidentally with sulfur associated with ship exhaust, or with a deliberate climate intervention by adding aerosols back over the ocean. But lots of uncertainties remain. Better access to ship position and detailed emissions data, along with modeling that better captures potential feedback from the ocean, could help strengthen our understanding.

In addition to Gettelman, Earth scientist Matthew Christensen is also a PNNL author of the work. This work was funded in part by the National Oceanic and Atmospheric Administration.
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AI poses no existential threat to humanity, new study finds | ScienceDaily
ChatGPT and other large language models (LLMs) cannot learn independently or acquire new skills, meaning they pose no existential threat to humanity, according to new research from the University of Bath and the Technical University of Darmstadt in Germany.


						
The study, published today as part of the proceedings of the 62nd Annual Meeting of the Association for Computational Linguistics (ACL 2024) -- the premier international conference in natural language processing -- reveals that LLMs have a superficial ability to follow instructions and excel at proficiency in language, however, they have no potential to master new skills without explicit instruction. This means they remain inherently controllable, predictable and safe.

This means they remain inherently controllable, predictable and safe.

The research team concluded that LLMs -- which are being trained on ever larger datasets -- can continue to be deployed without safety concerns, though the technology can still be misused.

With growth, these models are likely to generate more sophisticated language and become better at following explicit and detailed prompts, but they are highly unlikely to gain complex reasoning skills.

"The prevailing narrative that this type of AI is a threat to humanity prevents the widespread adoption and development of these technologies, and also diverts attention from the genuine issues that require our focus," said Dr Harish Tayyar Madabushi, computer scientist at the University of Bath and co-author of the new study on the 'emergent abilities' of LLMs.

The collaborative research team, led by Professor Iryna Gurevych at the Technical University of Darmstadt in Germany, ran experiments to test the ability of LLMs to complete tasks that models have never come across before -- the so-called emergent abilities.




As an illustration, LLMs can answer questions about social situations without ever having been explicitly trained or programmed to do so. While previous research suggested this was a product of models 'knowing' about social situations, the researchers showed that it was in fact the result of models using a well-known ability of LLMs to complete tasks based on a few examples presented to them, known as `in-context learning' (ICL).

Through thousands of experiments, the team demonstrated that a combination of LLMs ability to follow instructions (ICL), memory and linguistic proficiency can account for both the capabilities and limitations exhibited by LLMs.

Dr Tayyar Madabushi said: "The fear has been that as models get bigger and bigger, they will be able to solve new problems that we cannot currently predict, which poses the threat that these larger models might acquire hazardous abilities including reasoning and planning.

"This has triggered a lot of discussion -- for instance, at the AI Safety Summit last year at Bletchley Park, for which we were asked for comment -- but our study shows that the fear that a model will go away and do something completely unexpected, innovative and potentially dangerous is not valid.

"Concerns over the existential threat posed by LLMs are not restricted to non-experts and have been expressed by some of the top AI researchers across the world."

However, Dr Tayyar Madabushi maintains this fear is unfounded as the researchers' tests clearly demonstrated the absence of emergent complex reasoning abilities in LLMs.

"While it's important to address the existing potential for the misuse of AI, such as the creation of fake news and the heightened risk of fraud, it would be premature to enact regulations based on perceived existential threats," he said.

"Importantly, what this means for end users is that relying on LLMs to interpret and perform complex tasks which require complex reasoning without explicit instruction is likely to be a mistake. Instead, users are likely to benefit from explicitly specifying what they require models to do and providing examples where possible for all but the simplest of tasks."

Professor Gurevych added: "... our results do not mean that AI is not a threat at all. Rather, we show that the purported emergence of complex thinking skills associated with specific threats is not supported by evidence and that we can control the learning process of LLMs very well after all. Future research should therefore focus on other risks posed by the models, such as their potential to be used to generate fake news."
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Balancing technology and governance are key to achieving climate goals | ScienceDaily

The Paris Agreement's goal to limit global warming to 1.5degC demands rapid reductions in CO2 emissions and heightened attention to non-CO2 greenhouse gases. Despite advancements in clean energy, global CO2 emissions have risen steadily over the past three years following the initial decline during the COVID-19 pandemic in 2020.

The study published in Nature Climate Change was led by the Center for Global Sustainability (CGS) at the University of Maryland, in partnership with the IIASA-led, Exploring National and Global Actions to reduce Greenhouse gas Emissions (ENGAGE) project -- a global consortium of international and multidisciplinary leading research groups.

"These new insights highlight the critical challenges in meeting the Paris Agreement's long-term goals given recent global climate-damaging emissions trends," notes Bas van Ruijven, study coauthor and coordinator of the ENGAGE project.

The authors set out to co-produce knowledge for designing cost-effective, technologically sound, socially and politically feasible pathways that can meet the objectives of the Paris Agreement. Using eight state-of-the-art multi-regional and process-based global integrated assessment models (IAMs), along with a set of 20 different feasibility scenarios in their analysis, the team found that the institutional dimension (i.e., accounting for limits of countries to enable effective climate regulation) has the largest influence on feasible peak temperature.

"Through rigorous analysis of climate scenarios across eight different models, our research underscores the importance of accounting for the varying capacities of countries as well as regional differences," explains Christoph Bertram, CGS Associate Research Professor and study lead author. "By combining institutional constraints with technological and socio-cultural factors, we show that the most feasible pathways to achieve the Paris climate goals differ from the most widely used cost-effective benchmarks."

"From an international fairness perspective this also means that today's affluent countries like the US and the EU not only need to reach their net-zero targets, but they need to think about multilateral collaborations to enhance the governance and institutional capacity in vulnerable regions," adds study coauthor and IIASA Energy, Climate, and Environment Program Director, Keywan Riahi.




The study integrates region-specific governance indicators to showcase the capacity for implementing climate mitigation policies effectively. This innovative approach builds on earlier work done in the ENGAGE project to assess the feasibility of transformation pathways for achieving the Paris Climate Agreement, which served as a basis for the new scenario development. The tools and approaches developed as part of the ENGAGE project to explore the multidimensional feasibility of these decarbonization pathways, have been made available to decision makers in a Summary for Policymakers. The new study provides an additional nuanced framework that can be used in future studies for representing institutional capacity across different regions and over time.

"These new scenarios explore the implications of having many countries that potentially lack the institutional capacity to implement ambitious climate policies," said coauthor Elina Brutschin, a researcher in the IIASA Transformative Institutional and Social Solutions Research Group. "With additional strategies such as rapid demand-side transformation -- especially in affluent countries -- combined with fast electrification, it could still be possible to limit peak temperature to below 1.7degC."

"Thanks to the latest advances in low carbon technology deployment such as solar, wind or electric vehicles, the technological feasibility of climate-neutrality is no longer the most crucial issue," noted coauthor Gunnar Luderer, lead of the Energy Systems Group at the Potsdam Institute for Climate Impact Research (PIK) and Professor of Global Energy Systems Analysis at the Technical University of Berlin. "It is much more about how fast climate policy ambition can be ramped up by governments."

The research underscores the importance of balancing technological advancements with institutional capabilities in formulating effective climate policies and demonstrates that inadequate institutional capacity could hinder reaching even 2degC, whereas improved global institutional support could enhance the likelihood of achieving 1.6degC targets by 25-45%.

As efforts intensify towards the 1.5degC goal, it is imperative for global stakeholders to identify pathways that enhance the feasibility of climate actions and reduce carbon costs. The study's findings provide valuable insights for guiding ongoing climate policy discussions and future scenario assessments, thereby supporting informed global climate ambitions decision-making.
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Just say 'climate change' -- not 'climate emergency' | ScienceDaily
The terms "climate change" and "global warming" are not only more familiar to people than some of their most common synonyms, but they also generate more concern about the warming of the Earth, according to a USC study published today in the journal Climatic Change.


						
The study began by looking at how familiar people are with the terms "global warming," "climate change," "climate crisis," "climate emergency," and "climate justice." Close to 90% of respondents were familiar with "climate change" and "global warming." But familiarity dropped off sharply for the other terms, with only 33% of the respondents recognizing "climate justice."

"Terms that are familiar are more likely to resonate with people," said lead author Wandi Bruine de Bruin, director of the Behavioral Science & Policy Initiative at the USC Schaeffer Institute for Public Policy & Government Service. "It's harder to feel concern about something you're not sure you've heard of."

The study also looked at the degree to which each term generated concern, urgency, willingness to support climate-friendly policies and willingness to eat less red meat. (The production of red meat is a major contributor to climate change and other environmental impacts, so eating less of it can lower one's environmental footprint.) Finally, the study examined how perceptions differed based on political affiliation.

Overall, according to the study, "climate change" and "global warming" were rated as most familiar, most concerning, and most urgent, and "climate justice" the least, with ratings for "climate crisis" and "climate emergency" falling in between. The overall support for climate policy and willingness to eat less red meat was roughly the same, independent of the terms that were used (see Table 3).

Results were strikingly different by political party affiliation. For example:
    	91% of Democrats and 74% of Independents expressed concern about "climate change." Only 37% of Republicans expressed concern.
    	Seventy-one percent of Democrats were concerned about "climate justice," versus 46% of Independents, and 23% of Republicans. The paper noted that familiarity and concern for "climate justice" may be lower because fewer people recognize the term and/or because it is more politically polarizing.
    	When the term "global warming" was associated with willingness to support policies, 96% of Democrats were on board, compared to 85% of Independents and 61% of Republicans.
    	A majority of respondents overall said they were willing to eat less red meat regardless of which term the action was associated with. But broken down by party affiliation, less than half of Republicans said they'd eat less meat, whereas 89% or more of Democrats supported the action. Independents fell somewhere in between.

The study included 5,137 U.S. residents randomly selected from the Understanding America Study at USC Dornsife's Center for Economic and Social Research.

Study co-authors included Laurel Kruke, a Ph.D. student at the USC Rossier School of Education; Gale M. Sinatra, Stephen H. Crocker Chair, Professor of Education and Psychology and Associate Dean for Research at USC Rossier; and Norbert Schwartz, Provost Professor of Psychology and Marketing at USC Dornsife and the USC Marshall School of Business. In addition to being the lead author, Bruine de Bruin is Provost Professor of Public Policy, Psychology, and Behavioral Science at the USC Price School of Public Policy and USC Dornsife College of Letters, Arts and Sciences.

The study was funded in part by the USC Dornsife Wrigley Institute for Environment and Sustainability. Bruine de Bruin received additional support from the Golden Belt Community Foundation.
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Babbling babies need timely responses to learn language, social norms | ScienceDaily
New Cornell University research shows the timing of others' reactions to their babbling is key to how babies begin learning language and social norms -- a process evident in infants' interactions with a robot.


						
Deploying a remote-controlled car that would approach and produce speech sounds in response to babbling, researchers found that within 10 minutes, babies formed strong expectations that the car would respond to their vocalizations. When it stopped doing so, the babies erupted in bursts of babbling and play directed at the car -- a stronger reaction than when they were communicating with people.

The study shows that in early development, foundational learning about where to direct one's attention hinges on "contingency" -- caregivers' responses close in time to the baby's behavior, the researchers say. At least in the first year, they suggest, babies are highly "plastic," or flexible, in what they will learn from contingently, even including machines that lack human features.

The finding counters assumptions by some developmental psychologists that babies, like other slowly developing animals, rely on built-in, genetically based knowledge, such as face recognition, to learn, said psychology professor Michael Goldstein.

"We're showing the opposite," said Goldstein, director of the Behavioral Analysis of Beginning Years (B.A.B.Y.) Laboratory. "What's built into the baby is to pay attention to timing, and the world takes care of the rest. Babies are learning machines, and it's on the adults to be responsive in the right ways to drive that learning."

Goldstein is the corresponding author of "Contingency Enables the Formation of Social Expectations About an Artificial Agent," published in the journal Infancy.

More than 60 babies, ages 7 and 8 months, were placed (with caregivers present) in a large playroom with either a remote-controlled car or a person they didn't know. For some infants, the car or person responded when they babbled -- contingently -- at the same rate their caregiver would. The car would roll forward and emit a vowel sound from an attached speaker, while the unfamiliar person would make a similar sound, touch the baby's shoulder and smile. For other groups, the car or person responded on a random schedule not triggered by the baby's vocalizations, known as a yoked control.




After 10 minutes of social interaction, the car or person stopped responding for two minutes. That prompted the babies in each group to became more vocal -- but none more than the ones playing with the car that was responsive to them.

"When that contingent car stopped responding, the babies grabbed the car, moved the car, they babbled like crazy at it," said Goldstein.

The researchers suspect the plasticity the babies exhibited, which starts at around five months, is an advantage while they are learning how to learn -- but may fade as they gain language proficiency.

The findings may offer insight into foundational learning mechanisms, something Goldstein's lab is beginning to study in babies at risk for autism, who might prefer more predictable response rates than typically developing babies.

The research was supported by the National Science Foundation and the National Institute of Child Health and Human Development.
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Redefining the computer whiz: Research shows diverse skills valued by youth | ScienceDaily
Researchers at the University of Reading, with colleagues at King's College London, have uncovered a more nuanced view of what makes an 'ideal' computer science student, challenging long-held stereotypes of geeky, clever, detail-oriented men, who lack social skills.


						
The research, published in Educational Review, analysed around 9000 responses from over 3,000 secondary school students aged 11-16 in England. While intelligence was still seen as important, the study found that young people value a much wider range of characteristics in computer science students, including creativity and collaboration.

Professor Billy Wong, University of Reading, said: "This is good news for widening participation in computer science education. Stereotypes exist for a reason but can be a powerful deterrent to participation by some underrepresented groups. Our findings show that young people recognise the importance of being knowledgeable and hardworking in computer science, and they also value softer traits such as creativity and collaboration. This challenges the popular stereotype of computer scientists as simply being 'clever' but socially challenged."

Key findings include:

- Eight main clusters of characteristics were identified: Smart & Clever; Knowledgeable & Interested; Determined & Hardworking; Kind & Helpful; Creative; Independent; Confident; and Collaborative.

- Students aspiring to careers in computer science were more likely to value diverse traits beyond just intelligence.

- Girls were more likely to describe the ideal computer science student as independent, but less likely to describe them as kind and helpful.

- Students from less advantaged backgrounds were more likely to focus on intelligence as the key trait.

Professor Wong added: "These insights can help educators and policymakers promote a more inclusive image of computer science. By highlighting the diverse skills valued in the field, we can encourage more young people to see themselves as potential computer scientists."

The study is part of the SCARI computing project, a three-year study funded by the Nuffield Foundation. It aims to understand factors shaping participation and performance in computer science education, with a focus on addressing the underrepresentation of girls in the field.
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Prioritizing the elderly for COVID-19 boosters reduces overall deaths | ScienceDaily
When COVID-19 booster vaccines are in short supply, prioritizing the elderly over other age groups for booster vaccination results in the lowest loss of life, reports Robin Thompson at the University of Oxford and colleagues, in a new study published August 8 in the open-access journal PLOS Computational Biology.


						
Despite widespread vaccination against the virus that causes COVID-19, declining immunity and the emergence of new variants has resulted in continuing waves of infection and disease worldwide. Due to the cost of producing and administering booster vaccines, and insufficient supplies, policymakers must decide whether older individuals should be targeted to receive the boosters or whether other strategies are more effective at preventing premature deaths.

In the new study, researchers used mathematical modelling to address this question, taking into account the spread of the virus that causes COVID-19 in a range of countries with different socioeconomic backgrounds. They found that prioritizing older individuals for boosters consistently led to the best public health outcomes, regardless of a country's economic level or the proportion of people in different age categories. The researchers looked at both the total number of deaths and "years of life lost," a metric that accounts for premature deaths in younger individuals.

The study concludes that policymakers should prioritize older individuals for boosters when vaccine supply is limited because they face a much higher risk of death and other negative outcomes from infection. The researchers report that this recommendation holds true both for high-income countries, which tend to have more older individuals, and lower- or middle-income countries, which often have a higher proportion of young people. Additionally, this strategy is more effective than vaccinating individuals who have the most numbers of contacts, and works regardless of the timing and supply of the boosters.

Dr Thompson adds: "Prioritising older individuals for COVID-19 booster vaccination was projected to lead to the best public health outcomes in each country considered, regardless of the country's income group.

This is because older individuals are substantially more likely to experience severe outcomes of infection than younger individuals.

The benefits of targeting booster vaccines at older individuals outweigh any benefit that could be achieved by instead vaccinating younger individuals, even though younger individuals may contribute more to transmission."
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Type 2 diabetes cases more than doubled seven decades after exposure to famine | ScienceDaily
Researchers at Columbia University Mailman School of Public Health, the University of North Carolina at Chapel Hill and at the National Academy of Sciences of Ukraine used the setting of the human-made Ukrainian Holodomor famine of 1932-1933 to examine the relation between prenatal famine and adult Type 2 diabetes mellitus (T2DM). They studied 128,225 Type 2 diabetes cases diagnosed between 2000-2008 among 10,186,016 male and female Ukrainians born between 1930 and 1938.


						
Individuals who were exposed in early gestation to the famine had a more than two-fold likelihood of developing Type 2 diabetes compared to those unexposed to the famine, according to a study led by Columbia University Mailman School of Public Health. The results are published in the journal Science.

The famine led to 4 million excess deaths in the short-term and losses were concentrated in a 6 month period. The Holodomor far exceeded other famines in terms of its intensity. Life expectancies at birth in 1933 were only 7.2 years for females and 4.3 for males.

"The Ukraine setting provided an unusual opportunity to investigate the long-term impact of the Holodomor -- or death by hunger -- on Type 2 Diabetes Mellitus (T2DM) cases diagnosed seven decades after prenatal famine exposure," said L.H. Lumey, MD, professor of Epidemiology at Columbia Public Health. "With the famine concentrated in a six-month period in early 1933, we are able to pinpoint the timing of famine together with extreme variations in intensity across provinces."

This concentration was the result of Stalin's use of famine as a weapon of terror against Ukrainian farmers. When Ukraine could not fulfill its grain procurement quotas to the Soviet Central Government, having not enough for themselves, drastic measures were implemented to fulfill the quotas, under the excuse that counter-revolutionary elements sabotaged grain procurement. A countrywide campaign of searches of peasant's homes looking for "hidden" or "stolen" grain was launched in late 1932 and expanded in early 1933. All or most of the food was confiscated during many of these searches, leaving families without any food for the rest of the winter. In addition, measures were implemented that curtailed Ukrainian peasants' travel in search of food.

These measures created a perfect storm. Many rural families were left without any food; avenues to search for food were closed and grain reserve funds were depleted. Thousands of rural families were condemned to a slow death by starvation in their villages. The result was an extraordinary increase in Holodomor excess deaths between January and June 1933. At the peak of the famine in June 1933, there were, on the average, 28,000 famine-related deaths per day caused by the famine, equivalent to 1,167 deaths per hour or 19 per minute.

"Our study into the long-term health impact of the Holodomor famine offers several critical lessons for addressing health challenges posed by national disasters," observes Lumey. "It underscores the necessity for a comprehensive health care and policy framework that takes into account the lasting effects of early-life adversities on population health and their potential long-term repercussions on chronic diseases and mental health."

While individuals diagnosed with T2DM in 2000-2008 may also be overweight or obese and have other risk factors for the disease, the relation between adult T2DM risk and the place and date of birth at the time of the famine is so specific that famine exposure in early gestation appears to be the dominant factor that overrides all others, according to the research team.




"This awareness should prompt a proactive approach among policymakers and public health officials to anticipate the increased healthcare needs among populations affected by national disasters. It also highlights the importance of raising awareness about the potential long-term health effects of early-life adversities," observed Lumey.

"Besides the need to develop policies for addressing long-term health challenges after a national disaster, the results of our study underscore the importance of policies aimed at preventing events like the Holodomor from happening again. Russia's invasion of Ukraine in 2022 shows that history repeats itself," points out Dr. Wolowyna of the University of North Carolina at Chapel Hill. "The three-month siege in 2022 of the city of Mariupol during the current war in Ukraine to starve the population into surrender serves as a reminder of a current and real danger. The blockade of Ukrainian ports to prevent the export of Ukrainian grain to developing countries in Africa and Asia, has increased the danger of starvation for millions of persons in these countries."

Co-authors are Chihua Li, University of Michigan, Johns Hopkins University, and University of Macau; Mykola Khalangot, Komisarenko Institute of Endocrinology and Metabolism, Kyiv andShupyk National Healthcare University, Kyiv; Nataliia Levchuk, 7Ptoukha Institute of Demography and Social Sciences, Kyiv and8Max Planck Institute for Demographic Research, Germany.

The study was supported by Ukraine State complex program Diabetes Mellitus, 0106U000844; the Holodomor Research and Education Consortium in Canada; NIDI-NIAS Fellowship of the Royal Netherlands Academy of Sciences; National Institute of Aging, R01 AG028593 and R01 AG06687, R01 AG070953 and R01AG075719.
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Nature at risk in the hunt for the perfect selfie | ScienceDaily
The need for a dramatic selfie or the perfect landscape photo is proving detrimental to nature, a new research collaboration has found.


						
Researchers from Edith Cowan University (ECU), Curtin University, Murdoch University and the Department of Biodiversity, Conservation and Attraction's Kings Park Science programme have identified several direct and indirect impacts that the advent and prominence of social media has had on the natural environment, including disruptions to the breeding and feeding patterns of animals and the trampling of endangered plant species.

"The advent of social media has created an environmental impact which would otherwise never have existed," said ECU Senior Lecturer in Vertebrate Biology Dr Rob Davis.

"Social media groups have made it easy for people to identify the location of endangered plant species or the breeding grounds of bird or wildlife species, with the information being disseminated quickly and causing a major influx of people into an area that would otherwise have remained untouched.

"As a result, animal breeding and feeding patterns are disturbed, and there is an increased risk for predation. Furthermore, the use of call playback, or drones, or the handling of wild animals for photographs leaves a lasting impact," said Dr Davis.

Indirect impacts include the spread of diseases and increased poaching of flora and fauna.

Curtin University School of Molecular and Life Sciences Associate Professor Bill Bateman said a diverse range of animals and plants were feeling the negative impacts of social media-related behaviour.




"The Blue-crowned Laughingthrush is a critically endangered bird species which has shown altered nesting behaviours due to disturbances from photographers," Associate Professor Bateman said.

"We also know orchids are highly susceptible to trampling and habitat changes, with many groups threatened by increased tourism and recreational activities promoted through social media.

"But it's not just land and air-based: flash photography and disturbances from divers can negatively affect marine life such as whale sharks and other sensitive aquatic organisms."

Department of Biodiversity, Conservation and Attractions Research Scientist in the Kings Park programme, Dr Belinda Davis noted that of all flora, orchids were particularly popular content for social media posts, and even had social media groups dedicated to posting photos of native orchids.

"These groups can be upwards of 10,000 members so the rapid dissemination of flowering locations and the foot traffic generated to key sites should be considered an emerging threat.

"Orchids can have highly specific interactions with a single species of pollinator and fungus. Over-visitation not only has a direct impact on orchids from trampling but can indirectly impact the integrity of their ecological interactions leaving orchids vulnerable to population collapse," she said.




THE SUNNY SIDE

Despite the downside to social media users encroaching on natural habitats, photography can be an incredibly powerful conservation tool, cultivating and enhancing environmental activism, nature-based connections, or opportunities for stewardship and education, said Dr Davis.

"The broad audience outreach of social media means that content can also be harnessed by scientists and land management practitioners for conservation purposes, essentially 'data mining' content or actively engaging with 'citizen scientists' to collect data as a by-product of their social media activities."

Social media has also directly resulted in the identification of several new plant species.

However, the research collaboration has advocated for the instigation of codes of ethics and tighter controls around the use and promotion of flora and fauna on social media.

"We propose a framework that considers species most at risk from social media activities, especially those that are rare, sessile and have restricted ranges," said Dr Davis.

"The growing use and omnipresent nature of social media means that it is impossible to control or restrict access to species or nature hotspots that are the target of social media content. Consequently, the best hope relies on a mix of on-ground management or access restrictions at key public sites, buy-in from a variety of stakeholders and an increase in education promoting appropriate behaviour in natural areas.

"Many nature groups and societies already have well-established codes of ethics for responsible conduct including for activities such as birdwatching, bird photography and orchid photography. Such codes of conduct are an excellent starting point but are non-binding and rely on individuals doing the right thing and/or peer pressure to speak up about inappropriate behaviour.

"However, this may remain the most realistic basis for reducing impacts on biodiversity and questions could be asked of any groups that do not have or adhere to such codes of conduct," he said.
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Does physical isolation increase loneliness? | ScienceDaily
A new study using data from Covid-19 lockdowns in Australia suggests that physical isolation does not lead to an increase in loneliness.


						
Loneliness, a subjective feeling of social disconnection, is associated with a range of health problems from heart disease to depression. It also increases a person's risk of early death to a level comparable with smoking and obesity.

Lead author Dr Nancy Kong from the Centre for Health Economics Research and Evaluation at the University of Technology Sydney said loneliness is a pervasive and growing problem.

"There is a widely held belief that physical isolation directly leads to increased loneliness. We felt the Covid lockdowns provided a natural experiment to see if this was true," said Dr Kong.

"What we found is that 'being lonely' and 'being alone' are very different experiences."

The study, "Physical isolation and loneliness: Evidence from COVID lockdowns in Australia," was recently published in the Journal of Economic Behaviour and Organization, with co-author Jack Lam from the University of Melbourne.

The researchers tracked more than 17,000 individuals from around Australia from 2018-2020 using data from the Household, Income and Labour Dynamics in Australia (HILDA) Survey.




Participants were asked at regular intervals to rate from 1 to 7 how much they agreed with the statement 'I often feel very lonely'. The researchers then compared those who experienced an extended lockdown with those who had not.

Australia imposed a more prolonged lockdown period than many other countries. Survey respondents in Victoria experienced up to 154 days in lockdown in 2020. In contrast Western Australia, South Australia and the Northern Territory were mostly lockdown free.

The researchers found that being in lockdown, and the length of lockdown, made virtually no difference to reported feelings of loneliness. It suggests that loneliness is a fairly stable trait.

"We did account for whether people were working from home or outside the home, what industry they worked in, whether they lived alone or with others, their age, personality, income levels and other lifestyle factors," Dr Kong.

"The majority of people did not experience any increase in loneliness. We did see an increase in loneliness in young people aged 15-25 and in extroverts. It may be that these groups need more physical contact, especially young people who are still forming social networks.

"People spent less time commuting, more time interacting with family, and relationship satisfaction actually increased. This could explain why people could cope with physical isolation without feeling lonely."

There was however a decline in mental health and a rise in financial stress associated with lockdowns, picked up by the same methodology.




"Social connection -- whether or not people were in touch with friends, family, and their community -- rather than physical proximity, was the most important factor. Events such as the death of a partner have the greatest impact on levels of loneliness," said Dr Lam.

Technology and the internet were key to supporting social interactions during lockdown. The researchers hope a better understanding of the root causes of loneliness can lead to more effective interventions to improve public health and wellbeing.

"Our findings support the idea that social isolation involves more than just being physically separated from others. Factors such as the quality of social interactions and supportive social networks play a crucial role in alleviating loneliness," said Dr Kong.
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'FoMO' is a key risk factor for mental health and burnout at work | ScienceDaily
Fear of missing out (FoMO) is a key risk factor for employee mental health and, along with information overload, may increase burnout, according to new research.


						
Researchers from the University of Nottingham's Schools of Psychology and Medicine analysed survey data from 142 employees to investigate the 'dark side' of digital working and found that employees who are worried about missing out on information and are overloaded by it are more likely to suffer stress and burnout. The results have been published today in SAGE Open.

Elizabeth Marsh, PhD student from the School of Psychology led the quantitative study and said: "The digital workplace is now recognised as a key strategic asset in organisations that enables worker productivity and flexibility in context of hybrid working. However, the potential downsides in terms of worker well-being also need to be considered, especially given the proliferation of digital communication channels and tools since Covid."

This new study connects to previous work which revealed that employees who are more mindful in the digital workplace are better protected against stress, anxiety and overload.

In this research FoMO is defined as anxiety about missing out on both important information and updates, as well as opportunities for relationships and interactions. FoMO has long been a term used in relation to social media, and now this new research shows it is an effect that is being felt in the workplace.

The participants in the study were surveyed about their experiences of the dark side effects of the digital workplace which were identified as; stress, overload, anxiety and fear of missing out and how these affected their wellbeing.

The results showed that among the dark side effects, those relating to information -- both feeling overloaded by it and fearing missing out on it -- proved particularly detrimental for well-being both directly and by elevating overall stress related to digital working.




Elizabeth adds: "The glut of information flowing through channels such as email, intranets or collaboration tools can lead workers to worry about missing out on it as well as succumbing to overload as they strive to keep up. To help people cope with information overwhelm, serious and sustained attention should be given to both optimising information management and supporting information literacy."

The research makes some practical suggestions for employers which include investing in practices to optimise the amount and flow of information to employees. The findings could also be used by HR departments to consider policy and training options that would support the end-users of the digital workplace to better access, manage and consume information in a way that is conducive to well-being as well as productivity.

Dr Alexa Spence, Professor of Psychology adds: "Consideration of the digital workplace in work and job design is essential to not only employee productivity but also well-being in modern organisations. Where this is lacking, elevated stress and burnout as well as poorer mental health may result. Our findings indicate the information ecosystem as an important area for attention both inside organisations and among the research community."

The research was funded by ESRC-MGS (Economic and Social Research Council -- Midland Graduate School).
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Engineers conduct first in-orbit test of 'swarm' satellite autonomous navigation
        With 2D cameras and space robotics algorithms, astronautics engineers have created a navigation system able to manage multiple satellites using visual data only. They just tested it in space for the first time.

      

      
        Physicists throw world's smallest disco party
        A new milestone has been set for levitated optomechanics as a group of scientists observed the Berry phase of electron spins in nano-sized diamonds levitated in vacuum.

      

      
        Galaxies in dense environments tend to be larger, settling one cosmic question and raising others
        A new study has found galaxies with more neighbors tend to be larger than their counterparts that have a similar shape and mass, but reside in less dense environments. The team, which used a machine-learning algorithm to analyze millions of galaxies, reports that galaxies found in denser regions of the universe are as much as 25% larger than isolated galaxies. The findings resolve a long-standing debate among astrophysicists over the relationship between a galaxy's size and its environment, but a...

      

      
        Rare archaeological site reveals 'surprising' Neanderthal behaviour at Pyrenees foothills
        An unchartered area in the foothills of the Southern Pyrenees in Spain is providing insights into a poorly known period of Neanderthal history, offering clues that could help archaeologists uncover the mystery of their downfall, according to new research.

      

      
        Smart fabric converts body heat into electricity
        Researchers have developed a smart fabric that can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

      

      
        How air-powered computers can prevent blood clots
        A new, air-powered computer sets off alarms when certain medical devices fail. The invention is a more reliable and lower-cost way to help prevent blood clots and strokes -- all without electronic sensors.

      

      
        Rocks from Mars' Jezero Crater, which likely predate life on Earth, contain signs of water
        Scientists report that rock samples from Mars' Jezero Crater contain minerals that are typically formed in water. While the presence of organic matter is inconclusive, the rocks could be scientists' best chance at finding remnants of ancient Martian life.

      

      
        Great Scott! Stonehenge's Altar Stone origins reveal advanced ancient Britain
        New research has revealed Stonehenge's monumental six-ton Altar Stone, long believed to originate from Wales, actually hails from Scotland.

      

      
        Decoding the world's largest animal genome
        Scientists have sequenced the largest genome of all animals, the lungfish genome. Their data help to explain how the fish-ancestors of today's land vertebrates were able to conquer land.

      

      
        Giant fossil seeds from Borneo record ancient plant migration
        Ancient fossil beans about the size of modern limes, and among the largest seeds in the fossil record, may provide new insight into the evolution of today's diverse Southeast Asian and Australian rainforests, according to researchers who identified the plants.

      

      
        SwRI-led team finds evidence of hydration on Asteroid Psyche
        Using data from NASA's James Webb Space Telescope, astronomers have confirmed hydroxyl molecules on the surface of the metallic asteroid Psyche. The presence of hydrated minerals suggests a complex history for Psyche, important context for the NASA spacecraft en route to this interesting asteroid orbiting the Sun between Mars and Jupiter.

      

      
        Measuring Martian winds with sound
        Martian landers have been able capture measurements of wind speeds -- some gauging the cooling rate of heated materials when winds blow over them, others using cameras to image 'tell-tales' that blow in the wind -- but there's still room for improvement. Researchers now demonstrate a novel sonic anemometric system featuring a pair of narrow-band piezoelectric transducers to measure the travel time of sound pulses through Martian air. The study accounted for variables including transducer diffract...

      

      
        Say 'aah' and get a diagnosis on the spot: is this the future of health?
        A computer algorithm has achieved a 98% accuracy in predicting different diseases by analyzing the color of the human tongue. The proposed imaging system can diagnose diabetes, stroke, anemia, asthma, liver and gallbladder conditions, COVID-19, and a range of vascular and gastrointestinal issues, according to new research.

      

      
        New interpretation of runic inscription reveals pricing in Viking age
        A new interpretation of the runic inscription on the Forsa Ring (Forsaringen in Swedish), provides fresh insights into the Viking Age monetary system and represents the oldest documented value record in Scandinavia. The inscription describes how the Vikings handled fines in a flexible and practical manner.

      

      
        Rewriting the evolutionary history of critical components of the nervous system
        A new study has rewritten the conventionally understood evolutionary history of certain ion channels -- proteins critical for electrical signaling in the nervous system. The study shows that the Shaker family of ion channels were present in microscopic single cell organisms well before the common ancestor of all animals and thus before the origin of the nervous system.

      

      
        Reduce, reuse, 're-fly-cle'
        Black soldier flies are now commercially used to consume organic waste -- but genetic modifications proposed by bioscientists could see the insects digesting a wider variety of refuse, while also creating raw ingredients for industry.

      

      
        Engineers make tunable, shape-changing metamaterial inspired by vintage toys
        Common push puppet toys in the shapes of animals and popular figures can move or collapse with the push of a button at the bottom of the toys' base. Now, a team of engineers has created a new class of tunable dynamic material that mimics the inner workings of push puppets, with applications for soft robotics, reconfigurable architectures and space engineering.

      

      
        AI poses no existential threat to humanity, new study finds
        Large Language Models (LLMs) are entirely controllable through human prompts and lack 'emergent abilities'; that is, the means to form their own insights or conclusions. Increasing model size does not lead LLMs to gain emergent reasoning abilities, meaning they will not develop hazardous abilities and therefore do not pose an existential threat. A new study sheds light on the (until now unexplained) capabilities and shortcomings of LLMs, including the need for carefully engineered prompts to exhi...

      

      
        Scientists find oceans of water on Mars: It's just too deep to tap
        Quakes and meteor impacts on Mars generate seismic waves that can help map the interior. A new study analyzed seismic waves detected by the Insight lander and concludes that 11-20 kilometers beneath the surface, a zone of pores and fractures is filled with liquid water -- more than was thought to fill Mars' surface oceans before they disappeared 3 billion years ago. Though too deep to drill, the reservoir is a possible refuge for life.

      

      
        Engineers bring efficient optical neural networks into focus
        Researchers have published a programmable framework that overcomes a key computational bottleneck of optics-based artificial intelligence systems. In a series of image classification experiments, they used scattered light from a low-power laser to perform accurate, scalable computations using a fraction of the energy of electronics.

      

      
        Researchers find unexpectedly large methane source in overlooked landscape
        Researchers reported that upland landscapes were releasing some of the highest methane emissions yet documented among northern terrestrial ecosystems. The research was sparked when a potent greenhouse gas began ballooning under lawns in Fairbanks.

      

      
        Achieving quantum memory in the hard X-ray range
        Physicists have used Doppler-shifted nuclear resonant absorbers to form a nuclear frequency comb, enabling a quantum memory in the notoriously difficult X-ray range.

      

      
        New technology uses light to engrave erasable 3D images
        Researchers invented a technique that uses a specialized light projector and a photosensitive chemical additive to imprint two- and three-dimensional images inside any polymer. The light-based engraving remains in the polymer until heat or light are applied, which erases the image and makes it ready to use again. The technology is intended for any situation where having detailed, precise visual data in a compact and easily customizable format could be critical, such as planning surgeries and deve...
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Engineers conduct first in-orbit test of 'swarm' satellite autonomous navigation | ScienceDaily
Someday, instead of large, expensive individual space satellites, teams of smaller satellites -- known by scientists as a "swarm" -- will work in collaboration, enabling greater accuracy, agility, and autonomy. Among the scientists working to make these teams a reality are researchers at Stanford University's Space Rendezvous Lab, who recently completed the first-ever in-orbit test of a prototype system able to navigate a swarm of satellites using only visual information shared through a wireless network.


						
"It's a milestone paper and the culmination of 11 years of effort by my lab, which was founded with this goal of surpassing the current state of the art and practice in distributed autonomy in space," said Simone D'Amico, associate professor of aeronautics and astronautics and senior author of the study. "Starling is the first demonstration ever made of an autonomous swarm of satellites."

The test is known as Starling Formation-Flying Optical Experiment, or StarFOX. In it, the team successfully navigated four small satellites working in tandem using only visual information gathered from onboard cameras to calculate their trajectories (or orbits). The researchers presented their findings from the initial StarFOX test at a gathering of swarm satellite experts at the Small Satellite Conference in Logan, Utah.

All the angles

D'Amico described the challenge as one that has driven his team for more than a decade. "Our team has been advocating for distributed space systems since the lab's inception. Now it has become mainstream. NASA, the Department of Defense, the U.S. Space Force -- all have understood the value of multiple assets in coordination to accomplish objectives which would otherwise be impossible or very difficult to achieve by a single spacecraft," he said. "Advantages include improved accuracy, coverage, flexibility, robustness, and potentially new objectives not yet imagined."

Robust navigation of the swarm presents a considerable technological challenge. Current systems rely on the Global Navigation Satellite System (GNSS), requiring frequent contact with terrestrial systems. Beyond Earth's orbit, there is the Deep Space Network, but it is relatively slow and not easily scalable to future endeavors. What's more, neither system can help satellites avoid what D'Amico calls "non-cooperative objects" like space debris that might knock a satellite out of commission.

The swarm needs a self-contained navigation system that allows a high degree of autonomy and robustness, D'Amico said. Such systems are likewise made more attractive by minimal technical requirements and financial costs of today's miniaturized cameras and other hardware. The cameras used in the StarFOX test are proven, relatively inexpensive 2D cameras called star-trackers found on any satellite today.




"At its core, angles-only navigation requires no additional hardware even when used on small and inexpensive spacecraft," D'Amico said. "And exchanging visual information between swarm members provides a new distributed optical navigation capability."

Written in the stars

StarFOX combines visual measurements from single cameras mounted on each satellite in a swarm. Similar to a mariner of old navigating the high seas with a sextant, the field of known stars in the background is used as reference to extract bearing angles to the swarming satellites. These angles are then processed onboard through accurate physics-based force models to estimate the position and velocity of the satellites with respect to the orbited planet -- in this case, Earth, but the moon, Mars, or other planetary objects would work as well.

StarFOX employs the Space Rendezvous Lab's angles-only Absolute and Relative Trajectory Measurement System -- ARTMS, for short -- which integrates three new space robotics algorithms. An Image Processing algorithm detects and tracks multiple targets in images and computes target-bearing angles -- the angles at which objects, including space debris, are moving toward or away from each other. The Batch Orbit Determination algorithm then estimates each satellite's coarse orbit from these angles. Last but not least, the Sequential Orbit Determination algorithm refines swarm trajectories with the processing of new images through time to potentially feed autonomous guidance, control, and collision avoidance algorithms onboard.

Data is shared over an inter-satellite communication link (or wireless network). It is all used to calculate robust absolute and relative position and velocity to a remarkable degree of accuracy without GNSS. Under the most challenging conditions, using just a single observer satellite, StarFOX was able to calculate relative position -- the position of individual satellites to one another -- to within 0.5% of their distance. When multiple observers were added in, those error rates dropped to just 0.1%.

The Starling test was deemed promising enough that NASA has extended the project, now known as StarFOX+, through 2025 to further explore these improved capabilities and pave the way for future space situational awareness and positioning technologies.
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Physicists throw world's smallest disco party | ScienceDaily
A new milestone has been set for levitated optomechanics as Prof. Tongcang Li's group observed the Berry phase of electron spins in nano-sized diamonds levitated in vacuum.


						
Physicists at Purdue are throwing the world's smallest disco party. The disco ball itself is a fluorescent nanodiamond, which they have levitated and spun at incredibly high speeds. The fluorescent diamond emits and scatters multicolor lights in different directions as it rotates. The party continues as they study the effects of fast rotation on the spin qubits within their system and are able to observe the Berry phase. The team, led by Tongcang Li, professor of Physics and Astronomy and Electrical and Computer Engineering at Purdue University, published their results in Nature Communications. Reviewers of the publication described this work as "arguably a groundbreaking moment for the study of rotating quantum systems and levitodynamics" and "a new milestone for the levitated optomechanics community."

"Imagine tiny diamonds floating in an empty space or vacuum. Inside these diamonds, there are spin qubits that scientists can use to make precise measurements and explore the mysterious relationship between quantum mechanics and gravity," explains Li, who is also a member of the Purdue Quantum Science and Engineering Institute. "In the past, experiments with these floating diamonds had trouble in preventing their loss in vacuum and reading out the spin qubits. However, in our work, we successfully levitated a diamond in a high vacuum using a special ion trap. For the first time, we could observe and control the behavior of the spin qubits inside the levitated diamond in high vacuum."

The team made the diamonds rotate incredibly fast -- up to 1.2 billion times per minute! By doing this, they were able to observe how the rotation affected the spin qubits in a unique way known as the Berry phase.

"This breakthrough helps us better understand and study the fascinating world of quantum physics," he says.

The fluorescent nanodiamonds, with an average diameter of about 750 nm, were produced through high-pressure, high-temperature synthesis. These diamonds were irradiated with high-energy electrons to create nitrogen-vacancy color centers, which host electron spin qubits. When illuminated by a green laser, they emitted red light, which was used to read out their electron spin states. An additional infrared laser was shone at the levitated nanodiamond to monitor its rotation. Like a disco ball, as the nanodiamond rotated, the direction of the scattered infrared light changed, carrying the rotation information of the nanodiamond.

The authors of this paper were mostly from Purdue University and are members of Li's research group: Yuanbin Jin (postdoc), Kunhong Shen (PhD student), Xingyu Gao (PhD student) and Peng Ju (recent PhD graduate). Li, Jin, Shen, and Ju conceived and designed the project and Jin and Shen built the setup. Jin subsequently performed measurements and calculations and the team collectively discussed the results. Two non-Purdue authors are Alejandro Grine, principal member of technical staff at Sandia National Laboratories, and Chong Zu, assistant professor at Washington University in St. Louis. Li's team discussed the experiment results with Grine and Zu who provided suggestions for improvement of the experiment and manuscript.




"For the design of our integrated surface ion trap," explains Jin, "we used a commercial software, COMSOL Multiphysics, to perform 3D simulations. We calculate the trapping position and the microwave transmittance using different parameters to optimize the design. We added extra electrodes to conveniently control the motion of a levitated diamond. And for fabrication, the surface ion trap is fabricated on a sapphire wafer using photolithography. A 300-nm-thick gold layer is deposited on the sapphire wafer to create the electrodes of the surface ion trap."

So which way are the diamonds spinning and can they be speed or direction manipulated? Shen says yes, they can adjust the spin direction and levitation.

"We can adjust the driving voltage to change the spinning direction," he explains. "The levitated diamond can rotate around the z-axis (which is perpendicular to the surface of the ion trap), shown in the schematic, either clockwise or counterclockwise, depending on our driving signal. If we don't apply the driving signal, the diamond will spin omnidirectionally, like a ball of yarn."

Levitated nanodiamonds with embedded spin qubits have been proposed for precision measurements and creating large quantum superpositions to test the limit of quantum mechanics and the quantum nature of gravity.

"General relativity and quantum mechanics are two of the most important scientific breakthroughs in the 20th century. However, we still do not know how gravity might be quantized," says Li. "Achieving the ability to study quantum gravity experimentally would be a tremendous breakthrough. In addition, rotating diamonds with embedded spin qubits provide a platform to study the coupling between mechanical motion and quantum spins."

This discovery could have a ripple effect in industrial applications. Li says that levitated micro and nano-scale particles in vacuum can serve as excellent accelerometers and electric field sensors. For example, the US Air Force Research Laboratory (AFRL) are using optically-levitated nanoparticles to develop solutions for critical problems in navigation and communication.

"At Purdue University, we have state-of-the-art facilities for our research in levitated optomechanics," says Li. "We have two specialized, home-built systems dedicated to this area of study. Additionally, we have access to the shared facilities at the Birck Nanotechnology Center, which enables us to fabricate and characterize the integrated surface ion trap on campus. We are also fortunate to have talented students and postdocs capable of conducting cutting-edge research. Furthermore, my group has been working in this field for ten years, and our extensive experience has allowed us to make rapid progress."

This research was supported by the National Science Foundation (grant number PHY-2110591), the Office of Naval Research (grant number N00014-18-1-2371), and the Gordon and Betty Moore Foundation (grant DOI 10.37807/gbmf12259). The project is also partially supported by the Laboratory Directed Research and Development program at Sandia National Laboratories.
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Galaxies in dense environments tend to be larger, settling one cosmic question and raising others | ScienceDaily
For decades, scientists have known that some galaxies reside in dense environments with lots of other galaxies nearby. Others drift through the cosmos essentially alone, with few or no other galaxies in their corner of the universe.


						
A new study has found a major difference between galaxies in these divergent settings: Galaxies with more neighbors tend to be larger than their counterparts, which have a similar shape and mass, but reside in less dense environments. In a paper published Aug. 14 in the Astrophysical Journal, researchers at the University of Washington, Yale University, the Leibniz Institute for Astrophysics Potsdam in Germany and Waseda University in Japan report that galaxies found in denser regions of the universe are as much as 25% larger than isolated galaxies.

The research, which used a new machine-learning tool to analyze millions of galaxies, helps resolve a long-standing debate among astrophysicists over the relationship between a galaxy's size and its environment. The findings also raise new questions about how galaxies form and evolve over billions of years.

"Current theories of galaxy formation and evolution cannot adequately explain the finding that clustered galaxies are larger than their identical counterparts in less dense regions of the universe," said lead author Aritra Ghosh, a UW postdoctoral researcher in astronomy and an LSST-DA Catalyst Fellow with the UW's DiRAC Institute. "That's one of the most interesting things about astrophysics. Sometimes what the theories predict we should find and what a survey actually finds are not in agreement, and so we go back and try to modify existing theories to better explain the observations."

Past studies that looked into the relationship between galaxy size and environment came up with contradictory results. Some determined that galaxies in clusters were smaller than isolated galaxies. Others came to the opposite conclusion. The studies were generally much smaller in scope, based on observations of hundreds or thousands of galaxies.

In this new study, Ghosh and his colleagues utilized a survey of millions of galaxies conducted using the Subaru Telescope in Hawaii. This endeavor, known as the Hyper Suprime-Cam Subaru Strategic Program, took high-quality images of each galaxy. The team selected approximately 3 million galaxies with the highest-quality data and used a machine learning algorithm to determine the size of each one. Next, the researchers essentially placed a circle -- one with a radius of 30 million light years -- around each galaxy. The circle represents the galaxy's immediate vicinity. They then asked a simple question: How many neighboring galaxies lie within that circle?

The answer showed a clear general trend: Galaxies with more neighbors were also on average larger.




There could be many reasons why. Perhaps densely clustered galaxies are simply larger when they first form, or are more likely to undergo efficient mergers with close neighbors. Perhaps dark matter -- that mysterious substance that makes up most of the matter in the universe, yet cannot be detected directly by any current means -- plays a role. After all, galaxies form within individual "halos" of dark matter and the gravitational pull from those halos plays a critical role in how galaxies evolve.

"Theoretical astrophysicists will have to perform more comprehensive studies using simulations to conclusively establish why galaxies with more neighbors tend to be larger," said Ghosh. "For now, the best we can say is that we're confident that this relationship between galaxy environment and galaxy size exists."

Utilizing an incredibly large dataset like the Hyper Suprime-Cam Subaru Strategic Program helped the team reach a clear conclusion. But that's only part of the story. The novel machine learning tool they used to help determine the size of each individual galaxy also accounted for inherent uncertainties in the measurements of galaxy size.

"One important lesson we had learned prior to this study is that settling this question doesn't just require surveying large numbers of galaxies," said Ghosh. "You also need careful statistical analysis. A part of that comes from machine learning tools that can accurately quantify the degree of uncertainty in our measurements of galaxy properties."

The machine learning tool that they used is called GaMPEN -- or Galaxy Morphology Posterior Estimation Network. As a doctoral student at Yale, Ghosh led development of GaMPEN, which was unveiled in papers published in 2022 and 2023 in the Astrophysical Journal. The tool is freely available online and could be adapted to analyze other large surveys, said Ghosh.

Though this new study focuses on galaxies, it also forecasts the types of research -- centered on complex analyses of incredibly large datasets -- that will soon take astronomy by storm. When a generation of new telescopes with powerful cameras, including the Vera C. Rubin Observatory in Chile, come online, they will collect massive amounts of data on the cosmos every night. In anticipation, scientists have been developing new tools like GaMPEN that can utilize these large datasets to answer pressing questions in astrophysics.

"Very soon, large datasets will be the norm in astronomy," said Ghosh. "This study is a perfect demonstration of what you can do with them -- when you have the right tools."

Co-authors on the study are Meg Urry, professor of physics and of astronomy at Yale; Meredith Powell, a research fellow with the Leibniz Institute; Rhythm Shimakawa, associate professor at Waseda University; Frank van den Bosch, a Yale professor of astronomy; Daisuke Nagai, professor of physics and of astronomy at Yale; Kaustav Mitra, a doctoral student at Yale; and Andrew Connolly, professor of astronomy at the UW and faculty member in the DiRAC Institute and the eScience Institute. The research was funded by NASA, the Yale Graduate School of Arts & Sciences, the John Templeton Foundation, the Charles and Lisa Simonyi Fund for Arts and Sciences, the Washington Research Foundation and the UW eScience Institute.
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Rare archaeological site reveals 'surprising' Neanderthal behaviour at Pyrenees foothills | ScienceDaily
An unchartered area in the foothills of the Southern Pyrenees in Spain is providing insights into a poorly known period of Neanderthal history, offering clues that could help archaeologists uncover the mystery of their downfall, according to new research from The Australian National University (ANU).


						
Abric Pizarro is one of only a few sites worldwide dating from 100,000 to 65,000 years ago during a period called MIS 4. The researchers have gathered hundreds of thousands of artefacts, including stone tools, animal bones and other evidence, providing significant data about the Neanderthal way of life during that time -- largely unknown in human history until now.

The findings reveal Neanderthals were able to adapt to their environment, challenging the archaic humans' reputation as slow-footed cavemen and shedding light on their survival and hunting skills.

Lead author and ANU archaeologist, Dr Sofia Samper Carro, said that the findings show that Neanderthals knew the best ways to exploit the area and territory and were resilient through harsh climate conditions.

"Our surprising findings at Abric Pizarro show how adaptable Neanderthals were. The animal bones we have recovered indicate that they were successfully exploiting the surrounding fauna, hunting red deer, horses and bison, but also eating freshwater turtles and rabbits, which imply a degree of planning rarely considered for Neanderthals," she said.

According to the researchers, these new insights challenge widespread beliefs that Neanderthals only hunted large animals, such as horses and rhinoceros.

"Through the bones that we are finding, which display cut marks, we have direct proof that Neanderthals were capable of hunting small animals," Dr Samper Carro said.




"The bones on this site are very well preserved, and we can see marks of how Neanderthals processed and butchered these animals.

"Our analysis of the stone artefacts also demonstrates variability in the type of tools produced, indicating Neanderthals' capability to exploit the available resources in the area."

Shedding light on this crucial transitional period helps archaeologists edge closer to solving a mystery that has plagued researchers for decades: what drove the Neanderthals to extinction?

According to the researchers, finding sites like Abric Pizarro, from this specific and not well-recorded period, gives information about how Neanderthals lived when modern humans were not in the area yet and shows that they were thriving.

"The unique site at Abric Pizarro gives a glimpse of Neanderthal behaviour in a landscape they had been roaming for hundreds of thousands of years," Dr Samper Carro said.

"Neanderthals disappeared around 40,000 years ago. Suddenly, we modern humans appear in this region of the Pyrenees, and the Neanderthals disappear. But before that, Neanderthals had been living in Europe for almost 300,000 years.




"They clearly knew what they were doing. They knew the area and how to survive for a long time.

"This is one of the most interesting things about this site, to have this unique information about when Neanderthals were alone and living in harsh conditions and how they thrived before modern humans appeared."

Thanks to modern excavation techniques, Abric Pizarro and other nearby Neanderthal sites provide fine-grain data to understand Neanderthal behaviour.

"We 3D plot every single remain found larger than one to two centimetres. This makes our work slow, and we have been excavating some of these sites for over 20 years, but it turns into a uniquely precise recording of the sites," Dr Samper Carro said.

"We are interested in how the different data relates to each other, from stone tools to bones and hearths. This more thorough excavation gives archaeologists information on how Neanderthals lived and how long they were in an area.

"It's not only the individual materials that give us clues, but also where exactly they are found in relation to other materials on the site that helps us understand how and when Neanderthals were visiting these sites. Were they settled there or just passing through?"

The research team also included scientists from the Autonomous University of Barcelona (CEPAP-UAB). Research in the Catalan Pre-Pyrenees is supported by The Spanish Ministry of Science and Innovation and the Culture Department of the Catalan Government.
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Smart fabric converts body heat into electricity | ScienceDaily
Imagine a coat that captures solar energy to keep you cozy on a chilly winter walk, or a shirt that can monitor your heart rate and temperature.Picture clothing athletes can wear to track their performance without the need for bulky battery packs.


						
University of Waterloo researchers have developed a smart fabric with these remarkable capabilities. The fabric has the potential for energy harvesting, health monitoring, and movement tracking applications.

The new fabric developed by a Waterloo research team can convert body heat and solar energy into electricity, potentially enabling continuous operation with no need for an external power source. Different sensors monitoring temperature, stress, and more can be integrated into the material.

It can detect temperature changes and a range of other sensors to monitor pressure, chemical composition, and more. One promising application is smart face masks that can track breath temperature and rate and detect chemicals in breath to help identify viruses, lung cancer, and other conditions.

"We have developed a fabric material with multifunctional sensing capabilities and self-powering potential," said Yuning Li, a professor in the Department of Chemical Engineering. "This innovation brings us closer to practical applications for smart fabrics."

Unlike current wearable devices that often depend on external power sources or frequent recharging, this breakthrough research has created a novel fabric which is more stable, durable, and cost-effective than other fabrics on the market.

This research, conducted in collaboration with Professor Chaoxia Wang and PhD student Jun Peng from the College of Textile Science and Engineering at Jiangnan University, showcases the potential of integrating advanced materials such as MXene and conductive polymers with cutting-edge textile technologies to advance smart fabrics for wearable technology.

Li, director of Waterloo's Printable Electronic Materials Lab, highlighted the significance of this advancement, which is the latest in the university's suite of technologies disrupting health boundaries.

"AI technology is evolving rapidly, offering sophisticated signal analysis for health monitoring, food and pharmaceutical storage, environmental monitoring, and more. However, this progress relies on extensive data collection, which conventional sensors, often bulky, heavy, and costly, cannot meet," Li said. "Printed sensors, including those embedded in smart fabrics, are ideal for continuous data collection and monitoring. This new smart fabric is a step forward in making these applications practical."

The next phase of research will focus on further enhancing the fabric's performance and integrating it with electronic components in collaboration with electrical and computer engineers. Future developments may include a smartphone app to track and transmit data from the fabric to healthcare professionals, enabling real-time, non-invasive health monitoring and everyday use.
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How air-powered computers can prevent blood clots | ScienceDaily
A new, air-powered computer sets off alarms when certain medical devices fail. The invention is a more reliable and lower-cost way to help prevent blood clots and strokes -- all without electronic sensors.


						
Described in a paper in the journal Device, the computer not only runs on air, but also uses air to issue warnings. It immediately blows a whistle when it detects a problem with the lifesaving compression machine it is designed to monitor.

Intermittent pneumatic compression or IPC devices are leg sleeves that fill with air periodically and squeeze a person's legs to increase blood flow. This prevents clots that lead to blocked blood vessels, strokes, or death. Typically, these machines are powered and monitored by electronics.

"IPC devices can save lives, but all the electronics in them make them expensive. So, we wanted to develop a pneumatic device that gets rid of some of the electronics, to make these devices cheaper and safer," said William Grover, associate professor of bioengineering at UC Riverside and corresponding paper author.

Pneumatics move compressed air from place to place. Emergency brakes on freight trains operate this way, as do bicycle pumps, tire pressure gauges, respirators, and IPC devices. It made sense to Grover and his colleagues to use one pneumatic logic device to control another and make it safer.

This type of device operates in a similar way to electronic circuits, by making parity bit calculations. "Let's say I want to send a message in ones and zeroes, like 1-0-1, three bits," Grover said. "Decades ago, people realized they could send these three bits with one additional piece of information to make sure the recipient got the right message."

That extra piece of information is called a parity bit. The bit is a number -- 1 if the message contains an odd number of ones, and 0 if the message contains an even number of ones. Should the number one appear at the end of a message with an even number of bits, then it is clear the message was flawed. Many electronic computers send messages this way.




An air-powered computer uses differences in air pressure flowing through 21 tiny valves to count the number of ones and zeroes. If no error in counting has occurred, then the whistle doesn't blow.

If it does blow, that's a sign the machine requires repairs. Grover and his students, in a video demonstrating the air computer, are shown damaging an IPC device with a knife, rendering it unusable. Seconds later, the whistle blows.

"This device is about the size of a box of matches. It replaces a handful of sensors as well as a computer," Grover said. "So, we can reduce costs while still detecting problems in a device. And it could also be used in high humidity or high temperature environments that aren't ideal for electronics."

The IPC device monitoring is only one application for air computing. For his next project, Grover would like to design a device that could eliminate the need for a job that kills people every year -- moving around grain at the top of tall silos.

Tall buildings full of corn or wheat, grain silos are a common sight in the Midwest. Often times, a human has to go inside with a shovel to break up the grains and even out the piles inside.

"A remarkable number of deaths occur because the grain shifts and the person gets trapped. A robot could do this job instead of a person. However, these silos are explosive, and a single electric spark could blow a silo apart, so an electronic robot may not be the best choice," Grover said. "I want to make an air-powered robot that could work in this explosive environment, not generate any sparks, and take humans out of danger."

Air-powered computing is an idea that has been around for at least a century. People used to make air-powered pianos that could play music from punched rolls of paper. After the rise of modern computing, engineers lost interest in pneumatic circuits.

"Once a new technology becomes dominant, we lose awareness of other solutions to problems," Grover said. "One thing I like about this research is that it can show the world that there are situations today when 100-plus-year-old ideas can still be useful."
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Rocks from Mars' Jezero Crater, which likely predate life on Earth, contain signs of water | ScienceDaily

The seven samples were collected by NASA's Perseverance rover in 2022 during its exploration of the crater's western slope, where some rocks were hypothesized to have formed in what is now a dried-up ancient lake. Members of the Perseverance science team, including MIT scientists, have studied the rover's images and chemical analyses of the samples, and confirmed that the rocks indeed contain signs of water, and that the crater was likely once a watery, habitable environment.

Whether the crater was actually inhabited is yet unknown. The team found that the presence of organic matter -- the starting material for life -- cannot be confirmed, at least based on the rover's measurements. But judging from the rocks' mineral content, scientists believe the samples are their best chance of finding signs of ancient Martian life once the rocks are returned to Earth for more detailed analysis.

"These rocks confirm the presence, at least temporarily, of habitable environments on Mars," says the study's lead author, Tanja Bosak, professor of geobiology in MIT's Department of Earth, Atmospheric, and Planetary Sciences (EAPS). "What we've found is that indeed there was a lot of water activity. For how long, we don't know, but certainly for long enough to create these big sedimentary deposits."

What's more, some of the collected samples may have originally been deposited in the ancient lake more than 3.5 billion years ago -- before even the first signs of life on Earth.

"These are the oldest rocks that may have been deposited by water, that we've ever laid hands or rover arms on," says co-author Benjamin Weiss, the Robert R. Shrock Professor of Earth and Planetary Sciences at MIT. "That's exciting, because it means these are the most promising rocks that may have preserved fossils, and signatures of life."

The study's MIT co-authors include postdoc Eva Scheller, and research scientist Elias Mansbach, along with members of the Perseverance science team.




At the front

The new rock samples were collected in 2022 as part of the rover's Fan Front Campaign -- an exploratory phase during which Perseverance traversed Jezero Crater's western slope, where a fan-like region contains sedimentary, layered rocks. Scientists suspect that this "fan front" is an ancient delta that was created by sediment that flowed with a river and settled into a now bone-dry lakebed. If life existed on Mars, scientists believe that it could be preserved in the layers of sediment along the fan front.

In the end, Perseverance collected seven samples from various locations along the fan front. The rover obtained each sample by drilling into the Martian bedrock and extracting a pencil-sized core, which it then sealed in a tube to one day be retrieved and returned to Earth for detailed analysis.

Prior to extracting the cores, the rover took images of the surrounding sediments at each of the seven locations. The science team then processed the imaging data to estimate a sediment's average grain size and mineral composition. This analysis showed that all seven collected samples likely contain signs of water, suggesting that they were initially deposited by water.

Specifically, Bosak and her colleagues found evidence of certain minerals in the sediments that are known to precipitate out of water.

"We found lots of minerals like carbonates, which are what make reefs on Earth," Bosak says. "And it's really an ideal material that can preserve fossils of microbial life."

Interestingly, the researchers also identified sulfates in some samples that were collected at the base of the fan front. Sulfates are minerals that form in very salty water -- another sign that water was present in the crater at one time -- though very salty water, Bosak notes, "is not necessarily the best thing for life." If the entire crater was once filled with very salty water, then it would be difficult for any form of life to thrive. But if only the bottom of the lake were briny, that could be an advantage, at least for preserving any signs of life that may have lived further up, in less salty layers, that eventually died and drifted down to the bottom.




"However salty it was, if there were any organics present, it's like pickling something in salt," Bosak says. "If there was life that fell into the salty layer, it would be very well-preserved."

Fuzzy fingerprints

But the team emphasizes that organic matter has not been confidently detected by the rover's instruments. Organic matter can be signs of life, but can also be produced by certain geological processes that have nothing to do with living matter. Perseverance's predecessor, the Curiosity rover, had detected organic matter throughout Mars' Gale Crater, which scientists suspect may have come from asteroids that made impact with Mars in the past.

And in a previous campaign, Perseverance detected what appeared to be organic molecules at multiple locations along Jezero Crater's floor. These observations were taken by the rover's Scanning Habitable Environments with Raman and Luminescence for Organics and Chemicals (SHERLOC) instrument, which uses ultraviolet light to scan the Martian surface. If organics are present, they can glow, similar to material under a blacklight. The wavelengths at which the material glows act as a sort of fingerprint for the kind of organic molecules that are present.

In Perseverance's previous exploration of the crater floor, SHERLOC appeared to pick up signs of organic molecules throughout the region, and later, at some locations along the fan front. But a careful analysis, led by MIT's Eva Scheller, has found that while the particular wavelengths observed could be signs of organic matter, they could just as well be signatures of substances that have nothing to do with organic matter.

"It turns out that cerium metals incorporated in minerals actually produce very similar signals as the organic matter," Scheller says. "When investigated, the potential organic signals were strongly correlated with phosphate minerals, which always contain some cerium."

Scheller's work shows that the rover's measurements cannot be interpreted definitively as organic matter.

"This is not bad news," Bosak says. "It just tells us there is not very abundant organic matter. It's still possible that it's there. It's just below the rover's detection limit."

When the collected samples are finally sent back to Earth, Bosak says laboratory instruments will have more than enough sensitivity to detect any organic matter that might lie within.

"On Earth, once we have microscopes with nanometer-scale resolution, and various types of instruments that we cannot staff on one rover, then we can actually attempt to look for life," she says.

This work was supported in part by NASA.
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Great Scott! Stonehenge's Altar Stone origins reveal advanced ancient Britain | ScienceDaily
New research led by Curtin University has revealed Stonehenge's monumental six-tonne Altar Stone, long believed to originate from Wales, actually hails from Scotland.


						
Furthermore, the findings point to the existence of unexpectedly advanced transport methods and societal organisation at the time of the stone's arrival at its current location in southern England about 5000 years ago.

Curtin researchers studied the age and chemistry of mineral grains within fragments of the Altar Stone, which is a 50cm thick sandstone block measuring 5 x 1 metres, that sits at the centre of Stonehenge's iconic stone circle in Wiltshire.

Lead author PhD student Anthony Clarke from the Timescales of Mineral Systems Group within Curtin's School of Earth and Planetary Sciences said analysis of the age and chemical composition of minerals within fragments of the Altar Stone matched it with rocks from northeast Scotland, while also clearly differentiating them from Welsh bedrock.

"Our analysis found specific mineral grains in the Altar Stone are mostly between 1000 to 2000 million years old, while other minerals are around 450 million years old," Mr Clarke said.

"This provides a distinct chemical fingerprint suggesting the stone came from rocks in the Orcadian Basin, Scotland, at least 750 kilometres away from Stonehenge.

"Given its Scottish origins, the findings raise fascinating questions, considering the technological constraints of the Neolithic era, as to how such a massive stone was transported over vast distances around 2600 BC.




"This discovery also holds personal significance for me. I grew up in the Mynydd Preseli, Wales, where some of Stonehenge's stones came from. I first visited Stonehenge when I was one year old and now at 25, I returned from Australia to help make this scientific discovery -- you could say I've come full circle at the stone circle."

Study co-author Professor Chris Kirkland, also from the Timescales of Mineral Systems Group at Curtin, said the findings had significant implications for understanding ancient communities, their connections, and their transportation methods.

"Our discovery of the Altar Stone's origins highlights a significant level of societal coordination during the Neolithic period and helps paint a fascinating picture of prehistoric Britain," Professor Kirkland said.

"Transporting such massive cargo overland from Scotland to southern England would have been extremely challenging, indicating a likely marine shipping route along the coast of Britain.

"This implies long-distance trade networks and a higher level of societal organisation than is widely understood to have existed during the Neolithic period in Britain."

Funded by an Australian Research Council Discovery Project, the research was performed in collaboration with Aberystwyth University, The University of Adelaide and University College London.




Co-author Professor Richard Bevins from Aberystwyth University said the findings overturned what had been thought for the past century.

"We have succeeded in working out, if you like, the age and chemical fingerprints of perhaps one of the most famous of stones in the world-renowned ancient monument," Professor Bevins said.

"While we can now say that this iconic rock is Scottish and not Welsh, the hunt will still very much be on to pin down where exactly in the north-east of Scotland the Altar Stone came from."

Co-author Dr Robert Ixer of the UCL Institute of Archaeology said the findings were genuinely shocking, but if plate tectonics and atomic physics were correct, then the Altar Stone is Scottish.

"The work prompts two important questions: why and exactly how was the Altar Stone transported from the very north of Scotland, a distance of more than 700 kilometres, to Stonehenge?"

Curtin Vice-Chancellor Professor Harlene Hayne said much of the research and analysis done by Mr Clarke and Professor Kirkland was undertaken at the University's John de Laeter Centre.

"This fascinating study is another example of the stellar work being undertaken by Curtin University's Timescales of Mineral Systems Group with the John de Laeter Centre, using state-of-the-art equipment in our GeoHistory Facility that supports important minerals research," Professor Hayne said.

"It offers specialist mass spectrometers which are used to examine the composition of materials such as rock-forming minerals, archaeological artefacts, meteorites, ceramics and even biological substances such as teeth, bones and shell.

"Ongoing investment is required to maintain cutting-edge facilities like this, which are crucial for attracting the world's best minds. In this case, we are delighted that our outstanding research reputation and facilities led PhD student Anthony Clarke to travel 15,000 kilometres from his home in Wales to study at Curtin and make this significant finding."

Mr Clarke said he chose Curtin for his PhD because it also offered the chance to work alongside renowned researchers, such as Professor Kirkland.

"Curtin has given us the freedom and independence to explore fascinating work, such as Stonehenge and access to the world's most advanced equipment and expert staff means I can complete all my work there," Mr Clarke said.

"Western Australia itself as home to the oldest minerals on Earth, is an outstanding natural laboratory. So I'm very grateful to have had the opportunity to do this research in this outstanding place."
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Decoding the world's largest animal genome | ScienceDaily
Thirty times the size of the human genome: An international team of researchers led by Konstanz evolutionary biologist Axel Meyer and Wurzburg biochemist Manfred Schartl has sequenced the largest genome of all animals, the lungfish genome. Their data help to explain how the fish ancestors of today's land vertebrates were able to conquer land.


						
Join us as we travel back in time! We have arrived in the Devonian period, some 420 to 360 million years ago. In a shallow area near the water's edge, something happened that would forever change life on our planet: a fish from the class of lobe-finned fishes uses its pair of powerful pectoral fins to pull itself out of the shallow water onto land, moving its body across the sludgy surface at the shoreline. The fish is in no hurry to return to the water. It can easily breathe air, because this fish already has lungs, like we land vertebrates still do today.

This scenario or one similar to it could have been the first time a vertebrate moved on land, one of the most important events in evolutionary history. Because all later land vertebrates, or tetrapods, can be traced back to a fish. This encompasses not only amphibians, reptiles and birds, but also mammals -- humans included. Yet one mystery remains: Why were the fish of this lobe-finned lineage so well prepared to conquer land?

A look at its living relatives

To find the answer to this question after such a long time, the genetic material of the closest living relatives of our Devonian ancestor has now been analysed, making it possible to draw conclusions about its appearance. Only three lineages of these closest relatives, the lungfish, are still alive today: one in Africa, one in South America and one in Australia. It seems that evolution has forgotten them, because these ancient "living fossils" still look very much like their ancestors. Since our genetic material, the DNA, is made up of nucleobases and the sequence of these nucleobases contains the actual genetic information, a comparative analysis of the lungfish genomes is only possible with knowledge of their complete sequences.

We already knew that the genomes of lungfish are huge, but how gigantic they really are and what can be learned from them was not clear until now. Accordingly, the sequencing of the lungfish genomes was very labour intensive and complicated from both a technical and a bioinformatic perspective. However, an international research team led by Konstanz biologist Axel Meyer and Wurzburg biochemist Manfred Schartl has now succeeded in fully sequencing the genome of the South American lungfish and that of a member of the African lineage. The previously largest genome sequence of the Australian lungfish (Neoceratodus) had already been sequenced by the same team. The findings of their latest research were published in the journal Nature.

Very, very big, but why?

The genetic material of the South American lungfish in particular breaks all records for size: "With over 90 gigabases (in other words, 90 billion bases), the DNA of the South American species is the largest of all animal genomes and more than twice as large as the genome of the previous record holder, the Australian lungfish. 18 of the 19 chromosomes of the South American lungfish are each individually larger than the entire human genome with its almost 3 billion bases," says Meyer. Autonomous transposons are responsible for the fact that the lungfish genome has ballooned to this enormous size over time. These are DNA sequences that "replicate" and then change their position in the genome, which in turn causes the genome to grow.




Although this occurs in other organisms as well, the research team's analyses showed that the expansion rate of the genome of the South American lungfish is by far the fastest on record: Every 10 million years in the past, its genome has grown by the size of the entire human genome. "And it continues to grow," reports Meyer. "We have found evidence that the transposons responsible are still active." The researchers identified the mechanism for this gigantic genome growth: The extreme expansion is at least partially due to very low piRNA abundance. This type of RNA is part of a molecular mechanism that normally silences transposons.

Remarkably stable nonetheless

Because transposons replicate and jump around in the genome, thereby contributing to its growth, they can greatly alter and destabilise the genetic material of an organism. This is not always detrimental, and it can even be an important driver of evolution, as these "jumping genes" sometimes also cause evolutionary innovations by altering gene functions. This makes it all the more surprising that the current study found no correlation between the enormous transposon surplus and genome instability -- the genome of the lungfish is unexpectedly stable and the gene arrangement is surprisingly conservative. This fact enabled the research team to reconstruct the original architecture of the set of chromosomes (karyotype) of the ancestral tetrapod from the sequences of the lungfish species that are still alive today.

In addition, the comparison of the lungfish genomes enabled them to draw conclusions about the genetic basis of differences between the lineages still alive today. The Australian lungfish, for example, still has the limb-like fins that once enabled its relatives to move on land. In today's other lungfish species from Africa and South America, these fins, which are similar in bone structure to our arms, evolved back into filamentous fins over the last 100 million years or so. "In our research, we also used experiments with CRISPR-Cas transgenic mice to show that this simplification of the fins is attributable to a change in what is known as the Shh-signalling pathway," says Meyer.

During the embryonic development of mice, for example, the Shh-signalling pathway controls the number and development of the fingers, among other things. The research findings thus provide additional evidence of the evolutionary link between the ray fins of bony fish and the fingers of land vertebrates. As scientists now have the complete genome sequences of all current lungfish families at their disposal thanks to the new research, additional comparative genomic studies will provide further insights into the lobe-finned ancestors of land vertebrates in the future -- and help solve the mystery of how vertebrates made their way onto land.
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Giant fossil seeds from Borneo record ancient plant migration | ScienceDaily
Ancient fossil beans about the size of modern limes, and among the largest seeds in the fossil record, may provide new insight into the evolution of today's diverse Southeast Asian and Australian rainforests, according to Penn State researchers who identified the plants.


						
They discovered that the fossils represent a now extinct legume genus that lived in Southeast Asia that was closely related to modern Castanospermum, known as the black bean tree. This tree is only found today in the coastal rainforests of northern Australia and neighboring islands.The team, which also included paleontologists based in Indonesia, Canada, the United Kingdom and elsewhere in the United States, reported their findings in the International Journal of Plant Sciences.

The fossils, discovered in Indonesian Borneo, date back to the Eocene period approximately 34 to 40 million years ago. They suggest that the ancestors of the black bean tree migrated from Asia into Australia during the tectonic-plate collision that brought the landmasses together and allowed for an exchange of plants and animals between the continents. The collision of the Southeast Asian and Australian tectonic plates, which began about 20 million years ago and continues today, led to a large exchange of plant and animal species between the landmasses, the scientists said.

The findings provide the first macrofossil evidence of a plant lineage moving from Asia into Australia after the Asia-Australia tectonic collision, the researchers said. The fossils are also the oldest definite fossil legumes -- the bean family -- from the Malay Archipelago and the first fossil record anywhere of plants related to the black bean tree.

"These fossil seeds suggest that the ancient relatives of Castanospermum migrated into Australia from Southeast Asia during the tectonic collision event and later went extinct in Asia," said Edward Spagnuolo, a doctoral student in the Department of Geosciences at Penn State and lead author of the study.

The suggestion is in opposition to most of the existing direct macrofossil evidence for plant migrations, which represents lineages that moved from Australia into Asia. According to the scientists, the lack of direct evidence for movement from Asia to Australia is at least partially due to a poor plant fossil record in the Malay Archipelago, which includes the Philippines, Indonesia, East Timor, Papua New Guinea and parts of Malaysia.

"It's really hard to collect fossils in this part of the world," Spagnuolo said. "Most surface rocks are destroyed by the heavy tropical rainfall or covered by vegetation, agriculture and buildings, so there are few places to look for fossils other than mine and quarry exposures. There is also very little paleontological infrastructure. We're fortunate to have a partnership with Indonesian paleontologists at Institut Teknologi Bandung in Java, who make this work possible."

An international research team, including Peter Wilf, professor of geosciences at Penn State, collected the fossils in 2014 from the seams of a coal mine in South Kalimantan, Indonesian Borneo.




The collection included three large beans, pollen samples and about 40 leaves. Along with plants, the team also discovered diverse fossilized bird tracks, burrowing traces of marine invertebrates and fossil turtle remains, among other fossils recently published or under continued study.

The seeds are some of the largest in the fossil record, excluding coconuts and some other palms. They would have grown in a pod that most likely reached up to 3 feet long, or the length of a baseball bat, and fit up to five seeds, the scientists said.

After field work, the fossils were loaned to Penn State, where the seeds underwent CT scan imaging. Spagnuolo and Wilf analyzed the fossil beans taxonomically, describing anatomical characters useful for identification, and found they most closely resembled modern Castanospermum, which has no previous fossil representatives.

"Although some of the characteristics of these fossils are common across legumes, there is no fossil or living legume group besides Castanospermum that has a combination of features closely matching the fossils," Spagnuolo said. "That makes us confident with our identification."

The fossil seeds were named Jantungspermum gunnellii. The genus name refers to the heart shape of the fossil -- jantung means heart in Indonesian and spermum means seed in Latin. The species name honors the late Gregg Gunnell, a vertebrate paleontologist formerly of the Duke University Lemur Center, who led the field trip.

Legumes are a diverse family of flowering plants, with about 20,000 species alive today that include many large tropical trees, the scientists said. But despite their abundance and diversity in modern ecosystems, these seeds are the only definite legume fossils from before the Neogene period, the interval between 2.6 million and 23 million years ago, in the Southeast Asian wet tropics.




"The tropics are the most diverse biome on Earth," Wilf said. "We know very little from the fossil record about how tropical ecosystems evolved, especially in Asia, even as extinction risks are rising quickly, and we lose vast areas every year to deforestation. The Penn State paleobotany group is working on this problem in the field with colleagues in several Asian countries, and the new giant fossil beans from Borneo are a fantastic example of the discovery potential."

These findings confirm legumes' presence in Southeast Asia and fill a critical hole in the fossil record, the scientists said.

"We have a great legume fossil record for much of the world but not Southeast Asia," Spagnuolo said. "Our work highlights the neglected paleobotanical potential of this region and the need for more fossil sampling in the Malay Archipelago."

Also contributing were John-Paul Zonneveld, professor, University of Alberta, Canada; David Shaw, stratigraphic palynologist, Biostratigraphic Associates, United Kingdom; Aswan, lecturer, and Yan Rizal, associate professor, Institut Teknologi Bandung, Indonesia; Yahdi Zaim, professor, Institut Teknologi Sumatera, Indonesia; Jonathan Bloch, curator of vertebrate paleontology, Florida Museum of Natural History; and Russell Ciochon, professor emeritus, University of Iowa.

The National Geographic Society, the U.S. National Science Foundation and Penn State supported researchers involved in this work.
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SwRI-led team finds evidence of hydration on Asteroid Psyche | ScienceDaily
Using data from NASA's James Webb Space Telescope, a Southwest Research Institute-led team has confirmed hydroxyl molecules on the surface of the metallic asteroid Psyche. The presence of hydrated minerals suggests a complex history for Psyche, important context for the NASA spacecraft en route to this interesting asteroid orbiting the Sun between Mars and Jupiter.


						
At about 140 miles in diameter, Psyche is one of the most massive objects in the main asteroid belt. Previous observations indicate that Psyche is a dense, largely metallic object that could be a leftover core from a planet that experienced a catastrophic collision. On Oct. 13, 2023, NASA launched the Psyche spacecraft, which is traveling 2.2 billion miles to arrive at the asteroid in August 2029.

"Using telescopes at different wavelengths of infrared light, the SwRI-led research will provide different but complementary information to what the Psyche spacecraft is designed to study," said SwRI's Dr. Tracy Becker, second author of a new American Astronomical Society's Planetary Science Journal paper discussing these findings.

"Our understanding of solar system evolution is closely tied to interpretations of asteroid composition, particularly the M-class asteroids that contain higher concentrations of metal," said Center for Astrophysics | Harvard & Smithsonian's Dr. Stephanie Jarmak, the paper's lead author, who conducted much of this research while at SwRI. "These asteroids were initially thought to be the exposed cores of differentiated planetesimals, a hypothesis based on their spectral similarity to iron meteorites."

The Webb data point to hydroxyl and perhaps water on Psyche's surface. The hydrated minerals could result from external sources, including impactors. If the hydration is native or endogenous, then Psyche may have a different evolutionary history than current models suggest.

"Asteroids are leftovers from the planetary formation process, so their compositions vary depending on where they formed in the solar nebula," said SwRI's Dr. Anicia Arredondo, another co-author. "Hydration that is endogenous could suggest that Psyche is not the remnant core of a protoplanet. Instead, it could suggest that Psyche originated beyond the 'snow line,' the minimum distance from the Sun where protoplanetary disc temperatures are low enough for volatile compounds to condense into solids, before migrating to the outer main belt."

However, the paper found the variability in the strength of the hydration features across the observations implies a heterogeneous distribution of hydrated minerals. This variability suggests a complex surface history that could be explained by impacts from carbonaceous chondrite asteroids thought to be very hydrated.

Understanding the location of asteroids and their compositions tells us how materials in the solar nebula were distributed and have evolved since formation. How water is distributed in our solar system will provide insight into the distribution of water in other solar systems and, because water is necessary for all life on Earth, will drive where to look for potential life, both in our solar system and beyond.

NASA's Webb telescope, developed in partnership with the European and Canadian space agencies, is part of the Space Telescope Science Institute, operated by the Association of Universities for Research in Astronomy. The Psyche mission is led by Arizona State University. NASA's Jet Propulsion Laboratory is responsible for mission management, operations and navigation.
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Measuring Martian winds with sound | ScienceDaily
Mars has a notoriously inhospitable environment, with temperatures that fluctuate dramatically over the course of a Martian day and average minus 80 degrees Fahrenheit. Its surface is mostly covered in red dust, with terrain typified by craters, canyons, and volcanoes. And its atmosphere is extremely thin, comprising only about 1% of the density of Earth's.


						
Needless to say, measuring wind speeds on the red planet is challenging. Martian landers have been able capture measurements -- some gauging the cooling rate of heated materials when winds blow over them, others using cameras to image "tell-tales" that blow in the wind. Both anemometric methods have yielded valuable insight into the planet's climate and atmosphere.

But there's still room for improvement in the astronomical toolshed, especially as plans to send astronauts to Mars unfold in the coming years.

In JASA, published on behalf of the Acoustical Society of America by AIP Publishing, researchers from Canada and the U.S. demonstrated a novel sonic anemometric system featuring a pair of narrowband piezoelectric transducers to measure the travel time of sound pulses through Martian air. The study accounted for variables including transducer diffraction effects and wind direction.

"By measuring sound travel time differences both forward and backward, we can accurately measure wind in three dimensions," said author Robert White. "The two major advantages of this method are that it's fast and it works well at low speeds."

The researchers hope to be able to measure up to 100 wind speeds per second and at speeds as low as 1 cm/s, a remarkable contrast to previous methods that could register only about 1 wind speed per second and struggled to track speeds below 50 cm/s.

"By measuring quickly and accurately, we hope to be able to measure not only mean winds, but also turbulence and fluctuating winds," said White. "This is important for understanding atmospheric variables that could be problematic for small vehicles such as the Ingenuity helicopter that flew on Mars recently."

The researchers characterized ultrasonic transducers and sensors over a wide range of temperatures and a narrow range of pressures in carbon dioxide, the primary atmospheric gas on Mars. With their selections, they showed only nominal error rates would result from temperature and pressure changes.

"The system we're developing will be 10 times faster and 10 times more accurate than anything previously used," said White. "We hope it will produce more valuable data as future missions to Mars are considered and provide useful information on the Martian climate, perhaps also with implications for better understanding the climate of our own planet."
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Say 'aah' and get a diagnosis on the spot: is this the future of health? | ScienceDaily
A computer algorithm has achieved a 98% accuracy in predicting different diseases by analysing the colour of the human tongue.


						
The proposed imaging system developed by Iraqi and Australian researchers can diagnose diabetes, stroke, anaemia, asthma, liver and gallbladder conditions, COVID-19, and a range of vascular and gastrointestinal issues.

Engineering researchers from Middle Technical University (MTU) and the University of South Australia (UniSA) achieved the breakthrough in a series of experiments where they used 5260 images to train machine learning algorithms to detect tongue colour.

Two teaching hospitals in the Middle East supplied 60 tongue images from patients with various health conditions. The artificial intelligence (AI) model was able to match the tongue colour with the disease in almost all cases.

A new paper published in Technologies outlines how the proposed system analyses tongue colour to provide on-the-spot diagnosis, confirming that AI holds the key to many advances in medicine.

Senior author, MTU and UniSA Adjunct Associate Professor Ali Al-Naji, says AI is replicating a 2000-year-old practice widely used in traditional Chinese medicine -- examining the tongue for signs of disease.

"The colour, shape and thickness of the tongue can reveal a litany of health conditions," he says.




"Typically, people with diabetes have a yellow tongue; cancer patients a purple tongue with a thick greasy coating; and acute stroke patients present with an unusually shaped red tongue.

"A white tongue can indicate anaemia; people with severe cases of COVID-19 are likely to have a deep red tongue; and an indigo or violet coloured tongue indicates vascular and gastrointestinal issues or asthma."

In the study, cameras placed 20 centimetres from a patient captured their tongue colour and the imaging system predicted their health condition in real time.

Co-author UniSA Professor Javaan Chahl says that down the track, a smartphone will be used to diagnose disease in this way.

"These results confirm that computerised tongue analysis is a secure, efficient, user friendly and affordable method for disease screening that backs up modern methods with a centuries-old practice," Prof Chahl says.
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New interpretation of runic inscription reveals pricing in Viking age | ScienceDaily
A new interpretation of the runic inscription on the Forsa Ring (Forsaringen in Swedish), provides fresh insights into the Viking Age monetary system and represents the oldest documented value record in Scandinavia. The inscription describes how the Vikings handled fines in a flexible and practical manner. This is highlighted in research from the Department of Economic History and International Relations at Stockholm University, recently published in the Scandinavian Economic History Review.


						
"The Forsaringen inscription "uksa ... auk aura tua" was previously interpreted to mean that fines had to be paid with both an ox and two ore of silver. This would imply that the guilty party had to pay with two different types of goods, which would have been both impractical and time-consuming," says Rodney Edvinsson, Professor of Economic History at Stockholm University, who conducted the study.

The Forsa Ring is an iron ring from Halsingland, dated to the 9th or 10th century. The runic inscription on the ring describes fines for a specific offense, where payment was to be made in the form of oxen and silver. The ring is believed to have been used as a door handle and is currently the oldest known preserved legal text in Scandinavia. By changing the translation of the word "auk" from the previous interpretation "and" to the new interpretation "also," the meaning changes so that fines could be paid either with an ox or with two ore of silver. An ore was equivalent to about 25 grams of silver.

"This indicates a much more flexible system, where both oxen and silver could be used as units of payment. If a person had easier access to oxen than to silver, they could pay their fines with an ox. Conversely, if someone had silver but no oxen, they could pay with two ore of silver," says Rodney Edvinsson.

The new interpretation shows that the Vikings had a system where both oxen and silver served as units of payment. This system allowed for multiple types of units of accounts to be used concurrently, reducing transaction complexity and making it easier for people to meet their financial obligations. The new interpretation also aligns better with how the system functioned later according to later regional laws and is, according to Rodney Edvinsson, significant for our understanding of both Scandinavian and European monetary history.

"As an economic historian, I particularly look for historical data to be economically logical, that is, to fit into other contemporary or historical economic systems. The valuation of an ox at two ore, or 50 grams of silver, in 10th-century Sweden resembles contemporary valuations in other parts of Europe, indicating a high degree of integration and exchange between different economies," says Rodney Edvinsson.

He has previously contributed to developing a historical consumer price index extending back to the 13th century, but this new interpretation provides insights into price levels even earlier in history.




"The price level during the Viking Age in silver was much lower than in the early 14th century and late 16th century, but approximately at the same level as in the late 15th century and the 12th century, when there was a silver shortage," says Rodney Edvinsson.

The study highlights the importance of using modern economic theories to interpret historical sources. By combining economic theory with archaeological and historical findings, new opportunities for interdisciplinary research and a deeper understanding of early economic systems are opened up.

What Did Things Cost During the Viking Age?

According to the new interpretation, an ox would cost 2 ore of silver, about 50 grams of silver, during the Viking Age. This corresponds to roughly 100,000 Swedish kronor today, if compared to the value of an hour's work. The Forsa Ring's fine amount was therefore quite high. One ore was likely equivalent to about nine Arabic dirhams, a currency that circulated in large quantities among the Vikings. A common price for a thrall was 12 ore of silver, or approximately 600,000 Swedish kronor today. The wergild for a free man, i.e., the fine paid to the family of the murdered to avoid blood revenge, was much higher, around 5 kilos of silver, which is about 10 million Swedish kronor today. The significant difference in value between a thrall and a free man reflects the power dynamics between free individuals and thralls in a slave society.

The relevant inscription of the Forsa Ring translated to modern English: One ox and [also/or] two ore of silver to the staff for the restoration of a sanctuary in a valid state for the first time; two oxen and [also/or] four ore of silver for the second time; but for the third time four oxen and eight ore of silver.
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Rewriting the evolutionary history of critical components of the nervous system | ScienceDaily
A new study has rewritten the conventionally understood evolutionary history of certain proteins critical for electrical signaling in the nervous system. The study, led by Penn State researchers, shows that the well-studied family of proteins -- potassium ion channels in the Shaker family -- were present in microscopic single cell organisms well before the common ancestor of all animals. This suggests that, rather than evolving alongside the nervous system as previously thought, these ion channels were present before the origin of the nervous system.


						
The study appeared in the Proceedings of the National Academy of Sciences.

"We tend to think of evolution as a one-way march toward greater and greater complexity, but that often isn't what occurs in the natural world," said Timothy Jegla, associate professor of biology in the Penn State Eberly College of Science and leader of the research team. "For example, it was thought that as different kinds of animals evolved and the nervous system became more complex, ion channels arose and diversified to match that complexity. But our research suggests that this is not the case. We have previously shown that the oldest living animals, those with simple nerve nets, have the highest ion channel diversity. This new finding adds to growing evidence that many of the building blocks for the nervous system were already in place in our protozoan ancestors -- before the nervous system even existed."

Ion channels are located in the membranes of cells and regulate how charged particles called ions move in and out of the cell, a process that results in the electrical signals that are the foundation of communication in the nervous system. The Shaker family of ion channels is found in a large range of animals, from humans to mice and fruit flies, and specifically regulates how potassium ions flow out of the cell to terminate electrical signals called action potentials. These channels can open or close based on changes in the electric field, much like transistors in computer chips.

"Much of what we know about how ion channels work on a molecular level comes from mechanistic studies of the Shaker family of ion channels," Jegla said. "We previously thought that the Shaker family of voltage-gated potassium channels were only found in animals, but now we see that the genes that code for this family of ion channels were present in several species of the closest living relatives of animals, a group of single cell organisms called choanoflagellates."

The researchers had previously looked for these genes in two species of choanoflagellates but failed to find them. In the current study, they expanded their search to 21 choanoflagellates species and found evidence of Shaker family genes in three of these species.

Several subfamilies, or types, of ion channels within the Shaker family are present across the animal kingdom. The research team previously found that comb jellies -- animals with a comparatively simple "nerve nets" (that are) thought to be similar to the very first animal nervous systems -- have only one of these types, called Kv1. This led the team to believe that the common ancestor of animals likely had only Kv1, with other types evolving later. However, Jegla and colleagues found that the Shaker family genes in choanoflagellates were more closely related to types Kv2, Kv3 and Kv4.




"We thought types 2 through 4 were thought to have evolved on a more recent timeline, but our new work suggests that the Kv2-4-like channels found in choanoflagellates are actually the oldest subtype," Jegla said.

Additionally, this finding indicates that multiple subtypes were present at the base of the animal family tree, including Kv1, which are found in comb jellies, and the Kv2-4-like channels, which are found in choanoflagellates.

"The genes for Kv2-4-like were lost in the living descendants of the earliest animal groups like comb jellies and sponges, so the only reason we know that they were present in the earliest animals are thanks to the choanoflagellates," Jegla added. "Gene loss is really common in evolution -- about as common as evolution of new genes -- though it can be hard to detect. Now that genetic sequencing is cheap enough that scientists can broadly sample species, rather than looking at just a few representative species, we can detect a lot more of these gene losses and that will change our views of how many of our own gene families first evolved."

This work also adds to growing evidence that many elements of the nervous system were present before the nervous system as a whole evolved, Jegla noted.

"Most of the functionally important proteins that we use in electrical signaling, which underlie neuronal communication and neuromuscular movement, are all based on proteins that existed before animals," Jegla said. "It seems that animals were able to cobble together a functioning nervous system very early in their evolution simply because most of the necessary proteins were already there."

Jegla added that understanding how these ion channels evolved helps us understand how they function and that in turn may have implications for the treatment of disorders related to ion channel dysfunction, such as heart arrhythmias and epilepsy.

In addition to Jegla, the research team includes Benjamin Simonson, graduate student in the molecular, cellular and integrative biosciences program in the Huck Institutes of the Life Sciences and the Eberly College of Science at Penn State who recently defended his dissertation, and David Spafford, associate professor of biology at the University of Waterloo who specializes in choanoflagellate physiology. Funding from the Penn State Department of Biology and the Huck Institutes of the Life Sciences supported this work.
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Reduce, reuse, 're-fly-cle' | ScienceDaily
A Macquarie University team proposes using genetically engineered black soldier flies (Hermetia illucens) to address worldwide pollution challenges and produce valuable raw materials for industry, including the USD $500 billion global animal feed market.


						
In a new paper published on 24 July in the journal Communications Biology, scientists at Macquarie University outline a future where engineered flies could transform waste management and sustainable biomanufacturing, addressing multiple United Nations Sustainable Development Goals (SDGs).

Synthetic biologist Dr Kate Tepper is lead author of the paper and a Postdoctoral Research Fellow at Applied BioSciences, Macquarie University.

"One of the great challenges in developing circular economies is making high-value products that can be produced from waste," says Dr Tepper.

Landfill Emitters

An estimated 40 to 70 per cent of global organic waste finds its way to landfills.

"The landfilling of organic waste creates about five per cent of annual global greenhouse gas emissions and we need to get this to zero per cent," Dr Tepper says.




Organic by-products from sewage treatment -- municipal biosolids -- can be used as an alternative to synthetic fertiliser to grow crops and close nutrient cycles.

However Dr Tepper notes there are rising concerns about toxic chemicals in waste, including dangerous 'forever chemicals' such as per- and poly-fluoroalkyl substances (PFAS).

In developing countries, organic wastes dumped in open areas can contaminate water used for drinking or irrigation, attracting pests, spreading disease and degrading natural habitat, and farmers often burn leftover crop parts they can't use, causing air pollution.

Black soldier flies are already valued in waste management where they consume commercial organic wastes before being processed as 'insect biomass' into foods for domestic pets and commercial chicken and fish farmers.

But the Macquarie team believes genetic engineering could extend the usefulness of the black soldier fly, enabling them to turn waste inputs into enhanced animal feeds or valuable industrial raw materials.

The larvae could bio-manufacture industrial enzymes currently for use in livestock, textile, food and pharmaceutical industries and representing a global market worth billions of dollars annually.




The flies can also be engineered to generate specialised lipids for use in biofuels and lubricants, replacing fossil-fuel derived products.

Engineering insects to make industrial enzymes and lipids that are not used in food supply chains will expand the types of organic wastes that can be used, and the research team propose modifying the fly so it can digest contaminated organic wastes, sewage sludge, and other complex organic wastes.

"Even the fly-poo, called 'frass,' could be enhanced to improve fertiliser," Dr. Tepper says. "The flies could be engineered to clean up chemical contaminants in their frass, which can be applied as pollutant free fertiliser to grow crops and prevent contaminants entering our food supply chains."

Sustainable biomanufacturing

Senior author Dr Maciej Maselko, who heads an animal synthetic biology lab at Macquarie University's Applied BioSciences, says: "Insects will be the next frontier for synthetic biology applications, dealing with some of the huge waste-management challenges we haven't been able to solve with microbes."

Genetically engineered microbes require sterile environments to prevent contamination, along with lots of water and refined nutrient inputs.

"We can feed black soldier flies straight, dirty trash rather than sterilised or thoroughly pre-processed. When it is just chopped into smaller pieces black soldier flies will consume large volumes of waste a lot faster than microbes," Dr Maselko says.

The researchers suggest genetic engineering could piggyback on the existing framework, elevating the flies from simple waste processors to high-tech biomanufacturing platforms. In the paper the researchers outline a roadmap calling for better genetic engineering tools in key insects.

"Physical containment is part of a series of protections. We are also developing additional layers of genetic containment so that any escapees can't reproduce or survive in the wild," Dr Maselko says.

Commercialisation

Macquarie University in partnership with some members of the research team has filed patent applications related to black soldier fly biomanufacturing, already underway through a Macquarie University spin-out company, EntoZyme.

Dr Tepper says that the introduction of genetically engineered insects has potential, not just in the multi-billion dollar waste management market, but also in the production of a range of high-value industrial inputs.

"If we want a sustainable circular economy, the economics of that have to work," says Dr Tepper.

"When there is an economic incentive to implement sustainable technologies, such as engineering insects to get more value from waste products, that will help to drive this transition more rapidly."
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Engineers make tunable, shape-changing metamaterial inspired by vintage toys | ScienceDaily
Common push puppet toys in the shapes of animals and popular figures can move or collapse with the push of a button at the bottom of the toys' base. Now, a team of UCLA engineers has created a new class of tunable dynamic material that mimics the inner workings of push puppets, with applications for soft robotics, reconfigurable architectures and space engineering.


						
Inside a push puppet, there are connecting cords that, when pulled taught, will make the toy stand stiff. But by loosening these cords, the "limbs" of the toy will go limp. Using the same cord tension-based principle that controls a puppet, researchers have developed a new type of metamaterial, a material engineered to possess properties with promising advanced capabilities.

Published in Materials Horizons, the UCLA study demonstrates the new lightweight metamaterial, which is outfitted with either motor-driven or self-actuating cords that are threaded through interlocking cone-tipped beads. When activated, the cords are pulled tight, causing the nesting chain of bead particles to jam and straighten into a line, making the material turn stiff while maintaining its overall structure.

The study also unveiled the material's versatile qualities that could lead to its eventual incorporation into soft robotics or other reconfigurable structures:
    	The level of tension in the cords can "tune" the resulting structure's stiffness -- a fully taut state offers the strongest and stiffest level, but incremental changes in the cords' tension allow the structure to flex while still offering strength. The key is the precision geometry of the nesting cones and the friction between them.
    	Structures that use the design can collapse and stiffen over and over again, making them useful for long-lasting designs that require repeated movements. The material also offers easier transportation and storage when in its undeployed, limp state.
    	After deployment, the material exhibits pronounced tunability, becoming more than 35 times stiffer and changing its damping capability by 50%.
    	The metamaterial could be designed to self-actuate, through artificial tendons that trigger the shape without human control

"Our metamaterial enables new capabilities, showing great potential for its incorporation into robotics, reconfigurable structures and space engineering," said corresponding author and UCLA Samueli School of Engineering postdoctoral scholar Wenzhong Yan. "Built with this material, a self-deployable soft robot, for example, could calibrate its limbs' stiffness to accommodate different terrains for optimal movement while retaining its body structure. The sturdy metamaterial could also help a robot lift, push or pull objects."

"The general concept of contracting-cord metamaterials opens up intriguing possibilities on how to build mechanical intelligence into robots and other devices," Yan said.

A 12-second video of the metamaterial in action is available here, via the UCLA Samueli YouTube Channel.




Senior authors on the paper are Ankur Mehta, a UCLA Samueli associate professor of electrical and computer engineering and director of the Laboratory for Embedded Machines and Ubiquitous Robots of which Yan is a member, and Jonathan Hopkins, a professor of mechanical and aerospace engineering who leads UCLA's Flexible Research Group.

According to the researchers, potential applications of the material also include self-assembling shelters with shells that encapsulate a collapsible scaffolding. It could also serve as a compact shock absorber with programmable dampening capabilities for vehicles moving through rough environments.

"Looking ahead, there's a vast space to explore in tailoring and customizing capabilities by altering the size and shape of the beads, as well as how they are connected," said Mehta, who also has a UCLA faculty appointment in mechanical and aerospace engineering.

While previous research has explored contracting cords, this paper has delved into the mechanical properties of such a system, including the ideal shapes for bead alignment, self-assembly and the ability to be tuned to hold their overall framework.

Other authors of the paper are UCLA mechanical engineering graduate students Talmage Jones and Ryan Lee -- both members of Hopkins' lab, and Christopher Jawetz, a Georgia Institute of Technology graduate student who participated in the research as a member of Hopkins' lab while he was an undergraduate aerospace engineering student at UCLA.

The research was funded by the Office of Naval Research and the Defense Advanced Research Projects Agency, with additional support from the Air Force Office of Scientific Research, as well as computing and storage services from the UCLA Office of Advanced Research Computing.
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AI poses no existential threat to humanity, new study finds | ScienceDaily
ChatGPT and other large language models (LLMs) cannot learn independently or acquire new skills, meaning they pose no existential threat to humanity, according to new research from the University of Bath and the Technical University of Darmstadt in Germany.


						
The study, published today as part of the proceedings of the 62nd Annual Meeting of the Association for Computational Linguistics (ACL 2024) -- the premier international conference in natural language processing -- reveals that LLMs have a superficial ability to follow instructions and excel at proficiency in language, however, they have no potential to master new skills without explicit instruction. This means they remain inherently controllable, predictable and safe.

This means they remain inherently controllable, predictable and safe.

The research team concluded that LLMs -- which are being trained on ever larger datasets -- can continue to be deployed without safety concerns, though the technology can still be misused.

With growth, these models are likely to generate more sophisticated language and become better at following explicit and detailed prompts, but they are highly unlikely to gain complex reasoning skills.

"The prevailing narrative that this type of AI is a threat to humanity prevents the widespread adoption and development of these technologies, and also diverts attention from the genuine issues that require our focus," said Dr Harish Tayyar Madabushi, computer scientist at the University of Bath and co-author of the new study on the 'emergent abilities' of LLMs.

The collaborative research team, led by Professor Iryna Gurevych at the Technical University of Darmstadt in Germany, ran experiments to test the ability of LLMs to complete tasks that models have never come across before -- the so-called emergent abilities.




As an illustration, LLMs can answer questions about social situations without ever having been explicitly trained or programmed to do so. While previous research suggested this was a product of models 'knowing' about social situations, the researchers showed that it was in fact the result of models using a well-known ability of LLMs to complete tasks based on a few examples presented to them, known as `in-context learning' (ICL).

Through thousands of experiments, the team demonstrated that a combination of LLMs ability to follow instructions (ICL), memory and linguistic proficiency can account for both the capabilities and limitations exhibited by LLMs.

Dr Tayyar Madabushi said: "The fear has been that as models get bigger and bigger, they will be able to solve new problems that we cannot currently predict, which poses the threat that these larger models might acquire hazardous abilities including reasoning and planning.

"This has triggered a lot of discussion -- for instance, at the AI Safety Summit last year at Bletchley Park, for which we were asked for comment -- but our study shows that the fear that a model will go away and do something completely unexpected, innovative and potentially dangerous is not valid.

"Concerns over the existential threat posed by LLMs are not restricted to non-experts and have been expressed by some of the top AI researchers across the world."

However, Dr Tayyar Madabushi maintains this fear is unfounded as the researchers' tests clearly demonstrated the absence of emergent complex reasoning abilities in LLMs.

"While it's important to address the existing potential for the misuse of AI, such as the creation of fake news and the heightened risk of fraud, it would be premature to enact regulations based on perceived existential threats," he said.

"Importantly, what this means for end users is that relying on LLMs to interpret and perform complex tasks which require complex reasoning without explicit instruction is likely to be a mistake. Instead, users are likely to benefit from explicitly specifying what they require models to do and providing examples where possible for all but the simplest of tasks."

Professor Gurevych added: "... our results do not mean that AI is not a threat at all. Rather, we show that the purported emergence of complex thinking skills associated with specific threats is not supported by evidence and that we can control the learning process of LLMs very well after all. Future research should therefore focus on other risks posed by the models, such as their potential to be used to generate fake news."
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Scientists find oceans of water on Mars: It's just too deep to tap | ScienceDaily
Using seismic activity to probe the interior of Mars, geophysicists have found evidence for a large underground reservoir of liquid water -- enough to fill oceans on the planet's surface.


						
The data from NASA's Insight lander allowed the scientists to estimate that the amount of groundwater could cover the entire planet to a depth of between 1 and 2 kilometers, or about a mile.

While that's good news for those tracking the fate of water on the planet after its oceans disappeared more than 3 billion years ago, the reservoir won't be of much use to anyone trying to tap into it to supply a future Mars colony. It's located in tiny cracks and pores in rock in the middle of the Martian crust, between 11.5 and 20 kilometers below the surface. Even on Earth, drilling a hole a kilometer deep is a challenge.

The finding does pinpoint another promising place to look for life on Mars, however, if the reservoir can be accessed. For the moment, it helps answer questions about the geological history of the planet.

"Understanding the Martian water cycle is critical for understanding the evolution of the climate, surface and interior," said Vashan Wright, a former UC Berkeley postdoctoral fellow who is now an assistant professor at UC San Diego's Scripps Institution of Oceanography. "A useful starting point is to identify where water is and how much is there."

Wright, alongside colleagues Michael Manga of UC Berkeley and Matthias Morzfeld of Scripps Oceanography, detailed their analysis in a paper that will appear this week in the journal Proceedings of the National Academy of Sciences.

The scientists employed a mathematical model of rock physics, identical to models used on Earth to map underground aquifers and oil fields, to conclude that the seismic data from Insight are best explained by a deep layer of fractured igneous rock saturated with liquid water. Igneous rocks are cooled hot magma, like the granite of the Sierra Nevada.




"Establishing that there is a big reservoir of liquid water provides some window into what the climate was like or could be like," said Manga, a UC Berkeley professor of earth and planetary science. "And water is necessary for life as we know it. I don't see why [the underground reservoir] is not a habitable environment. It's certainly true on Earth -- deep, deep mines host life, the bottom of the ocean hosts life. We haven't found any evidence for life on Mars, but at least we have identified a place that should, in principle, be able to sustain life."

Manga was Wright's postdoctoral adviser. Morzfeld was a former postdoctoral fellow in UC Berkeley's mathematics department and is now an associate professor of geophysics at Scripps Oceanography.

Manga noted that lots of evidence -- river channels, deltas and lake deposits, as well as water-altered rock -- supports the hypothesis that water once flowed on the planet's surface. But that wet period ended more than 3 billion years ago, after Mars lost its atmosphere. Planetary scientists on Earth have sent many probes and landers to the planet to find out what happened to that water -- the water frozen in Mars' polar ice caps can't account for it all -- as well as when it happened, and whether life exists or used to exist on the planet.

The new findings are an indication that much of the water did not escape into space but filtered down into the crust.

The Insight lander was sent by NASA to Mars in 2018 to investigate the crust, mantle, core and atmosphere, and it recorded invaluable information about Mars' interior before the mission ended in 2022.

"The mission greatly exceeded my expectations," Manga said. "From looking at all the seismic data that Insight collected, they've figured out the thickness of the crust, the depth of the core, the composition of the core, even a little bit about the temperature within the mantle."

Insight detected Mars quakes up to about a magnitude of 5, meteor impacts and rumblings from volcanic areas, all of which produced seismic waves that allowed geophysicists to probe the interior.




An earlier paper reported that above a depth of about 5 kilometers, the upper crust did not contain water ice, as Manga and others suspected. That may mean that there's little accessible frozen groundwater outside the polar regions.

The new paper analyzed the deeper crust and concluded that the "available data are best explained by a water-saturated mid-crust" below Insight's location. Assuming the crust is similar throughout the planet, the team argued, there should be more water in this mid-crust zone than the "volumes proposed to have filled hypothesized ancient Martian oceans."

The Canadian Institute for Advanced Research, the National Science Foundation and the U.S. Office of Naval Research supported the work.
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Engineers bring efficient optical neural networks into focus | ScienceDaily
EPFL researchers have published a programmable framework that overcomes a key computational bottleneck of optics-based artificial intelligence systems. In a series of image classification experiments, they used scattered light from a low-power laser to perform accurate, scalable computations using a fraction of the energy of electronics.


						
As digital artificial intelligence systems grow in size and impact, so does the energy required to train and deploy them -- not to mention the associated carbon emissions. Recent research suggests that if current AI server production continues at its current pace, their annual energy consumption could outstrip that of a small country by 2027. Deep neural networks, inspired by the architecture of the human brain, are especially power-hungry due to the millions or even billions of connections between multiple layers of neuron-like processors.

To counteract this mushrooming energy demand, researchers have doubled down on efforts to implement optical computing systems, which have existed experimentally since the 1980s. These systems rely on photons to process data, and although light can theoretically be used to perform computations much faster and more efficiently than electrons, a key challenge has hindered optical systems' ability to surpass the electronic state-of-the art.

"In order to classify data in a neural network, each node, or 'neuron', must make a 'decision' to fire or not based on weighted input data. This decision leads to what is known as a nonlinear transformation of the data, meaning the output is not directly proportional to the input," says Christophe Moser, head of the Laboratory of Applied Photonics Devices in EPFL's School of Engineering.

Moser explains that while digital neural networks can easily perform nonlinear transformations with transistors, in optical systems, this step requires very powerful lasers. Moser worked with students Mustafa Yildirim, Niyazi Ulas Dinc, and Ilker Oguz, as well as Optics Laboratory head Demetri Psaltis, to develop an energy-efficient method for performing these nonlinear computations optically. Their new approach involves encoding data, like the pixels of an image, in the spatial modulation of a low-power laser beam. The beam reflects back on itself several times, leading to a nonlinear multiplication of the pixels.

"Our image classification experiments on three different datasets showed that our method is scalable, and up to 1,000 times more power-efficient than state-of-the-art deep digital networks, making it a promising platform for realizing optical neural networks," says Psaltis.

The research, supported by a Sinergia grant from the Swiss National Science Foundation, has recently been published in Nature Photonics.

A simple structural solution 




In nature, photons do not directly interact with each other the way charged electrons do. To achieve nonlinear transformations in optical systems, scientists have therefore had to 'force' photons to interact indirectly, for example by using a light intense enough to modify the optical properties of the glass or other material it passes through.

The scientists worked around this need for a high-power laser with an elegantly simple solution: they encoded the pixels of an image spatially on the surface of a low-power laser beam. By performing this encoding twice, via adjustment of the trajectory of the beam in the encoder, the pixels are multiplied by themselves, i.e., squared. Since squaring is a non-linear transformation, this structural modification achieves the non-linearity essential to neural network calculations, at a fraction of the energy cost. This encoding can be carried out two, three or even ten times, increasing the non-linearity of the transformation and the precision of the calculation.

"We estimate that using our system, the energy required to optically compute a multiplication is eight orders of magnitude less than that required for an electronic system," Psaltis says.

Moser and Psaltis emphasize that the scalability of their low-energy approach is a major advantage, as the ultimate goal would be to use hybrid electronic-optical systems to mitigate the energy consumption of digital neural networks. However, further engineering research is needed to achieve such scale-up. For example, because optical systems use different hardware than electronic systems, a next step that the researchers are already working on is developing a compiler to translate digital data into code that optical systems can use.
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Researchers find unexpectedly large methane source in overlooked landscape | ScienceDaily
When Katey Walter Anthony heard rumors of methane, a potent greenhouse gas, ballooning under the lawns of fellow Fairbanks residents, she nearly didn't believe it.


						
"I ignored it for years because I thought 'I am a limnologist, methane is in lakes,'" she said.

But when a local reporter contacted Walter Anthony, who is a research professor at the Institute of Northern Engineering at University of Alaska Fairbanks, to inspect the waterbed-like ground at a nearby golf course, she started to pay attention. Like others in Fairbanks, they lit "turf bubbles" on fire and confirmed the presence of methane gas.

Then, when Walter Anthony looked at nearby sites, she was shocked that methane wasn't just coming out of a grassland. "I went through the forest, the birch trees and the spruce trees, and there was methane gas coming out of the ground in large, strong streams," she said.

"We just had to study that more," Walter Anthony said.

With funding from the National Science Foundation, she and her colleagues launched a comprehensive survey of dryland ecosystems in Interior and Arctic Alaska to determine whether it was a one-off oddity or unforeseen concern.

Their study, published in the journal Nature Communications this July, reported that upland landscapes were releasing some of the highest methane emissions yet documented among northern terrestrial ecosystems. Even more, the methane consisted of carbon thousands of years older than what researchers had previously seen from upland environments.




"It's a totally different paradigm from the way anyone thinks about methane," Walter Anthony said.

Because methane is 25 to 34 times more potent than carbon dioxide, the discovery brings new concerns to the potential for permafrost thaw to accelerate global climate change.

The findings challenge current climate models, which predict that these environments will be an insignificant source of methane or even a sink as the Arctic warms.

Typically, methane emissions are associated with wetlands, where low oxygen levels in water-saturated soils favor microbes that produce the gas. Yet methane emissions at the study's well-drained, drier sites were in some cases higher than those measured in wetlands.

This was especially true for winter emissions, which were five times higher at some sites than emissions from northern wetlands.

Digging into the source

"I needed to prove to myself and everyone else that this is not a golf course thing," Walter Anthony said.




She and colleagues identified 25 additional sites across Alaska's dry upland forests, grasslands and tundra and measured methane flux at over 1,200 locations year-round across three years. The sites encompassed areas with high silt and ice content in their soils and signs of permafrost thaw known as thermokarst mounds, where thawing ground ice causes some parts of the land to sink. This leaves behind an "egg carton" like pattern of conical hills and sunken trenches.

The researchers found all but three sites were emitting methane.

The research team, which included scientists at UAF's Institute of Arctic Biology and the Geophysical Institute, combined flux measurements with an array of research techniques, including radiocarbon dating, geophysical measurements, microbial genetics and directly drilling into soils.

They found that unique formations known as taliks, where deep, expansive pockets of buried soil remain unfrozen year-round, were likely responsible for the elevated methane releases.

These warm winter havens allow soil microbes to stay active, decomposing and respiring carbon during a season that they normally wouldn't be contributing to carbon emissions.

Walter Anthony said that upland taliks have been an emerging concern for scientists because of their potential to increase permafrost carbon emissions. "But everyone's been thinking about the associated carbon dioxide release, not methane," she said.

The research team emphasized that methane emissions are especially high for sites with Pleistocene-era Yedoma deposits. These soils contain large stocks of carbon that extend tens of meters below the ground surface. Walter Anthony suspects that their high silt content prevents oxygen from reaching deeply thawed soils in taliks, which in turn favors microbes that produce methane.

Walter Anthony said it's these carbon-rich deposits that make their new discovery a global concern. Even though Yedoma soils only cover 3% of the permafrost region, they contain over 25% of the total carbon stored in northern permafrost soils.

The study also found through remote sensing and numerical modeling that thermokarst mounds are developing across the pan-Arctic Yedoma domain. Their taliks are projected to be formed extensively by the 22nd century with continued Arctic warming.

"Everywhere you have upland Yedoma that forms a talik, we can expect a strong source of methane, especially in the winter," Walter Anthony said.

"It means the permafrost carbon feedback is going to be a lot bigger this century than anybody thought," she said.
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Achieving quantum memory in the hard X-ray range | ScienceDaily
Light is an excellent carrier of information used not only for classical communication technologies but also increasingly for quantum applications such as quantum networking and computing. However, processing light signals is far more complex, compared to working with common electronic signals.


						
An international team of researchers including Dr. Olga Kocharovskaya, a distinguished professor in the Department of Physics and Astronomy at Texas A&M University, has demonstrated a novel way of storing and releasing X-ray pulses at the single photon level -- a concept first proposed in earlier theoretical work by Kocharovskaya's group -- that could apply to future X-ray quantum technologies.

The team's work, led by Helmholtz Institute Jena Professor Dr. Ralf Rohlsberger and performed using the synchrotron sources PETRA III at the German Electron Synchroton (DESY) in Hamburg and the European Synchrotron Radiation Facility in France, resulted in the first realization of quantum memory in the hard X-ray range. Their findings are published in the journal Science Advances.

"Quantum memory is an indispensable element of the quantum network, providing storage and retrieval of quantum information," said Kocharovskaya, a member of the Texas A&M Institute for Quantum Science and Engineering. "Photons are fast and robust carriers of quantum information, but it is difficult to hold them stationary in case this information is needed at a later time. A convenient way of doing this is by imprinting this information into a quasi-stationary medium in the form of polarization or spin wave with a long coherence time and releasing it back via re-emission of the original photons."

Kocharovskaya says several protocols for quantum memories have been established but are limited to optical photons and atomic ensembles. Using nuclear rather than atomic ensembles, she adds, delivers much longer memory times achievable even at high solid-state densities and room temperature. Those longer memory times are a direct result of the lower sensitivity of the nuclear transitions to perturbations by external fields, thanks to the small nuclei sizes. In combination with a tight focusing of the high-frequency photons, such approaches could lead to the development of long-lived broad-band compact solid-state quantum memories.

"The direct extension of the optical/atomic to X-ray/nuclear protocols proves to be challenging or impossible," explains Dr. Xiwen Zhang, a postdoctoral researcher in Kocharovskaya's group who participated in the experiment and co-authored the team's paper. "Thus, a new protocol was suggested in our earlier work."

According to Zhang, the idea behind the team's new protocol is very simple, at least in terms of quantum fundamentals. Essentially, a set of moving nuclear absorbers forms a frequency comb in the absorption spectrum due to the Doppler frequency shift caused by the motion. A short pulse with the spectrum matching a comb absorbed by such a set of nuclear targets will be re-emitted with the delay determined by the inverse Doppler shift as a result of the constructive interference between different spectral components.




"This idea was successfully realized in our current experiment featuring one stationary and six synchronously moving absorbers that have formed a seven-teeth frequency comb," Zhang added.

Zhang says nuclear coherence lifetime is the limiting factor that determines the maximum storage time for this type of quantum memory. For instance, using longer-lived isomers than the iron 57 isotope the team chose for their current study would result in a longer memory time.

Regardless, he notes that working at a single-photon level without losing information qualifies the nuclear frequency comb protocol as a quantum memory, which is a first for X-ray energies. The next steps planned by the team include on-demand release of the stored photon wave packets, which could lead to realization of the entanglement between different hard X-ray photons -- the main resource for quantum information processing. The team's research also highlights the potential for extending optical quantum technologies to the short wavelength range, which is intrinsically less "noisy" due to averaging of fluctuations over a large number of high-frequency oscillations.

Kocharovskaya says the challenging possibilities are intriguing and that she and her collaborators look forward to continuing to explore the potential of their tunable, robust and highly versatile platform to advance the field of quantum optics at X-ray energies in the near future.
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New technology uses light to engrave erasable 3D images | ScienceDaily
Dartmouth and Southern Methodist University researchers invented a technique that uses a specialized light projector and a photosensitive chemical additive to imprint two- and three-dimensional images inside any polymer. The light-based engraving remains in the polymer until heat or light are applied, which erases the image and makes it ready to use again. The technology is intended for any situation where having detailed, precise visual data in a compact and easily customizable format could be critical, such as planning surgeries and developing architectural designs.


						
Imagine if physicians could capture three-dimensional projections of medical scans, suspending them inside an acrylic cube to create a hand-held reproduction of a patient's heart, brain, kidneys, or other organs. Then, when the visit is done, a quick blast of heat erases the projection and the cube is ready for the next scan.

A new report in the journal Chem by researchers at Dartmouth and Southern Methodist University (SMU) outlines a technical breakthrough that could enable such scenarios, and others with widespread utility.

The study introduces a technique that uses a specialized light projector to imprint two-dimensional and 3D images inside any polymer that contains a photosensitive chemical additive the team developed. The light-based engraving remains in the polymer until heat is applied, which erases the image and makes it ready to use again.

In short, the researchers write with light and erase with heat or light, says Ivan Aprahamian, professor and chair of chemistry at Dartmouth and co-corresponding author on the paper. In test trials, the researchers produced high-resolution images in polymers ranging from thin films to six inches thick.

The technology is intended for any situation where having detailed, precise visual data in a compact and easily customizable format could be critical, Aprahamian says, such as planning surgeries and developing architectural designs. The device also could be used for generating 3D images for education and even creating art, he says.

"This is like 3D printing that is reversible," Aprahamian says. "You can take any polymer that has the optimal optic properties -- that is, it's translucent -- and enhance it with our chemical switch. Now that polymer is a 3D display. You do not need virtual reality headsets or complicated instrumentation. All you need is the right piece of plastic and our technology."

Readily available polymers -- such as an acrylic cube -- could be transformed into a display with the addition of the light-sensitive chemical "switch" formulated by Aprahamian and Qingkai Qi, a postdoctoral researcher at Dartmouth and the study's first author. The switch consists of a compound called azobenzene that reacts to light paired with boron difluoride, which enhances the switch's optical properties.




Once integrated with a polymer, the switch reacts to wavelengths of red and blue light beamed from a projector developed in the lab of Alex Lippert, professor of chemistry at SMU and co-corresponding author of the study. Study co-author Joshua Plank is a PhD candidate in Lippert's lab. The red light acts like ink by activating the chemical additive to create the image, Aprahamian says. Blue light can then be used to erase it.

The projector illuminates the treated polymer from different angles with various patterns of light, Lippert explains. The photosensitive chemical developed in Aprahamian's lab at Dartmouth is activated where these patterns intersect to produce 3D patterns. Creating 3D projections from 2D images such as a chest X-ray would mean projecting slices of the original image into a polymer cube or other shape until the slices combine to form the full 3D image, Lippert says.

The researchers have been able to produce animated images in polymers and future work revolves around improving that process. In the meantime, the technology reported in Chem could be developed for practical use in its current form, such as for industry or health care.

"Scaling up requires tuning the chemical switch properties to improve resolution, contrast, and refresh rate," Lippert says. "The projector system can in principle be scaled up and developed into a turnkey system with automated hardware and associated software for easy use."
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