
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Thursday, June 20, 2024

      

      
        
          	
            Latest Science News
          
          	50
        

        
          	
            All Top News
          
          	37
        

        
          	
            Health News
          
          	50
        

        
          	
            Technology News
          
          	50
        

        
          	
            Environment News
          
          	50
        

        
          	
            Society News
          
          	12
        

        
          	
            Strange &amp; Offbeat News
          
          	21
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            All Top News
          
        

      

      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.


      
        First conclusive evidence that a terrestrial leech species can jump
        A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century.

      

      
        Creation of a power-generating, gel electret-based device
        A team of researchers has developed a gel electret capable of stably retaining a large electrostatic charge. The team then combined this gel with highly flexible electrodes to create a sensor capable of perceiving low-frequency vibrations (e.g., vibrations generated by human motion) and converting them into output voltage signals. This device may potentially be used as a wearable healthcare sensor.

      

      
        Embryo and organoid models do not threaten the definition of personhood, bioethicist says
        Advances in organoids and embryonic models of human development have the potential to prompt social and existential questions --e.g., what defines human individuality? However, bioethicists say that these models have the potential to strengthen rather than weaken the concept of human individuality when considered within the philosophical frameworks of 'personhood' and sentience.

      

      
        New genetic cause of obesity could help guide treatment
        Scientists have discovered a new cause of why people who lack a specific blood group are genetically predisposed to be overweight or obese.

      

      
        Climate models underestimate carbon cycling through plants
        The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.

      

      
        Hurricane changed 'rules of the game' in monkey society
        A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.

      

      
        New catalyst unveils the hidden power of water for green hydrogen generation
        A team of scientists reports a new milestone for the sustainable production of green hydrogen through water electrolysis. Their new catalyst design harnesses so far unexplored properties of water to achieve, for the first time, an alternative to critical raw materials for water electrolysis at industrial-relevant conditions.

      

      
        Drugs for enlarged prostate may also protect against dementia with Lewy bodies
        Certain drugs commonly used to treat enlarged prostate may also decrease the risk for dementia with Lewy bodies (DLB), according to a new study. The researchers think that a specific side effect of the drugs targets a biological flaw shared by DLB and other neurodegenerative diseases, raising the possibility that they may have broad potential for treating a wide range of neurodegenerative conditions.

      

      
        Study finds one copy of protective genetic variant helps stave off early-onset Alzheimer's disease
        New research finds one copy of a protective genetic variant, APOE3 Christchurch, delayed onset of Alzheimer's disease for 27 members of a ~6,000-person family in Colombia at high risk for early-onset Alzheimer's in their 40s due to carrying the 'Paisa' (Presenilin-1 E280A) mutation. This work builds on a 2019 case report of a woman in this family who had two copies of the Christchurch variant and delayed Alzheimer's into her 70s. The new findings are the first to show that one copy of the variant...

      

      
        Combination targeted treatment produces lasting remissions in people with resistant aggressive B-cell lymphoma
        Researchers have developed a non-chemotherapy treatment regimen that is achieving full remissions for some people with aggressive B-cell lymphoma that has come back or is no longer responding to standard treatments. The five-drug combination targets multiple molecular pathways that diffuse large B-cell lymphoma (DLBCL) tumors use to survive.

      

      
        Titan's lakes may be shaped by waves
        Geologists studied Titan's shorelines and showed through simulations that coastlines of the moon's methane- and ethane-filled seas have likely been shaped by waves. Until now, scientists have found indirect and conflicting signs of wave activity, based on Cassini images of Titan's surface.

      

      
        New NOvA results add to mystery of neutrinos
        The international collaboration presented their first results with new data in four years, featuring a new low-energy sample of electron neutrinos and a dataset doubled in size.

      

      
        At least one in four US residential yards exceed new EPA lead soil level guideline
        Roughly one in four U.S. households have soil exceeding the new U.S. Environmental Protection Agency's lead screening levels of 200 parts per million (ppm), halved from the previous level of 400 ppm, a new study found. For households with exposure from multiple sources, the EPA lowered the guidance to 100 ppm; nearly 40% of households exceed that level, the study also found.

      

      
        Jupiter's great red spot is not the same one Cassini observed in 1600s
        Jupiter's iconic Great Red Spot has persisted for at least 190 years and is likely a different spot from the one observed by the astronomer Giovanni Domenico Cassini in 1665, a new study reports. The Great Red Spot we see today likely formed because of an instability in the planet's intense atmospheric winds, producing a long, persistent atmospheric cell, the study also finds.

      

      
        Rigorous new study debunks misconceptions about anemia, education
        In low- and middle-income countries, anemia reduction efforts are often touted as a way to improve educational outcomes and reduce poverty. A new study evaluates the relationship between anemia and school attendance in India, debunking earlier research that could have misguided policy interventions.

      

      
        Sound stimulation with precise timings can help understand brain wave functions
        Using sound to stimulate certain brain waves has the potential to help those with dementia or cognitive decline sleep better, reveals a new study. Sleep disturbances are a common feature in dementia and may affect up to half of people living with the condition.

      

      
        Wooden surfaces may have natural antiviral properties
        Viruses, including the coronavirus that causes COVID-19, can get passed from person to person via contaminated surfaces. But can some surfaces reduce the risk of this type of transmission without the help of household disinfectants? Wood has natural antiviral properties that can reduce the time viruses persist on its surface -- and some species of wood are more effective than others at reducing infectivity.

      

      
        Non-native plants and animals expanding ranges 100 times faster than native species
        An international team of scientists has recently found that non-native species are expanding their ranges many orders of magnitude faster than native ones, in large part due to inadvertent human help. Even seemingly sedentary non-native plants are moving at three times the speed of their native counterparts in a race where, because of the rapid pace of climate change and its effect on habitat, speed matters. To survive, plants and animals need to be shifting their ranges by 3.25 kilometers per ye...

      

      
        Treatment for autoimmune disorder acts on balance of immune cell types
        Autoimmune diseases cannot currently be cured, only treated, and this is also true for neuromyelitis optica spectrum disorder, which affects the central nervous system. A study of how the treatment acts on the immune system shows that it shifts the balance of types of immune cells. This finding may represent a step toward the development of personalized medicine for autoimmune diseases.

      

      
        Shining light on mental health in space science community
        The severity of anxiety and depressive symptoms in the planetary science community is greater than in the general U.S. population, according to a new study.

      

      
        Impacts of space travel on astronauts' eye health
        Gravitational changes experienced by astronauts during space travel can cause fluids within the body to shift. This can cause changes to the cardiovascular system, including vessels in and around the eyes. These fluid shifts may be related to a phenomenon known as Spaceflight Associated Neuro-ocular Syndrome (SANS), which can cause astronauts to experience changes in eye shape and other ocular symptoms.

      

      
        'Time cells' in the brain are critical for complex learning, study shows
        They're more than a simple clock, and understanding these cells' activity could ultimately aid in early detection of neurodegenerative diseases.

      

      
        Women who experience depression during pregnancy or after birth have higher risk of cardiovascular disease
        Women diagnosed with perinatal depression are more likely to develop cardiovascular disease in the following 20 years compared to women who have given birth without experiencing perinatal depression. The study is the first of its kind to look at cardiovascular health after perinatal depression and included data on around 600,000 women. It found the strongest links with risks of high blood pressure, ischemic heart disease and heart failure.

      

      
        A new tuberculosis vaccine candidate recombinant protein with additional post-translational modifications occurring in Mycobacterium tuberculosis cells
        Tuberculosis is a serious health threat, and the efficacy of the BCG vaccine against tuberculosis diminishes in adulthood, making booster vaccines a realistic option. Mycobacterial DNA-binding protein 1 (MDP1), a protein found in Mycobacterium tuberculosis, elicits higher protective IFN-gamma responses in individuals who suppress tuberculosis, thus making it a vaccine candidate.

      

      
        Unlocking heart health: Advancing noninvasive monitoring in chimpanzees
        Measuring the heart rate of great apes in captivity is essential for both health management and animal studies. However, existing most methods are either invasive or inaccurate. Now, researchers have investigated the potential of using millimeter-wave radar technology to estimate heart rate from subtle body movements in chimpanzees. Their efforts will hopefully pave the way to better practices and techniques for monitoring heart rates in wild and captive primates.

      

      
        Blessing in disguise: Mycoviruses enhance fungicide effectiveness against plant pathogens
        Researchers discovered that mycoviruses, or oomycete viruses, can increase the sensitivity of plant pathogenic oomycete to fungicides like metalaxyl. Their findings suggest greater potential for mycoviruses in biocontrol and contributing to sustainable agriculture.

      

      
        Transforming inexpensive quinolines into complex drug candidates
        An innovative synthesis strategy opened up the way to 2D/3D fused frameworks using inexpensive quinolines as feedstock, report scientists. By leveraging a light-sensitive borate intermediate, the scientists could transform quinoline derivatives into a great variety of 2D/3D fused frameworks in a straightforward and cost-effective manner. Their findings are expected to enable the synthesis of highly customizable drug candidates.

      

      
        More effective cancer treatment with iontronic pump
        When low doses of cancer drugs are administered continuously near malignant brain tumors using so-called iontronic technology, cancer cell growth drastically decreases. Researchers demonstrated this in experiments with bird embryos. The results are one step closer to new types of effective treatments for severe cancer forms.

      

      
        Interaction with insects accelerates plant evolution
        Researchers have discovered that plants benefit from a greater variety of interactions with pollinators and herbivores. Plants that are pollinated by insects and have to defend themselves against herbivores have evolved to be better adapted to different types of soil.

      

      
        A railroad of cells
        Looking under the microscope, a group of cells slowly moves forward in a line, like a train on the tracks. The cells navigate through complex environments. A new approach now shows how they do this and how they interact with each other.

      

      
        Much of the Nord Stream gas remained in the sea
        Much of the methane released into the southern Baltic Sea from the Nord Stream gas pipeline has remained in the water. This is shown by measurements taken by researchers from the University of Gothenburg.

      

      
        New technology provides electrifying insights into how catalysts work at the atomic level
        A team has invented a technique to study electrochemical processes at the atomic level with unprecedented resolution. They have already used it to discover a surprising phenomena in a popular catalyst material and plan to apply their technology to studying a wide variety of electrochemical systems including batteries, fuel cells, and solar fuel generators. The insights could lead to more efficient and durable devices.

      

      
        Researchers create new class of materials called 'glassy gels'
        Researchers have created a new class of materials called 'glassy gels' that are very hard and difficult to break despite containing more than 50% liquid. Coupled with the fact that glassy gels are simple to produce, the material holds promise for a variety of applications.

      

      
        Tabulae Paralytica: Mapping the biology of spinal cord injury in unprecedented detail
        Scientists have achieved a significant research milestone in the field of spinal cord injuries -- mapping out the cellular and molecular dynamics of paralysis in unprecedented detail with their open-source project 'Tabulae Paralytica'. Gr goire Courtine and his team have integrated cutting-edge cell and molecular mapping technologies with artificial intelligence to chart the complex molecular processes that unfold in each cell after spinal cord injuries (SCI). This seminal work not only identifie...

      

      
        When in drought: Researchers map which parts of the Amazon are most vulnerable to climate change
        Some areas of the Amazon rainforest are more resilient to drought than others, new research shows. But if not managed carefully, we could 'threaten the integrity of the whole system,' researchers say.

      

      
        Mirror-image chemicals may revolutionize drug delivery
        More than 130 years after cyclodextrins were first discovered and reported, a team of scientists has created chemical mirror images of these complex carbohydrates in the laboratory. This discovery may revolutionize how medications are delivered to patients.

      

      
        Is coffee good for you or bad for you?
        The effects of coffee consumption on human health is a knotty question, but one thing is sure: coffee is a psychoactive substance.

      

      
        Researchers leverage shadows to model 3D scenes, including objects blocked from view
        A new technique can model an entire 3D scene, including areas hidden from view, from just one camera image. The method relies on image shadows, which provide information about the geometry and location of hidden objects.

      

      
        New 3D technique reveals precancerous pancreatic lesions
        Researchers have developed a 3D genomic profiling technique to identify small precancerous lesions in the pancreas -- called pancreatic intraepithelial neoplasias (PanINs) -- that lead to one of the most aggressive, deadly pancreatic cancers.

      

      
        Researchers find disparities in outcomes of hospice discharges
        Black patients who leave hospice care and patients with short stays in hospice care are at increased risks for being admitted to a hospital after being discharged from hospice, according to researchers.

      

      
        What happens when neutron stars collide?
        New simulations show that hot neutrinos created at the interface of merging binary neutron stars are briefy trapped and remain out of equilibrium with the cold cores of the stars for 2 to 3 milliseconds.

      

      
        Discovery of 'new rules of the immune system' could improve treatment of inflammatory diseases, say scientists
        A single large population of healer cells, called regulatory T cells, is whizzing around our body -- not multiple specialist populations restricted to specific parts of the body as previously thought. These cells shut down inflammation and repair the collateral damage to cells caused after our immune system has responded to injury or illness. Tests, in mice, of a drug developed by the researchers showed that regulatory T cells can be attracted to specific body parts, boosted in number, and activa...

      

      
        Odors are encoded in rings in the brain of migratory locusts
        Researchers describe how odors are encoded in the antennal lobe, the olfactory center in the brain of migratory locusts. Using transgenic locusts and imaging techniques, the researchers were able to show a ring-shaped representation of odors in the brain. The pattern of olfactory coding in the antennal lobe is the same at all stages of locust development. A better understanding of olfactory coding in the locust brain should help to learn more about how the behavior of these insects is controlled,...

      

      
        The declining diet of Japan's youth
        Researchers performed a study to quantify highly processed food consumption and to investigate its association with diet quality among Japanese children and adolescents. Highly processed foods (HPFs) accounted for over one-fourth of the total energy intake amongst youths. Consumption was negatively associated with the intake of healthy foods, such as fruits, vegetables and pulses, and positively associated with the consumption of confectioneries.

      

      
        How targeted nutrients can fight cancer
        An international research team has discovered a new way to effectively treat cancer, by using nutrients to reactivate suppressed metabolic pathways in cancer cells.

      

      
        Fishy parenting? Punishing offspring encourages cooperation
        Scientists discovered that Neolamprologus savoryi fish use punishment to encourage offspring to cooperate in brood care, revealing advanced cognitive abilities previously thought unique to higher vertebrates. This study highlights that punishment for promoting cooperation exists beyond human societies, prompting a reevaluation of animal intelligence.

      

      
        Rethinking English essay scores: The argument for argument over grammar
        To get high scores at essay writing tests, learners of English as a foreign language need to focus on good arguments more than on complex grammar. The finding challenges conventional approaches to test preparation and scoring rubrics.

      

      
        Tight-knit communities can prevent environmental progress
        New research indicates that strong community bonds could hinder rather than help environmental initiatives.

      

      
        Researchers uncover mechanism that fuels growth of aggressive B-cell lymphoma
        Researchers have discovered a molecular mechanism whose genetic disruption boosts the growth of the most common type of lymphoma.

      

      
        Cancer survivors are at increased risk of disease throughout life
        Researchers have surveyed people under the age of 25 who have had cancer since 1958. The study shows that cancer survivors are at greater risk for cardiovascular diseases, other cancers and other diagnoses later in life. In addition, the researchers saw that socioeconomic factors played a role in survival.
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First conclusive evidence that a terrestrial leech species can jump | ScienceDaily
A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century. Researchers from the American Museum of Natural History, Fordham University, and City University of New York (CUNY)'s Medgar Evers College published the footage and corresponding analysis today in the journal Biotropica.


						
"We believe this is the first convincing evidence that leeches can jump and do so with visible energy expenditure," said lead author Mai Fahmy, a visiting scientist at the Museum and a postdoctoral researcher at Fordham University. "There have been previous accounts of leeches jumping, including onto people, but those reports were often explained away as leeches just attaching to passerby as they brushed against shrubs or dropping from a branch above. This study dispels that argument."

During two separate expeditions to Madagascar in 2017 and in 2023, Fahmy recorded footage of leeches from the genus Chtonobdella coiling back on a leaf and then taking off. Fahmy and coauthor Michael Tessler, an assistant professor at CUNY's Medgar Evans College and a research associate at the Museum, compare this motion to a "backbending cobra," or to a spring being pulled back. In both cases, the leech keeps its body extended as it soars through the air to the ground, in a notable departure from their usual inchworm-like movements.

"Essentially, it executes a graceful jump but with a seemingly hard landing," Tessler said.

Several other worm-like invertebrates can jump, including the legless larvae of gall midges (Asphondylia sp.), which assume a loop posture before propelling themselves into the air, the larvae of Mediterranean fruit flies (Ceratitis capitata), "skipper flies" (Prochyliza xanthostoma), and several caterpillars, including Lymantria monacha and Orgyia leucostigma. While naturalists and leech biologists have long argued about the ability of terrestrial leeches in the family Haemadipsidae to jump, with some making observations of leeches leaping in their travel notes, there has been little concrete evidence until now.

Fahmy collected the jumping leech she observed on the 2023 trip, and the researchers identified it as Chtonobdella fallax, a common species in Madagascar. The larger Chtonobdella group of leeches to which C. fallax belongs can be found across Madagascar, the Seychelles, the Malay Archipelago, and the South Pacific Islands.

"We do not know how often this may happen or whether these leeches use this ability to seek out hosts, but, given that we caught multiple jumps in two short recordings, this behavior may be common for this species," said Tessler, who studied leeches extensively as a graduate student in the comparative biology Ph.D. program at the Museum's Richard Gilder Graduate School.

Understanding overall leech behavior is also important to conservation efforts because leeches -- and more specifically, their blood meals -- are increasingly being collected to survey vertebrate biodiversity.

"If we can identify how leeches find and attach to hosts, we can better understand the results of their gut content analyses," Fahmy said. "Leeches are also often overlooked and understudied, and, as a natural part of the ecosystem, leeches themselves may be in need of conservation protection."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240620152253.htm
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Creation of a power-generating, gel electret-based device | ScienceDaily
A team of researchers from NIMS, Hokkaido University and Meiji Pharmaceutical University has developed a gel electret capable of stably retaining a large electrostatic charge. The team then combined this gel with highly flexible electrodes to create a sensor capable of perceiving low-frequency vibrations (e.g., vibrations generated by human motion) and converting them into output voltage signals. This device may potentially be used as a wearable healthcare sensor.


						
Interest in the development of soft, lightweight, power-generating materials has been growing in recent years for use in soft electronics designed for various purposes, such as healthcare and robotics. Electret materials capable of stably retaining electrostatic charge may be used to develop vibration-powered devices without external power sources. NIMS has been leading efforts to develop a low-volatility, room-temperature alkyl-p liquid composed of a p-conjugated dye moiety and flexible yet branched alkyl chains (a type of hydrocarbon compound). The alkyl-p liquids exhibit excellent charge retention properties, can be applied to other materials (e.g., through painting and impregnation) and are easily formable. However, when these liquids have been combined with electrodes to create flexible devices, they have proven difficult to immobilize and seal, resulting in leakage issues. Moreover, the electrostatic charge retention capacities of alkyl-p liquids needed to be increased in order to improve their power generation capabilities.

The research team recently succeeded in creating an alkyl-p gel by adding a trace amount of a low-molecular-weight gelator to an alkyl-p liquid. The elastic storage modulus of this gel was found to be 40 million times that of its liquid counterpart, and it could be simplified fixation and sealed. Moreover, the gel-electret obtained by charging this gel achieved a 24% increase in charge retention compared to the base material (i.e., the alkyl-p liquid), thanks to the improved confinement of electrostatic charges within the gel. The team then combined flexible electrodes with the gel-electret to create a vibration sensor. This sensor was able to perceive vibrations with frequencies as low as 17 Hz and convert them into an output voltage of 600 mV -- 83% higher than the voltage generated by an alkyl-p liquid electret-based sensor.

In future research, the team aims to develop wearable sensors capable of responding to subtle vibrations and various strain deformations by further improving the charging electret characteristics (i.e., charge capacity and charge life) and strength of the alkyl-p gel. Additionally, since this gel is recyclable and reusable as a vibration sensor material, its use is expected to help promote a circular economy.
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Embryo and organoid models do not threaten the definition of personhood, bioethicist says | ScienceDaily
Advances in organoids and embryonic models of human development have the potential to prompt social and existential questions -- e.g., what defines human individuality? However, bioethicist Insoo Hyun of Harvard Medical School and the Museum of Science in Boston says that these models have the potential to strengthen rather than weaken the concept of human individuality when considered within the philosophical frameworks of "personhood" and sentience. In a commentary publishing June 20 in the journal Cell, Hyun argues that despite huge advances, we are a long way off from developing technologies that would enable embryo models or organoids to achieve personhood.


						
"In the process of illuminating these biological mysteries, human stem-cell-based modeling could recast much of what we take to be special about ourselves as simply a reproducible series of physical events," writes Hyun. "Could these new technologies change our view of ourselves? What does it mean for individuality, for example, if the early embryonic history of each cell line donor can be replayed again and again through the artificial generation of identical human embryo models?"

To answer these questions, Hyun dives into the philosophical concepts of personhood and sentience.

To be a person rather than simply an individual, one must possess the ability to make rational decisions and act thoughtfully on desires. Hyun notes that it is the embryo's potential to become a person, not its current personhood, that matters to most human embryo advocates, and similar issues surround patients at the end of life. However, this potential hinges not only on the embryo's or end-of-life patient's biology, but also on their technological and circumstantial situation.

"Ex corporeal embryos, for example, must not only be genetically and morphologically robust to have a biological chance at becoming a human person, but, just as crucially, they must also be chosen -- normally by those for whom they were created -- to be implanted into a woman's uterus and carried to term," writes Hyun. "Likewise for patients at the end of life. Not only must they have the biological potential for their brains to recover functioning, but they must also be cared for in a hospital setting by decision makers who have the right technologies at their disposal."

For embryos used in research rather than for assisted reproductive purposes, the circumstantial potential for them to become a person is non-existent. Similarly, though organoids can self-assemble and carry out many of the functions of human organs on a small scale, there is no possibility that they could self-assemble into an independently functioning and conscious individual.

"Since the cognitive bar is set so high for personhood, it seems premature to worry about whether brain organoids, neurological chimeras, or embryo models deserve the ethical protections normally afforded to persons," Hyun writes. "The science simply is not there to support these concerns now and would have to depend on major technical innovations to get there in the future. Not even the most extreme forms of human-to-nonhuman neurological chimerism that one could imagine would support fears about personhood emerging in acutely altered animals."

Likewise, current in vitro embryo and organoid models are far from reaching sentience -- the ability to have sensory experiences like pleasure and pain -- which is thought to arise in human fetuses after 24 gestational weeks. The only case in which organoids are likely to experience sentience is when they are transplanted into a living animal model, for example the recent study by Stanford researchers that transplanted human brain organoids into rats -- but rats are already considered sentient, and the ethics of such studies are already scrutinized as such.

"In response to the question of whether new technologies for human developmental modeling could destabilize our view of ourselves, the answer is no, not if we remain mindful of the bedrock distinctions between biological individuals and persons, biological and circumstantial potentiality, and sentient and non-sentient biological individuals," writes Hyun. "Rather than weakening the grounds for which we value human life, perhaps an increased familiarity with developmental models could strengthen our beliefs by reminding us of what really matters-the wellbeing of actual persons and sentient individuals."
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New genetic cause of obesity could help guide treatment | ScienceDaily
Scientists have discovered a new cause of why people who lack a specific blood group are genetically predisposed to be overweight or obese.


						
A team of international researchers, led by the University of Exeter, discovered that people with a genetic variant that disables the SMIM1 gene have higher body weight because they expend less energy when at rest.

SMIM1 was only identified 10 years ago, whilst searching for the gene encoding a specific blood group, known as Vel. One in 5,000 people lack both copies of the gene, making them Vel-negative. The findings from the new research suggest that this group is also more likely to be overweight, a conclusion which could one day lead to new treatments. The team now hopes to test whether a cheaply and widely available drug for thyroid dysfunction may be effective in treating obesity in people who lack both copies of SMIM1.

The study also found that people without both copies of the gene have other measures linked to obesity including high levels of fat in the blood, signs of fat tissue dysfunction, increased liver enzymes as well as lower levels of thyroid hormones.

The new research is published in Med and was funded by the National Institute for Health and Care Research and the British Heart Foundation. The collaboration included partners at the University of Cambridge, the Sanger Institute, the Copenhagen University in Denmark, and the Lund University in Sweden.

Lead author Mattia Frontini, Associate Professor of Cell Biology at the University of Exeter Medical School, said: "Obesity rates have nearly tripled in the past 50 years, and by 2030, more than one billion individuals worldwide are projected to be obese. The associated diseases and complications create significant economic burden on healthcare systems. Obesity is due to an imbalance between energy intake and expenditure, often a complex interplay of lifestyle, environmental, and genetic factors. In a small minority of people, obesity is caused by genetic variants. When this is the case, new treatments can sometimes be found to benefit these people -- and we're now hoping to run a clinical trial to find out whether widely-available drug for thyroid supplementation may be beneficial in treating obesity in people who lack SMIM1."

"Our findings highlight the need to investigate the genetic cause of obesity, to select the most appropriate and effective treatment, but also to reduce the social stigma associated to it."

To make the discovery, the team analysed the genetics of nearly 500,000 participants in the UK Biobank cohort, identifying 104 people with the variant that leads to loss of function in the SMIM1 gene (46 females and 44 males). The team also used the NIHR National BioResource to obtain fresh blood samples from both Vel negative and positive individuals.The NIHR National BioResource worked in partnership with NHS Blood and Transplant (NHSBT) -- which includes more than 100,000 blood donors who signed up to support genetic research studies. Extrapolating the frequencies identified in these cohorts would mean the SMIM1 variant could be a significant factor contributing to obesity for around 300,000 people across the world.




The team interrogated the effects they found in four additional cohorts of people with the SMIM1 gene variant.  They found that having the variant had an impact on weight, equating to an average extra 4.6kg in females and 2.4kg in males.

Co-author Jill Storry, Adjunct Professor at Lund University, Sweden, said: "SMIM1 was only discovered a decade ago, as a long-sought blood group protein on red blood cells, but its other function has remained unknown until now. It's very exciting to find that it has a more general role in human metabolism."

Co-author Professor Ole Pedersen, at University of Copenhagen, Denmark, said: "The whole team is very much looking forward to seeing how this new knowledge can be translated into practical solutions for people with this genetic make-up."

First author Dr Luca Stefanucci, at the University of Cambridge, said: "With the increased availability of genetic data, and more information on SMIM1 mechanism, we would like to see that when individuals lacking SMIM1 are identified, they receive information and support."
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Climate models underestimate carbon cycling through plants | ScienceDaily
The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.


						
The findings have implications for our understanding of the role of nature in mitigating climate change, including the potential for nature-based carbon removal projects such as mass tree-planting.

The research, carried out by an international team led by Dr Heather Graven at Imperial College London and published today in Science, reveals that existing climate models underestimate the amount of carbon dioxide (CO2) that is taken up by vegetation globally each year, while overestimating how long that carbon remains there.

Dr Graven, Reader in Climate Physics in Imperial's Department of Physics, said: "Plants across the world are actually more productive than we thought they were."

The findings also mean that while carbon is taken up by plants quicker than thought, the carbon is also locked up for a shorter time, meaning carbon from human activities will be released back into the atmosphere sooner than previously predicted.

Dr Graven added: "Many of the strategies being developed by governments and corporations to address climate change rely on plants and forests to draw down planet-warming CO2 and lock it away in the ecosystem.

"But our study suggests that carbon stored in living plants does not stay there as long as we thought. It emphasises that the potential for such nature-based carbon removal projects is limited, and fossil fuel emissions need to be ramped down quickly to minimise the impact of climate change."

Using carbon




Until now, the rate at which plants use CO2 to produce new tissues and other parts globally -- a measure known as Net Primary Productivity -- has been approximated by scaling up data from individual sites. But the sparsity of sites with comprehensive measurements means it has not been possible to accurately calculate Net Primary Productivity globally.

Plants' productivity has been increasing since the early 1900s and more CO2 is currently taken up by plants than is released back to the air. Researchers know that approximately 30% of CO2 emissions by human activities are therefore stored in plants and soils each year, reducing climate change and its impacts.

However, the details of how this storage happens, and its stability into the future, are not yet well understood.

In this study, radiocarbon (14C) -- a radioactive isotope of carbon -- was combined with model simulations to understand how plants use CO2 at a global scale, unlocking valuable insights into the interaction between the atmosphere and the biosphere.

Tracking carbon from bomb tests 

Radiocarbon is produced naturally, but nuclear bomb testing in the 1950s and 1960s increased the level of 14C in the atmosphere. This extra 14C was available to plants globally, giving researchers a good tool to measure how fast they could take it up.




By examining the accumulation of 14C in plants between 1963 and 1967 -- a period when there were no significant nuclear detonations and the total 14C in the Earth system was relatively constant -- the authors could assess how quickly carbon moves from the atmosphere to vegetation and what happens to it once it's there.

The results show that current, widely used models that simulate how land and vegetation interact with the atmosphere underestimate the Net Primary Productivity of plants globally. The results also show that the models overestimate the storage time of carbon in plants.

Role of the biosphere

Co-author Dr Charles Koven, from Lawrence Berkeley National Laboratory, USA, said: "These observations are from a unique moment in history, just after the peak of atomic weapons testing in the atmosphere in the 1960s.

"The observations show that the growth of plants at the time was faster than current climate models estimate that it was. The significance is that it implies that carbon cycles more rapidly between the atmosphere and biosphere than we have thought, and that we need to better understand and account for this more rapid cycling in climate models."

The authors say the research demonstrates the need to improve theories about how plants grow and interact with their ecosystems, and to adjust global climate models accordingly, to better understand how the biosphere is mitigating climate change.

Co-author Dr Will Wieder, from the National Center for Atmospheric Research, USA, said: "Scientists and policymakers need improved estimates of historical land carbon uptake to inform projections of this critical ecosystem service in future decades. Our study provides critical insights into terrestrial carbon cycle dynamics, which can inform models that are used for climate change projections."

The work highlights the usefulness of radiocarbon measurements in helping to unpick the complexities of the biosphere. The study's authors include German physicist Ingeborg Levin, a pioneer in radiocarbon and atmospheric research, who sadly died in February.
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Hurricane changed 'rules of the game' in monkey society | ScienceDaily
A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.


						
Hurricane Maria hit Puerto Rico in 2017, killing more than 3,000 people. It also destroyed 63% of vegetation on Cayo Santiago (also known as Monkey Island), which is home to a population of rhesus macaques.

Even now, tree cover remains far below pre-hurricane levels and -- in this hot part of the world -- that makes shade a scarce and precious resource for the macaques.

The new study, led by the universities of Pennsylvania and Exeter and published in the journal Science, shows the storm damage altered the evolutionary benefits of tolerating others and sharing shade -- giving a survival advantage to tolerant macaques.

With many ecosystems changing rapidly due to human activity, this study is an example of a species adapting its social strategy to survive.

"In response to the drastic changes caused by the hurricane, macaques persistently increased tolerance and decreased aggression towards each other," said Dr Camille Testard, from the University of Pennsylvania.

"This enabled more macaques to access scarce shade, which is critical for survival."

Dr Testard added: "We examined 10 years of data on the strength and number of macaques' social ties, before and after the hurricane.




"Before the hurricane, tolerating others had no impact on risk of death.

"Afterwards, macaques that displayed more than average social tolerance -- and were therefore better able to share shade -- were 42% less likely to die than those that were less tolerant."

This represents a sudden change in "selection pressure" -- the evolutionary benefits or costs of different traits or behaviours.

Social behaviour was assessed by recording aggression and how often individuals were seen sitting together.

"Macaques aren't the best at sharing resources -- be they food or shade. They are well known to live in an aggressive, highly competitive society," said Professor Lauren Brent, from the University of Exeter.

"But in the heat caused by ecological changes, often around 40C, the macaques had to share space or die."

Dr Testard added: "To access shade, they need to tolerate -- and be tolerated by -- others, and we found that this tolerance spills over into other daily interactions.




"Macaques that began sharing shade also spend time together in the mornings, before the day's heat forces them to seek shade.

"In effect, the hurricane changed the rules of the game in the monkeys' society."

Professor Brent added: "For group-living animals, social relationships may allow them to cope with disturbances in the environment, including human-induced climate change.

"We were surprised the macaques' social behaviour was so flexible, making them resilient to this environmental change, but some species may not display this same flexibility."

The research team included Arizona State University and New York University.

Funders included the National Institutes of Health, the European Research Council, the National Science Foundation and the Royal Society.

The paper is entitled: "Ecological disturbance alters the adaptive benefits of social ties."
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New catalyst unveils the hidden power of water for green hydrogen generation | ScienceDaily
Hydrogen is a promising chemical and energy vector to decarbonize our society. Unlike conventional fuels, hydrogen utilization as a fuel does not generate carbon dioxide in return. Unfortunately, today, most of the hydrogen that is produced in our society comes from methane, a fossil fuel. It does so in a process (methane reforming) that leads to substantial carbon dioxide emissions. Therefore, the production of green hydrogen requires scalable alternatives to this process.


						
Water electrolysis offers a path to generate green hydrogen which can be powered by renewables and clean electricity. This process needs cathode and anode catalysts to accelerate the otherwise inefficient reactions of water splitting and recombination into hydrogen and oxygen, respectively. From its early discovery in the late 18th century, the water electrolysis has matured into different technologies. One of the most promising implementations of water electrolysis is the proton-exchange-membrane (PEM), which can produce green hydrogen combining high rates and high energy efficiency.

To date, water electrolysis, and in particular PEM, has required catalysts based on scarce, rare elements, such as platinum and iridium, among others. Only a few compounds combine the required activity and stability at the harsh chemical environment imposed by this reaction. This is specially challenging in the case of anode catalysts, which have to operate at highly corrosive acidic environments -- conditions where only iridium oxides have shown stable operation at the required industrial conditions. But iridium is one of the scarcest elements on earth.

In search for possible solutions, a team of scientists has recently taken an important step to find alternatives to iridium catalysts. This multidisciplinary team has managed to develop a novel way to confer activity and stability to an iridium-free catalyst by harnessing so far unexplored properties of water. The new catalyst achieves, for the first time, stability in PEM water electrolysis at industrial conditions without the use of iridium.

This breakthrough, published in Science, has been carried out by ICFO researchers Ranit Ram, Dr. Lu Xia, Dr. Anku Guha, Dr. Viktoria Golovanova, Dr. Marinos Dimitropoulos, Aparna M. Das and Adrian Pinilla-Sanchez, and led by Professor at ICFO Dr. F. Pelayo Garcia de Arquer; and includes important collaborations from the Institute of Chemical Research of Catalonia (ICIQ), The Catalan Institute of Science and Technology (ICN2), French National Center for Scientific Research (CNRS), Diamond Light Source, and the Institute of Advanced Materials (INAM).

Dealing with the acidity

Combining activity and stability in highly acidic environment is challenging. Metals from the catalyst tend to dissolve, as most materials are not thermodynamically stable at low pH and applied potential, in a water environment. Iridium oxides combine activity and stability at these harsh conditions, and that is why they are the prevalent choice for anodes in proton-exchange water electrolysis.




The search for alternatives to iridium is not only an important applied challenge, but a fundamental one. Intense research on the look for non-iridium catalysts has led to new insights on the reaction mechanisms and degradation, especially with the use of probes that could study the catalysts during operation combined with computational models. These led to promising results using manganese and cobalt oxide-based materials, and exploiting different structures, composition, and dopants, to modify the physicochemical properties of the catalysts.

While insightful, most of these studies were performed in fundamental not-scalable reactors and operating at softer conditions that are far from the final application, especially in terms of current density. Demonstrating activity and stability with non-iridium catalysts in PEM reactors and at PEM-relevant operating conditions (high current density) had to date remained elusive.

To overcome this, the ICFO, ICIQ, ICN2, CNRS, Diamond Light Source and INAM researchers came up with a new approach in the design of non-iridium catalysts, achieving activity and stability in acid media. Their strategy, based on cobalt (very abundant and cheap), was quite different to the common paths.

"Conventional catalyst design typically focuses on changing the composition or the structure of the employed materials. Here, we took a different approach. We designed a new material that actively involves the ingredients of the reaction (water and its fragments) in its structure. We found that the incorporation of water and water fragments into the catalyst structure can be tailored to shield the catalyst at these challenging conditions, thus enabling stable operation at the high current densities that are relevant for industrial applications," explains Professor at ICFO, Garcia de Arquer. With their technique, consisting in a delamination process that exchanges part of the material by water, the resulting catalyst present as a viable alternative to iridium-based catalysts.

A new approach: the delamination process

To obtain the catalyst, the team looked into a particular cobalt oxide: cobalt-tungsten oxide (CoWO4), or in short CWO. On this starting material, they designed a delamination process using basic water solutions whereby tungsten oxides (WO42-) would be removed from the lattice and exchanged by water (H2O) and hydroxyl (OH-) groups in a basic environment. This process could be tuned to incorporate different amount of H2O and OH- into the catalyst, which would then be incorporated onto the anode electrodes.




The team combined different photon-based spectroscopies to understand this new class of material during operation. Using infrared Raman and x-rays, among others, they were able to assess the presence of trapped water and hydroxyl groups, and to obtain insights on their role conferring activity and stability for water splitting in acid. "Being able to detect the trapped water was really challenging for us," continues leading co-author Dr. Anku Guha. "Using Raman spectroscopy and other light-based techniques we finally saw that there was water in the sample. But it was not "free" water, it was confined water"; something that had a profound impact on performance.

From these insights, they started working closely with collaborators experts in catalyst modelling. "The modeling of activated materials is challenging as large structural rearrangments take place. In this case the delamination employed in the activation treatment increases the number of active sites and changes the reaction mechanism rendering the material more active. Understanding these materials requires a detailed mapping between experimental observations and simulations," says Prof. Nuria Lopez from ICIQ. Their calculations, led by a leading co-author Dr. Hind Benzidi, were crucial to understand how the delaminated materials, shielded by water, were not only thermodynamically protected against dissolution in highly acidic environments, but also active.

But, how is this possible? Basically, the removal of tungsten-oxide leaves a hole behind, exactly where it was previously located. Here is where the "magic" happens: water and hydroxide, which are vastly present in the medium, spontaneously fill the gap. This in turn shields the sample, as it renders the cobalt dissolution an unfavorable process, effectively holding the catalyst components together.

Then, they assembled the delaminated catalyst into a PEM reactor. The initial performance was truly remarkable, achieving higher activity and stability than any prior art. "We increased five times the current density, arriving to 1 A/cm2 -- a very challenging landmark in the field. But, the key is, that we also reached more than 600 hours of stability at such high density. So, we have reached the highest current density and also the highest stability for non-iridium catalysts," shares leading co-author Dr. Lu Xia.

"At the beginning of the project, we were intrigued about the potential role of water itself as the elephant in the room in water electrolysis," explains Ranit Ram, first author of the study and instigator of the initial idea. "No one before had actively tailored water and interfacial water in this way." In the end, it turned out to be a real game changer.

Even though the stability time is still far from the current industrial PEMs, this represents a big step towards making them not dependent on iridium or similar elements. In particular, their work brings new insights for water electrolysis PEMs design, as it highlights the potential to address catalyst engineering from another perspective; by actively exploiting the properties of water.

Towards the industrialization

The team has seen such potential in the technique that they have already applied for a patent, with the aim of scaling it up to industry levels of production. Yet, they are aware of the non-triviality of taking this step, as Prof. Garcia de Arquer notices: "Cobalt, being more abundant than iridium, is still a very troubling material considering from where it is obtained. That is why we are working on alternatives based on manganese, nickel and many other materials. We will go through the whole the periodic table, if necessary. And we are going to explore and try with them this new strategy to design catalysts that we have reported in our study."

Despite the new challenges that will for sure arise, the team is convinced of the potential of this delamination process and they are all determined to pursue this goal. Ram, in particular, shares: "I have actually always wanted to advance renewable energies, because it will help us as a human community to fight against climate change. I believe our studies contributed one small step into the right direction."
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Drugs for enlarged prostate may also protect against dementia with Lewy bodies | ScienceDaily
A new study suggests that certain drugs commonly used to treat enlarged prostate may also decrease the risk for dementia with Lewy bodies (DLB). This observational finding may seem surprising, but it mirrors previous work by the University of Iowa Health Care team that links the drugs to a protective effect in another neurodegenerative condition-Parkinson's disease.


						
The UI researchers think that a specific side effect of the drugs targets a biological flaw shared by DLB and Parkinson's disease, as well as other neurodegenerative diseases, raising the possibility that they may have broad potential for treating a wide range of neurodegenerative conditions.

"Diseases like dementia with Lewy bodies, or Parkinson's disease, or Alzheimer's disease, are debilitating and we don't really have any good treatments that can modify the disease progression. We can treat symptoms, but we can't actually slow the disease," explains lead study author Jacob Simmering, PhD, UI assistant professor of internal medicine. "One of the most exciting things about this study is that we find that same neuroprotective effect that we saw in Parkinson's disease. If there is a broadly protective mechanism, these medications could potentially be used to manage or prevent other neurodegenerative diseases."

The new findings were published online on June 19, 2024, in Neurology(r), the medical journal of the American Academy of Neurology.

DLB is a neurodegenerative disease that causes substantial and rapid cognitive decline and dementia. While less common than Parkinson's disease, DLB affects about one in 1,000 people per year, and accounts for 3 to 7% of all dementia cases. Because aging is a key risk factor for DLB, it is likely to become more common as our population gets older.

For the new study, the UI researchers used a large database of patient information to identify more than 643,000 men with no history of DLB who were newly starting one of six drugs used to treat benign prostatic hyperplasia (enlarged prostate).

Three of the drugs, terazosin, doxazosin, and alfuzosin (Tz/Dz/Az), have an unexpected side effect; they can boost energy production in brain cells. Preclinical studies suggest that this ability may help slow or prevent neurodegenerative diseases like PD and DLB.




The other drugs, tamsulosin and two 5-alpha-reductase inhibitors (5ARIs) called finasteride and dutasteride, do not enhance energy production in the brain and therefore provide a good comparison to test the effect of the Tz/Dz/Az drugs.

The team then followed the data on these men from when they started taking the medication until they left the database or developed dementia with Lewy bodies, whichever happened first. On average, the men were followed for about three years.

Because all the participants were selected to start a drug that treats the same condition, the researchers reasoned that the men were likely similar to each other at the outset of the treatment. The researchers also matched the men using propensity scores for characteristics like age, the year they started the medication, and other illnesses they had before staring the treatment, to further reduce the differences between the groups.

"We found that men who took Tz/Az/Dz drugs were less likely to develop a diagnosis of dementia with Lewy bodies," Simmering says. "Overall, men taking terazosin-type medications had about a 40% lower risk of developing a DLB diagnosis compared to men taking tamsulosin, and about a 37% reduction in risk compared to men taking five alpha reductase inhibitors."

Meanwhile, there wasn't a statistically significant difference in risk between men taking tamsulosin and 5-alpha reductase inhibitors.

This was an observational study and therefore the results show only an association between taking the Tz/Dz/Az drugs and a reduced risk of developing DLB rather than a causal relationship. In addition, the study only included men because the drugs are prescribed for prostate problems, which means that the researchers don't know if the findings would apply to women. However, Simmering and his colleagues are excited by the potential of these drugs, which are already FDA approved, inexpensive, and have been used safely for decades.

"If terazosin and these similar medications can help slow this progression -- if not outright preventing the disease -- this would be important to preserving cognitive function and quality of life in people with DLB," Simmering says.

In addition to Simmering, the team included UI neuroscience researchers Nandakumar Narayanan, MD, PhD, Georgina Aldridge, MD, PhD, and Qiang Zhang, MD, and Alexander Hart, MD, who is now at University of Michigan.
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Study finds one copy of protective genetic variant helps stave off early-onset Alzheimer's disease | ScienceDaily
A scientific story that began with a discovery in just one extraordinary patient is now panning out. In 2019, an international team that included researchers from two Mass General Brigham hospitals -- Mass Eye and Ear and Massachusetts General Hospital (MGH) -- reported on the case of a patient who did not develop cognitive impairment until her late 70s, despite being part of a family at extremely high genetic risk for developing early-onset Alzheimer's disease. In addition to having the genetic variant that causes an autosomal dominant form of Alzheimer's disease, the woman had two copies of a rare variant of the APOE3 gene, called Christchurch (APOE3Ch). Now, the research team reports on an additional 27 members of the family who carry just one copy of the variant and experienced delayed disease onset.


						
The study, published in The New England Journal of Medicine, represents the first evidence that having one copy of the Christchurch variant may confer some level of protection against autosomal dominant Alzheimer's disease, even if less pronounced compared to when two copies are present. The findings have important implications for drug development, suggesting the potential effects of targeting this genetic pathway.

"As a clinician, I am highly encouraged by our findings, as they suggest the potential for delaying cognitive decline and dementia in older individuals. Now we must leverage this new knowledge to develop effective treatments for dementia prevention," said co-first author Yakeel T. Quiroz, PhD, clinical neuropsychologist and neuroimaging researcher and director of the Familial Dementia Neuroimaging Lab in the Departments of Psychiatry and Neurology at Massachusetts General Hospital." As a neuroscientist, I'm thrilled by our findings because they underscore the complex relationship between APOE and a deterministic mutation for Alzheimer's disease, potentially paving the way for innovative treatment approaches for Alzheimer's disease, including targeting APOE-related pathways."

Quiroz and her team at MGH and co-senior study author Joseph Arboleda-Velasquez, MD, PhD, of Mass Eye and Ear, have been working with their colleagues in Colombia as part of the MGH Colombia-Boston (COLBOS) biomarker study to examine family members of the world's largest-known kindred with a genetic variant called the "Paisa" mutation (Presenilin-1 E280A). The Paisa mutation is an autosomal dominant variant, meaning that inheriting just one copy of the mutated gene from a parent is enough to cause a genetic condition. The family consists of about 6,000 blood relatives, and about 1,200 carry the variant. Carriers of this Paisa variant are destined to develop Alzheimer's disease; most develop mild cognitive impairment in their 40s, dementia in their 50s, and die from complications of dementia in their 60s. Francisco Lopera, MD, director of the Grupo de Neurociencias de Antioquia in Medellin, Colombia, and co-senior author of the NEJM paper, is the neurologist who discovered this family and has been following them for the last 40 years.

In addition to the 2019 case report about a family member with two copies of the Christchurch variant, molecular studies have added further biological evidence that the variant could be playing a protective role. In 2023, the research team identified another "resiliency gene variant" called Reelin-COLBOS that appeared to delay the onset of symptoms in other family members. The new study in NEJM reports on a larger group of individuals from this family who carry a copy of the Christchurch variant.

"Our original study told us that protection was possible, and that was an important insight. But if a person needs two copies of a rare genetic variant, it just comes down to luck," said co-senior author Joseph F. Arboleda-Velasquez, MD, PhD, an associate scientist at Mass Eye and Ear. "Our new study is significant because it increases our confidence that this target is not only protective, but druggable. We think that therapeutics inspired by protected humans are much more likely to work and to be safer."

The research team assessed 1,077 descendants of the Colombian family. They identified 27 family members who carried both Paisa mutation and one copy of the Christchurch variant. On average, these family members began showing signs of cognitive impairment at age 52, compared to a matched group of family members who did not have the variant, who began showing signs at age 47. The family members also showed signs of dementia four years later than those who did not carry the variant.

Two of these individuals had functional brain imaging performed. Scans showed lower levels of tau and preserved metabolic activity in areas typically involved in Alzheimer's disease, even in the presence of amyloid plaques -- proteins considered a hallmark of Alzheimer's disease. The team also analyzed autopsy samples from four deceased individuals that showed less pathology in blood vessels, a characteristic that appears important for the protective effects of APOE3 Christchurch.

The authors note that their study was limited to a relatively small number of people carrying both the Paisa and Christchurch variants, and to a single, extended family. They write that further studies involving larger and more ethnically diverse samples of Alzheimer's disease may shed further light on the protective effect of the Christchurch variant and help determine if findings from the family in Colombia could translate into discoveries relevant for treating sporadic forms of Alzheimer's disease.

"As a next step, we are currently focused on improving our understanding of the brain resilience among the remaining family members who carry one copy of the Christchurch variant. This involves conducting structural and functional MRI scans and cognitive evaluations, as well as analyzing blood samples to assess their protein and biomarker profiles," said Quiroz. "The unwavering commitment to research shown by our Colombian patients with autosomal dominant Alzheimer's and their families has been indispensable in making this study possible and allowing us to continue to work toward interventions for this devastating disease."
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Combination targeted treatment produces lasting remissions in people with resistant aggressive B-cell lymphoma | ScienceDaily
Researchers at the National Institutes of Health (NIH) have developed a non-chemotherapy treatment regimen that is achieving full remissions for some people with aggressive B-cell lymphoma that has come back or is no longer responding to standard treatments. The five-drug combination targets multiple molecular pathways that diffuse large B-cell lymphoma (DLBCL) tumors use to survive.


						
In a clinical trial at NIH's National Cancer Institute, researchers tested the combination of venetoclax, ibrutinib, prednisone, obinutuzumab, and lenalidomide (called ViPOR) in 50 patients with DLBCL, the most common type of lymphoma. The treatment shrank tumors substantially in 26 of 48 (54%) evaluable patients, with 18 (38%) of those patients' tumors disappearing entirely, known as a complete response. At two years, 36% of all patients were alive and 34% were free of disease. These benefits were seen mainly in people with two specific subtypes of DLBCL.

The findings were published June 20, 2024, in the New England Journal of Medicine.

"Many of these patients who stopped responding to standard treatments would have otherwise died within a year, and now we have a good proportion who are still alive past two years, and some past four years," said Christopher J. Melani, M.D., of NCI's Center for Cancer Research, who co-led the study. "It's gratifying to see these long-term remissions and potential cures in patients."

Previous studies have identified various genetic pathways involved in the development and survival of the different molecular subtypes of DLBCL, such as activated B cell-like (ABC) DLBCL and germinal center B cell-like (GCB) DLBCL. Targeted drugs have shown effectiveness in blocking some of these pathways, but individual drugs rarely produced lasting responses in patients because the tumors may be resistant due to alternative survival pathways. Dr. Melani and his colleagues hypothesized that combining targeted drugs that block multiple survival pathways would lead to more durable responses.

Based on laboratory studies in which they analyzed which targeted drugs could best be combined to kill DLBCL cells in a synergistic manner, the researchers designed the five-drug regimen to test in human trials. To allow for the targeted drugs to work synergistically in patients, the researchers gave the drugs simultaneously in two-week cycles. To limit the accumulation of side effects, they scheduled a weeklong break between each cycle.

"DLBCL is one of the most genetically heterogeneous forms of cancer, and as a result we don't yet have the ability to identify exactly which combination of drugs would be most effective for any given patient," Dr. Melani said. "By putting five drugs together, we believe that there will be some drug combination -- either two, three, or more drugs -- that will be particularly effective against that patient's tumor."

In the phase 1b/2 trial, 50 people with DLBCL that had relapsed or stopped responding to treatment were given six cycles of the ViPOR regimen. Responses to ViPOR varied by DLBCL subtype, with complete responses concentrated in two subtypes, including in 8 of 13 (62%) people with non-GCB DLBCL and 8 of 15 (53%) people with a form of GCB DLBCL known as high-grade B-cell lymphoma "double hit."




At two years, people with non-GCB DLBCL and double-hit GCB DLBCL had higher rates of both progression-free and overall survival than other people in the study. Non-GCB DLBCL and double-hit GCB DLBCL are highly reliant on the survival mechanisms targeted by ViPOR, so it makes sense that they responded particularly well to the combination therapy. ViPOR also helped 6 of 20 (30%) patients whose lymphomas had not responded to or had come back after CAR T-cell therapy -- the current standard of care for people with relapsed DLBCL -- achieve lasting remissions.

Side effects of the five-drug regimen were generally mild to moderate when compared with those of standard treatments and improved during the treatment breaks. Only five patients had to stop treatment early for various reasons, including side effects. Given these relatively mild to moderate side effects, additional drugs could potentially be added to ViPOR to improve its efficacy, the researchers said. The team is also studying the ViPOR regimen in people with other types of lymphoma that are resistant to previous therapies.

The researchers have developed a larger phase 2 study, which will be conducted at multiple centers, to confirm the activity of ViPOR in people with non-GCB DLBCL and double-hit GCB DLBCL. More work is needed to develop therapies for GCB DLBCL subtypes that aren't as responsive to ViPOR.

NCI's Center for Cancer Research investigators Wyndham H. Wilson, M.D., Ph.D., Mark Roschewski, M.D., and Louis M. Staudt, M.D., Ph.D., co-led the study with Dr. Melani. Investigators from NIH's National Center for Advancing Translational Sciences and other institutions contributed to the study.
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Titan's lakes may be shaped by waves | ScienceDaily
Titan, Saturn's largest moon, is the only other planetary body in the solar system that currently hosts active rivers, lakes, and seas. These otherworldly river systems are thought to be filled with liquid methane and ethane that flows into wide lakes and seas, some as large as the Great Lakes on Earth.


						
The existence of Titan's large seas and smaller lakes was confirmed in 2007, with images taken by NASA's Cassini spacecraft. Since then, scientists have pored over those and other images for clues to the moon's mysterious liquid environment.

Now, MIT geologists have studied Titan's shorelines and shown through simulations that the moon's large seas have likely been shaped by waves. Until now, scientists have found indirect and conflicting signs of wave activity, based on remote images of Titan's surface.

The MIT team took a different approach to investigate the presence of waves on Titan, by first modeling the ways in which a lake can erode on Earth. They then applied their modeling to Titan's seas to determine what form of erosion could have produced the shorelines in Cassini's images. Waves, they found, were the most likely explanation.

The researchers emphasize that their results are not definitive; to confirm that there are waves on Titan will require direct observations of wave activity on the moon's surface.

"We can say, based on our results, that if the coastlines of Titan's seas have eroded, waves are the most likely culprit," says Taylor Perron, the Cecil and Ida Green Professor of Earth, Atmospheric and Planetary Sciences at MIT. "If we could stand at the edge of one of Titan's seas, we might see waves of liquid methane and ethane lapping on the shore and crashing on the coasts during storms. And they would be capable of eroding the material that the coast is made of."

Perron and his colleagues, including first author Rose Palermo, a former MIT-WHOI Joint Program graduate student and a research geologist at the U.S. Geological Survey, will publish their study in a forthcoming issue of Science Advances. Their co-authors include MIT research scientist Jason Soderblom, former MIT postdoc Sam Birch, now an assistant professor at Brown University, Andrew Ashton at the Woods Hole Oceanographic Institution, and Alexander Hayes of Cornell University.




"Taking a different tack"

The presence of waves on Titan has been a somewhat controversial topic ever since Cassini spotted bodies of liquid on the moon's surface.

"Some people who tried to see evidence for waves didn't see any, and said, 'These seas are mirror-smooth,'" Palermo says. "Others said they did see some roughness on the liquid surface but weren't sure if waves caused it."

Knowing whether Titan's seas host wave activity could give scientists information about the moon's climate, such as the strength of the winds that could whip up such waves. Wave information could also help scientists predict how the shape of Titan's seas might evolve over time.

Rather than look for direct signs of wave-like features in images of Titan, Perron says the team had to "take a different tack, and see, just by looking at the shape of the shoreline, if we could tell what's been eroding the coasts."

Titan's seas are thought to have formed as rising levels of liquid flooded a landscape crisscrossed by river valleys. The researchers zeroed in on three scenarios for what could have happened next: no coastal erosion; erosion driven by waves; and "uniform erosion," driven either by "dissolution," in which liquid passively dissolves a coast's material, or a mechanism in which the coast gradually sloughs off under its own weight.




The researchers simulated how various shoreline shapes would evolve under each of the three scenarios. To simulate wave-driven erosion, they took into account a variable known as "fetch," which describes the physical distance from one point on a shoreline to the opposite side of a lake or sea.

"Wave erosion is driven by the height and angle of the wave," Palermo explains. "We used fetch to approximate wave height because the bigger the fetch, the longer the distance over which wind can blow and waves can grow."

To test how shoreline shapes would differ between the three scenarios, the researchers started with a simulated sea with flooded river valleys around its edges. For wave-driven erosion, they calculated the fetch distance from every single point along the shoreline to every other point, and converted these distances to wave heights. Then, they ran their simulation to see how waves would erode the starting shoreline over time. They compared this to how the same shoreline would evolve under erosion driven by uniform erosion. The team repeated this comparative modeling for hundreds of different starting shoreline shapes.

They found that the end shapes were very different depending on the underlying mechanism. Most notably, uniform erosion produced inflated shorelines that widened evenly all around, even in the flooded river valleys, whereas wave erosion mainly smoothed the parts of the shorelines exposed to long fetch distances, leaving the flooded valleys narrow and rough.

"We had the same starting shorelines, and we saw that you get a really different final shape under uniform erosion versus wave erosion," Perron says. "They all kind of look like the flying spaghetti monster because of the flooded river valleys, but the two types of erosion produce very different endpoints."

The team checked their results by comparing their simulations to actual lakes on Earth. They found the same difference in shape between Earth lakes known to have been eroded by waves and lakes affected by uniform erosion, such as dissolving limestone.

A shore's shape

Their modeling revealed clear, characteristic shoreline shapes, depending on the mechanism by which they evolved. The team then wondered: Where would Titan's shorelines fit, within these characteristic shapes?

In particular, they focused on four of Titan's largest, most well-mapped seas: Kraken Mare, which is comparable in size to the Caspian Sea; Ligeia Mare, which is larger than Lake Superior; Punga Mare, which is longer than Lake Victoria; and Ontario Lacus, which is about 20 percent the size of its terrestrial namesake.

The team mapped the shorelines of each Titan sea using Cassini's radar images, and then applied their modeling to each of the sea's shorelines to see which erosion mechanism best explained their shape. They found that all four seas fit solidly in the wave-driven erosion model, meaning that waves produced shorelines that most closely resembled Titan's four seas.

"We found that if the coastlines have eroded, their shapes are more consistent with erosion by waves than by uniform erosion or no erosion at all," Perron says.

The researchers are working to determine how strong Titan's winds must be in order to stir up waves that could repeatedly chip away at the coasts. They also hope to decipher, from the shape of Titan's shorelines, from which directions the wind is predominantly blowing.

"Titan presents this case of a completely untouched system," Palermo says. "It could help us learn more fundamental things about how coasts erode without the influence of people, and maybe that can help us better manage our coastlines on Earth in the future."

This work was supported in part by NASA, the National Science Foundation, the USGS, and the Heising-Simons Foundation.
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New NOvA results add to mystery of neutrinos | ScienceDaily
The international NOvA collaboration presented new results at the Neutrino 2024 conference in Milan, Italy, on June 17. The collaboration doubled their neutrino data since their previous release four years ago, including adding a new low-energy sample of electron neutrinos. The new results are consistent with previous NOvA results, but with improved precision. The data favor the "normal" ordering of neutrino masses more strongly than before, but ambiguity remains around the neutrino's oscillation properties.


						
The latest NOvA data provide a very precise measurement of the bigger splitting between the squared neutrino masses and slightly favor the normal mass ordering. That precision on the mass splitting means that, when coupled with data from other experiments performed at nuclear reactors, the data favor the normal ordering at almost 7:1 odds. This suggests that neutrinos adhere to the normal ordering, but physicists have not met the high threshold of certainty required to declare a discovery.

NOvA, short for NuMI Off-axis ne Appearance, is an experiment managed by the U.S. Department of Energy's Fermi National Accelerator Laboratory, located outside of Chicago. Fermilab sends a beam of neutrinos 500 miles north to a 14,000-ton detector in Ash River, Minnesota. By measuring the neutrinosand their antimatter partners, antineutrinos, in both locations, physicists can study how these particles change their type as they travel, a phenomenon known as neutrino oscillation.

NOvA aims to learn more about the ordering of neutrino masses. Physicists know that there are three types of neutrinos with different masses, but they don't know the absolute mass, nor which is heaviest. Theoretical models predict two possible mass orderings, normal or inverted. In the normal ordering, there are two light neutrinos and one heavier neutrino; in inverted, there is one light neutrino and two heavier ones.

"Getting additional information from reactor experiments enhances our knowledge of the mass ordering and gets us close to exciting territory," said Erika Catano-Mur, a postdoctoral research associate at William & Mary and co-convener of the analysis. "We almost have an answer to one of those big questions that we have in neutrino physics. But we're not there yet."

The solution to neutrino oscillation remains ambiguous in the new results. Physicists don't currently have enough data to disentangle two effects on the oscillation: mass ordering and a property called Charge Parity violation. The collaboration observed a moderate amount of oscillation that could be explained in either mass ordering scenario with different amounts of CP violation, so they cannot tease apart the mass ordering and CP violation. However, the physicists were able to rule out specific combinations of the two properties.

"It really takes more than one measurement for us to learn everything we need to know," said Jeremy Wolcott, a postdoctoral fellow at Tufts University, one of NOvA's analysis coordinators and the speaker at the conference.




"NOvA is an important player in this because there are unique aspects to all of the various experiments that are trying to measure the same parameters," said Wolcott. "We're starting to see a picture come together, but it's murky. Having different measurements that all work together is really important."

The NOvA experiment started taking data in 2014 and will continue running through early 2027, during which time the collaboration hopes to double their antineutrino dataset. They also continue to implement analysis improvements to maximize the sensitivity of the experiment.

Their efforts are also paving the way for future experiments that will seek to contribute even more to solving the mysteries around neutrino properties.

"We want to make the most that we can out of the data," said Catano-Mur. "What we learn -- not only from the results themselves, but in the process, what we're learning about the analysis methods -- is going to be useful for the next generation of experiments that right now are under construction.

Still, NOvA has the potential to reveal more about the elusive neutrino. "This result is an important reminder that the current generation of experiments, including NOvA, continues to collect valuable data and produce physics insights," said Zoya Vallari, postdoctoral researcher at CalTech and co-convener of the analysis. "They are our best shot at a discovery right now."

The NOvA collaborationis made up of more than 200 scientists from 50 institutions in eight countries. With the additional data and further analysis improvements, NOvA will bring physicists closer to understanding the identity-changing behavior of neutrinos.
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At least one in four US residential yards exceed new EPA lead soil level guideline | ScienceDaily
Roughly one in four U.S. households have soil exceeding the new U.S. Environmental Protection Agency's lead screening levels of 200 parts per million (ppm), halved from the previous level of 400 ppm, a new study found. For households with exposure from multiple sources, the EPA lowered the guidance to 100 ppm; nearly 40% of households exceed that level, the study also found.


						
"I was shocked at how many households were above the new 200 ppm guideline," said Gabriel Filippelli, a biochemist at Indiana University who led the new study. "I assumed it was going to be a more modest number. And results for the 100 ppm guideline are even worse."

Remediating the roughly 29 million affected households using traditional "dig and dump" soil removal methods could cost upward of $1 trillion, the study calculated. The study was published in GeoHealth, an open-access AGU journal that publishes research investigating the intersection of human and planetary health for a sustainable future. Filippelli is the former editor-in-chief of GeoHealth.

National lead problem "nowhere near over"

Lead is a heavy metal that can accumulate in the human body, with toxic effects. In children, exposure to lead is associated with lower educational outcomes. In the United States, the burden of lead exposure has historically fallen on lower-income communities and communities of color because of redlining and other discriminatory practices. Lead pollution can come from aging water pipes, old paint, and remnant gasoline and industrial pollution, but today, most lead exposure are from contaminated soils and dust, even after lead-containing infrastructure was removed.

The Centers for Disease Control and Prevention first set a limit on the concentration of lead in blood in 1991 at 10 micrograms per deciliter, and it lowered that limit several times until reaching the current limit of 3.5 micrograms per deciliter. But the EPA's soil lead screening level remained unchanged for more than 30 years until the January announcement. Some states had established their own lower guidelines; California has the lowest screening level, at 80 ppm.

The lag is likely due to "the immensity and ubiquity of the problem," the study authors wrote. "The scale is astounding, and the nation's lead and remediation efforts just became substantially more complicated." That's because once the EPA lowers a screening limit, they need to tell people what to do if their soils exceed it.




When the EPA lowered the screening level, Filippelli and his co-authors decided to make use of the database of 15,595 residential soil samples from the contiguous United States that they'd collected over the years to find out how many exceeded the new guideline.

Household health hazard

About 25% of the residential soil samples, collected from yards, gardens, alleys, and other residential spots, exceeded the new 200 ppm level, the study found. (Only 12% of samples had exceeded the older, 400 ppm level.) Extrapolating across the country, that equates to roughly 29 million households.

The EPA issued separate guidance for households with multiple sources of exposure, such as both lead-contaminated soil and lead pipes, setting the level in those situations at 100 ppm. In practice, that's most urban households, Filippelli said. Forty percent of households exceed that limit, increasing the number of affected households to nearly 50 million, the study found.

Typically, contaminated soils are remediated with removal -- colloquially, "dig and dump." But the practice is costly and typically only used after an area is placed on the National Priority List for remediation, a process that can take years. To remediate all contaminated households with "dig and dump" would cost between $290 billion and $1.2 trillion, the authors calculated.

A cheaper option is "capping": burying the contaminated soil with about a foot of soil or mulch. A geotechnical fabric barrier can also be installed. Most lead contamination is in the top 10 to 12 inches of soil, Filippelli said, so this simple method either covers up the problem or dilutes it to an acceptable level.




"Urban gardeners have been doing this forever anyway, with raised beds, because they're intuitively concerned about the history of land use at their house," Filippelli said.

And capping is quicker.

"A huge advantage of capping is speed. It immediately reduces exposure," Filippelli said. "You're not waiting two years on a list to have your yard remediated while your child is getting poisoned. It's done in a weekend."

Capping still requires time and effort; residents must find clean soil, transport it to their home and spread it out. But the health benefits likely outweigh those costs, Filippelli said.

Because capping has been done more informally, there's still a lot to be learned about its lifespan and sustainability, Filippelli said. That's where the research will go next.

Despite the "staggering" scale of the problem, "I'm really optimistic," Filippelli said. "Lead is the most easily solvable problem that we have. We know where it is, and we know how to avoid it. It's just a matter of taking action."

Maps: https://www.mapmyenvironment.com/
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Jupiter's great red spot is not the same one Cassini observed in 1600s | ScienceDaily
Jupiter's iconic Great Red Spot has persisted for at least 190 years and is likely a different spot from the one observed by the astronomer Giovanni Domenico Cassini in 1665, a new study reports. The Great Red Spot we see today likely formed because of an instability in the planet's intense atmospheric winds, producing a long, persistent atmospheric cell, the study also finds.


						
The Great Red Spot is the largest known planetary vortex within the solar system, but its age has long been debated, and the mechanism that led to its formation has remained obscure. The new study used historical observations from the 17th century onward and numerical models to explain the longevity and nature of this spectacular phenomenon.

"From the measurements of sizes and movements, we deduced that it is highly unlikely that the current Great Red Spot was the 'Permanent Spot' observed by Cassini," said Agustin Sanchez-Lavega, a planetary scientist at the University of the Basque Country in Bilbao, Spain, who led this research. "The 'Permanent Spot' probably disappeared sometime between the mid-18th and 19th centuries, in which case we can now say that the longevity of the Red Spot exceeds 190 years."

The study was published in Geophysical Research Letters, which is an open-access AGU journal that publishes high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

A spotty history

Jupiter's Great Red Spot is a massive atmospheric vortex, with a diameter approximately that of Earth's. At its outer periphery, winds whip by at 450 kilometers per hour (280 miles per hour). Its red hue, which is due to atmospheric chemical reactions, stands in stark contrast with the gas giant's other pale clouds.

The spot has intrigued scientists for centuries, in part because its large size makes it visible using even small telescopes. In 1665, Cassini discovered a dark oval at the same latitude as today's Great Red Spot and named it the "Permanent Spot," as he and other astronomers observed it until 1713, when they lost track of it. It was not until 1831 and later years that scientists once more observed a clear, oval structure at the same latitude as the Great Red Spot. Given the intermittent historical observations of Jupiter's spots, scientists have long debated whether today's Great Red Spot is the same one 17th-century scientists saw.




In the study, the authors used historical sources dating from the mid-1600s to analyze the evolution of the spot's size, structure and location over time.

"It has been very motivating and inspiring to turn to the notes and drawings of Jupiter and its Permanent Spot made by the great astronomer Jean Dominique Cassini, and to his articles of the second half of the 17th century describing the phenomenon," Sanchez-Lavega said. "Others before us had explored these observations, and now we have quantified the results."

How the spot was formed

The Red Spot, which in 1879 was 39,000 kilometers (about 24,200 miles) at its longest axis, has been shrinking to about the current 14,000 kilometers (8,700 miles) and simultaneously becoming more rounded, the study reported. Since the 1970s, several space missions have studied this meteorological phenomenon; most recently, observations from instruments aboard Juno have revealed that the Great Red Spot is shallow and thin -- useful information for scientists looking to explore the spot's formation.

To explore how this immense vortex could have formed, the researchers carried out numerical simulations on supercomputers using two models of the behavior of thin vortices in Jupiter's atmosphere. The spot could have formed as a result of a gigantic superstorm, similar to those occasionally observed on Jupiter's twin planet Saturn; from the merging of multiple smaller vortices produced by wind shear from the intense wind currents that flow parallel to each other, but alternating in direction with latitude; or from an instability in the winds that could produce an elongated atmospheric cell, similar in shape to the Spot.

The results indicate that, although an anticyclone forms in the first two cases, it differs in terms of shape and dynamic properties from those of the present Great Red Spot. The cell-producing wind instability, on the other hand, could have produced a "proto-Great Red Spot" that then shrank over time, giving rise to the compact and rapidly rotating Great Red Spot observed in the late 19th century.

The formation mechanism is supported by observations of large, elongated cells in the genesis of other major vortices on Jupiter.

Future research will aim to reproduce the Great Red Spot's shrinking over time to elucidate the physical mechanisms underlying the Spot's relative stability. Researchers also aim to predict whether the Great Red Spot will disintegrate and disappear when it reaches a size limit, as might have occurred to Cassini's Permanent Spot, or whether it will stabilize at a size limit at which it may last for many more years.
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Rigorous new study debunks misconceptions about anemia, education | ScienceDaily
In low- and middle-income countries, anemia reduction efforts are often touted as a way to improve educational outcomes and reduce poverty. A new study, co-authored by a global health economics expert from the University of Notre Dame, evaluates the relationship between anemia and school attendance in India, debunking earlier research that could have misguided policy interventions.


						
Santosh Kumar, associate professor of development and global health economics at Notre Dame's Keough School of Global Affairs, is co-author of the study, published in Communications Medicine. Kumar's research explores the intersection of global health and poverty reduction. His latest work evaluates the relationship between anemia and school attendance in India.

The study investigated whether there was a link between anemia and school attendance in more than 250,000 adolescents ages 15 to 18. Earlier observational studies have shown a link between anemia and attendance, even after accounting for variables such as gender and household wealth, according to Kumar. But the new study, which applied more rigorous econometric statistical analysis, did not find such a link, he said.

"Most previous research on this topic has used conventional study designs or focused on small geographical areas, which limits its policy relevance," Kumar said. "Earlier estimates may have been distorted by unobserved household factors related to both anemia and school attendance. So in this study, we focused on the relationship between anemia and attendance among adolescents who were living in the same household.

"Ultimately," Kumar said, "we found that the link between anemia and schooling is more muted than previously suggested by studies that did not consider household-level factors."

The findings have important implications for policymakers seeking to improve education in low- and middle-income countries like India, Kumar said. India has widespread school attendance issues and struggles with health conditions such as anemia caused by iron deficiency, particularly in children and adolescents. The country has pushed to improve educational outcomes, in keeping with the United Nations' Sustainable Development Goals, Kumar said. But to achieve that, he said, more research is needed to pinpoint an evidence-based intervention.

This study is part of an ongoing project to do that work and was co-authored with Jan-Walter De Neve of the University of Heidelberg, Omar Karlsson of Lund University in Sweden, Rajesh Kumar Rai of Harvard University and Sebastian Vollmer of the University of Gottingen. The project received funding from the Alexander von Humboldt Foundation, the Swedish Research Council and the West Bengal State Department of Health and Family Welfare in India.

The latest study builds on an earlier one in which Kumar and fellow researchers helped evaluate the results of an iron fortification school lunch program for students ages 7 and 8 in India. That study showed that fortification reduced anemia but did not affect students' performance in school. A forthcoming study, set to launch in summer 2024, will look at iron fortification for children ages 3 to 5. The research hypothesis is that an early-age nutritional intervention among preschoolers would make a significant impact on physical and cognitive development.

"Our findings have implications for policymakers who want to improve educational outcomes and reduce poverty," Kumar said. "Effective policies are based on evidence. We need more rigorous statistical analysis to examine the causal relationship between anemia and education.

"This work ties into my larger research agenda, which explores the intersection of global health and poverty reduction. I want to use my academic research to support human dignity by helping to identify evidence-based health policies that will make a tangible difference in people's lives."
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Sound stimulation with precise timings can help understand brain wave functions | ScienceDaily
Using sound to stimulate certain brain waves has the potential to help those with dementia or cognitive decline sleep better, reveals a new study. Sleep disturbances are a common feature in dementia and may affect up to half of people living with the condition.


						
During the study, the research team from the University of Surrey and the UK Dementia Research Institute Centre for Care Research & Technology at Imperial College London, used sound stimulation to target alpha rhythms, a type of brainwave, at precise timings of the wave to investigate how the brain responds.

Alpha rhythms have been associated with memory and perception, and changes to the rhythms have been observed in those experiencing cognitive decline and dementia.

Senior author Dr Ines Violante, Senior Lecturer in Psychological Neuroscience at the University of Surrey, said:

"Alpha oscillations are a defining characteristic of our brain's electrical activity, but we still do not fully understand their role in shaping fundamental brain functions.

"Using sound is a powerful, non-invasive approach to stimulate certain oscillations within the brain. It is important that we find ways of manipulating these oscillations to create tools for treatment applications, as we know that brain oscillations are slower in diseases, such as Alzheimer's disease."

In a series of experiments, researchers used an innovative brain modulation technique known as Alpha Closed-Loop Auditory Stimulation (aCLAS), in which sounds are timed to the precise phase of alpha rhythms. To monitor the effect of stimulation, measurements of electrical activity from the brain were continuously read in real-time, and when a brainwave reached a particular phase, a sound (a burst of pink noise) was played on the participant.




Researchers observed that depending on the phase at which the sound was played, the alpha rhythm became faster or slower. The effect was also dependent on where the alpha oscillations were coming from in the brain.

Dr Henry Hebron, a former doctoral student at the University of Surrey and first author of the publication, said:

"What we have found is that alpha oscillations can be manipulated via sound when we address this rhythm on its own terms, using a closed-loop approach. Surprisingly, when we performed our aCLAS experiment as participants were falling asleep, we observed that sounds at a particular phase prevented them from reaching deeper stages of sleep (without waking them), while the same sounds at a different phase were not disruptive.

"There is a lot more to be explored regarding neural oscillations-dependent behaviours, and we believe closed-loop approaches, such as the one we implemented here, could be key."

According to researchers, now they have shown they are able to influence Alpha waves with sound, the next steps will be to explore if they can modify the waves in such a way that enhances cognition and sleep, which could ultimately benefit dementia patients.

Professor Derk-Jan Dijk, Director of the Surrey Sleep Research Centre and Group Leader at the UK Dementia Research Institute Centre for Care Research & Technology Centre, said:

"There is much to be uncovered about the role of the alpha rhythm in sleep and cognition. This technique could be influential in pushing our understanding and improving sleep functions in those with dementia. We are now investigating the effects of this closed-loop auditory stimulation approach in REM sleep, where alpha rhythms are present but their role still unknown."

The research contributes to the United Nations' Sustainable Development Goal 3 -- Good Health and Well-being.
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Wooden surfaces may have natural antiviral properties | ScienceDaily
Viruses, including the coronavirus that causes COVID-19, can get passed from person to person via contaminated surfaces. But can some surfaces reduce the risk of this type of transmission without the help of household disinfectants? As reported in ACS Applied Materials & Interfaces, wood has natural antiviral properties that can reduce the time viruses persist on its surface -- and some species of wood are more effective than others at reducing infectivity.


						
Enveloped viruses, like the coronavirus, can live up to five days on surfaces; nonenveloped viruses, including enteroviruses linked to the common cold, can live for weeks, in some cases even if the surfaces are disinfected. Previous studies have shown that wood has antibacterial and antifungal properties, making it an ideal material for cutting boards. However, wood's ability to inactivate viruses has yet to be explored, which is what Varpu Marjomaki and colleagues set out to study.

The researchers looked at how long enveloped and nonenveloped viruses remained infectious on the surface of six types of wood: Scots pine, silver birch, gray alder, eucalyptus, pedunculate oak and Norway spruce. To determine viral activity, they flushed a wood sample's surface with a liquid solution at different time points and then placed that solution in a petri dish that contained cultured cells. After incubating the cells with the solution, they measured the number (if any) infected with the virus.

Results from their demonstrations with an enveloped coronavirus showed that pine, spruce, birch and alder need one hour to completely reduce the virus' ability to infect cells, with eucalyptus and oak needing two hours. Pine had the fastest onset of antiviral activity, beginning after five minutes. Spruce came in second, showing a sharp drop in infectivity after 10 minutes.

For a nonenveloped enterovirus, the researchers found that incubation on oak and spruce surfaces resulted in a loss of infectivity within about an hour, with oak having an onset time of 7.5 minutes and spruce after 60 minutes. Pine, birch and eucalyptus reduced the virus' infectivity after four hours, and alder showed no antiviral effect.

Based on their study data, the researchers concluded that the chemical composition of a wood's surface is primarily responsible for its antiviral functionality. While determining the exact chemical mechanisms responsible for viral inactivation will require further study, they say these findings point to wood as a promising potential candidate for sustainable, natural antiviral materials.

The authors acknowledge funding from the Research Council of Finland and the Jane and Aatos Erkko Foundation.
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Non-native plants and animals expanding ranges 100 times faster than native species | ScienceDaily
An international team of scientists has recently found that non-native species are expanding their ranges many orders of magnitude faster than native ones, in large part due to inadvertent human help. Even seemingly sedentary non-native plants are moving at three times the speed of their native counterparts in a race where, because of the rapid pace of climate change and its effect on habitat, speed matters. To survive, plants and animals need to be shifting their ranges by 3.25 kilometers per year just to keep up with the increasing temperatures and associated climactic shifts -- a speed that native species cannot manage without human help. Led by scientists at the University of Massachusetts Amherst, the team includes researchers from New Jersey, Michigan, Colorado and Hawaii in the U.S., as well as Sevilla and Zaragoza in Spain and was published in Annual Reviews of Ecology, Evolution and Systematics.


						
"We know that the numbers of invasive plant species are increasing exponentially worldwide," says Bethany Bradley, professor of environmental conservation at UMass Amherst and the paper's lead author. "We also know that plant nurseries are exacerbating the climate-driven spread of invasives and that confronting invasives is one of the best ways to prepare for climate change. What we wanted to find out is how fast both native and non-native species are moving right now, and how far could they go."

To figure out how fast species are moving, Bradley and her colleagues comprehensively surveyed a vast trove of previously published papers and publicly available datasets on how far and how fast both native and non-native species, representing different taxa and various ecosystems, have been moving. An important subset of this search was to compile data showing how humans are helping to accelerate the spread of non-native species, either accidentally, such as when a particular species finds itself in a shipping container that travels between continents, or intentionally, when a gardener buys an invasive ornamental from a nursery and drives it back to their home.

The conclusion that Bradley and colleagues reached is that land-based species -- including plants -- need to be moving at more than 3.25 kilometers per year if they want to stay ahead of climate change, while marine species need to be moving at 2.75 kilometers per year. Unfortunately, native species are only managing to move an average of 1.74 kilometers per year.

Non-native species, however, are spreading at about 35 kilometers per year on their own. When the human role in spreading non-native species is taken into account, then the rate jumps to an astronomical 1,883 kilometers per year -- 1,000 times faster than the rate at which native species are spreading.

"Essentially," says Bradley, "there's no chance for native species to keep up with climate change without human help."

For the second part of their research, Bradley and colleagues wanted to understand how far both native and non-native species might spread in a warming world, since not every ecosystem is suitable habitat.

While there were fewer case studies for the team to synthesize and analyze, their research indicates that it is likely that non-native species will find more territory to their liking than native species. "However," says Bradley, "while this means that non-native species might have more territory to gain with climate change, it also means that they've got more territory to lose as some range margins become increasingly unsuitable."

What does this mean, then, for the future?

"It's really clear that people are very good at moving species, and this is one of the biggest advantages that non-native species have," says Bradley. "We need to seriously consider and begin implementing assisted migration" -- the practice of deliberately helping native species move to more suitable locations -- "if our native plants and animals are to stand a chance."
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Treatment for autoimmune disorder acts on balance of immune cell types | ScienceDaily
Autoimmune diseases cannot currently be cured, only treated, and this is also true for neuromyelitis optica spectrum disorder, which affects the central nervous system. A Kobe University study of how the treatment acts on the immune system shows that it shifts the balance of types of immune cells. This finding may represent a step toward the development of personalized medicine for autoimmune diseases.


						
An autoimmune disease is the body's immune system turning against parts of the body itself. Neuromyelitis optica disorder spectrum, or NMOSD, is one of them and it causes inflammation of the central nervous system, leading to vision and sensory loss, weakness and bladder dysfunction. The condition, which sometimes flares up in waves, has a treatment consisting of blinding the immune system to inflammation-promoting signals. But its biological action is broad and so it is also not understood why it doesn't work in some patients and how to effectively ascertain which is the case.

The Kobe University neurologist CHIHARA Norio specializes on the disease and recently wondered: "B cells are a type of key immune cells that respond to inflammatory signals, and in autoimmune diseases like NMOSD, they produce antibodies against part of the body itself, exacerbating the condition. Therapies that inhibit inflammatory signals were therefore expected to change the activity of B cells in NMOSD. Since we observed that B cells were still present in the blood of patients after treatment, we decided to investigate the possibility that they were changing into a different type of B cell." Chihara refers to so-called "regulatory B-cells," a type of B cell that attenuates the immune system's activity by secreting anti-inflammatory signal molecules and is thought to play an important role in keeping the body's immune system from becoming too active, and in the case of autoimmune diseases may prevent disease flares.

The Kobe University team now reports that they created an experimental model of the immune cells during an NMOSD flare and could thus trace the effect of the drug on the different kinds of B cells. With the drug, there was a marked increase in the secretion of the anti-inflammatory signal, confirming their idea that not the number but the function of B cells responds to the treatment, according to the research published online on June 18, 2024, in Neurology(r) Neuroimmunology & Neuroinflammation, an official journal of the American Academy of Neurology.

In addition, Chihara's team could also identify a molecular marker for B cells producing anti-inflammatory signals, a sort of ID that enables tracing the cells' abundance. Having confirmed that healthy individuals and those under effective treatment show higher proportions of these cells than individuals in acute phases of the disease, Chihara thinks that this knowledge will enable clinicians to easily determine the effectiveness of the treatment in future diagnoses and thus is a step towards more personalized medicine.

Thinking about the bigger picture, the Kobe University neurologist thinks that this study will contribute to becoming able to not only treat but actually cure autoimmune diseases. He explains: "The essence of autoimmune diseases is a breakdown of autoimmune tolerance, the system that prevents us from attacking our own bodies. Our ultimate goal is to cure the disease by restoring this autoimmune tolerance, and the results of this study show one aspect of our work towards this goal."

This research was funded by the Japan Society for the Promotion of Science (grants 21K20871, 23K14778, 20H03562 and 23H02797), the Japan Agency for Medical Research and Development (grant 22ek0109436h0003), the Japan Science and Technology Agency (grants JPMJMS2299 and JPMJMS229B), and the Ministry of Education, Culture, Sports, Science and Technology Japan (grants 22gm1710005h0001 and 23gm1710005h0002). It was conducted in collaboration with researchers from The University of Tokyo.
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Shining light on mental health in space science community | ScienceDaily
The severity of anxiety and depressive symptoms in the planetary science community is greater than in the general U.S. population, according to a study led by a University of Hawai'i at Manoa scientist and published this week in Nature Astronomy. 


						
"After reading about so much anxiety and depression in academia, and as someone who loves both planetary science and psychology, I felt like I needed to do something because there are so many people suffering," said David Trang, an assistant researcher in the Hawai'i Institute of Geophysics and Planetology in the UH Manoa School of Ocean and Earth Science and Technology at the time of this research and graduate student in the master's in counseling psychology program at UH Hilo.

Prompted by growing recognition of a mental health crisis within the academic and research communities, Trang and co-authors from Hawai'i Pacific University, UH Manoa Shidler College of Business, Jet Propulsion Lab, NASA and U.S. Geological Survey, surveyed over 300 members of the planetary science community. The survey requested demographic information and included commonly-used assessments to measure the severity of anxiety, depression, and stress symptoms.

Survey results showed that anxiety and depression is a major problem within planetary science, especially among graduate students and early career researchers. The authors also found that anxiety, depressive, or stress symptoms appear greater among marginalized groups, such as women, people of color, and members of the LGBTQ+ community. And further, when examining the correlation between marginalized communities and considering leaving planetary science, LGBTQ+ respondents were more likely to be unsure about staying in the field.

"Some of my colleagues have left the field of science because the academic workplace was hard on their well-being," said Trang. "This is so unfortunate because science would benefit from each and every person who is passionate about research, as they could contribute so much to the field."

The authors hope this work highlights issues that some suspected existed in planetary sciences.

"This work marks the beginning of the changes needed to improve mental health in planetary science," said Trang. "I hope to continue to unravel what is driving these mental health issues and collectively develop solutions that will improve well-being, which will in turn enhance research quality and productivity. Addressing mental health will inevitably improve diversity, equity, and inclusion, as they are linked together."

In the near future, Trang hopes to run psychoeducation workshops based on psychotherapy concepts to begin improving mental health in planetary science and potentially serve as a model to improve mental health in the rest of academia.
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Impacts of space travel on astronauts' eye health | ScienceDaily
As space travel becomes more common, it is important to consider the impacts of space flight and altered gravity on the human body. Led by Dr. Ana Diaz Artiles, researchers at Texas A&M University are studying some of those impacts, specifically effects on the eye.


						
Gravitational changes experienced by astronauts during space travel can cause fluids within the body to shift. This can cause changes to the cardiovascular system, including vessels in and around the eyes.

As the commercialization of space flight becomes more common and individual space travel increases, astronauts will not be the only ones experiencing these changes. Individuals traveling to space with commercial companies may not be as fit or healthy as astronauts, making it even more important to understand the role that fluid shift plays in cardiovascular and eye health.

"When we experience microgravity conditions, we see changes in the cardiovascular system because gravity is not pulling down all these fluids as it typically does on Earth when we are in an upright position," said Diaz Artiles, an assistant professor in the Department of Aerospace Engineering and a Williams Brothers Construction Company Faculty Fellow. "When we're upright, a large part of our fluids are stored in our legs, but in microgravity we get a redistribution of fluids into the upper body."

These fluid shifts may be related to a phenomenon known as Spaceflight Associated Neuro-ocular Syndrome (SANS), which can cause astronauts to experience changes in eye shape and other ocular symptoms, such as changes in ocular perfusion pressure (OPP). At this time, researchers are unsure of the exact cause of SANS, but Diaz Artiles hopes to shed light on the underlying mechanism behind it.

Diaz Artiles and her team are investigating potential countermeasures to help counteract the headward fluid shifts of SANS. In a recent study, they examined the potential aid of lower body negative pressure (LBNP) to combat SANS. This countermeasure has the potential to counteract the effects of microgravity by pooling fluid back into the lower body.

While the role of ocular perfusion pressure in the development of SANS remains undetermined, Diaz Artiles and her team hypothesized that microgravity exposure could lead to a slight but chronic elevation (compared to upright postures) in OPP, which may have a role in the development of SANS. The results of the recently published study showed that lower body negative pressure, while effective in inducing fluid shift toward the lower body, was not an effective method for reducing OPP. Should elevated ocular perfusion pressure be definitively linked to SANS, the use of LBNP could theoretically not be an effective countermeasure to this syndrome. But they emphasize that future work should seek to better understand the relationship between OPP and SANS, and the impact of LBNP on these ocular responses as part of the countermeasure development.

"This research is just one experiment of a three-part study to better understand the effects of fluid shift in the body and its relationship to SANS. Previous experiments in this study included the use of a tilt table for researchers to understand the cardiovascular effects of fluid shifts at different altered gravity levels, recreated by using different tilt angles," said Diaz Artiles.

The published study, as well as upcoming research, focuses on countermeasures to the fluid shift; in this case, lower body negative pressure. In future studies, the researchers will examine the effects of using a centrifuge to combat the fluid shift and its effects. Diaz Artiles and her team aim to collect cardiovascular responses using each countermeasure and compare effects on ocular perfusion pressure and other cardiovascular functions that may be affected by microgravity environments. These studies are performed on Earth, so gravitational changes that occur in space may cause different outcomes. Thus, they hope to conduct future studies in true microgravity conditions, such as parabolic flights.
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'Time cells' in the brain are critical for complex learning, study shows | ScienceDaily
A sense of time is fundamental to how we understand, recall, and interact with the world. Tasks ranging from holding a conversation to driving a car require us to remember and perceive how long things take -- a complex but largely unconscious calculation running constantly beneath the surface of our thoughts.


						
Now, researchers at University of Utah Health have found that, in mice, a specific population of "time cells" is essential for learning complex behaviors where timing is critical. Like the second hand of a clock, time cells fire in sequence to map out short periods of time.

But time cells aren't just a simple clock, the researchers found -- as animals learn to distinguish between differently timed events, the pattern of time cell activity changes to represent each pattern of events differently. The discovery could ultimately aid in early detection of neurodegenerative diseases, such as Alzheimer's, that affect the sense of time.

The new study is published in Nature Neuroscience.

Mouse code

By combining a complex time-based learning task with advanced brain imaging, researchers were able to watch patterns of time cell activity become more complex as the mice learned. The researchers first set up a trial where learning the differences in the timing of events was critical. To get a reward, mice had to learn to distinguish between patterns of an odor stimulus that had variable timing, as if they were learning a very simple form of Morse code.

Before and after the mice learned, the researchers used cutting-edge microscopy to watch individual time cells fire in real time. At first, their time cells responded in the same way to every pattern of odor stimulus. But as they learned the differently timed patterns of stimulus, the mice developed different patterns of time cell activity for each pattern of events.




Notably, during trials that the mice got wrong, the researchers could see that their time cells had often fired in the wrong order, suggesting that the right sequence of time cell activity is critical for performing time-based tasks. "Time cells are supposed to be active at specific moments during the trial," said Hyunwoo Lee, PhD, postdoctoral fellow in neurobiology in the Spencer Fox Eccles School of Medicine at the University of Utah and co-first author on the study. "But when the mice made mistakes, that selective activity became messy."

Not just a stopwatch

Surprisingly, time cells play a more complicated role than merely tracking time, said Erin Bigus, graduate research assistant in neurobiology and co-first author on the study. When the researchers temporarily blocked the activity of the brain region that contains time cells, the medial entorhinal cortex (MEC), mice could still perceive and even anticipate the timing of events. But they couldn't learn complex time-related tasks from scratch. "The MEC isn't acting like a really simple stopwatch that's necessary to track time in any simple circumstance," Bigus said. "Its role seems to be in actually learning these more complex temporal relationships."

Intriguingly, prior research on the MEC found that it's also involved in learning spatial information and building "mental maps." In the new study, researchers noticed that the patterns of brain activity that occur while learning time-based tasks show some similarities to previously observed patterns involved in spatial learning; aspects of both patterns persist even while an animal isn't actively learning.

While more research is needed, these results suggest that the brain could process space and time in fundamentally similar ways, according to the researchers. "We believe that the entorhinal cortex might serve a dual purpose, acting both as an odometer to track distance and as a clock to track elapsed time," said James Heys, PhD, assistant professor in neurobiology and the senior author on the study.

Learning how the brain processes time could ultimately aid in the detection of neurodegenerative diseases such as Alzheimer's, the researchers say. The MEC is one of the first areas of the brain that Alzheimer's affects, hinting that complex timing tasks could potentially be a way to catch the disease early.

Support was provided by the Whitehall Foundation, Brain and Behavior Research Foundation, the National Institutes of Health, and the National Science Foundation.
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Women who experience depression during pregnancy or after birth have higher risk of cardiovascular disease | ScienceDaily
Women diagnosed with perinatal depression are more likely to develop cardiovascular disease in the following 20 years compared to women who have given birth without experiencing perinatal depression, according to research published in the European Heart Journal [1] today (Wednesday).


						
Perinatal depression, meaning depression during pregnancy or after birth is believed to affect one in five women giving birth worldwide.

The study is the first of its kind to look at cardiovascular health after perinatal depression and included data on around 600,000 women. It found the strongest links with risks of high blood pressure, ischemic heart disease and heart failure.

The research was by Dr Emma Brann, Dr Donghao Lu and colleagues from the Karolinska Institutet, Stockholm, Sweden. Dr Lu said: "Our research group has already found that perinatal depression is linked to an increased risk of several other health issues, including premenstrual disorders, autoimmune disorders and suicidal behaviour, as well as premature death.

"Cardiovascular disease is one of the leading causes of death globally and there has been an ongoing discussion about including reproductive health when assessing the risk among women. We wanted to know if a history of perinatal depression could help predict cardiovascular disease risk."

The study was based on the Swedish Medical Birth Register, which records all births in the country. The researchers compared 55,539 Swedish women who were diagnosed with perinatal depression between 2001 and 2014 with another group of 545,567 Swedish women who had also given birth during that time but were not diagnosed with perinatal depression. All the women were followed up through to 2020 to assess if they developed any cardiovascular disease.

Among the women with perinatal depression, 6.4% developed cardiovascular disease compared to 3.7% of women who had not suffered with perinatal depression. This equates to a 36% higher risk of developing cardiovascular disease. Their risk of high blood pressure was around 50% higher, the risk of ischemic heart disease around 37% higher, and the risk of heart failure around 36% higher.




Dr Brann, the senior author, said: "Our findings may help identify people who are at a higher risk of cardiovascular disease so that steps can be taken to reduce this risk. This study also adds to the established health risks of perinatal depression. We know that perinatal depression is both preventable and treatable, and for many people it's the first episode of depression they've ever experienced. Our findings provide more reason for ensuring maternal care is holistic, with equal attention on both physical and mental health.

"It remains unclear how and through what pathways perinatal depression leads to cardiovascular disease. We need to do more research to understand this so that we can find the best ways to prevent depression and lower the risk of cardiovascular disease.

Researchers also compared the women who suffered perinatal depression with their sisters and found they had a 20% higher risk of cardiovascular disease.

"The slightly lower difference in risk between sisters suggest that there could be genetic or familial factors partly involved," Dr Brann said. "There could also be other factors involved, as is the case for the link between other forms of depression and cardiovascular disease. These include alterations in the immune system, oxidative stress and lifestyle changes implicated in major depression."

In an accompanying editorial [2] Dr. Amani Meaidi from the Danish Cancer Society: Kraeftens Bekaempelse, Copenhagen, Denmark said: "Although signs of mood disturbances following childbirth have been noticed since the time of Hippocrates, it was not until last year, in 2023, that the US Food and Drug Administration approved the first oral treatment for postpartum depression, making treatment much more accessible for the millions of women suffering from this condition. The late and lack of development of effective, safe, and accessible treatment options for perinatal depression is unmistakably a manifestation of the historical neglect of women's health in medical research. The future will reveal if proper perinatal depression therapy reduces the observed increased risk of developing cardiovascular morbidity.

"Considering the rise in perinatal depression and the lack of knowledge on cardiovascular disease in women, the study by Brann and colleagues is much needed and welcomed."
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A new tuberculosis vaccine candidate recombinant protein with additional post-translational modifications occurring in Mycobacterium tuberculosis cells | ScienceDaily
Tuberculosis is still one of the deadliest infectious diseases, causing over one million deaths each year worldwide. Additionally, about one-fourth of the world's population carries Mycobacterium tuberculosis (M. tuberculosis) without showing any symptoms, and most of these carriers do not develop the disease.


						
The current anti-tuberculosis vaccine, BCG, is administered worldwide. However, considering that more than 10 million new tuberculosis cases are reported each year, its effectiveness is deemed insufficient. As a result, the development of vaccines to replace BCG is underway. However, no new vaccine has yet surpassed BCG, which is a highly effective live vaccine. Actually BCG is very effective in preventing tuberculosis in children, creating a booster vaccine to strengthen immunity in adults is considered a promising and realistic option.

In developing tuberculosis vaccines, scientists have studied proteins from M. tuberculosis that trigger the protective immunity against tuberculosis. Especially IFN-gamma produced by T cells is known to be critical for protection against tuberculosis. Thus IFN-gamma responses are marker of vaccine candidate antigens and efficacy. However there's a paradoxical situation where proteins that induce higher IFN-gamma production in tuberculosis patients, who already have developed the disease, rather than in asymptomatic carriers who prevent its onset, are being viewed as potential vaccine candidates. Furthermore, many of vaccine studies ignore the native three-dimensional structure of the proteins and the modification they undergo after being translated in M. tuberculosis.

On the productivity side, vaccine candidate molecules are being made in basic model organisms like Escherichia coli. However, certain molecules undergo specific changes after translation that are unique to the pathogen, such as M. tuberculosis. It's been noted that these modifications might be crucial for mounting effective defenses against actual pathogen attacks.

Mycobacterial DNA-binding protein 1 (MDP1) is a major protein of both BCG and M. tuberculosis (Shaban et al., Sci Rep., 2024) with extensive post-translational modifications (Yoshida et al., BBRC., 2023). Recent studies show that IFN-gamma responses to MDP1 are higher in individuals who suppress tuberculosis progression compared to tuberculosis patients, making MDP1 a new vaccine candidate (Yasuda et al., Front Immunol., 2024). To evaluate MDP1 for a tuberculosis booster vaccine, Ozeki et al. produced recombinant MDP1 and tested its ability to induce IFN-gamma using blood from BCG-vaccinated adults.

Ozeki et al., expressed MDP1 in two different hosts: M. smegmatis, a non-pathogenic, fast-growing mycobacteria, and E. coli. Importantly, the MDP1 expressed in M. smegmatis (mMDP1) showed significant post-translational modifications, closely resembling the native MDP1 found in M. tuberculosis, while the one expressed in E. coli (eMDP1) did not.

When they cultured both variants of MDP1 with peripheral blood from adults vaccinated with BCG, they observed that mMDP1 triggered notably higher levels of IFN-gamma production compared to eMDP1. This implies that the immune system of BCG-vaccinated adults can recognize MDP1 with post-translational modifications.

Importantly, mMDP1 demonstrated a superior capacity for IFN-gamma production compared to other vaccine candidate antigens, such as Antigen 85 complex, which is currently in development. When utilizing protein antigens as vaccines, adjuvants are typically employed to prevent degradation or enhance immunogenicity. We previously reported that MDP1, due to its binding affinity to bacterial DNA, has protected mice from M. tuberculosis infection when co-administered. In this study we also demonstrated that the combination of mMDP1 and G9.1, a novel type of CpG-DNA, elicits a significant level of IFN-gamma from peripheral blood of BCG-vaccinated adults.

The results of this study suggest that combining mMDP1, which displays post-translational modifications, with G9.1 can reinvigorate the waning effect of BCG, indicating its potential as a booster vaccine.
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Unlocking heart health: Advancing noninvasive monitoring in chimpanzees | ScienceDaily
Measuring the heart rate of great apes in captivity is essential for both health management and animal studies. However, existing most methods are either invasive or inaccurate. Now, researchers from Japan have investigated the potential of using millimeter-wave radar technology to estimate heart rate from subtle body movements in chimpanzees. Their efforts will hopefully pave the way to better practices and techniques for monitoring heart rates in wild and captive primates.


						
Just like in humans, heart rate is a critically important and informative vital sign in nonhuman primates. Heart diseases are among the main causes of death of nonhuman primates in captivity, and monitoring their heart rate regularly can help veterinarians catch symptoms early. Beyond the obvious health reasons, monitoring heart rate is also really useful in animal cognitive studies. For example, it has been well documented that a chimpanzee's heart rate changes under psychological stress, when emotionally aroused by images, or when encountering familiar humans.

Thus, it's no wonder a few techniques have been devised to measure heart rate in great apes. Besides standard contact measurements, the most prevailing one consists of attaching a wireless device to the animal to monitor and transmit its heart rate remotely. However, installing the device often requires anesthesia, which carries risks. Moreover, the device itself might cause stress to the animal or others in its group. A less invasive approach is the estimation of heart rate from video feed, which has been tested in some species of primates. Still, the accuracy of these methods is quite sensitive to lighting conditions and the movement of the animals.

Against all these backdrops, a research team including Asisstant Professor Takuya Matsumoto from Shinshu University, Japan, set out to find a better alternative. In their latest study, which was published in the American Journal of Primatology on May 22, 2024, the researchers investigated whether millimeter-wave radar-based techniques originally developed for humans could be used to measure heart rate in chimpanzees. The co-authors include Dr. Itsuki Iwata, Dr. Takuya Sakamoto, and Dr. Satoshi Hirata, all affiliated with Kyoto University.

In essence, the proposed approach involves emitting high-frequency electromagnetic pulses aimed at the chest of the animal and capturing the resulting echoes. From these echoes, one can detect subtle body movements, which are ultimately used to estimate heart rate using specialized algorithms. Dr. Matsumoto highlights the study's motivation, stating, "Millimeter-wave radar technology has been extensively developed for applications in automated driving and medicine, but after speaking with a radar researcher at a reception at an academic conference, we felt that it could open up a new field of study if applied to primates other than humans; thus, we began our joint research."

To test their approach, the researchers performed experiments during the annual health checks of two adult chimpanzees at Kumamoto Sanctuary, Wildlife Research Center, Kyoto University. During these checkups, the animals were anesthetized, and the radar system was hung about half a meter above their chest. Traditional electrocardiography (ECG) signals were also recorded and used to assess the accuracy of the radar-based technique.

Fortunately, the heart rates recorded via ECG closely matched those obtained using the millimeter-wave radar for both chimpanzees, validating the proposed strategy. "Despite chimpanzees having muscular bodies, which raised uncertainties about measuring their heart rate in a similar manner to measurements in humans, the results of this study demonstrated the feasibility of noncontact heart rate measurements through the analysis of subtle body surface movements," highlights Dr. Matsumoto. He further adds "These findings could expand the potential applications of such techniques in studies of animal psychology and wild primatology."

Using millimeter-wave radar-based methods for heart rate monitoring offers significant advantages over standard practices. These techniques are entirely noninvasive, allowing for frequent use without causing stress to the animals. Heart rate can also be remotely measured using video analysis with a digital visible light camera, which doesn't need specialized equipment and can reuse existing videos. Two main techniques are used: imaging photoplethysmography, detecting blood volume changes, and periodic movement extraction, measuring heart and respiratory rates from body movements; both have been validated in nonhuman primates but have certain limitations.

The researchers hope that the findings of this work pave the way to more innovation in the methods used to monitor vital signs in captive animals, including heart rate and respiration rate. "If it becomes possible to remotely measure the heart rate of end angered apes, their health management and welfare in captivity, such as in zoos, could improve," Dr. Matsumoto concludes. Further feasibility studies will be necessary to validate the use of the proposed method in regular practice, where animals are free to move in their enclosure.

With any luck, these techniques could help us not only keep our closest relatives healthy, but also lead to a better understanding of them. This advancement opens avenues for deeper research into primate behavior and physiology, benefiting captive and wild primates and enhancing our understanding of these creatures and their environment.
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Blessing in disguise: Mycoviruses enhance fungicide effectiveness against plant pathogens | ScienceDaily
As detrimental as viruses may sound, they can be helping hands for farmers when it comes to dealing with plant pathogens.


						
Osaka Metropolitan University scientists have discovered that a mycovirus that infects plant pathogenic oomycete Globisporangium ultimum can increase the latter's sensitivity to specific fungicides. Their findings could lead to innovative approaches for controlling plant diseases, reducing reliance on chemical treatments, and minimizing agricultural loss.

Their results were published in Microbiological Research on May 3.

Mycoviruses, or fungal viruses, infect fungi as well as fungus-like organisms such as oomycetes. More commonly known as water molds, oomycetes include some of the most devastating plant pathogens and pose severe threats to global food security. When these oomycetes are infected by certain mycoviruses, however, their ability to cause disease can be weakened -- a phenomenon known as hypovirulence -- making mycoviruses potential biocontrol agents.

Mycoviral infections are multifaceted; they can reduce or increase virulence or remain hidden without obvious symptoms. Despite the growing number of mycoviruses identified recently, their effects on host oomycetes have remained largely unexplored.

"Since mycoviruses may significantly impact the ecology of oomycetes, we found it crucial to study their effects at both the phenotypic and gene expression levels," said Tomofumi Mochizuki, an associate professor at the Graduate School of Agriculture of Osaka Metropolitan University and corresponding author of this study.

The research team zeroed in on Globisporangium ultimum, a major soil-borne oomycete responsible for damping-off and root rot in many plant species. They first created a virus-free isogenic strain of G. ultimum through high-temperature cultivation and then compared its characteristics and gene expression to the virus-infected isogenic strain.




The results show that compared to the virus-free isogenic strain, the virus-infected isogenic strain was more sensitive to metalaxyl, one of the four tested fungicides. No significant differences in growth rate and structure were observed between these isogenic strains in the absence of metalaxyl. Using a high throughput screening technique called RNA-seq to analyze gene expression profile, the researchers found that the virus-infected isogenic strain had lower expression of certain genes known as ABC-type transporters, which are known to contribute to fungicide resistance.

"Our results indicate that mycoviral infections alter the sensitivity of the host oomycete to fungicides," said Aika Higuchi, a master's student and this study's first author.

These findings advance the current understanding of the roles that mycoviruses play and their potential for sustainable agriculture. The team plans to further explore the promise of mycoviruses as a biological control tool across different species and environmental conditions.

"Our research shows that the effects of viral infection on host oomycete can only be seen under certain conditions," Mochizuki said. "Even if it seems that viral infection has no effect at first glance, it is necessary to analyze it from various perspectives."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240619143629.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Transforming inexpensive quinolines into complex drug candidates | ScienceDaily
An innovative synthesis strategy opened up the way to 2D/3D fused frameworks using inexpensive quinolines as feedstock, report scientists from Tokyo Tech. By leveraging a light-sensitive borate intermediate, the scientists could transform quinoline derivatives into a great variety of 2D/3D fused frameworks in a straightforward and cost-effective manner. Their findings are expected to enable the synthesis of highly customizable drug candidates.


						
Quinolines have garnered much attention from chemists wanting to synthesize compounds known as 2D/3D fused frameworks. These complex organic molecules have a lot of medical potential due to their highly customizable structure and functional groups. Quinolines make synthesis of such frameworks possible thanks to their unique electronic configuration. They consist of an electron-abundant benzene ring fused to an electron-deficient pyridine ring; these electronically distinct rings can be modified independently by adjusting reaction conditions.

One of the most attractive ways to use quinolines as feedstock for 2D/3D frameworks is through dearomative photocycloadditions. This process involves destabilizing one of the aromatic rings in quinoline, using light and sometimes a catalyst, so that a reactant can 'latch' onto the ring, forming the target compound. Despite many efforts, most studies have reported photocycloadditions happening on quinoline's benzene ring side, while few have targeted the pyridine side. Thus, the full potential of quinolines remains untapped.

Against this backdrop, a research team from Tokyo Institute of Technology, Japan, led by Assistant Professor Yuki Nagashima, in collaboration with scientists from The University of Tokyo, decided to step up to the challenge. In their latest study, which was published in Angewandte Chemie International Edition on 27 May 2024, they present a convenient methodology to access the pyridine side of quinolines and synthesize diverse 2D/3D frameworks.

The key to their approach lies in the use of a molecule known as pinacolborane, also known as H-B(pin). The researchers discovered that this boron-containing compound was extremely effective at inducing dearomative photocycloaddition almost exclusively on the pyridine side of quinoline. Not only were the yields obtained high but also could a wide variety of quinoline derivatives and reactants be used to obtain all sorts of 2D/3D frameworks.

Seeking to shed light on the mechanisms underlying their newfound strategy, the team conducted a series of experiments and theoretical analyses. They determined that quinoline reacts with an organolithium compound first and then with H-B(pin) to form an intermediate borate complex. This intermediate step is crucial, as Nagashima remarks: "Our detailed mechanistic studies revealed that the photoexcited borate complex both accelerates the cycloaddition and suppresses the rearomatization that usually occurs in conventional photocycloaddition reactions." These effects combined lead to fewer unreacted compounds and undesired aromatics.

It is worth noting that the proposed methodology offers several advantages over competing techniques. For one, it requires less reaction time and steps than classic synthesis routes. Catalysts are not needed either, which reduces costs further. Moreover, multi-substituted starting molecules can be used, which provides access to countless target compounds. "To our knowledge, these transformations are the first boron-based photocycloadditions and unlock previously elusive organoboron compounds. The present strategy based around an intermediate borate complex should be useful for further functionalization of various types of multi-ringed aromatic hydrocarbons," highlights Nagashima.
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More effective cancer treatment with iontronic pump | ScienceDaily
When low doses of cancer drugs are administered continuously near malignant brain tumours using so-called iontronic technology, cancer cell growth drastically decreases. Researchers at Linkoping University, Sweden, and the Medical University of Graz, Austria, demonstrated this in experiments with bird embryos. The results, published in the Journal of Controlled Release, is one step closer to new types of effective treatments for severe cancer forms.


						
Malignant brain tumours often recur despite surgery and post-treatment with chemotherapy and radiation. This is because cancer cells can "hide" deep within tissue and then regrow. The most effective drugs cannot pass through the so-called blood-brain barrier -- a tight network surrounding blood vessels in the brain that prevents many substances in the blood from entering it. Consequently, there are very few available options for treating aggressive brain tumours.

In 2021, a research group from Linkoping University and the Medical University of Graz demonstrated how an iontronic pump could be used to locally administer drugs and inhibit cell growth for a particularly malignant and aggressive form of brain cancer -- glioblastoma. At that time, experiments were conducted on tumour cells in a petri dish.

Now, the same research group has taken the next step towards using this technology in clinical cancer treatment. By allowing glioblastoma cells to grow using undeveloped bird embryos, new treatment methods can be tested on living tumours. The researchers showed that the growth of cancer cells decreased when low doses of strong drugs (gemcitabine) were continuously administered using an iontronic pump directly adjacent to the brain tumour.

"We have previously shown that the concept works. Now we use a model with a living tumour, and we can see that the pump administers the drug very effectively. So even though it is a simplified model of a human, we can say with greater certainty that it works," says Daniel Simon, professor of organic electronics at Linkoping University.

The concept behind a future treatment for glioblastoma involves surgically implanting an iontronic device directly into the brain, close to the tumour. This approach allows for the use of low doses of potent drugs while bypassing the blood-brain barrier. Precise dosing, both in terms of location and timing, is crucial for effective treatment. Additionally, this method can minimize side effects since the chemotherapy doesn't need to circulate throughout the entire body.

Beyond brain tumours, researchers hope that iontronics can be applied to many types of difficult-to-treat cancer forms.




"It becomes a very persistent treatment that the tumour cannot hide from. Even though the tumour and surrounding tissue try remove the drug, the materials and control systems we use in iontronics can continuously deliver a locally high concentration of medication to the tissue adjacent to the tumour," explains Theresia Arbring Sjostrom, a researcher at the Laboratory for Organic Electronics at Linkoping University.

The researchers compared the continuous drug delivery of the pump with once-daily dosing, which more closely resembles how chemotherapy is administered to patients today. They observed that tumour growth decreased with the ionic treatment but not with the daily-dose approach, even though the latter was twice as strong.

These experiments were conducted using bird embryos at an early developmental stage. According to Linda Waldherr, a researcher at the Medical University of Graz and a guest researcher at LiU, this model serves as a good bridge to larger animal experiments:

"In bird embryos, certain biological systems function similarly to those in living animals, such as the formation of blood vessels. However, we don't need to surgically implant any devices in them yet. This demonstrates that the concept works, although there are still many challenges to address," she says.

The researchers believe that human trials could be feasible within the next five to ten years. The next steps involve further developing materials to allow for the surgical implantation of iontronic pumps. Subsequent experiments will also be conducted on rats and larger animals to further evaluate this treatment method.
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Interaction with insects accelerates plant evolution | ScienceDaily
A team of researchers at the University of Zurich has discovered that plants benefit from a greater variety of interactions with pollinators and herbivores. Plants that are pollinated by insects and have to defend themselves against herbivores have evolved to be better adapted to different types of soil.


						
Plants obtain nutrients and water from the soil. Since different soil types differ in their chemical and physical composition, plants need to adapt their physiology to optimize this process on different soil types.

This evolutionary process leads to the formation of ecotypes, i.e., locally adapted "plant breeds" that differ slightly in appearance and may no longer be easily crossbred. The latter effect is considered to be the first step toward the formation of separate species. The adaptation of crops to local soil types is also crucial for agricultural productivity.

Experiment with bumblebees and aphids

A team of researchers led by biologist Florian Schiestl of the Department of Systematic and Evolutionary Botany at the University of Zurich has now discovered that the interaction of plants with pollinators and herbivorous insects influences their adaptation to soil types and thus the formation of ecotypes. In a two-year experiment, about 800 swede plants were grown over 10 generations on different soil types in a greenhouse. One group was pollinated by bumblebees, another by hand; in addition, the plants were cultivated with and without aphids (as herbivores).

At the end of the evolutionary experiment, the researchers investigated the extent to which the plants on the two soil types differed in shape and composition and how well they had adapted to the soil. In terms of shape, it was found that only the plants pollinated by bumblebees showed clear differences between the soil types, while the hand-pollinated plant groups remained largely the same.

Plants pollinated by bumblebees adapt best

When it comes to adaptation to soil types, the researchers even found significant adaptation only in bumblebee-pollinated plants with aphids after the two years of experimental evolution, while no significant adaptation to soil types was observed in the other groups.

The study also identified several genes that may play a critical role in this adaptation process. The results show that biotic interactions can have a strong influence on plants' ability to adapt to abiotic factors and that adaptation is most efficient when plants are exposed to a variety of interactions.
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A railroad of cells | ScienceDaily
Looking under the microscope, a group of cells slowly moves forward in a line, like a train on the tracks. The cells navigate through complex environments. A new approach by researchers involving the Institute of Science and Technology Austria (ISTA) now shows how they do this and how they interact with each other. The experimental observations and the following mathematical concept are published in Nature Physics.


						
The majority of the cells in the human body cannot move. Some specific ones, however, can go to different places. For example, in wound healing, cells move through the body to repair damaged tissue. They sometimes travel alone or in different group sizes. Although the process is increasingly understood, little is known about how cells interact while traveling and how they collectively navigate the complex environments found in the body. An interdisciplinary team of theoretical physicists at the Institute of Science and Technology Austria (ISTA) and experimentalists from the University of Mons in Belgium now has new insights.

Much like social dynamics experiments, where understanding the interactions of a small group of people is easier than analyzing an entire society, the scientists studied the traveling behavior of a small group of cells in well-defined in vitro surroundings, i.e. outside a living organism, in a Petri dish equipped with interior features. Based on their findings, they developed a framework of interaction rules, which is now published in Nature Physics.

Cells travel in trains

David Bruckner rushes back to his office to grab his laptop. "I think it's better to show some videos of our experiments," he says excitedly and presses play. The video shows a Petri dish. Microstripes -- one-dimensional lanes guiding cell movement -- are printed on the substrate beside a zebrafish scale made up of numerous cells. Special wound-healing cells, known as "keratocytes" start to stretch away from the scale, forming branches into the lanes. "At first, cells stick together through adhesive molecules on their surface -- it's like they're holding hands," explains Bruckner. Suddenly, the bond breaks off, and the cells assemble into tiny groups, moving forward like trains along tracks. "The length of the train is always different. Sometimes it's two, sometimes it's ten. It depends on the initial conditions."

Eleonore Vercurysse and Sylvain Gabriele from the University of Mons in Belgium observed this phenomenon while investigating keratocytes and their wound-healing features within different geometrical patterns. To help interpret these puzzling observations, they reached out to theoretical physicists David Bruckner and Edouard Hannezo at ISTA.

Cells have a steering wheel

"There's a gradient within each cell that determines where the cell is going. It's called 'polarity' and it's like the cell's very own steering wheel," says Bruckner. "Cells communicate their polarity to neighboring cells, allowing them to move in concert." But how they do so has remained a big puzzle in the field. Bruckner and Hannezo started brainstorming. The two scientists developed a mathematical model combining a cell's polarity, their interactions, and the geometry of their surroundings. They then transferred the framework into computer simulations, which helped them visualize different scenarios.




The first thing the scientists in Austria looked at was the speed of the cell trains. The simulation revealed that the speed of the trains is independent of their length, whether they consist of two or ten cells. "Imagine if the first cell did all the work, dragging the others behind it; the overall performance would decrease," says Hannezo. "But that's not the case. Within the trains, all the cells are polarized in the same direction. They are aligned and in sync about their movement and smoothly move forward." In other words, the trains operate like an all-wheel drive rather than just a front-wheel drive.

As a next step, the theoreticians examined the effects of increasing the width of the lanes and the cell clusters in their simulations. Compared to cells moving in a single file, clusters were much slower. The explanation is quite simple: the more cells are clustered together, the more they bump into each other. These collisions cause them to polarize away from each other and move in opposite directions. The cells are not aligned properly, which disrupts the flow of movement and drastically influences the overall speed. This phenomenon was also observed in the Belgian lab (in vitro experiments).

Dead end? No problem for cell clusters

From an efficiency standpoint, it sounds like moving in clusters is not ideal. However, the model predicted that it also had its benefits when cells navigate through complex terrain, as they do, for instance, in the human body. To test this, the scientists added a dead end, both in the experiments and in the simulations. "Trains of cells get to the dead end quickly, but struggle to change direction. Their polarization is well aligned, and it's very hard for them to agree on switching around," says Bruckner. "Whereas in the cluster, quite a few cells are already polarized in the other direction, making the change of direction way easier."

Trains or clusters?

Naturally, the question arises: when do cells move in clusters, and when do they move in trains? The answer is that both scenarios are observed in nature. For example, some developmental processes rely on clusters of cells moving from one side to the other, while others depend on small trains of cells moving independently. "Our model doesn't only apply to a single process. Instead, it is a broadly applicable framework showing that placing cells in an environment with geometric constraints is highly instructive, as it challenges them and allows us to decipher their interactions with each other," Hannezo adds.

A small train packed with information

Recent publications by the Hannezo group suggest that cell communication propagates in waves -- an interplay between biochemical signals, physical behavior, and motion. The scientists' new model now provides a physical foundation for these cell-to-cell interactions, possibly aiding in understanding the big picture. Based on this framework, the collaborators can delve deeper into the molecular players involved in this process. According to Bruckner, the behaviors revealed by these small cell trains can help us understand large-scale movements, such as those seen in entire tissues.
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Much of the Nord Stream gas remained in the sea | ScienceDaily
Much of the methane released into the southern Baltic Sea from the Nord Stream gas pipeline has remained in the water. This is shown by measurements taken by researchers from the University of Gothenburg.


						
At the end of September 2022, the Nord Stream gas pipeline on the bottom of the Baltic Sea exploded east of Bornholm and one of the largest unnatural methane gas emissions ever was a fact. The methane gas from the pipeline created large bubbles at the water surface and measurements showed elevated levels of methane in the atmosphere.

Expedition within a week

But much of the methane never reached the surface and dissolved in the water instead. This is according to a scientific study published in Scientific Reports.

"Thanks to fortunate circumstances, we were able to organise an expedition to the area of the leak in less than a week. Based on what we measured, we estimate that between 10,000 and 50,000 tonnes of methane remained in the sea in dissolved form," says Katarina Abrahamsson, professor of marine chemistry at the University of Gothenburg.

The methane was spread over large areas and has dissolved in the water, where some is taken care of by bacteria. Methane is also normally present in the water, formed during the decomposition of organic material in the bottom sediments.

Different isotopes

"In our study, we have been able to distinguish the methane coming from the Nord Stream leak from that naturally present in the water, thanks to the fact that the methane from the gas pipeline has a different isotopic composition than that which seeps up from the bottom sediments. This is a strength of our study," says Katarina Abrahamsson.




The water in the sea normally lies in different layers due to differences in temperature and salinity. Despite the fact that the methane leaked out of the gas pipeline at great speed and in large quantities, the researchers could not observe any major mixing in the water masses. The stratification that normally occurs at the end of September was stable. The levels of the leaked methane therefore varied greatly in the water. The researchers assume that the methane was diluted in a larger body of water later in the autumn when the water was remixed due to falling water temperature.

Unclear biological impact

It is too early to say what impact the increased methane levels will have on biological life in the southern Baltic Sea.

"The expedition also included researchers who took plankton samples in the affected area, the analyses of which are not yet complete," says Katarina Abrahamsson.

Three months after the first expedition, a return visit was made to the area and new measurements were taken. Preliminary results show that bacterial activity has been high during these three months. The researchers do not yet know how the phytoplankton and zooplankton have been affected by this.
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New technology provides electrifying insights into how catalysts work at the atomic level | ScienceDaily
A team led by Lawrence Berkeley National Laboratory (Berkeley Lab) has invented a technique to study electrochemical processes at the atomic level with unprecedented resolution and used it to gain new insights into a popular catalyst material. Electrochemical reactions -- chemical transformations that are caused by or accompanied by the flow of electric currents -- are the basis of batteries, fuel cells, electrolysis, and solar-powered fuel generation, among other technologies. They also drive biological processes such as photosynthesis and occur under the Earth's surface in the formation and breakdown of metal ores.


						
The scientists have developed a cell -- a small enclosed chamber that can hold all the components of an electrochemical reaction -- that can be paired with transmission electron microscopy (TEM) to generate precise views of a reaction at atomic scale. Better yet, their device, which they call a polymer liquid cell (PLC), can be frozen to stop the reaction at specific timepoints, so scientists can observe composition changes at each stage of a reaction with other characterization tools. In a paper published June 19 in Nature, the team describes their cell and a proof of principle investigation using it to study a copper catalyst that reduces carbon dioxide to generate fuels.

"This is a very exciting technical breakthrough that shows something we could not do before is now possible. The liquid cell allows us to see what's going on at the solid-liquid interface during reactions in real time, which are very complex phenomena. We can see how the catalyst surface atoms move and transform into different transient structures when interacting with the liquid electrolyte during electrocatalytic reactions," said Haimei Zheng, lead author and senior scientist in Berkeley Lab's Materials Science Division.

"It's very important for catalyst design to see how a catalyst works and also how it degrades. If we don't know how it fails, we won't be able to improve the design. And we're very confident we're going to see that happen with this technology," said co-first author Qiubo Zhang, a postdoctoral research fellow in Zheng's lab.

Zheng and her colleagues are excited to use the PLC on a variety of other electrocatalytic materials, and have already begun investigations into problems in lithium and zinc batteries. The team is optimistic that details revealed by the PLC-enabled TEM could lead to improvements in all electrochemical-driven technologies.

New insights into a popular catalyst

The scientists tested the PLC approach on a copper catalyst system that is a hot subject of research and development because it can transform atmospheric carbon dioxide molecules into valuable carbon-based chemicals such as methanol, ethanol, and acetone. However, a deeper understanding of copper-based CO2 reducing catalysts is needed to engineer systems that are durable and efficiently produce a desired carbon product rather than off-target products.




Zheng's team used the powerful microscopes at the National Center for Electron Microscopy, part of Berkeley Lab's Molecular Foundry, to study the area within the reaction called the solid-liquid interface, where the solid catalyst that has electrical current through it meets the liquid electrolyte. The catalyst system they put inside the cell consists of solid copper with an electrolyte of potassium bicarbonate (KHCO3) in water. The cell is composed of platinum, aluminum oxide, and a super thin, 10 nanometer polymer film.

Using electron microscopy, electron energy loss spectroscopy, and energy-dispersive X-ray spectroscopy, the researchers captured unprecedented images and data that revealed unexpected transformations at the solid-liquid interface during the reaction. The team observed copper atoms leaving the solid, crystalline metal phase and mingling with carbon, hydrogen, and oxygen atoms from the electrolyte and CO2 to form a fluctuating, amorphous state between the surface and the electrolyte, which they dubbed an "amorphous interphase" because it is neither solid nor liquid. This amorphous interphase disappears again when the current stops flowing, and most of the copper atoms return to the solid lattice.

According to Zhang, the dynamics of the amorphous interphase could be leveraged in the future to make the catalyst more selective for specific carbon products. Additionally, understanding the interphase will help scientists combat degradation -- which occurs on the surface of all catalysts over time -- to develop systems with longer operational lifetimes.

"Previously, people relied on the initial surface structure to design the catalyst for both efficiency and stability. The discovery of the amorphous interphase challenges our previous understanding of solid-liquid interfaces, prompting a need to consider its effects when devising strategies," said Zhang.

"During the reaction, the structure of the amorphous interphase changes continuously, impacting performance. Studying the dynamics of the solid-liquid interface can aid in understanding these changes, allowing for the development of suitable strategies to enhance catalyst performance," added Zhigang Song, co-first author and postdoctoral scholar at Harvard University.

The other authors on this work were Xianhu Sun, Yang Liu, Jiawei Wan, Sophia. B. Betzler, Qi Zheng, Junyi Shangguan, Karen. C. Bustillo, Peter Ercius, Prineha Narang, and Yu Huang. Funding was provided by the U.S. Department of Energy (DOE) Office of Science. The Molecular Foundry is a DOE Office of Science user facility.
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Researchers create new class of materials called 'glassy gels' | ScienceDaily
Researchers have created a new class of materials called "glassy gels" that are very hard and difficult to break despite containing more than 50% liquid. Coupled with the fact that glassy gels are simple to produce, the material holds promise for a variety of applications.


						
Gels and glassy polymers are classes of materials that have historically been viewed as distinct from one another. Glassy polymers are hard, stiff and often brittle. They're used to make things like water bottles or airplane windows. Gels -- such as contact lenses -- contain liquid and are soft and stretchy.

"We've created a class of materials that we've termed glassy gels, which are as hard as glassy polymers, but -- if you apply enough force -- can stretch up to five times their original length, rather than breaking," says Michael Dickey, corresponding author of a paper on the work and the Camille and Henry Dreyfus Professor of Chemical and Biomolecular Engineering at North Carolina State University. "What's more, once the material has been stretched, you can get it to return to its original shape by applying heat. In addition, the surface of the glassy gels is highly adhesive, which is unusual for hard materials."

"A key thing that distinguishes glassy gels is that they are more than 50% liquid, which makes them more efficient conductors of electricity than common plastics that have comparable physical characteristics," says Meixiang Wang, co-lead author of the paper and a postdoctoral researcher at NC State.

"Considering the number of unique properties they possess, we're optimistic that these materials will be useful," Wang says.

Glassy gels, as the name suggests, are effectively a material that combines some of the most attractive properties of both glassy polymers and gels. To make them, the researchers start with the liquid precursors of glassy polymers and mix them with an ionic liquid. This combined liquid is poured into a mold and exposed to ultraviolet light, which "cures" the material. The mold is then removed, leaving behind the glassy gel.

"The ionic liquid is a solvent, like water, but is made entirely of ions," says Dickey. "Normally when you add a solvent to a polymer, the solvent pushes apart the polymer chains, making the polymer soft and stretchable. That's why a wet contact lens is pliable, and a dry contact lens isn't. In glassy gels, the solvent pushes the molecular chains in the polymer apart, which allows it to be stretchable like a gel. However, the ions in the solvent are strongly attracted to the polymer, which prevents the polymer chains from moving. The inability of chains to move is what makes it glassy. The end result is that the material is hard due to the attractive forces, but is still capable of stretching due to the extra spacing."

The researchers found that glassy gels could be made with a variety of different polymers and ionic liquids, though not all classes of polymers can be used to create glassy gels.




"Polymers that are charged or polar hold promise for glassy gels, because they're attracted to the ionic liquid," Dickey says.

In testing, the researchers found that the glassy gels don't evaporate or dry out, even though they consist of 50-60% liquid.

"Maybe the most intriguing characteristic of the glassy gels is how adhesive they are," says Dickey. "Because while we understand what makes them hard and stretchable, we can only speculate about what makes them so sticky."

The researchers also think glassy gels hold promise for practical applications because they're easy to make.

"Creating glassy gels is a simple process that can be done by curing it in any type of mold or by 3D printing it," says Dickey. "Most plastics with similar mechanical properties require manufacturers to create polymer as a feedstock and then transport that polymer to another facility where the polymer is melted and formed into the end product.

"We're excited to see how glassy gels can be used and are open to working with collaborators on identifying applications for these materials."

The paper, "Glassy Gels Toughened by Solvent," will be published June 19 in the journal Nature. Co-lead author of the paper is Xun Xiao of the University of North Carolina at Chapel Hill. The paper was co-authored by Salma Siddika, a Ph.D. student at NC State; Mohammad Shamsi, a former Ph.D. student at NC State; Ethan Frey, a former undergrad at NC state; Brendan O'Connor, a professor of mechanical and aerospace engineering at NC State; Wubin Bai, a professor of applied physical sciences at UNC; and Wen Qian, a research associate professor of mechanical and materials engineering at the University of Nebraska-Lincoln.

The work was partially supported by funding from the Coastal Studies Institute.
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Tabulae Paralytica: Mapping the biology of spinal cord injury in unprecedented detail | ScienceDaily
Scientists at EPFL have achieved a significant research milestone in the field of spinal cord injuries -- mapping out the cellular and molecular dynamics of paralysis in unprecedented detail with their open-source project 'Tabulae Paralytica'. Gregoire Courtine and his team have integrated cutting-edge cell and molecular mapping technologies with artificial intelligence to chart the complex molecular processes that unfold in each cell after spinal cord injuries (SCI). Published in Nature, this seminal work not only identifies a specific set of neurons and genes that plays a key role for recovery but also proposes a successful gene therapy derived from its discoveries.


						
Understanding why spinal cord injuries are nearly impossible to heal sheds light on the significance of this breakthrough. The human spinal cord is one of the most complex biological systems known to science -- it is a mechanical, chemical, and electrical arrangement of different types of cells working in harmony to produce and regulate a multitude of neurological functions, including a natural, elegant gait. This cellular complexity amplifies the challenges to effectively treating paralysis caused by injury to the spinal cord.

Until now, traditional imaging and mapping methods have offered a generalized view of the cellular mechanisms of SCI. But this lack of specificity blurs the distinct roles and reactions of individual cell types and has hindered the development of targeted treatments, as therapies could not be finely tuned to address specific cellular dynamics.

"In this study, we aimed for nothing less than a revolution in the biological understanding of spinal cord injury," says Courtine. "By offering an exceptionally detailed view of the cellular and molecular dynamics of spinal cord injury in mice across space and time, the four cell atlases comprising the Tabulae Paralytica close a historic knowledge gap, paving the way for targeted treatments and enhanced recovery."

The first treatment to come from this new understanding of the intricate cellular dynamics of paralysis is a targeted gene therapy. Developed in collaboration with fellow EPFL Neuro X professor Bernard Schneider, the therapy leverages a crucial finding: the researchers found that a specific type of support cell called an astrocyte loses its ability to respond to injury in aged animals.

"For much of the last hundred years, it was believed that astrocytes were detrimental to neural repair. Our data further supports overturning this notion and suggests an essential protective role for these cells that can be exploited to repair spinal cord injuries," says EPFL's Mark Anderson, senior author of the study.

Another key result of the study is the identification of a specific subset of neurons, known as Vsx2 neurons, that are inherently equipped to promote recovery.




"Our previous studies have pointed in their direction, but with this new, fine-tuned understanding, we can now say for certain that Vsx2 neurons are largely responsible for neural circuit reorganization, meaning that they are by far the most interesting population of neurons for repairing spinal cord injury," asserts Jordan Squair, another senior author of the study from EPFL.

To create the first-ever comprehensive cellular map of spinal cord injuries in rodent models, the researchers employed two innovative technologies. The first, single cell sequencing, examines the genetic makeup of each cell. While it has been employed for over a decade, recent advances allowed the scientists to scale up the process like never before, generating detailed accounts of millions of spinal cord cells.

Secondly, spatial transcriptomics -- a cutting-edge technology that shows us where these cellular activities occur -- expanded the map across the entire spinal cord, preserving the spatial context and relationships between different cell types.

The new data is so vast that new machine learning techniques needed to be developed specifically to harness its intricacy. This computational approach leverages artificial intelligence to not only chart the immediate genetic responses of individual cells but also situate these responses within the physical and temporal landscape of the spinal cord.

"We now have a detailed map that not only shows us which cells are involved but also how they interact and change over the course of the injury and recovery process," explains Squair. "This comprehensive understanding is crucial for developing treatments that are precisely tailored to specific cells and unique requirements for repair of varying injuries, paving the way for more effective and personalized therapies."

The 'Tabulae Paralytica' is a significant milestone in SCI research. It combines scientific insight with technological innovation to open new horizons in the understanding and treatment of SCI. Although this study has been conducted using rodent models, the insights gained are expected to translate into clinical applications, where Courtine and his team have been making significant advances for over a decade.
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When in drought: Researchers map which parts of the Amazon are most vulnerable to climate change | ScienceDaily
In the late 2000s, Scott Saleska noticed something strange going on in the Amazon rainforest.


						
In 2005, a massive drought struck the region. Two years later, Saleska -- a University of Arizona professor in the Department of Ecology and Evolutionary Biology -- published surprising research that used satellite images to find that the drought resulted in more green growth in large swaths of the Amazon. On the other hand, field researchers saw plants brown and some die in response to the drought.

Research published today in the journal Nature reveals what caused the scientific mismatch. Shuli Chen, a doctoral degree candidate in ecology and evolutionary biology who works with Saleska, is the lead author.

Chen and Saleska teamed up with Antonio Nobre, an Earth scientist at Brazil's National Institute for Space Research, who was using satellites to detect how landscape topography and groundwater tables interact with forests.

The trio and their co-authors from Brazil, the U.S. and the United Kingdom used 20 years of data -- from 2000 to 2020, which includes drought data from 2005, 2010 and a more widespread drought in 2015 and 2016 -- to tease out how drought impacts the most biodiverse forest on Earth, which spans an area twice the size of India, and is one of the world's largest carbon sinks.

They found that different regions of the Amazon rainforest respond to drought differently because of differences in local forest environments and differences in the properties of trees themselves. This work goes beyond wide-scale climate factors and homes in on how local environments drive drought response, Chen said. The team created maps to illustrate their findings.

In the southern reaches of the Amazon rainforest, mostly over rock formations that geologists call the Brazilian Shield -- with relatively fertile soil and forests with shorter trees -- drought response was controlled by access to groundwater. Trees with access to shallow water tables "greened up" during drought, the researchers found, while trees over deeper water tables experienced more foliage browning and tree death. In contrast, the northern Amazon, dominated by what geologists call the Guiana Shield -- home to tall trees with deep roots and less fertile soil -- was more drought resilient regardless of water table depth.




This new understanding of regional differences provides a framework for conservation decisions and improved predictions of forest responses to future climate changes, according to the researchers. It also warns that the Amazon's most productive forests are also at the greatest risk.

"It's like we brought a blurry image into focus," Chen said. "When we talk about the Amazon being at risk, we talk about it as if it were all one thing. This research shows that the Amazon is a rich mosaic in which some parts are more vulnerable to change than others, and it explains why. This is key to understanding the system and ultimately protecting it."

Building the mosaic

The research team used remote sensing satellite data -- which relayed forest canopy health by measuring greenness and photosynthetic activity -- to track how variations in non-climatic factors including water table depth, soil fertility and overall forest height affect forest resilience in the face of drought.

For trees with access to shallow water tables in the fertile soils of the southern Amazon, droughts result in more growth and healthier canopies for a few reasons.

First, during typical conditions, their roots are submerged in water, which limits access to oxygen. During drought, water recedes a bit, but doesn't go away, exposing more root and allowing an increase in oxygen uptake. At the same time, trees get a photosynthetic boost from the additional sunlight.




Trees in the same region that grow over deeper water tables, on the other hand, have come to rely on rainwater. They are more vulnerable to drought.

The slow-growing trees in the northern Amazon -- with their tall canopies, deep roots and relatively infertile soil -- have adapted to harsh conditions, Chen said, making them hardy in the face of drought.

The Guiana Shield in the northern Amazon contains less fertile soil and deeper water tables than the Brazilian Shield in the south. These conditions led to slow-growing tall trees with deeper rooting systems able to access the water, making them hardier in the face of drought, Chen said.

"Our results are not just important for the Amazon, it's important for the whole world, because the rainforest has a significant stock of our carbon. If that carbon is lost -- because trees burn or are deforested, that adds to carbon dioxide in the atmosphere, which in makes global warming even worse," Saleska said.

Beyond the Amazon

The Amazon rainforest also plays a vitally important role in the Earth's hydrologic cycle.

While the Amazon River is the biggest on Earth -- discharging more water to the ocean than the next seven largest rivers combined -- an "atmospheric river" of water vapor flows in the opposite direction through the air above Amazon rainforests, carrying up to twice as much water than its terrestrial twin.

Water evaporates from the Atlantic Ocean surface and wind carries it over the eastern Amazon rainforest. When that water falls as rain, it's absorbed by the trees, which then move it up their stems, trunks and vines before emitting it back into the air as water vapor, like slow-motion geysers.

This is happening on a grand scale, with a hundred billion Amazonian trees feeding the atmospheric river that carries water from east to west across the rainforest. Trees in the western Amazon receive about 50% of their water from trees upwind, Saleska said.

"If you imagine either cutting down or losing those trees, because they're vulnerable, and you're getting more droughts, that doesn't just affect those trees, that affects the trees downstream of the atmospheric river too," said study co-author Nobre. "You basically threaten the integrity of the whole system."

This water recycling capability also supplies water to agriculture in other parts of South America, beyond the Amazon, he said.

Saleska, who also serves on the science steering committee of the Science Panel for the Amazon, an international initiative by scientists dedicated to the Amazon, said that the new research will be invaluable for that work.

"If we care about preserving biodiversity, conserving valuable ecosystems, conserving valuable forests, knowing this kind of information is really critically helpful," Saleska said.
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Mirror-image chemicals may revolutionize drug delivery | ScienceDaily
Cyclodextrins (CDs) are complicated carbohydrates, a term that describes the natural, sugar-based, starchy material that makes up much of fruits, vegetables and grains.


						
Their unique chemical properties make them ideal for all sorts of uses, including air fresheners, medications and cosmetics. Scientists also are exploring their potential to treat cardiovascular diseases caused by atherosclerotic plaques.

Now, more than 130 years after CDs were first discovered and reported, a University of Texas at Arlington team of scientists has created chemical mirror images of these complex carbohydrates in the laboratory. This discovery may revolutionize how medications are delivered to patients.

Daniel W. Armstrong, the Robert A. Welch Distinguished University Chair in Chemistry, has co-authored a new peer-reviewed publication in Nature Synthesis describing mirror-image cyclodextrins for the first time along with his former graduate student Saba Aslani.

"This discovery is exciting, as it may make it easier to formulate and deliver complex medications to patients," Armstrong said. "This missing piece of the puzzle definitely paves the way for additional gains in treating and curing disease."

Other authors on the paper are from Northwestern University; University of Hong Kong; University of Wyoming; ZJU-Hangzhou Global Scientific and Technological Innovation Center in China; National University of Singapore; Universite d'Angers in France; Zhejiang University in China; and University of New South Wales in Australia.

After creating these mirror-image CDs in the lab, researchers were able to confirm their discovery using X-ray crystallography and binding studies of other mirror-image molecules.

"In the pharmaceutical industry, it is common and even mandated to synthesize and test such mirror-image drug entities, as they may have different medicinal properties and toxicities," Armstrong said. "Based on how popular CDs are already for delivering medications, this newly discovered mirror image may have even more biomedical uses. Plus, we know that such mirror-images carbohydrates are more resistant to biological degradation than their natural counterparts."
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Is coffee good for you or bad for you? | ScienceDaily
Coffee drinking is a heritable habit, and one that carries a certain amount of genetic baggage.


						
Caffeinated coffee is a psychoactive substance, notes Sandra Sanchez-Roige, Ph.D., an associate professor in the University of California San Diego School of Medicine Department of Psychiatry. She is one of an international group of researchers that compared coffee-consumption characteristics from a 23andMe database with an even larger set of records in the United Kingdom. She is the corresponding author of a study recently published in the journal Neuropsychopharmacology.

Hayley H. A. Thorpe, Ph.D., is the lead author on the paper. Thorpe, of the Department of Anatomy and Cell Biology, Schulich School of Medicine and Dentistry at Western University in Ontario, explained that the team collected genetic data as well as self-reported coffee-consumption numbers to assemble a genome-wide association study (GWAS). The idea was to make connections between the genes that were known to be associated with coffee consumption and the traits or conditions related to health.

"We used this data to identify regions on the genome associated with whether somebody is more or less likely to consume coffee," Thorpe explained. "And then identify the genes and biology that could underlie coffee intake."

Abraham Palmer, Ph.D., is also a lead researcher on the paper and a professor in the UC San Diego School of Medicine Department of Psychiatry. He said that most people are surprised that there is a genetic influence on coffee consumption. "We had good reason to suspect from earlier papers that there were genes that influence how much coffee someone consumes," he said. "And so, we weren't surprised to find that in both of the cohorts we examined there was statistical evidence that this is a heritable trait. In other words, the particular gene variants that you inherit from your parents influence how much coffee you're likely to consume."

Sanchez-Roige said the genetic influence on coffee consumption was the first of two questions the researchers wanted to address.

"The second is something that coffee lovers are really keen on learning," Sanchez-Roige said. "Is drinking coffee good or bad? Is it associated with positive health outcomes or not?"

The answer is not definitive. The group's genome-wide association study of 130,153 U.S.-based 23andMe research participants was compared with a similar UK Biobank database of 334,649 Britons, revealing consistent positive genetic associations between coffee and harmful health outcomes such as obesity and substance use. A positive genetic association is a connection between a specific gene variant (the genotype) and a specific condition (the phenotype). Conversely, a negative genetic association is an apparent protective quality discouraging the development of a condition. The findings get more complicated when it comes to psychiatric conditions.




"Look at the genetics of anxiety, for instance, or bipolar and depression: In the 23andMe data set, they tend to be positively genetically correlated with coffee intake genetics," Thorpe said. "But then, in the UK Biobank, you see the opposite pattern, where they're negatively genetically correlated. This is not what we expected."

She said there were other instances in which the 23andMe set didn't align with the UK Biobank, but the greatest disagreement was in psychiatric conditions.

"It's common to combine similar datasets in this field to increase study power. This information paints a fairly clear picture that combining these two datasets was really not a wise idea. And we didn't end up doing that," Thorpe said. She explained that melding the databases might mask effects, leading researchers toward incorrect conclusions -- or even cancelling each other out.

Sanchez-Roige says the researchers have some ideas about how the differences in results arose. To begin with, there was an apples-and-oranges aspect to the surveys. For instance, the 23andMe survey asked, "How many 5-ounce (cup-sized) servings of caffeinated coffee do you consume each day?" Compare it to the UK Biobank's "How many cups of coffee do you drink each day? (Include decaffeinated coffee)"

Beyond serving size and the caffeinated/decaf divide, the surveys made no accommodation for the various ways coffee is served. "We know that in the U.K., they have generally higher preference for instant coffee, whereas ground coffee is more preferred in the U.S.," Thorpe said.

"And then there's the frappuccinos," Sanchez-Roige added, citing the American trend of taking coffee loaded with sugary additives. Palmer mentioned other caffeinated drinks and especially in the context of the UK Biobank, tea, none of which were included in the GWAS, which addressed only coffee. Palmer added that the GWAS demonstrates the relationship between genotype and phenotype is more different than the relationship between coffee and tea.




"Genetics influences lots of things. For instance, it influences how tall you might be," he said. "And those kinds of things probably would play out very similarly, whether you lived in the U.S. or the U.K. But coffee is a decision that people make."

Sanchez-Roige pointed out that coffee comes in a variety of forms, from instant to frappuccino, and is consumed amid cultural norms that differ from place to place. A person with a given genotype might end up having quite a different phenotype living in the U.K. versus the U.S.

"And that's really what the data are telling us," she said. "Because unlike height, where your behavior doesn't really have much to do with it, your behavior and the choices you're making in your environment play out in various ways. So the interaction between genotype and environment complicates the picture."

The collaborators stressed the need for more investigation to unravel the relationships between genetics and the environment, focusing not only on coffee/caffeine intake but also other substance-use issues.

In addition to the researchers noted above, co-authors on the paper from UC San Diego are: Benjamin K. Pham, John J. Meredith, Mariela V. Jennings, Natasia S. Courchesne-Krak and Sevim B. Bianchi, all of the Department of Psychiatry. Other co-authors are Pierre Fontanillas, of 23andMe, Inc.; Laura Vilar-Ribo, of the Universitat Autonoma de Barcelona, Spain; Julian Mutz, of King's College London, U.K.; Sarah L. Elson and Jibran Y. Khokhar, of the University of Guelph, Canada; Abdel Abdellaoui, of the University of Amsterdam, The Netherlands; Lea K. Davis, of Vanderbilt University Medical Center; and the 23andMe Research Team.

Mariela V. Jennings, Sevim B. Bianchi and Sandra Sanchez-Roige are supported by funds from the California Tobacco-Related Disease Research Program (TRDRP; Grant Number T29KT0526 and T32IR5226). Sevim B. Bianchi and Abraham Palmer were also supported by P50DA037844. BKP, Julian Mutz, and Sandra Sanchez-Roige are supported by NIH/NIDA DP1DA054394. Hayley H. A .Thorpe is funded through a Natural Science and Engineering Research Council PGS-D scholarship and Canadian Institutes of Health Research (CIHR) Fellowship. Jibran Y. Khokhar is supported by a CIHR Canada Research Chair in Translational Neuropsychopharmacology. Lea K. Davis is supported by R01 MH113362. Natasia S. Courchesne-Krak is funded through an Interdisciplinary Research Fellowship in NeuroAIDs (Grant Number R25MH081482). Julian Mutz is funded by the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre at South London and Maudsley NHS Foundation Trust and King's College London.
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Researchers leverage shadows to model 3D scenes, including objects blocked from view | ScienceDaily
Imagine driving through a tunnel in an autonomous vehicle, but unbeknownst to you, a crash has stopped traffic up ahead. Normally, you'd need to rely on the car in front of you to know you should start braking. But what if your vehicle could see around the car ahead and apply the brakes even sooner?


						
Researchers from MIT and Meta have developed a computer vision technique that could someday enable an autonomous vehicle to do just that.

They have introduced a method that creates physically accurate, 3D models of an entire scene, including areas blocked from view, using images from a single camera position. Their technique uses shadows to determine what lies in obstructed portions of the scene.

They call their approach PlatoNeRF, based on Plato's allegory of the cave, a passage from the Greek philosopher's "Republic"in which prisoners chained in a cave discern the reality of the outside world based on shadows cast on the cave wall.

By combining lidar (light detection and ranging) technology with machine learning, PlatoNeRF can generate more accurate reconstructions of 3D geometry than some existing AI techniques. Additionally, PlatoNeRF is better at smoothly reconstructing scenes where shadows are hard to see, such as those with high ambient light or dark backgrounds.

In addition to improving the safety of autonomous vehicles, PlatoNeRF could make AR/VR headsets more efficient by enabling a user to model the geometry of a room without the need to walk around taking measurements. It could also help warehouse robots find items in cluttered environments faster.

"Our key idea was taking these two things that have been done in different disciplines before and pulling them together -- multibounce lidar and machine learning. It turns out that when you bring these two together, that is when you find a lot of new opportunities to explore and get the best of both worlds," says Tzofi Klinghoffer, an MIT graduate student in media arts and sciences, affiliate of the MIT Media Lab, and lead author of a paper on PlatoNeRF.




Klinghoffer wrote the paper with his advisor, Ramesh Raskar, associate professor of media arts and sciences and leader of the Camera Culture Group at MIT; senior author Rakesh Ranjan, a director of AI research at Meta Reality Labs; as well as Siddharth Somasundaram at MIT, and Xiaoyu Xiang, Yuchen Fan, and Christian Richardt at Meta. The research will be presented at the Conference on Computer Vision and Pattern Recognition.

Shedding light on the problem

Reconstructing a full 3D scene from one camera viewpoint is a complex problem.

Some machine-learning approaches employ generative AI models that try to guess what lies in the occluded regions, but these models can hallucinate objects that aren't really there. Other approaches attempt to infer the shapes of hidden objects using shadows in a color image, but these methods can struggle when shadows are hard to see.

For PlatoNeRF, the MIT researchers built off these approaches using a new sensing modality called single-photon lidar. Lidars map a 3D scene by emitting pulses of light and measuring the time it takes that light to bounce back to the sensor. Because single-photon lidars can detect individual photons, they provide higher-resolution data.

The researchers use a single-photon lidar to illuminate a target point in the scene. Some light bounces off that point and returns directly to the sensor. However, most of the light scatters and bounces off other objects before returning to the sensor. PlatoNeRF relies on these second bounces of light.




By calculating how long it takes light to bounce twice and then return to the lidar sensor, PlatoNeRF captures additional information about the scene, including depth. The second bounce of light also contains information about shadows.

The system traces the secondary rays of light -- those that bounce off the target point to other points in the scene -- to determine which points lie in shadow (due to an absence of light). Based on the location of these shadows, PlatoNeRF can infer the geometry of hidden objects.

The lidar sequentially illuminates 16 points, capturing multiple images that are used to reconstruct the entire 3D scene.

"Every time we illuminate a point in the scene, we are creating new shadows. Because we have all these different illumination sources, we have a lot of light rays shooting around, so we are carving out the region that is occluded and lies beyond the visible eye," Klinghoffer says.

A winning combination

Key to PlatoNeRF is the combination of multibounce lidar with a special type of machine-learning model known as a neural radiance field (NeRF). A NeRF encodes the geometry of a scene into the weights of a neural network, which gives the model a strong ability to interpolate, or estimate, novel views of a scene.

This ability to interpolate also leads to highly accurate scene reconstructions when combined with multibounce lidar, Klinghoffer says.

"The biggest challenge was figuring out how to combine these two things. We really had to think about the physics of how light is transporting with multibounce lidar and how to model that with machine learning," he says.

They compared PlatoNeRF to two common alternative methods, one that only uses lidar and the other that only uses a NeRF with a color image.

They found that their method was able to outperform both techniques, especially when the lidar sensor had lower resolution. This would make their approach more practical to deploy in the real world, where lower resolution sensors are common in commercial devices.

"About 15 years ago, our group invented the first camera to 'see' around corners, that works by exploiting multiple bounces of light, or 'echoes of light.' Those techniques used special lasers and sensors, and used three bounces of light. Since then, lidar technology has become more mainstream, that led to our research on cameras that can see through fog. This new work uses only two bounces of light, which means the signal to noise ratio is very high, and 3D reconstruction quality is impressive," Raskar says.

In the future, the researchers want to try tracking more than two bounces of light to see how that could improve scene reconstructions. In addition, they are interested in applying more deep learning techniques and combining PlatoNeRF with color image measurements to capture texture information.

Further information: https://openaccess.thecvf.com/content/CVPR2024/html/Klinghoffer_PlatoNeRF_3D_Reconstruction_in_Platos_Cave_via_Single-View_Two-Bounce_Lidar_CVPR_2024_paper.html
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New 3D technique reveals precancerous pancreatic lesions | ScienceDaily
Researchers at the Johns Hopkins Kimmel Cancer Center's Sol Goldman Pancreatic Cancer Research Center have developed a 3D genomic profiling technique to identify small precancerous lesions in the pancreas -- called pancreatic intraepithelial neoplasias (PanINs) -- that lead to one of the most aggressive, deadly pancreatic cancers.


						
Published May1 in Nature, the results provide the most detailed 3D map of precancerous lesions in the human pancreas to date, laying a foundation for future early detection of pancreatic ductal adenocarcinoma (PDAC) and other types of pancreatic cancer.

"Not many people actually develop pancreatic cancer, so we were shocked to find a lot of precancer, or PanINs, within the normal regions of the pancreas," says Laura Wood, M.D., Ph.D., associate professor of pathology and oncology at the Kimmel Cancer Center and the Johns Hopkins University School of Medicine and one of the study's senior authors. "This research highlights what we don't yet know about normal aging and raises fundamental questions about how cancer arises in the human pancreas."

The research was co-led by Alicia Braxton, D.V.M., Ph.D., a postdoctoral fellow at the Johns Hopkins University School of Medicine, and Ashley Kiemen, Ph.D., an assistant professor of pathology at the medical school.

Because of their small size, PanINs are challenging to detect and cannot be identified by a typical radiology examination. In the clinic, this often means that by the time patients are diagnosed with cancer, such as PDAC, the cancer already has reached an advanced stage and metastasized to other organs.

Existing 2D histological staining methods, during which tissue is thinly sliced, stained and examined under a microscope, provide only a limited view of PanINs, leaving researchers in the dark about their origins and how they lead to cancer. To better characterize PanINs, the researchers developed a 3D approach.

After thinly slicing and staining tissue from 38 normal pancreatic samples onto hundreds of sequential 2D slides, the researchers developed CODA, a machine-learning pipeline, to analyze and reconstruct the slide images into digital 3D images.




The 3D reconstructions revealed complex networks of interconnected PanINs with an average overall burden of 13 PanINs per cubic centimeter, and a range of from 1 to 31 PanINs per cubic centimeter. Patients with PDAC in other regions of their pancreas seemed to have a higher PanIN burden than those with nonductal disease, although it was not statistically significant.

The researchers further investigated eight of the samples via 3D-guided microdissection and DNA sequencing of specific PanINs. Genomic analysis revealed that the networks were made up of genetically distinct PanINs driven by different gene mutations, such as mutations in the cancer-causing gene Kirsten rat sarcoma virus (KRAS), which is found in most pancreatic cancers.

The finding that multiple precancerous lesions arose from independent mutations is something that hasn't yet been seen in other organs, says Wood, "but now that we know that PanINs are there, we can work on targeting them, such as through KRAS."

Although CODA is not yet usable in a diagnostic setting, among its advantages is that it can be applied to any tissue, disease or model organism, says Kiemen.

"This is just the beginning," she says. "We want to continue to investigate what this means in the context of other organ tissues. If normal tissue has thousands of PanINs, then how do we identify which ones are clinically relevant to disease and which ones are not?"

"One of the ways we can make a difference for the largest number of people with cancer is through prevention, and better understanding the early precursors to cancer through detailed and anatomic molecular maps is the first step," adds Wood. "Until you look in 3D, you don't know what you're missing."

The study's other co-authors include Mia Grahn, Andre Forjaz, Jeeun Parksong, Jaanvi Mahesh Babu, Jiaying Lai, Lily Zheng, Noushin Niknafs, Rebecca Reichel, Sarah Graham, Alexander Damanakis, Catherine Fischer, Stephanie Mou, Cameron Metz, Julie Granger, Xiao-Ding Liu, Niklas Bachmann, Yutong Zhu, YunZhou Liu, Cristina Almagro-Perez, Ann Chenyu Jiang, Jeonghyun Yoo, Bridgette Kim, Scott Du, Eli Foster, Jocelyn Hsu, Paula Andreu Rivera, Linda Chu, Fengze Liu, Elliot Fishman, Alan Yuille, Nicholas Roberts, Elizabeth Thompson, Robert Scharpf, Rachel Karchin, Ralph Hruban, Pei-Hsun Wu, and Denis Wirtz of Johns Hopkins.




Other authors were from the Chinese Academy of Medical Sciences and Peking Union Medical College in Beijing, and the Institute of Cancer Research at the Henan Academy of Innovations in Medical Science in Zhengzhou, China.

The work was supported by multiple grants from the National Cancer Institute at the National Institutes of Health, the Sol Goldman Pancreatic Cancer Research Center, Lustgarten Foundation, Break Through Cancer, the Buffone Family Gastrointestinal Cancer Research Fund, the Allegheny Health Network -- Johns Hopkins Cancer Research Fund, the American Association for Cancer Research (AACR)-Bristol Myers Squibb Midcareer Female Investigator Grant, the Rolfe Pancreatic Cancer Foundation, the Joseph C. Monastra Foundation for Pancreatic Cancer Research, the Gerald O Mann Charitable Foundation (trustees Harriet and Allan Wulfstat), S. Wojcicki and D. Troper, the Lustgarten Foundation-AACR Career Development Award for Pancreatic Cancer Research (in honor of Ruth Bader Ginsburg) and the Chinese Academy of Medical Sciences Innovation Fund for Medical Sciences (2021-I2M-1-067 and 2021-1-I2M-018).

Kiemen, Hruban, Wu, Wirtz and Wood filed a patent June 24, 2022, for the 3D genomic profiling technique. This relationship is managed by The Johns Hopkins University in accordance with its conflict-of-interest policies.
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Researchers find disparities in outcomes of hospice discharges | ScienceDaily
Black patients who leave hospice care and patients with short stays in hospice care are at increased risks for being admitted to a hospital after being discharged from hospice, according to Rutgers Health researchers.


						
Their study, published in JAMA Network Open, examined patient outcomes after hospice care discharges to determine what factors contribute to transitions that lead to negative health implications.

"Hospice care teams may want to pay particular attention to the discharge planning needs of patients of racial and ethnic minority groups and patients with more complicated needs," said Elizabeth Luth, the lead author of the study and a core faculty member of the Center for Healthy Aging Research at the Rutgers Institute for Health, Health Care Policy and Aging Research.

About 15 percent of patients leave hospice care before death for a number of reasons, including unplanned hospitalization, seeking treatment for a terminal condition, transferring hospice services or condition stabilization. Often, the transition to a different care setting is burdensome for the health of the patient. According to researchers, the factors that contribute to the risk of burdensome transitions out of hospice care are understudied, but important for clinicians and policymakers to better understand.

Using Medicare data from more than 115,000 patients from 2014 to 2019, researchers looked at different types of burdensome transitions out of hospice care, including patients admitted to a hospital after leaving care and patients who died while hospitalized. They sought to assess what individual patient, health care services and hospice organizational factors are associated with the different types of transition outcomes.

Researchers found that Black patients who had shorter hospice stays and received care from a for-profit hospice service had higher odds of a burdensome transition after they were discharged. About 42 percent of hospice patients who were discharged die within six months, "suggesting that uninterrupted hospice care may be appropriate for many individuals who were discharged," the researchers found.

Inequitable access to health care services, as well as institutionalized racism, are important factors in racial and ethnic disparities in health outcomes, according to previous research published in The New England Journal of Medicine and The Lancet.

Researchers also found that inpatient respite (services providing short-term relief for family caregivers) and general inpatient care (short-term hospital care for symptom management) were associated with lower odds of hospitalization and hospice readmission.

"Policymakers may want to consider making inpatient respite and general inpatient care more widely available and accessible to families with members in hospice with complex needs to support better outcomes if they are discharged," said Luth, who is an assistant professor in the Department of Family Medicine and Community Health at Rutgers Robert Wood Johnson Medical School.

Coauthors of the study include Caitlin Brennan and Susan Hurley of Care Dimensions, a hospice and palliative care facility in Massachusetts, Veerawat Phongtankuel, Holly Prigerson, and Yongkang Zhang of Weill Cornell Medicine, Miriam Ryvicker of VNS Health, a nonprofit, community-based health care organization in New York City, and Hui Shao of Emory University.
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What happens when neutron stars collide? | ScienceDaily
When stars collapse, they can leave behind incredibly dense but relatively small and cold remnants called neutron stars. If two stars collapse in close proximity, the leftover binary neutron stars spiral in and eventually collide, and the interface where the two stars begin merging becomes incredibly hot. New simulations of these events show hot neutrinos -- tiny, essentially massless particles that rarely interact with other matter -- that are created during the collision can be briefly trapped at these interfaces and remain out of equilibrium with the cold cores of the merging stars for 2 to 3 milliseconds. During this time, the simulations show that the neutrinos can weakly interact with the matter of the stars, helping to drive the particles back toward equilibrium -- and lending new insight into the physics of these powerful events.


						
A paper describing the simulations, by a research team led by Penn State physicists, appeared in the journal Physical Reviews Letters.

"For the first time in 2017, we observed here on Earth signals of various kinds, including gravitational waves, from a binary neutron star merger," said Pedro Luis Espino, a postdoctoral researcher at Penn State and the University of California, Berkeley, who led the research. "This led to a huge surge of interest in binary neutron star astrophysics. There is no way to reproduce these events in a lab to study them experimentally, so the best window we have into understanding what happens during a binary neutron star merger is through simulations based on math that arises from Einstein's theory of general relativity."

Neutron stars get their name because they are thought to be composed almost entirely out of neutrons, the uncharged particles that, along with positively charged protons and negatively charged electrons, make up atoms. Their incredible density -- only black holes are smaller and denser -- is thought to squeeze protons and electrons together, fusing them into neutrons. A typical neutron star is only tens of kilometers across but has about one-and-a-half times the mass of our Sun, which is about 1.4 million kilometers across. A teaspoon of neutron star material might weigh as much as a mountain, tens or hundreds of millions of tons.

"Neutron stars before the merger are effectively cold, while they may be billions of degrees Kelvin, their incredible density means that this heat contributes very little to the energy of the system," said David Radice, assistant professor of physics and of astronomy and astrophysics in the Eberly College of Science at Penn State and a leader of the research team. "As they collide, they can become really hot, the interface of the colliding stars can be heated up to temperatures in the trillions of degrees Kelvin. However, they are so dense that photons cannot escape to dissipate the heat; instead, we think they cool down by emitting neutrinos."

According to the researchers, neutrinos are created during the collision as neutrons in the stars smash into each other and are blasted apart into protons, electrons and neutrinos. What then happens in those first moments after a collision has been an open question in astrophysics.

To try to answer that question, the research team created simulations requiring massive amounts of computing power that model the merger of binary neutron stars and all of the associated physics. The simulations showed for the first time that, however briefly, even neutrinos can be trapped by the heat and density of the merger. The hot neutrinos are out of equilibrium with the still cool cores of the stars and can interact with the matter of the stars.




"These extreme events stretch the bounds of our understanding of physics and studying them allows us to learn new things," Radice said. "The period where the merging stars are out of equilibrium is only 2 to 3 milliseconds, but like temperature, time is relative here, the orbital period of the two stars before the merge can be as little as 1 millisecond. This brief out-of-equilibrium phase is when the most interesting physics occurs, once the system returns to equilibrium, the physics is better understood."

The researchers explained that the precise physical interactions that occur during the merger can impact the types of signals that could be observed on Earth from binary star mergers.

"How the neutrinos interact with the matter of the stars and eventually are emitted can impact the oscillations of the merged remnants of the two stars, which in turn can impact what the electromagnetic and gravitation wave signals of the merger look like when they reach us here on Earth," Espino said. "Next-generation gravitation-wave detectors could be designed to look for these kinds of signal differences. In this way, these simulations play a crucial role allowing us to get insight into these extreme events while informing future experiments and observations in a kind of feedback loop."

In addition to Espino and Radice, the research team includes postdoctoral scholars Peter Hammond and Rossella Gamba at Penn State; Sebastiano Bernuzzi, Francesco Zappa and Luis Felipe Longo Micchi at Friedrich-Schiller-Universitat Jena in Germany; and Albino Perego at Universita di Trento in Italy.

Funding from the U.S. National Science Foundation; the U.S. Department of Energy (DOE), Office of Science, Division of Nuclear Physics; the Deutsche Forschungsgemeinschaft; and the European Union Horizon 2020 and Europe Horizon initiatives supported this research. Simulations were performed on Bridges2, Expanse, Frontera and Perlmutter supercomputers. The research used resources of the National Energy Research Scientific Computing Center, a DOE Office of Science User Facility supported by the Office of Science of the U.S. Department of Energy. The authors acknowledged the Gauss Centre for Supercomputing e.V. for funding this project by providing computing time on the GCS Supercomputer SuperMUC-NG at the Leibniz Supercomputing Centre.
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Discovery of 'new rules of the immune system' could improve treatment of inflammatory diseases, say scientists | ScienceDaily
Scientists at the University of Cambridge have discovered that a type of white blood cell -- called a regulatory T cell -- exists as a single large population of cells that constantly move throughout the body looking for, and repairing, damaged tissue.


						
This overturns the traditional thinking that regulatory T cells exist as multiple specialist populations that are restricted to specific parts of the body. The finding has implications for the treatment of many different diseases -- because almost all diseases and injuries trigger the body's immune system.

Current anti-inflammatory drugs treat the whole body, rather than just the part needing treatment. The researchers say their findings mean it could be possible to shut down the body's immune response and repair damage in any specific part of the body, without affecting the rest of it. This means that higher, more targeted doses of drugs could be used to treat disease -- potentially with rapid results.

"We've uncovered new rules of the immune system. This 'unified healer army' can do everything -- repair injured muscle, make your fat cells respond better to insulin, regrow hair follicles. To think that we could use it in such an enormous range of diseases is fantastic: it's got the potential to be used for almost everything," said Professor Adrian Liston in the University of Cambridge's Department of Pathology, senior author of the paper.

To reach this discovery, the researchers analysed the regulatory T cells present in 48 different tissues in the bodies of mice. This revealed that the cells are not specialised or static, but move through the body to where they're needed. The results are published today in the journal Immunity.

"It's difficult to think of a disease, injury or infection that doesn't involve some kind of immune response, and our finding really changes the way we could control this response," said Liston.

He added: "Now that we know these regulatory T cells are present everywhere in the body, in principle we can start to make immune suppression and tissue regeneration treatments that are targeted against a single organ -- a vast improvement on current treatments that are like hitting the body with a sledgehammer."

Using a drug they have already designed, the researchers have shown -- in mice -- that it's possible to attract regulatory T cells to a specific part of the body, increase their number, and activate them to turn off the immune response and promote healing in just one organ or tissue.




"By boosting the number of regulatory T cells in targeted areas of the body, we can help the body do a better job of repairing itself, or managing immune responses," said Liston.

He added: "There are so many different diseases where we'd like to shut down an immune response and start a repair response, for example autoimmune diseases like multiple sclerosis, and even many infectious diseases."

Most symptoms of infections such as COVID are not from the virus itself, but from the body's immune system attacking the virus. Once the virus is past its peak, regulatory T cells should switch off the body's immune response, but in some people the process isn't very efficient and can result in ongoing problems. The new finding means it could be possible to use a drug to shut down the immune response in the patient's lungs, while letting the immune system in the rest of the body continue to function normally.

In another example, people who receive organ transplants must take immuno-suppressant drugs for the rest of their lives to prevent organ rejection, because the body mounts a severe immune response against the transplanted organ. But this makes them highly vulnerable to infections. The new finding helps the design of new drugs to shut down the body's immune response against only the transplanted organ but keep the rest of the body working normally, enabling the patient to lead a normal life.

Most white blood cells attack infections in the body by triggering an immune response. In contrast, regulatory T cells act like a 'unified healer army' whose purpose is to shut down this immune response once it has done its job -- and repair the tissue damage caused by it.

The researchers are now fundraising to set up a spin-out company, with the aim of running clinical trials to test their findings in humans within the next few years.
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Odors are encoded in rings in the brain of migratory locusts | ScienceDaily

Migratory locusts differ from other insects in the anatomical structure of their olfactory brain, the antennal lobe, which receives and processes olfactory information from the antenna. The locust antennal lobe has a unique and unconventional neuronal architecture with more than 2000 spherical functional olfactory units, the glomeruli, whereas most other insects have only between 20 and 300 glomeruli in the antennal lobe.

Scientists at the Max Planck Institute for Chemical Ecology are interested in how insects perceive odors and process them in their brains. Above all, however, they want to know how odor perception affects their behavior.

"Our goal was to solve the long-standing puzzle of how odors are encoded in the extremely large population of glomeruli, the structural and functional units in the antennal lobe of migratory locusts. This highly complex architecture of the locust antennal lobe has been observed for decades, but the underlying mechanisms of odor coding have remained a mystery due to the lack of suitable methods," says Xingcong Jiang, first author of the study.

The introduction of the CRISPR/Cas9 method represented a methodological breakthrough for the researchers, as it enabled the establishment of the first transgenic migratory locusts expressing the genetically encoded calcium sensor GCaMP in olfactory sensory neurons. GCaMP is a protein that fluoresces when it binds calcium, which is released into cells when they are active. Using functional 2-photon calcium imaging, the scientists were able to measure and map the spatial activation patterns for a broad spectrum of ecologically relevant odors in all six developmental stages of the migratory locust.

"Our results reveal an unusual functional ring-shaped organization of the antennal lobe consisting of specific glomerular clusters. This glomerular arrangement, which we could confirm by targeted genetic expression of a well-characterized olfactory receptor, is present throughout development, and the pattern of olfactory coding within the glomerular population is consistent at all developmental stages, from the first nymph stage to the adult locust," summarizes Silke Sachse, head of the Olfactory Coding Research Group at the Max Planck Institute, one of the study leaders.

The migratory locust is not a model organism like the vinegar fly Drosophila melanogaster. Gene transformation was therefore a major challenge for the researchers. Many parameters have to be studied, which makes the process very time-consuming. The unusually large brain volume of the locust also makes it difficult to capture and analyze image data. "We are the first group in the world to successfully apply the site-specific knock-in method to locusts. We know from the literature that the success rate for this type of transgenesis is very low, but we have succeeded," says Xingcong Jiang.

Interestingly, the spatial coding of odors in the locust antennal lobe reflects the chemical structure of the odors rather than their valence -- whether pleasant or repulsive -- unlike in flies, for example, where the valence of odors is already represented in the antennal lobe, with pleasant odors activating different structures than unpleasant ones. "We have observed that odors of certain chemical classes evoke a certain pattern: For example, aromatic compounds with similar chemical structure but opposite behavioral significance evoke stronger responses in the peripheral regions of the antennal lobe. We conclude that the representation of odor valence is not encoded in the antennal lobe, but in higher brain centers such as the mushroom body and the lateral horn," says Bill Hansson, Director of the Department of Evolutionary Neuroethology, and one of the lead authors.

The ring structure of the olfactory code is a unique anatomical feature of the migratory locust. However, this coding mechanism is not necessarily transferable to other locust species. "We wonder whether this ring-shaped structure is a worse alternative or a better solution with advantages over the glomerular arrangement we found in flies. Future studies investigating the rules of odor coding in other insect species will show whether other locust species have developed a similar coding pattern," says Silke Sachse, who already has further studies in mind.

How insects perceive and process odors and how odor perception ultimately affects their behavior is important for a deeper understanding of the ecological interactions of insects with their environment. This can, for example, help to optimize the control of crop pests such as migratory locusts. "We believe that a better understanding of the odor coding mechanisms in the primary olfactory center of the locust brain will significantly deepen our knowledge of the neuronal modulation underlying olfaction-mediated behaviors, such as the formation of locust swarms," says Bill Hansson.
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The declining diet of Japan's youth | ScienceDaily
Researchers from the University of Tokyo performed the first study to quantify highly processed food consumption and to investigate its association with diet quality among Japanese children and adolescents. Highly processed foods (HPFs) accounted for over one-fourth of the total energy intake amongst youths. Consumption was negatively associated with the intake of healthy foods, such as fruits, vegetables and pulses, and positively associated with the consumption of confectioneries.


						
It's common knowledge that poor-quality diets are considered major risk factors for many health issues and even noncommunicable diseases such as Type 2 diabetes. Therefore, researchers seek to understand factors related to diet quality as a way to improve people's health. Research on HPFs has been rapidly increasing, highlighting their potential impact on public health. However, few studies have been conducted in Japan, with none focusing on children and adolescents, due to challenges in assessing them.

"Our previous research on HPF consumption in adults in Japan found that higher consumption was negatively associated with diet quality. This significant finding prompted us to investigate whether similar associations exist in younger generations," said Assistant Professor Nana Shinozaki from the School of Public Health. "My team and I ran a cross-sectional study, one where many people are assessed in a short space of time rather than fewer people over a long period of time, to understand the association between HPF consumption and overall diet quality among Japanese children and adolescents. We found that higher HPF consumption is associated with poorer diet quality in 1,318 participants aged 3-17 years."

This probably doesn't come as a surprise to many, but it's important to note that this is the first time hard data has been put to this specific demographic, and that fact might aid in improving public health. One of the difficulties in research on diets is that so many of the issues lack precise definitions. For this reason, Shinozaki and her team picked an existing dietary classification framework developed by researchers at the University of North Carolina at Chapel Hill (UNCCH) in the U.S. to classify the food that participants consumed, and the Healthy Eating Index-2020 and the Nutrient-Rich Food Index 9.3 to evaluate the quality of their diets. Under the UNCCH classification, HPFs are defined as "multi-ingredient, industrially formulated mixtures processed to the extent that they are no longer recognizable as their original plant/animal source."

"The biggest challenge was collecting detailed dietary data, which are essential to identify which foods are HPFs, on eight days over the course of a year from a large sample of about 1,300 individuals," said Shinozaki. "This process of assessment by researchers, and assessments by participants or parents, was highly burdensome for both participants and investigators due to the need for accurate and consistent recording of dietary intake. Our research could not have been accomplished without the support of research dietitians throughout Japan, who played a crucial role in supporting participants and collecting data."

What might surprise some readers is that the cliche of Japan's national diet being the model of healthy eating is a little inaccurate and out of date.

"Professor Kentaro Murakami (of the University of Tokyo) recently found that in a nationally representative sample of Japanese adults, the mean total score of the Healthy Eating Index-2015, a widely accepted diet quality index, was similar to that of average Americans. This finding suggests that the Japanese diet would not be as healthy as expected," said Shinozaki. "Wherever you may be, at the individual level, increasing the consumption of unprocessed or minimally processed foods, especially fresh fruits and vegetables, would be helpful. At the societal level, public awareness campaigns, policy and regulation, or food availability and market changes to promote the reduction of HPFs could be beneficial. Our findings support ongoing efforts to develop nutritional guidelines and public health strategies aimed at reducing the prevalence of diet-related diseases."
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How targeted nutrients can fight cancer | ScienceDaily
An international research team has discovered a new way to effectively treat cancer, by using nutrients to reactivate suppressed metabolic pathways in cancer cells.


						
The researchers used a common amino acid, tyrosine, packaged as a nanomedicine, to change the metabolism of melanoma, a deadly skin cancer, and prevent cancer growth.

Australia has the highest rate of skin cancer in the world. This new approach could be combined with current therapies to better treat melanoma. The technique also has the potential to treat other types of cancer.

The study, Nutrient-delivery and metabolism reactivation therapy for melanoma, was led by Professor Wenbo Bu from Fudan University and Professor Dayong Jin from the University of Technology Sydney, and recently published in the journal Nature Nanotechnology.

Tyrosine has limited bioavailability in living organisms. However, the researchers used a new nanotechnology technique to package it into tiny particles called nanomicelles, which are attracted to cancer cell membranes, and break down easily, boosting absorption.

The research team then tested the innovative treatment in mice and in human-derived melanoma cells in the lab and found that the tyrosine nanomicelles reactivated dormant metabolic pathways, triggered melanin synthesis, and inhibited tumour growth.

"Uncontrolled rapid growth is a key feature that distinguishes cancer cells from normal cells. In cancer cells some metabolic pathways are over-activated, and others are suppressed, to create the environment necessary for rapid spread," said Professor Jin.




"While a few metabolism-based drugs for cancer have been developed previously, such as aromatase inhibitors impeding estrogen synthesis in breast cancer and HK2 inhibitors targeting glycolysis in various cancers, these work by suppressing over-activate metabolic pathways," he said.

"Our research shows for the first time that cancer can be stopped by reactivating metabolic pathways that are dormant. And this can be done using simple nutrients, such as amino acids, sugars, and vitamins, which are safe, readily available and well tolerated," said Professor Bu.

Different types of cancer will respond to different nutrients. Melanoma cells develop from melanocytes -- skin cells that produce melanin. Tyrosine is needed to produce melanin and it can stimulate melanin production, hence its effectiveness with melanoma.

The reactivation of melanin synthesis forces the melanoma cell to reduce glycolysis, the process of converting sugar to energy, which is believed to be the mechanism for its anti-cancer effect.

Melanoma cells are also susceptible to heat stress. The researchers found that by combining tyrosine nanomicelle treatment with near-infrared laser treatment, they were able to eradicate melanoma in mice after six days and it did not reoccur during the study period.

The findings suggest a promising a new frontier in the use of nanomedicine for cancer therapy.
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Fishy parenting? Punishing offspring encourages cooperation | ScienceDaily
While there is an increasing consensus among humans that corporal discipline of children does more harm than good, fish may disagree.


						
Ryo Hidaka, Shumpei Sogawa, Masanori Kohda and Satoshi Awata from Osaka Metropolitan University have demonstrated that a fish species employs physical punishment to elicit helping efforts from their offspring, indicating advanced social and cognitive skills previously thought to be unique to higher vertebrates.

The results of their study were published online in Animal Behaviour on April 6.

For millennia, human societies have used punishment to promote cooperation and maintain social order. But humans are not the only species seeking better cooperative behavior. So how do other animals achieve this?

Seeking an answer, the research team from the Graduate School of Science at Osaka Metropolitan University took a look at a rather taciturn animal: fish, more specifically, Neolamprologus savoryi, a cooperatively breeding cichlid fish.

"Even though punishment in cooperatively breeding cichlid fish has been studied, there is limited evidence that they use punishment to encourage cooperative behavior," said Satoshi Awata, a professor at Osaka Metropolitan University and lead author of the study.

N. savoryi subordinates, or helpers, assist dominant breeders in, for example, defending territory against intruders or maintaining the breeding shelter. By observing the behavior of N. savoryi in a controlled laboratory setting, the researchers were able to manipulate and measure the effects of punishment on helping behavior.




Their results showed that dominant breeders physically attacked idle helpers -- including their own offspring -- to promote the latter's participation in cooperative activities. Indeed, those experiencing such aggression subsequently increased their efforts in helping behaviors. In contrast, helpers who engaged proactively in helping behaviors avoided aggression from dominant breeders.

"Our study demonstrated that nonhuman animals also use punishment to elicit cooperative behaviors in group members," Awata said.

The study's findings highlight that punishment is not exclusive to human societies but is also present in how other animals enforce cooperation and maintain social relationships. This research bridges a gap in understanding the evolution of cooperative behavior and the mechanisms animals use to sustain it.

"Our findings reveal that fish, like humans, employ advanced cognitive abilities to sustain their societies. This compels us to reconsider the notion of 'intelligence' not only in fish but across the animal kingdom," Awata said.
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Rethinking English essay scores: The argument for argument over grammar | ScienceDaily
To get high scores at essay writing tests, learners of English as a foreign language need to focus on good arguments more than on complex grammar. The Kobe University finding challenges conventional approaches to test preparation and scoring rubrics.


						
Writing essays is a well-established tool for monitoring progress in learning English as a foreign language, as it provides a snapshot of a student's mastery of grammar and vocabulary. Especially in Japan, where English language tests are often required for university admission and students closely follow advice on how to achieve high scores on these tests, a "good essay" is often seen as one that demonstrates a high level of grammatical complexity. But is this actually reflected in test scores?

Kobe University linguist YASUDA Sachiko expresses her doubts: "Based on my experience of teaching academic writing to students at various levels in Japan, I believe that linguistically complex texts do not always result in better writing." She therefore decided to conduct an experiment with over 100 Japanese high school students. Yasuda had them write a short essay on a given topic and looked at the relationship between the linguistic complexity of the texts and the writers' ability to present complex arguments, and how these two related to how the texts were graded according to official rubrics. She adds, "This study is the first to focus on the relationship between features of linguistic complexity and features of meaning complexity; no one else in the relevant fields has looked at the relationship between these two."

The results, published in the journal Assessing Writing, confirmed her suspicions. She found that high-scoring essays shared features related more to the ability to express complex meaning, such as lexical diversity, noun modification, and soundness and number of arguments, than to structural complexity. "Interestingly, low scoring essays showed the highest level of complexity in finite adverbial dependent clauses," the linguist writes in her paper. Emphasizing this point, the ability to express complex meaning was strongly correlated only with using diverse expressions and the ability to modify their meaning, but not with grammatical features. Yasuda concludes, "Simply having complex sentence structures does not necessarily lead to a better essay."

The findings have implications for how essay writing tests are scored. The Kobe University researcher explains: "Current rubrics for writing questions on language tests instruct test-takers to 'use complex grammar appropriately' or 'a variety of complex structures.' However, since sentence complexity does not significantly affect overall essay quality, it may be more appropriate to use terms such as 'contextually appropriate grammar' or 'genre-appropriate grammar.'" Thus arguing that the ability to express one's opinion in varied and complex ways is a marker of students' writing ability, she advocates that this characteristic should be more represented both in the way tests are scored and how feedback is provided to students.

This so-called washback effect of test scoring rubrics on the way language is taught is at the heart of what drives Yasuda. She says: "I am committed to using the results of this study for practical applications, such as refining assessment criteria for evaluating students' writing, developing tasks and materials to improve their writing skills, and identifying the key knowledge that teachers need to help students become better writers. The ability to write in English has become increasingly important in the 21st century, as it is a crucial medium that allows us to connect with others around the world."

This research was funded by the Japan Society for the Promotion of Science (grant JP24K04031JSPS).
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Tight-knit communities can prevent environmental progress | ScienceDaily
The study, led by researchers at the University of Sydney's School of Project Management, examined communities where robust local ties lead to resistance against environmental initiatives, sustainability programs, and greenhouse gas reduction projects.


						
"Traditionally, we've always thought of strong communities as a positive force -- for locals and the environment," said the senior author of the study, Associate Professor Petr Matous, Associate Head of the School of Project Management.

"However, our study shows that's not always the case -- strong communities can sometimes be significant obstacles to environmental initiatives."

The researchers suggest this could be due to the creation of echo chambers, where beliefs are continuously reinforced with little debate, fostering a strong consensus within the group.

They compared their findings to analyses of social media communities, where like-minded individuals often reinforce each other's views on contentious issues ranging from vaccines and reproductive rights to housing and gun control.

Dr Matous noted that while cohesive communities worldwide often collaborate to combat environmental issues like pollution, invasive species, and overfishing, strong local bonds can also have drawbacks.

"We've observed entire villages mobilising against renewable energy projects. For example, here in Australia, farmers in tight-knit communities have coordinated opposition to what they perceive as sudden, forceful changes on their land."

Program leaders now identify "community pushback" as a major bottleneck in implementing projects toward Australia's net-zero goals. Sustainability transitions often require significant land areas and changes to longstanding land management practices, leading to resistance that can range from rejection of new methods to legal action and protests.




The study used quantitative analysis to examine how community networks influence outcomes in programs aimed at reducing greenhouse gas emissions from farming while maintaining productivity. Leveraging a comprehensive dataset from partner organisation Swisscontact across 70 communities in Indonesia, the researchers defined strong communities as networks with many links or relationships broadly distributed within the community, fostering high cohesion.

Why some strong communities hinder environmental progress

"This study highlights the social dynamics of farming villages as a potential reason why the same program can yield expected outcomes in some communities but not others," said Associate Professor Matous.

"In tightly knit clusters of relationships with like-minded individuals, people may become entrenched in collective positions. Strong community bonds may coincide with distrust or indifference toward outsiders. Members of tight-knit communities may also be adept at defending their collective interests, which may not always align with broader environmental or societal goals."

Dr Abner Yalu, who contributed to the study during his PhD, said: "When strong internal bonding exists within a community, farmers are more unified in their practices but less likely to adopt recommendations from sustainability programs, such as protecting trees around their farms or using organic matter to maintain soil health."

While anecdotal evidence suggests similar mechanisms operate in other countries, data remains insufficient to fully explain this phenomenon and design effective solutions to support environmental progress.

"Climate change demands urgent action, but policymakers and program leaders must strike a balance by effectively engaging communities through genuine dialogue," said Associate Professor Matous. "We must respect that local community members are best positioned to evaluate the significance of their surroundings; they often understand what works in their context and may have valid reasons for resistance."

"Within these communities, divergent messages struggle to gain traction if they conflict with collective values. This is a consideration that election strategists and campaigners in multiple countries will certainly bear in mind in 2024."
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Researchers uncover mechanism that fuels growth of aggressive B-cell lymphoma | ScienceDaily
Researchers from the University of Helsinki and HUS investigated the effects of recurring mutations in the KLHL6 gene in diffuse large B-cell lymphoma, the most common cancer of the lymphatic system.


						
The KLHL6 protein is part of a cellular system tasked with disposing of excess and unnecessary proteins. In many cancers, this system is disrupted, which advances malignant growth.

The researchers found that the KLHL6 protein breaks down the B-cell receptor and demonstrated that certain mutations lead to an increase in the number of these receptors.

"The B-cell receptor is an antibody on the surface of B-lymphocytes and a tool with which normal cells identify pathogens and fight against them. In corrupted cells, the B-cell receptor is activated in an anomalous manner, resulting in tissue growth and the development of lymphoma," says Doctoral Researcher Leo Meriranta, MD, from the University of Helsinki.

Absence of KLHL6 protein predicts poor treatment outcomes

In some of the cancer patients enrolled in the study, the KLHL6 protein was entirely absent from cells. Laboratory modelling revealed that the loss of KLHL6 in lymphoma cells increased the number of B-cell receptors manifold.

Professor of Oncology Sirpa Leppa, who heads the research group, emphasises the clinical significance of KLHL6.




"The lymphoma cases where the KLHL6 protein was absent were associated with a poor prognosis. The identification of pathogenic mechanisms relevant to these patients is particularly important for improving their prognoses through drug development," Leppa says.

Importance of therapy tailoring increasing

A British-American research group also reported similar findings simultaneously with the researchers from the University of Helsinki and HUS.

"The similar results obtained with different study designs are a solid indication that KLHL6 protein disruption plays a key role in some B-cell diseases," Meriranta says.

He emphasises that, in the future, treatment outcomes can be improved by targeting therapies on the basis of cancer biomarkers.

"The new findings open avenues to tailoring therapies, as the abnormal amount and activity of the B-cell receptor can be targeted pharmacologically. However, more research is still needed," Meriranta notes.

Diffuse large B-cell lymphoma
    	Every year, roughly 700 people in Finland develop diffuse large B-cell lymphoma.
    	The most common symptom is enlarged lymph nodes.
    	The disease is treated with immunochemotherapy, a combination of antibodies and cytostatic drugs.
    	In roughly one-third of the patients, the cancer is not cured and can be fatal.





					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240618115640.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Cancer survivors are at increased risk of disease throughout life | ScienceDaily
Swedish researchers have surveyed all people under the age of 25 who have had cancer since 1958. The study, led by researchers at Linkoping University and Region Ostergotland, shows that cancer survivors are at greater risk for cardiovascular diseases, other cancers and other diagnoses later in life. In addition, the researchers saw that socioeconomic factors played a role in survival.


						
Since 1958, Sweden has registered all cancer patients in the National Cancer Register. Swedish researchers have now used this register to study all cancer survivors who had cancer as a child, adolescent or adult to examine outcomes in later life. The results have been published in the scientific journal The Lancet Regional Health -- Europe.

"If you've had cancer as a child or adolescent, you have an increased risk of almost all diagnoses in the future. This study lays the foundation for understanding why this is so and what decision-makers need to take into account when it comes to cancer care," says Laila Hubbert, researcher at Linkoping University and consultant at the Cardiology Clinic at Vrinnevi Hospital in Norrkoping.

The study's data spans 63 years. From this data, approximately 65,000 cancer patients under the age of 25 were compared with a control group of 313,000 individuals (a ratio of 1:5), where age, sex and housing situation were matched with the patient group. From other registers, the researchers retrieved information on morbidity, mortality and demography.

The researchers found that the cancer survivors were about three times more likely to develop cancer later in life, 1.23 times more likely to have cardiovascular disease and had a 1.41 times higher risk of accidents, poisoning and suicide.

At present, the healthcare system usually follows up cancer survivors five years after the end of treatment. In other words, you are usually considered healthy if the cancer has not returned after five years, and no further follow-up is planned. But the current study, and also previous ones, show that this is probably not enough.

"Cancer survivors carry with them a fragility for the rest of their lives that puts them at higher risk of new diseases. It's mainly the chemotherapy and radiation treatment that increases the risk of cardiovascular disease. This means that patients shouldn't be released prematurely without planned and ongoing follow-up. It's important to identify these risk factors and diseases early," says Laila Hubbert.




The researchers have also seen that socioeconomic factors play a major role in the risk of disease and death after cancer in young years. Thanks to a cross-check of registers, the researchers were able to see that the risk increases for those with a lower level of education, a foreign background, or who remain unmarried. At the same time, this study shows that the risk of disease and death after cancer in children and adolescents is the same regardless of where you live in Sweden.

Martin Singull is a professor of mathematical statistics and has worked closely with the clinics in order to analyse and combine the large amounts of data that come from many different sources.

"We have used proven statistical models. But it's the complexity of the data that makes it challenging. It comes from different sources, and we also want to be able to pick out the information we want. That's why we've also collaborated with computer scientist Robin Keskisarkka, who has built the database," says Martin Singull.

The next step for the researchers is to break down the results and probe into specific questions and understand why things look the way they do. This will include looking more at socioeconomic factors, cardiovascular disease linked to cancer, so-called cardio-oncology, and other forms of cancer.

"There aren't really many countries that can carry out such a comprehensive survey. In Sweden, we have such fine comprehensive and high-quality national registers so it's unique to be able to do this," says Laila Hubbert.
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        First conclusive evidence that a terrestrial leech species can jump
        A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century.

      

      
        New genetic cause of obesity could help guide treatment
        Scientists have discovered a new cause of why people who lack a specific blood group are genetically predisposed to be overweight or obese.

      

      
        Climate models underestimate carbon cycling through plants
        The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.

      

      
        Hurricane changed 'rules of the game' in monkey society
        A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.

      

      
        New catalyst unveils the hidden power of water for green hydrogen generation
        A team of scientists reports a new milestone for the sustainable production of green hydrogen through water electrolysis. Their new catalyst design harnesses so far unexplored properties of water to achieve, for the first time, an alternative to critical raw materials for water electrolysis at industrial-relevant conditions.

      

      
        Titan's lakes may be shaped by waves
        Geologists studied Titan's shorelines and showed through simulations that coastlines of the moon's methane- and ethane-filled seas have likely been shaped by waves. Until now, scientists have found indirect and conflicting signs of wave activity, based on Cassini images of Titan's surface.

      

      
        At least one in four US residential yards exceed new EPA lead soil level guideline
        Roughly one in four U.S. households have soil exceeding the new U.S. Environmental Protection Agency's lead screening levels of 200 parts per million (ppm), halved from the previous level of 400 ppm, a new study found. For households with exposure from multiple sources, the EPA lowered the guidance to 100 ppm; nearly 40% of households exceed that level, the study also found.

      

      
        Jupiter's great red spot is not the same one Cassini observed in 1600s
        Jupiter's iconic Great Red Spot has persisted for at least 190 years and is likely a different spot from the one observed by the astronomer Giovanni Domenico Cassini in 1665, a new study reports. The Great Red Spot we see today likely formed because of an instability in the planet's intense atmospheric winds, producing a long, persistent atmospheric cell, the study also finds.

      

      
        Non-native plants and animals expanding ranges 100 times faster than native species
        An international team of scientists has recently found that non-native species are expanding their ranges many orders of magnitude faster than native ones, in large part due to inadvertent human help. Even seemingly sedentary non-native plants are moving at three times the speed of their native counterparts in a race where, because of the rapid pace of climate change and its effect on habitat, speed matters. To survive, plants and animals need to be shifting their ranges by 3.25 kilometers per ye...

      

      
        Researchers create new class of materials called 'glassy gels'
        Researchers have created a new class of materials called 'glassy gels' that are very hard and difficult to break despite containing more than 50% liquid. Coupled with the fact that glassy gels are simple to produce, the material holds promise for a variety of applications.

      

      
        Tabulae Paralytica: Mapping the biology of spinal cord injury in unprecedented detail
        Scientists have achieved a significant research milestone in the field of spinal cord injuries -- mapping out the cellular and molecular dynamics of paralysis in unprecedented detail with their open-source project 'Tabulae Paralytica'. Gr goire Courtine and his team have integrated cutting-edge cell and molecular mapping technologies with artificial intelligence to chart the complex molecular processes that unfold in each cell after spinal cord injuries (SCI). This seminal work not only identifie...

      

      
        Is coffee good for you or bad for you?
        The effects of coffee consumption on human health is a knotty question, but one thing is sure: coffee is a psychoactive substance.

      

      
        Researchers leverage shadows to model 3D scenes, including objects blocked from view
        A new technique can model an entire 3D scene, including areas hidden from view, from just one camera image. The method relies on image shadows, which provide information about the geometry and location of hidden objects.

      

      
        What happens when neutron stars collide?
        New simulations show that hot neutrinos created at the interface of merging binary neutron stars are briefy trapped and remain out of equilibrium with the cold cores of the stars for 2 to 3 milliseconds.

      

      
        Discovery of 'new rules of the immune system' could improve treatment of inflammatory diseases, say scientists
        A single large population of healer cells, called regulatory T cells, is whizzing around our body -- not multiple specialist populations restricted to specific parts of the body as previously thought. These cells shut down inflammation and repair the collateral damage to cells caused after our immune system has responded to injury or illness. Tests, in mice, of a drug developed by the researchers showed that regulatory T cells can be attracted to specific body parts, boosted in number, and activa...

      

      
        Fishy parenting? Punishing offspring encourages cooperation
        Scientists discovered that Neolamprologus savoryi fish use punishment to encourage offspring to cooperate in brood care, revealing advanced cognitive abilities previously thought unique to higher vertebrates. This study highlights that punishment for promoting cooperation exists beyond human societies, prompting a reevaluation of animal intelligence.

      

      
        The world's oldest wine discovered
        A white wine over 2,000 years old, of Andalusian origin, is the oldest wine ever discovered.

      

      
        Large wildfires create weather that favors more fire
        A new study shows soot from large wildfires in California traps sunlight, making days warmer and drier than they ought to be.

      

      
        Breakthrough may clear major hurdle for quantum computers
        The potential of quantum computers is currently thwarted by a trade-off problem. Quantum systems that can carry out complex operations are less tolerant to errors and noise, while systems that are more protected against noise are harder and slower to compute with. Now a research team has created a unique system that combats the dilemma, thus paving the way for longer computation time and more robust quantum computers.

      

      
        Astronomers see a massive black hole awaken in real time
        In late 2019 the previously unremarkable galaxy SDSS1335+0728 suddenly started shining brighter than ever before. To understand why, astronomers have used data from several space and ground-based observatories, including the European Southern Observatory's Very Large Telescope (ESO's VLT), to track how the galaxy's brightness has varied. In a study out today, they conclude that they are witnessing changes never seen before in a galaxy -- likely the result of the sudden awakening of the massive bl...

      

      
        Advanced artificial intelligence: A revolution for sustainable agriculture
        The rise of advanced artificial intelligence (edge AI) could well mark the beginning of a new era for sustainable agriculture. A recent study proposes a roadmap for integrating this technology into farming practices. The aim? To improve the efficiency, quality and safety of agricultural production, while addressing a range of environmental, social and economic challenges.

      

      
        Bedtime battles: 1 in 4 parents say their child can't go to sleep because they're worried or anxious
        One in four parents describe getting their young child to bed as difficult -- and these parents are less likely to have a bedtime routine, more likely to leave on a video or TV show, and more likely to stay with their child until they're asleep.

      

      
        An earthquake changed the course of the Ganges: Could it happen again?
        A major earthquake 2,500 years ago caused one of the largest rivers on Earth to abruptly change course, according to a new study. The previously undocumented quake rerouted the main channel of the Ganges River in what is now densely populated Bangladesh, which remains vulnerable to big quakes.

      

      
        Direct evidence found for dairy consumption in the Pyrenees in the earliest stages of the Neolithic
        A study on the remains of the Chaves and Puyascada caves, both located in the province of Huesca, Spain, yields the first direct proof of the consumption and processing of dairy products in the Pyrenees already at the start of the Neolithic period, approximately 7,500 years ago, as well as the consumption of pig. The results lead to doubts about the belief that these products were first used much later in the Pyrenean mountain range.

      

      
        A high-fat diet may fuel anxiety
        New research shows when animals are fed a diet high in saturated fat for nine weeks, their gut bacteria change in ways that influence brain chemicals and fuel anxiety.

      

      
        Modified gravity theory: A million light years and still going
        In a breakthrough discovery that challenges the conventional understanding of cosmology, scientists have unearthed new evidence that could reshape our perception of the cosmos. New research shows that rotation curves of galaxies stay flat indefinitely far out, corroborating predictions of modified gravity theory as an alternative to dark matter.

      

      
        Wear it, then recycle: Designers make dissolvable textiles from gelatin
        Researchers hope their DIY machine will help designers around the world experiment with making their own, sustainable fashion and other textiles from a range of natural ingredients -- maybe even the chitin in crab shells or agar-agar from algae.

      

      
        Ancient polar sea reptile fossil is oldest ever found in Southern Hemisphere
        An international team of scientists has identified the oldest fossil of a sea-going reptile from the Southern Hemisphere -- a nothosaur vertebra found on New Zealand's South Island. 246 million years ago, at the beginning of the Age of Dinosaurs, New Zealand was located on the southern polar coast of a vast super-ocean called Panthalassa. 'The nothosaur found in New Zealand is over 40 million years older than the previously oldest known sauropterygian fossils from the Southern Hemisphere.

      

      
        A new way to measure aging and disease risk with the protein aggregation clock
        Could measuring protein clumps in our cells be a new way to find out our risk of getting age-related diseases? Researchers propose the concept of a 'protein aggregation clock' to measure aging and health.

      

      
        Breakthrough approach enables bidirectional BCI functionality
        Brain-computer interfaces or BCIs hold immense potential for individuals with a wide range of neurological conditions, but the road to implementation is long and nuanced for both the invasive and noninvasive versions of the technology. Scientists have now successfully integrated a novel focused ultrasound stimulation to realize bidirectional BCI that both encodes and decodes brain waves using machine learning in a study with 25 human subjects. This work opens up a new avenue to significantly enha...

      

      
        Pair of merging quasars at cosmic dawn
        Astronomers have discovered a double-record-breaking pair of quasars. Not only are they the most distant pair of merging quasars ever found, but also the only pair confirmed in the bygone era of the Universe's earliest formation.

      

      
        Extended maternal care central factor to human other animal, longevity
        The relationship between mother and child may offer clues to the mystery of why humans live longer than expected for their size -- and shed new light on what it means to be human -- according to a new study.

      

      
        Investigating the origins of the crab nebula
        A team of scientists used NASA's James Webb Space Telescope to parse the composition of the Crab Nebula, a supernova remnant located 6,500 light-years away in the constellation Taurus.

      

      
        High-precision measurements challenge our understanding of Cepheids
        Scientists have clocked the speed of Cepheid stars -- 'standard candles' that help us measure the size of the universe -- with unprecedented precision, offering exciting new insights about them.

      

      
        Tiny New Zealand bird delivers a lesson in birdsong evolution
        Scientists are rethinking the evolution of vocal learning in birds. New Zealand's smallest bird, the rifleman or titipounamu, may have a rudimentary version of the talent possessed by parrots, hummingbirds and songbirds.

      

      
        Sharks have depleted functional diversity compared to the last 66 million years
        New research has found that sharks retained high levels of functional diversity for most of the last 66 million years, before steadily declining over the last 10 million years to its lowest value in the present day.

      

      
        Infectious H5N1 influenza virus in raw milk rapidly declines with heat treatment
        The amount of infectious H5N1 influenza viruses in raw milk rapidly declined with heat treatment in laboratory research. However, small, detectable amounts of infectious virus remained in raw milk samples with high virus levels when treated at 72 degrees Celsius (161.6 degrees Fahrenheit) for 15 seconds -- one of the standard pasteurization methods used by the dairy industry. The authors of the study stress, however, that their findings reflect experimental conditions in a laboratory setting and ...

      

      
        
          	
            Latest Science News
          
          	
            Sections
          
          	
            Health News
          
        

      

    

  
	
	Articles
	Sections
	Next



First conclusive evidence that a terrestrial leech species can jump | ScienceDaily
A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century. Researchers from the American Museum of Natural History, Fordham University, and City University of New York (CUNY)'s Medgar Evers College published the footage and corresponding analysis today in the journal Biotropica.


						
"We believe this is the first convincing evidence that leeches can jump and do so with visible energy expenditure," said lead author Mai Fahmy, a visiting scientist at the Museum and a postdoctoral researcher at Fordham University. "There have been previous accounts of leeches jumping, including onto people, but those reports were often explained away as leeches just attaching to passerby as they brushed against shrubs or dropping from a branch above. This study dispels that argument."

During two separate expeditions to Madagascar in 2017 and in 2023, Fahmy recorded footage of leeches from the genus Chtonobdella coiling back on a leaf and then taking off. Fahmy and coauthor Michael Tessler, an assistant professor at CUNY's Medgar Evans College and a research associate at the Museum, compare this motion to a "backbending cobra," or to a spring being pulled back. In both cases, the leech keeps its body extended as it soars through the air to the ground, in a notable departure from their usual inchworm-like movements.

"Essentially, it executes a graceful jump but with a seemingly hard landing," Tessler said.

Several other worm-like invertebrates can jump, including the legless larvae of gall midges (Asphondylia sp.), which assume a loop posture before propelling themselves into the air, the larvae of Mediterranean fruit flies (Ceratitis capitata), "skipper flies" (Prochyliza xanthostoma), and several caterpillars, including Lymantria monacha and Orgyia leucostigma. While naturalists and leech biologists have long argued about the ability of terrestrial leeches in the family Haemadipsidae to jump, with some making observations of leeches leaping in their travel notes, there has been little concrete evidence until now.

Fahmy collected the jumping leech she observed on the 2023 trip, and the researchers identified it as Chtonobdella fallax, a common species in Madagascar. The larger Chtonobdella group of leeches to which C. fallax belongs can be found across Madagascar, the Seychelles, the Malay Archipelago, and the South Pacific Islands.

"We do not know how often this may happen or whether these leeches use this ability to seek out hosts, but, given that we caught multiple jumps in two short recordings, this behavior may be common for this species," said Tessler, who studied leeches extensively as a graduate student in the comparative biology Ph.D. program at the Museum's Richard Gilder Graduate School.

Understanding overall leech behavior is also important to conservation efforts because leeches -- and more specifically, their blood meals -- are increasingly being collected to survey vertebrate biodiversity.

"If we can identify how leeches find and attach to hosts, we can better understand the results of their gut content analyses," Fahmy said. "Leeches are also often overlooked and understudied, and, as a natural part of the ecosystem, leeches themselves may be in need of conservation protection."
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New genetic cause of obesity could help guide treatment | ScienceDaily
Scientists have discovered a new cause of why people who lack a specific blood group are genetically predisposed to be overweight or obese.


						
A team of international researchers, led by the University of Exeter, discovered that people with a genetic variant that disables the SMIM1 gene have higher body weight because they expend less energy when at rest.

SMIM1 was only identified 10 years ago, whilst searching for the gene encoding a specific blood group, known as Vel. One in 5,000 people lack both copies of the gene, making them Vel-negative. The findings from the new research suggest that this group is also more likely to be overweight, a conclusion which could one day lead to new treatments. The team now hopes to test whether a cheaply and widely available drug for thyroid dysfunction may be effective in treating obesity in people who lack both copies of SMIM1.

The study also found that people without both copies of the gene have other measures linked to obesity including high levels of fat in the blood, signs of fat tissue dysfunction, increased liver enzymes as well as lower levels of thyroid hormones.

The new research is published in Med and was funded by the National Institute for Health and Care Research and the British Heart Foundation. The collaboration included partners at the University of Cambridge, the Sanger Institute, the Copenhagen University in Denmark, and the Lund University in Sweden.

Lead author Mattia Frontini, Associate Professor of Cell Biology at the University of Exeter Medical School, said: "Obesity rates have nearly tripled in the past 50 years, and by 2030, more than one billion individuals worldwide are projected to be obese. The associated diseases and complications create significant economic burden on healthcare systems. Obesity is due to an imbalance between energy intake and expenditure, often a complex interplay of lifestyle, environmental, and genetic factors. In a small minority of people, obesity is caused by genetic variants. When this is the case, new treatments can sometimes be found to benefit these people -- and we're now hoping to run a clinical trial to find out whether widely-available drug for thyroid supplementation may be beneficial in treating obesity in people who lack SMIM1."

"Our findings highlight the need to investigate the genetic cause of obesity, to select the most appropriate and effective treatment, but also to reduce the social stigma associated to it."

To make the discovery, the team analysed the genetics of nearly 500,000 participants in the UK Biobank cohort, identifying 104 people with the variant that leads to loss of function in the SMIM1 gene (46 females and 44 males). The team also used the NIHR National BioResource to obtain fresh blood samples from both Vel negative and positive individuals.The NIHR National BioResource worked in partnership with NHS Blood and Transplant (NHSBT) -- which includes more than 100,000 blood donors who signed up to support genetic research studies. Extrapolating the frequencies identified in these cohorts would mean the SMIM1 variant could be a significant factor contributing to obesity for around 300,000 people across the world.




The team interrogated the effects they found in four additional cohorts of people with the SMIM1 gene variant.  They found that having the variant had an impact on weight, equating to an average extra 4.6kg in females and 2.4kg in males.

Co-author Jill Storry, Adjunct Professor at Lund University, Sweden, said: "SMIM1 was only discovered a decade ago, as a long-sought blood group protein on red blood cells, but its other function has remained unknown until now. It's very exciting to find that it has a more general role in human metabolism."

Co-author Professor Ole Pedersen, at University of Copenhagen, Denmark, said: "The whole team is very much looking forward to seeing how this new knowledge can be translated into practical solutions for people with this genetic make-up."

First author Dr Luca Stefanucci, at the University of Cambridge, said: "With the increased availability of genetic data, and more information on SMIM1 mechanism, we would like to see that when individuals lacking SMIM1 are identified, they receive information and support."
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Climate models underestimate carbon cycling through plants | ScienceDaily
The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.


						
The findings have implications for our understanding of the role of nature in mitigating climate change, including the potential for nature-based carbon removal projects such as mass tree-planting.

The research, carried out by an international team led by Dr Heather Graven at Imperial College London and published today in Science, reveals that existing climate models underestimate the amount of carbon dioxide (CO2) that is taken up by vegetation globally each year, while overestimating how long that carbon remains there.

Dr Graven, Reader in Climate Physics in Imperial's Department of Physics, said: "Plants across the world are actually more productive than we thought they were."

The findings also mean that while carbon is taken up by plants quicker than thought, the carbon is also locked up for a shorter time, meaning carbon from human activities will be released back into the atmosphere sooner than previously predicted.

Dr Graven added: "Many of the strategies being developed by governments and corporations to address climate change rely on plants and forests to draw down planet-warming CO2 and lock it away in the ecosystem.

"But our study suggests that carbon stored in living plants does not stay there as long as we thought. It emphasises that the potential for such nature-based carbon removal projects is limited, and fossil fuel emissions need to be ramped down quickly to minimise the impact of climate change."

Using carbon




Until now, the rate at which plants use CO2 to produce new tissues and other parts globally -- a measure known as Net Primary Productivity -- has been approximated by scaling up data from individual sites. But the sparsity of sites with comprehensive measurements means it has not been possible to accurately calculate Net Primary Productivity globally.

Plants' productivity has been increasing since the early 1900s and more CO2 is currently taken up by plants than is released back to the air. Researchers know that approximately 30% of CO2 emissions by human activities are therefore stored in plants and soils each year, reducing climate change and its impacts.

However, the details of how this storage happens, and its stability into the future, are not yet well understood.

In this study, radiocarbon (14C) -- a radioactive isotope of carbon -- was combined with model simulations to understand how plants use CO2 at a global scale, unlocking valuable insights into the interaction between the atmosphere and the biosphere.

Tracking carbon from bomb tests 

Radiocarbon is produced naturally, but nuclear bomb testing in the 1950s and 1960s increased the level of 14C in the atmosphere. This extra 14C was available to plants globally, giving researchers a good tool to measure how fast they could take it up.




By examining the accumulation of 14C in plants between 1963 and 1967 -- a period when there were no significant nuclear detonations and the total 14C in the Earth system was relatively constant -- the authors could assess how quickly carbon moves from the atmosphere to vegetation and what happens to it once it's there.

The results show that current, widely used models that simulate how land and vegetation interact with the atmosphere underestimate the Net Primary Productivity of plants globally. The results also show that the models overestimate the storage time of carbon in plants.

Role of the biosphere

Co-author Dr Charles Koven, from Lawrence Berkeley National Laboratory, USA, said: "These observations are from a unique moment in history, just after the peak of atomic weapons testing in the atmosphere in the 1960s.

"The observations show that the growth of plants at the time was faster than current climate models estimate that it was. The significance is that it implies that carbon cycles more rapidly between the atmosphere and biosphere than we have thought, and that we need to better understand and account for this more rapid cycling in climate models."

The authors say the research demonstrates the need to improve theories about how plants grow and interact with their ecosystems, and to adjust global climate models accordingly, to better understand how the biosphere is mitigating climate change.

Co-author Dr Will Wieder, from the National Center for Atmospheric Research, USA, said: "Scientists and policymakers need improved estimates of historical land carbon uptake to inform projections of this critical ecosystem service in future decades. Our study provides critical insights into terrestrial carbon cycle dynamics, which can inform models that are used for climate change projections."

The work highlights the usefulness of radiocarbon measurements in helping to unpick the complexities of the biosphere. The study's authors include German physicist Ingeborg Levin, a pioneer in radiocarbon and atmospheric research, who sadly died in February.
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Hurricane changed 'rules of the game' in monkey society | ScienceDaily
A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.


						
Hurricane Maria hit Puerto Rico in 2017, killing more than 3,000 people. It also destroyed 63% of vegetation on Cayo Santiago (also known as Monkey Island), which is home to a population of rhesus macaques.

Even now, tree cover remains far below pre-hurricane levels and -- in this hot part of the world -- that makes shade a scarce and precious resource for the macaques.

The new study, led by the universities of Pennsylvania and Exeter and published in the journal Science, shows the storm damage altered the evolutionary benefits of tolerating others and sharing shade -- giving a survival advantage to tolerant macaques.

With many ecosystems changing rapidly due to human activity, this study is an example of a species adapting its social strategy to survive.

"In response to the drastic changes caused by the hurricane, macaques persistently increased tolerance and decreased aggression towards each other," said Dr Camille Testard, from the University of Pennsylvania.

"This enabled more macaques to access scarce shade, which is critical for survival."

Dr Testard added: "We examined 10 years of data on the strength and number of macaques' social ties, before and after the hurricane.




"Before the hurricane, tolerating others had no impact on risk of death.

"Afterwards, macaques that displayed more than average social tolerance -- and were therefore better able to share shade -- were 42% less likely to die than those that were less tolerant."

This represents a sudden change in "selection pressure" -- the evolutionary benefits or costs of different traits or behaviours.

Social behaviour was assessed by recording aggression and how often individuals were seen sitting together.

"Macaques aren't the best at sharing resources -- be they food or shade. They are well known to live in an aggressive, highly competitive society," said Professor Lauren Brent, from the University of Exeter.

"But in the heat caused by ecological changes, often around 40C, the macaques had to share space or die."

Dr Testard added: "To access shade, they need to tolerate -- and be tolerated by -- others, and we found that this tolerance spills over into other daily interactions.




"Macaques that began sharing shade also spend time together in the mornings, before the day's heat forces them to seek shade.

"In effect, the hurricane changed the rules of the game in the monkeys' society."

Professor Brent added: "For group-living animals, social relationships may allow them to cope with disturbances in the environment, including human-induced climate change.

"We were surprised the macaques' social behaviour was so flexible, making them resilient to this environmental change, but some species may not display this same flexibility."

The research team included Arizona State University and New York University.

Funders included the National Institutes of Health, the European Research Council, the National Science Foundation and the Royal Society.

The paper is entitled: "Ecological disturbance alters the adaptive benefits of social ties."
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New catalyst unveils the hidden power of water for green hydrogen generation | ScienceDaily
Hydrogen is a promising chemical and energy vector to decarbonize our society. Unlike conventional fuels, hydrogen utilization as a fuel does not generate carbon dioxide in return. Unfortunately, today, most of the hydrogen that is produced in our society comes from methane, a fossil fuel. It does so in a process (methane reforming) that leads to substantial carbon dioxide emissions. Therefore, the production of green hydrogen requires scalable alternatives to this process.


						
Water electrolysis offers a path to generate green hydrogen which can be powered by renewables and clean electricity. This process needs cathode and anode catalysts to accelerate the otherwise inefficient reactions of water splitting and recombination into hydrogen and oxygen, respectively. From its early discovery in the late 18th century, the water electrolysis has matured into different technologies. One of the most promising implementations of water electrolysis is the proton-exchange-membrane (PEM), which can produce green hydrogen combining high rates and high energy efficiency.

To date, water electrolysis, and in particular PEM, has required catalysts based on scarce, rare elements, such as platinum and iridium, among others. Only a few compounds combine the required activity and stability at the harsh chemical environment imposed by this reaction. This is specially challenging in the case of anode catalysts, which have to operate at highly corrosive acidic environments -- conditions where only iridium oxides have shown stable operation at the required industrial conditions. But iridium is one of the scarcest elements on earth.

In search for possible solutions, a team of scientists has recently taken an important step to find alternatives to iridium catalysts. This multidisciplinary team has managed to develop a novel way to confer activity and stability to an iridium-free catalyst by harnessing so far unexplored properties of water. The new catalyst achieves, for the first time, stability in PEM water electrolysis at industrial conditions without the use of iridium.

This breakthrough, published in Science, has been carried out by ICFO researchers Ranit Ram, Dr. Lu Xia, Dr. Anku Guha, Dr. Viktoria Golovanova, Dr. Marinos Dimitropoulos, Aparna M. Das and Adrian Pinilla-Sanchez, and led by Professor at ICFO Dr. F. Pelayo Garcia de Arquer; and includes important collaborations from the Institute of Chemical Research of Catalonia (ICIQ), The Catalan Institute of Science and Technology (ICN2), French National Center for Scientific Research (CNRS), Diamond Light Source, and the Institute of Advanced Materials (INAM).

Dealing with the acidity

Combining activity and stability in highly acidic environment is challenging. Metals from the catalyst tend to dissolve, as most materials are not thermodynamically stable at low pH and applied potential, in a water environment. Iridium oxides combine activity and stability at these harsh conditions, and that is why they are the prevalent choice for anodes in proton-exchange water electrolysis.




The search for alternatives to iridium is not only an important applied challenge, but a fundamental one. Intense research on the look for non-iridium catalysts has led to new insights on the reaction mechanisms and degradation, especially with the use of probes that could study the catalysts during operation combined with computational models. These led to promising results using manganese and cobalt oxide-based materials, and exploiting different structures, composition, and dopants, to modify the physicochemical properties of the catalysts.

While insightful, most of these studies were performed in fundamental not-scalable reactors and operating at softer conditions that are far from the final application, especially in terms of current density. Demonstrating activity and stability with non-iridium catalysts in PEM reactors and at PEM-relevant operating conditions (high current density) had to date remained elusive.

To overcome this, the ICFO, ICIQ, ICN2, CNRS, Diamond Light Source and INAM researchers came up with a new approach in the design of non-iridium catalysts, achieving activity and stability in acid media. Their strategy, based on cobalt (very abundant and cheap), was quite different to the common paths.

"Conventional catalyst design typically focuses on changing the composition or the structure of the employed materials. Here, we took a different approach. We designed a new material that actively involves the ingredients of the reaction (water and its fragments) in its structure. We found that the incorporation of water and water fragments into the catalyst structure can be tailored to shield the catalyst at these challenging conditions, thus enabling stable operation at the high current densities that are relevant for industrial applications," explains Professor at ICFO, Garcia de Arquer. With their technique, consisting in a delamination process that exchanges part of the material by water, the resulting catalyst present as a viable alternative to iridium-based catalysts.

A new approach: the delamination process

To obtain the catalyst, the team looked into a particular cobalt oxide: cobalt-tungsten oxide (CoWO4), or in short CWO. On this starting material, they designed a delamination process using basic water solutions whereby tungsten oxides (WO42-) would be removed from the lattice and exchanged by water (H2O) and hydroxyl (OH-) groups in a basic environment. This process could be tuned to incorporate different amount of H2O and OH- into the catalyst, which would then be incorporated onto the anode electrodes.




The team combined different photon-based spectroscopies to understand this new class of material during operation. Using infrared Raman and x-rays, among others, they were able to assess the presence of trapped water and hydroxyl groups, and to obtain insights on their role conferring activity and stability for water splitting in acid. "Being able to detect the trapped water was really challenging for us," continues leading co-author Dr. Anku Guha. "Using Raman spectroscopy and other light-based techniques we finally saw that there was water in the sample. But it was not "free" water, it was confined water"; something that had a profound impact on performance.

From these insights, they started working closely with collaborators experts in catalyst modelling. "The modeling of activated materials is challenging as large structural rearrangments take place. In this case the delamination employed in the activation treatment increases the number of active sites and changes the reaction mechanism rendering the material more active. Understanding these materials requires a detailed mapping between experimental observations and simulations," says Prof. Nuria Lopez from ICIQ. Their calculations, led by a leading co-author Dr. Hind Benzidi, were crucial to understand how the delaminated materials, shielded by water, were not only thermodynamically protected against dissolution in highly acidic environments, but also active.

But, how is this possible? Basically, the removal of tungsten-oxide leaves a hole behind, exactly where it was previously located. Here is where the "magic" happens: water and hydroxide, which are vastly present in the medium, spontaneously fill the gap. This in turn shields the sample, as it renders the cobalt dissolution an unfavorable process, effectively holding the catalyst components together.

Then, they assembled the delaminated catalyst into a PEM reactor. The initial performance was truly remarkable, achieving higher activity and stability than any prior art. "We increased five times the current density, arriving to 1 A/cm2 -- a very challenging landmark in the field. But, the key is, that we also reached more than 600 hours of stability at such high density. So, we have reached the highest current density and also the highest stability for non-iridium catalysts," shares leading co-author Dr. Lu Xia.

"At the beginning of the project, we were intrigued about the potential role of water itself as the elephant in the room in water electrolysis," explains Ranit Ram, first author of the study and instigator of the initial idea. "No one before had actively tailored water and interfacial water in this way." In the end, it turned out to be a real game changer.

Even though the stability time is still far from the current industrial PEMs, this represents a big step towards making them not dependent on iridium or similar elements. In particular, their work brings new insights for water electrolysis PEMs design, as it highlights the potential to address catalyst engineering from another perspective; by actively exploiting the properties of water.

Towards the industrialization

The team has seen such potential in the technique that they have already applied for a patent, with the aim of scaling it up to industry levels of production. Yet, they are aware of the non-triviality of taking this step, as Prof. Garcia de Arquer notices: "Cobalt, being more abundant than iridium, is still a very troubling material considering from where it is obtained. That is why we are working on alternatives based on manganese, nickel and many other materials. We will go through the whole the periodic table, if necessary. And we are going to explore and try with them this new strategy to design catalysts that we have reported in our study."

Despite the new challenges that will for sure arise, the team is convinced of the potential of this delamination process and they are all determined to pursue this goal. Ram, in particular, shares: "I have actually always wanted to advance renewable energies, because it will help us as a human community to fight against climate change. I believe our studies contributed one small step into the right direction."
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Titan's lakes may be shaped by waves | ScienceDaily
Titan, Saturn's largest moon, is the only other planetary body in the solar system that currently hosts active rivers, lakes, and seas. These otherworldly river systems are thought to be filled with liquid methane and ethane that flows into wide lakes and seas, some as large as the Great Lakes on Earth.


						
The existence of Titan's large seas and smaller lakes was confirmed in 2007, with images taken by NASA's Cassini spacecraft. Since then, scientists have pored over those and other images for clues to the moon's mysterious liquid environment.

Now, MIT geologists have studied Titan's shorelines and shown through simulations that the moon's large seas have likely been shaped by waves. Until now, scientists have found indirect and conflicting signs of wave activity, based on remote images of Titan's surface.

The MIT team took a different approach to investigate the presence of waves on Titan, by first modeling the ways in which a lake can erode on Earth. They then applied their modeling to Titan's seas to determine what form of erosion could have produced the shorelines in Cassini's images. Waves, they found, were the most likely explanation.

The researchers emphasize that their results are not definitive; to confirm that there are waves on Titan will require direct observations of wave activity on the moon's surface.

"We can say, based on our results, that if the coastlines of Titan's seas have eroded, waves are the most likely culprit," says Taylor Perron, the Cecil and Ida Green Professor of Earth, Atmospheric and Planetary Sciences at MIT. "If we could stand at the edge of one of Titan's seas, we might see waves of liquid methane and ethane lapping on the shore and crashing on the coasts during storms. And they would be capable of eroding the material that the coast is made of."

Perron and his colleagues, including first author Rose Palermo, a former MIT-WHOI Joint Program graduate student and a research geologist at the U.S. Geological Survey, will publish their study in a forthcoming issue of Science Advances. Their co-authors include MIT research scientist Jason Soderblom, former MIT postdoc Sam Birch, now an assistant professor at Brown University, Andrew Ashton at the Woods Hole Oceanographic Institution, and Alexander Hayes of Cornell University.




"Taking a different tack"

The presence of waves on Titan has been a somewhat controversial topic ever since Cassini spotted bodies of liquid on the moon's surface.

"Some people who tried to see evidence for waves didn't see any, and said, 'These seas are mirror-smooth,'" Palermo says. "Others said they did see some roughness on the liquid surface but weren't sure if waves caused it."

Knowing whether Titan's seas host wave activity could give scientists information about the moon's climate, such as the strength of the winds that could whip up such waves. Wave information could also help scientists predict how the shape of Titan's seas might evolve over time.

Rather than look for direct signs of wave-like features in images of Titan, Perron says the team had to "take a different tack, and see, just by looking at the shape of the shoreline, if we could tell what's been eroding the coasts."

Titan's seas are thought to have formed as rising levels of liquid flooded a landscape crisscrossed by river valleys. The researchers zeroed in on three scenarios for what could have happened next: no coastal erosion; erosion driven by waves; and "uniform erosion," driven either by "dissolution," in which liquid passively dissolves a coast's material, or a mechanism in which the coast gradually sloughs off under its own weight.




The researchers simulated how various shoreline shapes would evolve under each of the three scenarios. To simulate wave-driven erosion, they took into account a variable known as "fetch," which describes the physical distance from one point on a shoreline to the opposite side of a lake or sea.

"Wave erosion is driven by the height and angle of the wave," Palermo explains. "We used fetch to approximate wave height because the bigger the fetch, the longer the distance over which wind can blow and waves can grow."

To test how shoreline shapes would differ between the three scenarios, the researchers started with a simulated sea with flooded river valleys around its edges. For wave-driven erosion, they calculated the fetch distance from every single point along the shoreline to every other point, and converted these distances to wave heights. Then, they ran their simulation to see how waves would erode the starting shoreline over time. They compared this to how the same shoreline would evolve under erosion driven by uniform erosion. The team repeated this comparative modeling for hundreds of different starting shoreline shapes.

They found that the end shapes were very different depending on the underlying mechanism. Most notably, uniform erosion produced inflated shorelines that widened evenly all around, even in the flooded river valleys, whereas wave erosion mainly smoothed the parts of the shorelines exposed to long fetch distances, leaving the flooded valleys narrow and rough.

"We had the same starting shorelines, and we saw that you get a really different final shape under uniform erosion versus wave erosion," Perron says. "They all kind of look like the flying spaghetti monster because of the flooded river valleys, but the two types of erosion produce very different endpoints."

The team checked their results by comparing their simulations to actual lakes on Earth. They found the same difference in shape between Earth lakes known to have been eroded by waves and lakes affected by uniform erosion, such as dissolving limestone.

A shore's shape

Their modeling revealed clear, characteristic shoreline shapes, depending on the mechanism by which they evolved. The team then wondered: Where would Titan's shorelines fit, within these characteristic shapes?

In particular, they focused on four of Titan's largest, most well-mapped seas: Kraken Mare, which is comparable in size to the Caspian Sea; Ligeia Mare, which is larger than Lake Superior; Punga Mare, which is longer than Lake Victoria; and Ontario Lacus, which is about 20 percent the size of its terrestrial namesake.

The team mapped the shorelines of each Titan sea using Cassini's radar images, and then applied their modeling to each of the sea's shorelines to see which erosion mechanism best explained their shape. They found that all four seas fit solidly in the wave-driven erosion model, meaning that waves produced shorelines that most closely resembled Titan's four seas.

"We found that if the coastlines have eroded, their shapes are more consistent with erosion by waves than by uniform erosion or no erosion at all," Perron says.

The researchers are working to determine how strong Titan's winds must be in order to stir up waves that could repeatedly chip away at the coasts. They also hope to decipher, from the shape of Titan's shorelines, from which directions the wind is predominantly blowing.

"Titan presents this case of a completely untouched system," Palermo says. "It could help us learn more fundamental things about how coasts erode without the influence of people, and maybe that can help us better manage our coastlines on Earth in the future."

This work was supported in part by NASA, the National Science Foundation, the USGS, and the Heising-Simons Foundation.
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At least one in four US residential yards exceed new EPA lead soil level guideline | ScienceDaily
Roughly one in four U.S. households have soil exceeding the new U.S. Environmental Protection Agency's lead screening levels of 200 parts per million (ppm), halved from the previous level of 400 ppm, a new study found. For households with exposure from multiple sources, the EPA lowered the guidance to 100 ppm; nearly 40% of households exceed that level, the study also found.


						
"I was shocked at how many households were above the new 200 ppm guideline," said Gabriel Filippelli, a biochemist at Indiana University who led the new study. "I assumed it was going to be a more modest number. And results for the 100 ppm guideline are even worse."

Remediating the roughly 29 million affected households using traditional "dig and dump" soil removal methods could cost upward of $1 trillion, the study calculated. The study was published in GeoHealth, an open-access AGU journal that publishes research investigating the intersection of human and planetary health for a sustainable future. Filippelli is the former editor-in-chief of GeoHealth.

National lead problem "nowhere near over"

Lead is a heavy metal that can accumulate in the human body, with toxic effects. In children, exposure to lead is associated with lower educational outcomes. In the United States, the burden of lead exposure has historically fallen on lower-income communities and communities of color because of redlining and other discriminatory practices. Lead pollution can come from aging water pipes, old paint, and remnant gasoline and industrial pollution, but today, most lead exposure are from contaminated soils and dust, even after lead-containing infrastructure was removed.

The Centers for Disease Control and Prevention first set a limit on the concentration of lead in blood in 1991 at 10 micrograms per deciliter, and it lowered that limit several times until reaching the current limit of 3.5 micrograms per deciliter. But the EPA's soil lead screening level remained unchanged for more than 30 years until the January announcement. Some states had established their own lower guidelines; California has the lowest screening level, at 80 ppm.

The lag is likely due to "the immensity and ubiquity of the problem," the study authors wrote. "The scale is astounding, and the nation's lead and remediation efforts just became substantially more complicated." That's because once the EPA lowers a screening limit, they need to tell people what to do if their soils exceed it.




When the EPA lowered the screening level, Filippelli and his co-authors decided to make use of the database of 15,595 residential soil samples from the contiguous United States that they'd collected over the years to find out how many exceeded the new guideline.

Household health hazard

About 25% of the residential soil samples, collected from yards, gardens, alleys, and other residential spots, exceeded the new 200 ppm level, the study found. (Only 12% of samples had exceeded the older, 400 ppm level.) Extrapolating across the country, that equates to roughly 29 million households.

The EPA issued separate guidance for households with multiple sources of exposure, such as both lead-contaminated soil and lead pipes, setting the level in those situations at 100 ppm. In practice, that's most urban households, Filippelli said. Forty percent of households exceed that limit, increasing the number of affected households to nearly 50 million, the study found.

Typically, contaminated soils are remediated with removal -- colloquially, "dig and dump." But the practice is costly and typically only used after an area is placed on the National Priority List for remediation, a process that can take years. To remediate all contaminated households with "dig and dump" would cost between $290 billion and $1.2 trillion, the authors calculated.

A cheaper option is "capping": burying the contaminated soil with about a foot of soil or mulch. A geotechnical fabric barrier can also be installed. Most lead contamination is in the top 10 to 12 inches of soil, Filippelli said, so this simple method either covers up the problem or dilutes it to an acceptable level.




"Urban gardeners have been doing this forever anyway, with raised beds, because they're intuitively concerned about the history of land use at their house," Filippelli said.

And capping is quicker.

"A huge advantage of capping is speed. It immediately reduces exposure," Filippelli said. "You're not waiting two years on a list to have your yard remediated while your child is getting poisoned. It's done in a weekend."

Capping still requires time and effort; residents must find clean soil, transport it to their home and spread it out. But the health benefits likely outweigh those costs, Filippelli said.

Because capping has been done more informally, there's still a lot to be learned about its lifespan and sustainability, Filippelli said. That's where the research will go next.

Despite the "staggering" scale of the problem, "I'm really optimistic," Filippelli said. "Lead is the most easily solvable problem that we have. We know where it is, and we know how to avoid it. It's just a matter of taking action."

Maps: https://www.mapmyenvironment.com/
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Jupiter's great red spot is not the same one Cassini observed in 1600s | ScienceDaily
Jupiter's iconic Great Red Spot has persisted for at least 190 years and is likely a different spot from the one observed by the astronomer Giovanni Domenico Cassini in 1665, a new study reports. The Great Red Spot we see today likely formed because of an instability in the planet's intense atmospheric winds, producing a long, persistent atmospheric cell, the study also finds.


						
The Great Red Spot is the largest known planetary vortex within the solar system, but its age has long been debated, and the mechanism that led to its formation has remained obscure. The new study used historical observations from the 17th century onward and numerical models to explain the longevity and nature of this spectacular phenomenon.

"From the measurements of sizes and movements, we deduced that it is highly unlikely that the current Great Red Spot was the 'Permanent Spot' observed by Cassini," said Agustin Sanchez-Lavega, a planetary scientist at the University of the Basque Country in Bilbao, Spain, who led this research. "The 'Permanent Spot' probably disappeared sometime between the mid-18th and 19th centuries, in which case we can now say that the longevity of the Red Spot exceeds 190 years."

The study was published in Geophysical Research Letters, which is an open-access AGU journal that publishes high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

A spotty history

Jupiter's Great Red Spot is a massive atmospheric vortex, with a diameter approximately that of Earth's. At its outer periphery, winds whip by at 450 kilometers per hour (280 miles per hour). Its red hue, which is due to atmospheric chemical reactions, stands in stark contrast with the gas giant's other pale clouds.

The spot has intrigued scientists for centuries, in part because its large size makes it visible using even small telescopes. In 1665, Cassini discovered a dark oval at the same latitude as today's Great Red Spot and named it the "Permanent Spot," as he and other astronomers observed it until 1713, when they lost track of it. It was not until 1831 and later years that scientists once more observed a clear, oval structure at the same latitude as the Great Red Spot. Given the intermittent historical observations of Jupiter's spots, scientists have long debated whether today's Great Red Spot is the same one 17th-century scientists saw.




In the study, the authors used historical sources dating from the mid-1600s to analyze the evolution of the spot's size, structure and location over time.

"It has been very motivating and inspiring to turn to the notes and drawings of Jupiter and its Permanent Spot made by the great astronomer Jean Dominique Cassini, and to his articles of the second half of the 17th century describing the phenomenon," Sanchez-Lavega said. "Others before us had explored these observations, and now we have quantified the results."

How the spot was formed

The Red Spot, which in 1879 was 39,000 kilometers (about 24,200 miles) at its longest axis, has been shrinking to about the current 14,000 kilometers (8,700 miles) and simultaneously becoming more rounded, the study reported. Since the 1970s, several space missions have studied this meteorological phenomenon; most recently, observations from instruments aboard Juno have revealed that the Great Red Spot is shallow and thin -- useful information for scientists looking to explore the spot's formation.

To explore how this immense vortex could have formed, the researchers carried out numerical simulations on supercomputers using two models of the behavior of thin vortices in Jupiter's atmosphere. The spot could have formed as a result of a gigantic superstorm, similar to those occasionally observed on Jupiter's twin planet Saturn; from the merging of multiple smaller vortices produced by wind shear from the intense wind currents that flow parallel to each other, but alternating in direction with latitude; or from an instability in the winds that could produce an elongated atmospheric cell, similar in shape to the Spot.

The results indicate that, although an anticyclone forms in the first two cases, it differs in terms of shape and dynamic properties from those of the present Great Red Spot. The cell-producing wind instability, on the other hand, could have produced a "proto-Great Red Spot" that then shrank over time, giving rise to the compact and rapidly rotating Great Red Spot observed in the late 19th century.

The formation mechanism is supported by observations of large, elongated cells in the genesis of other major vortices on Jupiter.

Future research will aim to reproduce the Great Red Spot's shrinking over time to elucidate the physical mechanisms underlying the Spot's relative stability. Researchers also aim to predict whether the Great Red Spot will disintegrate and disappear when it reaches a size limit, as might have occurred to Cassini's Permanent Spot, or whether it will stabilize at a size limit at which it may last for many more years.
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Non-native plants and animals expanding ranges 100 times faster than native species | ScienceDaily
An international team of scientists has recently found that non-native species are expanding their ranges many orders of magnitude faster than native ones, in large part due to inadvertent human help. Even seemingly sedentary non-native plants are moving at three times the speed of their native counterparts in a race where, because of the rapid pace of climate change and its effect on habitat, speed matters. To survive, plants and animals need to be shifting their ranges by 3.25 kilometers per year just to keep up with the increasing temperatures and associated climactic shifts -- a speed that native species cannot manage without human help. Led by scientists at the University of Massachusetts Amherst, the team includes researchers from New Jersey, Michigan, Colorado and Hawaii in the U.S., as well as Sevilla and Zaragoza in Spain and was published in Annual Reviews of Ecology, Evolution and Systematics.


						
"We know that the numbers of invasive plant species are increasing exponentially worldwide," says Bethany Bradley, professor of environmental conservation at UMass Amherst and the paper's lead author. "We also know that plant nurseries are exacerbating the climate-driven spread of invasives and that confronting invasives is one of the best ways to prepare for climate change. What we wanted to find out is how fast both native and non-native species are moving right now, and how far could they go."

To figure out how fast species are moving, Bradley and her colleagues comprehensively surveyed a vast trove of previously published papers and publicly available datasets on how far and how fast both native and non-native species, representing different taxa and various ecosystems, have been moving. An important subset of this search was to compile data showing how humans are helping to accelerate the spread of non-native species, either accidentally, such as when a particular species finds itself in a shipping container that travels between continents, or intentionally, when a gardener buys an invasive ornamental from a nursery and drives it back to their home.

The conclusion that Bradley and colleagues reached is that land-based species -- including plants -- need to be moving at more than 3.25 kilometers per year if they want to stay ahead of climate change, while marine species need to be moving at 2.75 kilometers per year. Unfortunately, native species are only managing to move an average of 1.74 kilometers per year.

Non-native species, however, are spreading at about 35 kilometers per year on their own. When the human role in spreading non-native species is taken into account, then the rate jumps to an astronomical 1,883 kilometers per year -- 1,000 times faster than the rate at which native species are spreading.

"Essentially," says Bradley, "there's no chance for native species to keep up with climate change without human help."

For the second part of their research, Bradley and colleagues wanted to understand how far both native and non-native species might spread in a warming world, since not every ecosystem is suitable habitat.

While there were fewer case studies for the team to synthesize and analyze, their research indicates that it is likely that non-native species will find more territory to their liking than native species. "However," says Bradley, "while this means that non-native species might have more territory to gain with climate change, it also means that they've got more territory to lose as some range margins become increasingly unsuitable."

What does this mean, then, for the future?

"It's really clear that people are very good at moving species, and this is one of the biggest advantages that non-native species have," says Bradley. "We need to seriously consider and begin implementing assisted migration" -- the practice of deliberately helping native species move to more suitable locations -- "if our native plants and animals are to stand a chance."
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Researchers create new class of materials called 'glassy gels' | ScienceDaily
Researchers have created a new class of materials called "glassy gels" that are very hard and difficult to break despite containing more than 50% liquid. Coupled with the fact that glassy gels are simple to produce, the material holds promise for a variety of applications.


						
Gels and glassy polymers are classes of materials that have historically been viewed as distinct from one another. Glassy polymers are hard, stiff and often brittle. They're used to make things like water bottles or airplane windows. Gels -- such as contact lenses -- contain liquid and are soft and stretchy.

"We've created a class of materials that we've termed glassy gels, which are as hard as glassy polymers, but -- if you apply enough force -- can stretch up to five times their original length, rather than breaking," says Michael Dickey, corresponding author of a paper on the work and the Camille and Henry Dreyfus Professor of Chemical and Biomolecular Engineering at North Carolina State University. "What's more, once the material has been stretched, you can get it to return to its original shape by applying heat. In addition, the surface of the glassy gels is highly adhesive, which is unusual for hard materials."

"A key thing that distinguishes glassy gels is that they are more than 50% liquid, which makes them more efficient conductors of electricity than common plastics that have comparable physical characteristics," says Meixiang Wang, co-lead author of the paper and a postdoctoral researcher at NC State.

"Considering the number of unique properties they possess, we're optimistic that these materials will be useful," Wang says.

Glassy gels, as the name suggests, are effectively a material that combines some of the most attractive properties of both glassy polymers and gels. To make them, the researchers start with the liquid precursors of glassy polymers and mix them with an ionic liquid. This combined liquid is poured into a mold and exposed to ultraviolet light, which "cures" the material. The mold is then removed, leaving behind the glassy gel.

"The ionic liquid is a solvent, like water, but is made entirely of ions," says Dickey. "Normally when you add a solvent to a polymer, the solvent pushes apart the polymer chains, making the polymer soft and stretchable. That's why a wet contact lens is pliable, and a dry contact lens isn't. In glassy gels, the solvent pushes the molecular chains in the polymer apart, which allows it to be stretchable like a gel. However, the ions in the solvent are strongly attracted to the polymer, which prevents the polymer chains from moving. The inability of chains to move is what makes it glassy. The end result is that the material is hard due to the attractive forces, but is still capable of stretching due to the extra spacing."

The researchers found that glassy gels could be made with a variety of different polymers and ionic liquids, though not all classes of polymers can be used to create glassy gels.




"Polymers that are charged or polar hold promise for glassy gels, because they're attracted to the ionic liquid," Dickey says.

In testing, the researchers found that the glassy gels don't evaporate or dry out, even though they consist of 50-60% liquid.

"Maybe the most intriguing characteristic of the glassy gels is how adhesive they are," says Dickey. "Because while we understand what makes them hard and stretchable, we can only speculate about what makes them so sticky."

The researchers also think glassy gels hold promise for practical applications because they're easy to make.

"Creating glassy gels is a simple process that can be done by curing it in any type of mold or by 3D printing it," says Dickey. "Most plastics with similar mechanical properties require manufacturers to create polymer as a feedstock and then transport that polymer to another facility where the polymer is melted and formed into the end product.

"We're excited to see how glassy gels can be used and are open to working with collaborators on identifying applications for these materials."

The paper, "Glassy Gels Toughened by Solvent," will be published June 19 in the journal Nature. Co-lead author of the paper is Xun Xiao of the University of North Carolina at Chapel Hill. The paper was co-authored by Salma Siddika, a Ph.D. student at NC State; Mohammad Shamsi, a former Ph.D. student at NC State; Ethan Frey, a former undergrad at NC state; Brendan O'Connor, a professor of mechanical and aerospace engineering at NC State; Wubin Bai, a professor of applied physical sciences at UNC; and Wen Qian, a research associate professor of mechanical and materials engineering at the University of Nebraska-Lincoln.

The work was partially supported by funding from the Coastal Studies Institute.
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Tabulae Paralytica: Mapping the biology of spinal cord injury in unprecedented detail | ScienceDaily
Scientists at EPFL have achieved a significant research milestone in the field of spinal cord injuries -- mapping out the cellular and molecular dynamics of paralysis in unprecedented detail with their open-source project 'Tabulae Paralytica'. Gregoire Courtine and his team have integrated cutting-edge cell and molecular mapping technologies with artificial intelligence to chart the complex molecular processes that unfold in each cell after spinal cord injuries (SCI). Published in Nature, this seminal work not only identifies a specific set of neurons and genes that plays a key role for recovery but also proposes a successful gene therapy derived from its discoveries.


						
Understanding why spinal cord injuries are nearly impossible to heal sheds light on the significance of this breakthrough. The human spinal cord is one of the most complex biological systems known to science -- it is a mechanical, chemical, and electrical arrangement of different types of cells working in harmony to produce and regulate a multitude of neurological functions, including a natural, elegant gait. This cellular complexity amplifies the challenges to effectively treating paralysis caused by injury to the spinal cord.

Until now, traditional imaging and mapping methods have offered a generalized view of the cellular mechanisms of SCI. But this lack of specificity blurs the distinct roles and reactions of individual cell types and has hindered the development of targeted treatments, as therapies could not be finely tuned to address specific cellular dynamics.

"In this study, we aimed for nothing less than a revolution in the biological understanding of spinal cord injury," says Courtine. "By offering an exceptionally detailed view of the cellular and molecular dynamics of spinal cord injury in mice across space and time, the four cell atlases comprising the Tabulae Paralytica close a historic knowledge gap, paving the way for targeted treatments and enhanced recovery."

The first treatment to come from this new understanding of the intricate cellular dynamics of paralysis is a targeted gene therapy. Developed in collaboration with fellow EPFL Neuro X professor Bernard Schneider, the therapy leverages a crucial finding: the researchers found that a specific type of support cell called an astrocyte loses its ability to respond to injury in aged animals.

"For much of the last hundred years, it was believed that astrocytes were detrimental to neural repair. Our data further supports overturning this notion and suggests an essential protective role for these cells that can be exploited to repair spinal cord injuries," says EPFL's Mark Anderson, senior author of the study.

Another key result of the study is the identification of a specific subset of neurons, known as Vsx2 neurons, that are inherently equipped to promote recovery.




"Our previous studies have pointed in their direction, but with this new, fine-tuned understanding, we can now say for certain that Vsx2 neurons are largely responsible for neural circuit reorganization, meaning that they are by far the most interesting population of neurons for repairing spinal cord injury," asserts Jordan Squair, another senior author of the study from EPFL.

To create the first-ever comprehensive cellular map of spinal cord injuries in rodent models, the researchers employed two innovative technologies. The first, single cell sequencing, examines the genetic makeup of each cell. While it has been employed for over a decade, recent advances allowed the scientists to scale up the process like never before, generating detailed accounts of millions of spinal cord cells.

Secondly, spatial transcriptomics -- a cutting-edge technology that shows us where these cellular activities occur -- expanded the map across the entire spinal cord, preserving the spatial context and relationships between different cell types.

The new data is so vast that new machine learning techniques needed to be developed specifically to harness its intricacy. This computational approach leverages artificial intelligence to not only chart the immediate genetic responses of individual cells but also situate these responses within the physical and temporal landscape of the spinal cord.

"We now have a detailed map that not only shows us which cells are involved but also how they interact and change over the course of the injury and recovery process," explains Squair. "This comprehensive understanding is crucial for developing treatments that are precisely tailored to specific cells and unique requirements for repair of varying injuries, paving the way for more effective and personalized therapies."

The 'Tabulae Paralytica' is a significant milestone in SCI research. It combines scientific insight with technological innovation to open new horizons in the understanding and treatment of SCI. Although this study has been conducted using rodent models, the insights gained are expected to translate into clinical applications, where Courtine and his team have been making significant advances for over a decade.
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Is coffee good for you or bad for you? | ScienceDaily
Coffee drinking is a heritable habit, and one that carries a certain amount of genetic baggage.


						
Caffeinated coffee is a psychoactive substance, notes Sandra Sanchez-Roige, Ph.D., an associate professor in the University of California San Diego School of Medicine Department of Psychiatry. She is one of an international group of researchers that compared coffee-consumption characteristics from a 23andMe database with an even larger set of records in the United Kingdom. She is the corresponding author of a study recently published in the journal Neuropsychopharmacology.

Hayley H. A. Thorpe, Ph.D., is the lead author on the paper. Thorpe, of the Department of Anatomy and Cell Biology, Schulich School of Medicine and Dentistry at Western University in Ontario, explained that the team collected genetic data as well as self-reported coffee-consumption numbers to assemble a genome-wide association study (GWAS). The idea was to make connections between the genes that were known to be associated with coffee consumption and the traits or conditions related to health.

"We used this data to identify regions on the genome associated with whether somebody is more or less likely to consume coffee," Thorpe explained. "And then identify the genes and biology that could underlie coffee intake."

Abraham Palmer, Ph.D., is also a lead researcher on the paper and a professor in the UC San Diego School of Medicine Department of Psychiatry. He said that most people are surprised that there is a genetic influence on coffee consumption. "We had good reason to suspect from earlier papers that there were genes that influence how much coffee someone consumes," he said. "And so, we weren't surprised to find that in both of the cohorts we examined there was statistical evidence that this is a heritable trait. In other words, the particular gene variants that you inherit from your parents influence how much coffee you're likely to consume."

Sanchez-Roige said the genetic influence on coffee consumption was the first of two questions the researchers wanted to address.

"The second is something that coffee lovers are really keen on learning," Sanchez-Roige said. "Is drinking coffee good or bad? Is it associated with positive health outcomes or not?"

The answer is not definitive. The group's genome-wide association study of 130,153 U.S.-based 23andMe research participants was compared with a similar UK Biobank database of 334,649 Britons, revealing consistent positive genetic associations between coffee and harmful health outcomes such as obesity and substance use. A positive genetic association is a connection between a specific gene variant (the genotype) and a specific condition (the phenotype). Conversely, a negative genetic association is an apparent protective quality discouraging the development of a condition. The findings get more complicated when it comes to psychiatric conditions.




"Look at the genetics of anxiety, for instance, or bipolar and depression: In the 23andMe data set, they tend to be positively genetically correlated with coffee intake genetics," Thorpe said. "But then, in the UK Biobank, you see the opposite pattern, where they're negatively genetically correlated. This is not what we expected."

She said there were other instances in which the 23andMe set didn't align with the UK Biobank, but the greatest disagreement was in psychiatric conditions.

"It's common to combine similar datasets in this field to increase study power. This information paints a fairly clear picture that combining these two datasets was really not a wise idea. And we didn't end up doing that," Thorpe said. She explained that melding the databases might mask effects, leading researchers toward incorrect conclusions -- or even cancelling each other out.

Sanchez-Roige says the researchers have some ideas about how the differences in results arose. To begin with, there was an apples-and-oranges aspect to the surveys. For instance, the 23andMe survey asked, "How many 5-ounce (cup-sized) servings of caffeinated coffee do you consume each day?" Compare it to the UK Biobank's "How many cups of coffee do you drink each day? (Include decaffeinated coffee)"

Beyond serving size and the caffeinated/decaf divide, the surveys made no accommodation for the various ways coffee is served. "We know that in the U.K., they have generally higher preference for instant coffee, whereas ground coffee is more preferred in the U.S.," Thorpe said.

"And then there's the frappuccinos," Sanchez-Roige added, citing the American trend of taking coffee loaded with sugary additives. Palmer mentioned other caffeinated drinks and especially in the context of the UK Biobank, tea, none of which were included in the GWAS, which addressed only coffee. Palmer added that the GWAS demonstrates the relationship between genotype and phenotype is more different than the relationship between coffee and tea.




"Genetics influences lots of things. For instance, it influences how tall you might be," he said. "And those kinds of things probably would play out very similarly, whether you lived in the U.S. or the U.K. But coffee is a decision that people make."

Sanchez-Roige pointed out that coffee comes in a variety of forms, from instant to frappuccino, and is consumed amid cultural norms that differ from place to place. A person with a given genotype might end up having quite a different phenotype living in the U.K. versus the U.S.

"And that's really what the data are telling us," she said. "Because unlike height, where your behavior doesn't really have much to do with it, your behavior and the choices you're making in your environment play out in various ways. So the interaction between genotype and environment complicates the picture."

The collaborators stressed the need for more investigation to unravel the relationships between genetics and the environment, focusing not only on coffee/caffeine intake but also other substance-use issues.

In addition to the researchers noted above, co-authors on the paper from UC San Diego are: Benjamin K. Pham, John J. Meredith, Mariela V. Jennings, Natasia S. Courchesne-Krak and Sevim B. Bianchi, all of the Department of Psychiatry. Other co-authors are Pierre Fontanillas, of 23andMe, Inc.; Laura Vilar-Ribo, of the Universitat Autonoma de Barcelona, Spain; Julian Mutz, of King's College London, U.K.; Sarah L. Elson and Jibran Y. Khokhar, of the University of Guelph, Canada; Abdel Abdellaoui, of the University of Amsterdam, The Netherlands; Lea K. Davis, of Vanderbilt University Medical Center; and the 23andMe Research Team.

Mariela V. Jennings, Sevim B. Bianchi and Sandra Sanchez-Roige are supported by funds from the California Tobacco-Related Disease Research Program (TRDRP; Grant Number T29KT0526 and T32IR5226). Sevim B. Bianchi and Abraham Palmer were also supported by P50DA037844. BKP, Julian Mutz, and Sandra Sanchez-Roige are supported by NIH/NIDA DP1DA054394. Hayley H. A .Thorpe is funded through a Natural Science and Engineering Research Council PGS-D scholarship and Canadian Institutes of Health Research (CIHR) Fellowship. Jibran Y. Khokhar is supported by a CIHR Canada Research Chair in Translational Neuropsychopharmacology. Lea K. Davis is supported by R01 MH113362. Natasia S. Courchesne-Krak is funded through an Interdisciplinary Research Fellowship in NeuroAIDs (Grant Number R25MH081482). Julian Mutz is funded by the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre at South London and Maudsley NHS Foundation Trust and King's College London.
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Researchers leverage shadows to model 3D scenes, including objects blocked from view | ScienceDaily
Imagine driving through a tunnel in an autonomous vehicle, but unbeknownst to you, a crash has stopped traffic up ahead. Normally, you'd need to rely on the car in front of you to know you should start braking. But what if your vehicle could see around the car ahead and apply the brakes even sooner?


						
Researchers from MIT and Meta have developed a computer vision technique that could someday enable an autonomous vehicle to do just that.

They have introduced a method that creates physically accurate, 3D models of an entire scene, including areas blocked from view, using images from a single camera position. Their technique uses shadows to determine what lies in obstructed portions of the scene.

They call their approach PlatoNeRF, based on Plato's allegory of the cave, a passage from the Greek philosopher's "Republic"in which prisoners chained in a cave discern the reality of the outside world based on shadows cast on the cave wall.

By combining lidar (light detection and ranging) technology with machine learning, PlatoNeRF can generate more accurate reconstructions of 3D geometry than some existing AI techniques. Additionally, PlatoNeRF is better at smoothly reconstructing scenes where shadows are hard to see, such as those with high ambient light or dark backgrounds.

In addition to improving the safety of autonomous vehicles, PlatoNeRF could make AR/VR headsets more efficient by enabling a user to model the geometry of a room without the need to walk around taking measurements. It could also help warehouse robots find items in cluttered environments faster.

"Our key idea was taking these two things that have been done in different disciplines before and pulling them together -- multibounce lidar and machine learning. It turns out that when you bring these two together, that is when you find a lot of new opportunities to explore and get the best of both worlds," says Tzofi Klinghoffer, an MIT graduate student in media arts and sciences, affiliate of the MIT Media Lab, and lead author of a paper on PlatoNeRF.




Klinghoffer wrote the paper with his advisor, Ramesh Raskar, associate professor of media arts and sciences and leader of the Camera Culture Group at MIT; senior author Rakesh Ranjan, a director of AI research at Meta Reality Labs; as well as Siddharth Somasundaram at MIT, and Xiaoyu Xiang, Yuchen Fan, and Christian Richardt at Meta. The research will be presented at the Conference on Computer Vision and Pattern Recognition.

Shedding light on the problem

Reconstructing a full 3D scene from one camera viewpoint is a complex problem.

Some machine-learning approaches employ generative AI models that try to guess what lies in the occluded regions, but these models can hallucinate objects that aren't really there. Other approaches attempt to infer the shapes of hidden objects using shadows in a color image, but these methods can struggle when shadows are hard to see.

For PlatoNeRF, the MIT researchers built off these approaches using a new sensing modality called single-photon lidar. Lidars map a 3D scene by emitting pulses of light and measuring the time it takes that light to bounce back to the sensor. Because single-photon lidars can detect individual photons, they provide higher-resolution data.

The researchers use a single-photon lidar to illuminate a target point in the scene. Some light bounces off that point and returns directly to the sensor. However, most of the light scatters and bounces off other objects before returning to the sensor. PlatoNeRF relies on these second bounces of light.




By calculating how long it takes light to bounce twice and then return to the lidar sensor, PlatoNeRF captures additional information about the scene, including depth. The second bounce of light also contains information about shadows.

The system traces the secondary rays of light -- those that bounce off the target point to other points in the scene -- to determine which points lie in shadow (due to an absence of light). Based on the location of these shadows, PlatoNeRF can infer the geometry of hidden objects.

The lidar sequentially illuminates 16 points, capturing multiple images that are used to reconstruct the entire 3D scene.

"Every time we illuminate a point in the scene, we are creating new shadows. Because we have all these different illumination sources, we have a lot of light rays shooting around, so we are carving out the region that is occluded and lies beyond the visible eye," Klinghoffer says.

A winning combination

Key to PlatoNeRF is the combination of multibounce lidar with a special type of machine-learning model known as a neural radiance field (NeRF). A NeRF encodes the geometry of a scene into the weights of a neural network, which gives the model a strong ability to interpolate, or estimate, novel views of a scene.

This ability to interpolate also leads to highly accurate scene reconstructions when combined with multibounce lidar, Klinghoffer says.

"The biggest challenge was figuring out how to combine these two things. We really had to think about the physics of how light is transporting with multibounce lidar and how to model that with machine learning," he says.

They compared PlatoNeRF to two common alternative methods, one that only uses lidar and the other that only uses a NeRF with a color image.

They found that their method was able to outperform both techniques, especially when the lidar sensor had lower resolution. This would make their approach more practical to deploy in the real world, where lower resolution sensors are common in commercial devices.

"About 15 years ago, our group invented the first camera to 'see' around corners, that works by exploiting multiple bounces of light, or 'echoes of light.' Those techniques used special lasers and sensors, and used three bounces of light. Since then, lidar technology has become more mainstream, that led to our research on cameras that can see through fog. This new work uses only two bounces of light, which means the signal to noise ratio is very high, and 3D reconstruction quality is impressive," Raskar says.

In the future, the researchers want to try tracking more than two bounces of light to see how that could improve scene reconstructions. In addition, they are interested in applying more deep learning techniques and combining PlatoNeRF with color image measurements to capture texture information.

Further information: https://openaccess.thecvf.com/content/CVPR2024/html/Klinghoffer_PlatoNeRF_3D_Reconstruction_in_Platos_Cave_via_Single-View_Two-Bounce_Lidar_CVPR_2024_paper.html
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What happens when neutron stars collide? | ScienceDaily
When stars collapse, they can leave behind incredibly dense but relatively small and cold remnants called neutron stars. If two stars collapse in close proximity, the leftover binary neutron stars spiral in and eventually collide, and the interface where the two stars begin merging becomes incredibly hot. New simulations of these events show hot neutrinos -- tiny, essentially massless particles that rarely interact with other matter -- that are created during the collision can be briefly trapped at these interfaces and remain out of equilibrium with the cold cores of the merging stars for 2 to 3 milliseconds. During this time, the simulations show that the neutrinos can weakly interact with the matter of the stars, helping to drive the particles back toward equilibrium -- and lending new insight into the physics of these powerful events.


						
A paper describing the simulations, by a research team led by Penn State physicists, appeared in the journal Physical Reviews Letters.

"For the first time in 2017, we observed here on Earth signals of various kinds, including gravitational waves, from a binary neutron star merger," said Pedro Luis Espino, a postdoctoral researcher at Penn State and the University of California, Berkeley, who led the research. "This led to a huge surge of interest in binary neutron star astrophysics. There is no way to reproduce these events in a lab to study them experimentally, so the best window we have into understanding what happens during a binary neutron star merger is through simulations based on math that arises from Einstein's theory of general relativity."

Neutron stars get their name because they are thought to be composed almost entirely out of neutrons, the uncharged particles that, along with positively charged protons and negatively charged electrons, make up atoms. Their incredible density -- only black holes are smaller and denser -- is thought to squeeze protons and electrons together, fusing them into neutrons. A typical neutron star is only tens of kilometers across but has about one-and-a-half times the mass of our Sun, which is about 1.4 million kilometers across. A teaspoon of neutron star material might weigh as much as a mountain, tens or hundreds of millions of tons.

"Neutron stars before the merger are effectively cold, while they may be billions of degrees Kelvin, their incredible density means that this heat contributes very little to the energy of the system," said David Radice, assistant professor of physics and of astronomy and astrophysics in the Eberly College of Science at Penn State and a leader of the research team. "As they collide, they can become really hot, the interface of the colliding stars can be heated up to temperatures in the trillions of degrees Kelvin. However, they are so dense that photons cannot escape to dissipate the heat; instead, we think they cool down by emitting neutrinos."

According to the researchers, neutrinos are created during the collision as neutrons in the stars smash into each other and are blasted apart into protons, electrons and neutrinos. What then happens in those first moments after a collision has been an open question in astrophysics.

To try to answer that question, the research team created simulations requiring massive amounts of computing power that model the merger of binary neutron stars and all of the associated physics. The simulations showed for the first time that, however briefly, even neutrinos can be trapped by the heat and density of the merger. The hot neutrinos are out of equilibrium with the still cool cores of the stars and can interact with the matter of the stars.




"These extreme events stretch the bounds of our understanding of physics and studying them allows us to learn new things," Radice said. "The period where the merging stars are out of equilibrium is only 2 to 3 milliseconds, but like temperature, time is relative here, the orbital period of the two stars before the merge can be as little as 1 millisecond. This brief out-of-equilibrium phase is when the most interesting physics occurs, once the system returns to equilibrium, the physics is better understood."

The researchers explained that the precise physical interactions that occur during the merger can impact the types of signals that could be observed on Earth from binary star mergers.

"How the neutrinos interact with the matter of the stars and eventually are emitted can impact the oscillations of the merged remnants of the two stars, which in turn can impact what the electromagnetic and gravitation wave signals of the merger look like when they reach us here on Earth," Espino said. "Next-generation gravitation-wave detectors could be designed to look for these kinds of signal differences. In this way, these simulations play a crucial role allowing us to get insight into these extreme events while informing future experiments and observations in a kind of feedback loop."

In addition to Espino and Radice, the research team includes postdoctoral scholars Peter Hammond and Rossella Gamba at Penn State; Sebastiano Bernuzzi, Francesco Zappa and Luis Felipe Longo Micchi at Friedrich-Schiller-Universitat Jena in Germany; and Albino Perego at Universita di Trento in Italy.

Funding from the U.S. National Science Foundation; the U.S. Department of Energy (DOE), Office of Science, Division of Nuclear Physics; the Deutsche Forschungsgemeinschaft; and the European Union Horizon 2020 and Europe Horizon initiatives supported this research. Simulations were performed on Bridges2, Expanse, Frontera and Perlmutter supercomputers. The research used resources of the National Energy Research Scientific Computing Center, a DOE Office of Science User Facility supported by the Office of Science of the U.S. Department of Energy. The authors acknowledged the Gauss Centre for Supercomputing e.V. for funding this project by providing computing time on the GCS Supercomputer SuperMUC-NG at the Leibniz Supercomputing Centre.
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Discovery of 'new rules of the immune system' could improve treatment of inflammatory diseases, say scientists | ScienceDaily
Scientists at the University of Cambridge have discovered that a type of white blood cell -- called a regulatory T cell -- exists as a single large population of cells that constantly move throughout the body looking for, and repairing, damaged tissue.


						
This overturns the traditional thinking that regulatory T cells exist as multiple specialist populations that are restricted to specific parts of the body. The finding has implications for the treatment of many different diseases -- because almost all diseases and injuries trigger the body's immune system.

Current anti-inflammatory drugs treat the whole body, rather than just the part needing treatment. The researchers say their findings mean it could be possible to shut down the body's immune response and repair damage in any specific part of the body, without affecting the rest of it. This means that higher, more targeted doses of drugs could be used to treat disease -- potentially with rapid results.

"We've uncovered new rules of the immune system. This 'unified healer army' can do everything -- repair injured muscle, make your fat cells respond better to insulin, regrow hair follicles. To think that we could use it in such an enormous range of diseases is fantastic: it's got the potential to be used for almost everything," said Professor Adrian Liston in the University of Cambridge's Department of Pathology, senior author of the paper.

To reach this discovery, the researchers analysed the regulatory T cells present in 48 different tissues in the bodies of mice. This revealed that the cells are not specialised or static, but move through the body to where they're needed. The results are published today in the journal Immunity.

"It's difficult to think of a disease, injury or infection that doesn't involve some kind of immune response, and our finding really changes the way we could control this response," said Liston.

He added: "Now that we know these regulatory T cells are present everywhere in the body, in principle we can start to make immune suppression and tissue regeneration treatments that are targeted against a single organ -- a vast improvement on current treatments that are like hitting the body with a sledgehammer."

Using a drug they have already designed, the researchers have shown -- in mice -- that it's possible to attract regulatory T cells to a specific part of the body, increase their number, and activate them to turn off the immune response and promote healing in just one organ or tissue.




"By boosting the number of regulatory T cells in targeted areas of the body, we can help the body do a better job of repairing itself, or managing immune responses," said Liston.

He added: "There are so many different diseases where we'd like to shut down an immune response and start a repair response, for example autoimmune diseases like multiple sclerosis, and even many infectious diseases."

Most symptoms of infections such as COVID are not from the virus itself, but from the body's immune system attacking the virus. Once the virus is past its peak, regulatory T cells should switch off the body's immune response, but in some people the process isn't very efficient and can result in ongoing problems. The new finding means it could be possible to use a drug to shut down the immune response in the patient's lungs, while letting the immune system in the rest of the body continue to function normally.

In another example, people who receive organ transplants must take immuno-suppressant drugs for the rest of their lives to prevent organ rejection, because the body mounts a severe immune response against the transplanted organ. But this makes them highly vulnerable to infections. The new finding helps the design of new drugs to shut down the body's immune response against only the transplanted organ but keep the rest of the body working normally, enabling the patient to lead a normal life.

Most white blood cells attack infections in the body by triggering an immune response. In contrast, regulatory T cells act like a 'unified healer army' whose purpose is to shut down this immune response once it has done its job -- and repair the tissue damage caused by it.

The researchers are now fundraising to set up a spin-out company, with the aim of running clinical trials to test their findings in humans within the next few years.
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Fishy parenting? Punishing offspring encourages cooperation | ScienceDaily
While there is an increasing consensus among humans that corporal discipline of children does more harm than good, fish may disagree.


						
Ryo Hidaka, Shumpei Sogawa, Masanori Kohda and Satoshi Awata from Osaka Metropolitan University have demonstrated that a fish species employs physical punishment to elicit helping efforts from their offspring, indicating advanced social and cognitive skills previously thought to be unique to higher vertebrates.

The results of their study were published online in Animal Behaviour on April 6.

For millennia, human societies have used punishment to promote cooperation and maintain social order. But humans are not the only species seeking better cooperative behavior. So how do other animals achieve this?

Seeking an answer, the research team from the Graduate School of Science at Osaka Metropolitan University took a look at a rather taciturn animal: fish, more specifically, Neolamprologus savoryi, a cooperatively breeding cichlid fish.

"Even though punishment in cooperatively breeding cichlid fish has been studied, there is limited evidence that they use punishment to encourage cooperative behavior," said Satoshi Awata, a professor at Osaka Metropolitan University and lead author of the study.

N. savoryi subordinates, or helpers, assist dominant breeders in, for example, defending territory against intruders or maintaining the breeding shelter. By observing the behavior of N. savoryi in a controlled laboratory setting, the researchers were able to manipulate and measure the effects of punishment on helping behavior.




Their results showed that dominant breeders physically attacked idle helpers -- including their own offspring -- to promote the latter's participation in cooperative activities. Indeed, those experiencing such aggression subsequently increased their efforts in helping behaviors. In contrast, helpers who engaged proactively in helping behaviors avoided aggression from dominant breeders.

"Our study demonstrated that nonhuman animals also use punishment to elicit cooperative behaviors in group members," Awata said.

The study's findings highlight that punishment is not exclusive to human societies but is also present in how other animals enforce cooperation and maintain social relationships. This research bridges a gap in understanding the evolution of cooperative behavior and the mechanisms animals use to sustain it.

"Our findings reveal that fish, like humans, employ advanced cognitive abilities to sustain their societies. This compels us to reconsider the notion of 'intelligence' not only in fish but across the animal kingdom," Awata said.
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The world's oldest wine discovered | ScienceDaily
Hispana, Senicio and the other four inhabitants (two men and two women, their names unknown) of a Roman tomb in Carmona, discovered in 2019, probably never imagined that what for them was a funerary ritual would end up being momentous 2,000 years later, for an entirely different reason. As part of that ritual, the skeletal remains of one of the men were immersed in a liquid inside a glass funerary urn. This liquid, which over time has acquired a reddish hue, has been preserved since the first century AD, and a team with the Department of Organic Chemistry at the University of Cordoba, led by Professor Jose Rafael Ruiz Arrebola, in collaboration with the City of Carmona, has identified it as the oldest wine ever discovered, thus toppingthe Speyer wine bottle discovered in 1867 and dated to the fourth century AD, preserved in the Historical Museum of Pfalz (Germany).


						
"At first we were very surprised that liquid was preserved in one of the funerary urns," explains the City of Carmona's municipal archaeologist Juan Manuel Roman. After all, 2,000 years had passed, but the tomb's conservation conditions were extraordinary;fully intact and well-sealed ever since, the tomb allowed the wine to maintain its natural state, ruling out other causes such as floods, leaks inside the chamber, or condensation processes.

The challenge was to dispel the research team's suspicions and confirm that the reddish liquid really was wine rather than a liquid that was once wine but had lost many of its essential characteristics. To do this they ran a series of chemical analyses at the UCO's Central Research Support Service (SCAI) and published them in the Journal of Archaeological Science: Reports. They studied its pH, absence of organic matter, mineral salts, the presence of certain chemical compounds that could be related to the glass of the urn, or the bones of the deceased; and compared it to current Montilla-Moriles, Jerez and Sanlucar wines. Thanks to all this they had their first evidence that the liquid was, in fact, wine.

But the key to its identification hinged on polyphenols, biomarkers present in all wines. Thanks to a technique capable of identifying these compounds in very low quantities, the team found seven specific polyphenols also present in wines from Montilla-Moriles, Jerez and Sanlucar. The absence of a specific polyphenol, syringic acid, served to identify the wine as white. Despite this, and the fact that this type of wine accords with bibliographic, archaeological and iconographic sources, the team clarifies that the fact that this acid is not present may be due to degradation over time.

Most difficult to determine was the origin of the wine, as there are no samples from the same period with which to compare it. Even so, the mineral salts present in the tomb's liquid are consistent with the white wines currently produced in the territory, which belonged to the former province of Betis, especially Montilla-Moriles wines.

A question of gender

The fact that the man's skeletal remains were immersed in the wine is no coincidence. Women in ancient Rome were long prohibited from drinking wine. It was a man's drink. And the two glass urns in the Carmona tomb are elements illustrating Roman society's gender divisions in its funerary rituals. While the bones of the man were immersed in wine, along with a gold ring and other bone remains from the funeral bed on which he had been cremated, the urn containing the remains of the woman did not contain a drop of wine, but rather three amber jewels, a bottle ofperfume with a patchouli scent, and the remains of fabrics, with initial analyses seeming to indicate that they were of silk.

The wine, as well as the rings, the perfume and the other elements were part of a funerary trousseau that was to accompany the deceased in their voyage into the afterlife. In ancient Rome, as in other societies, death had a special meaning and people wanted to be remembered so as to remain alive in some way. This tomb, actually a circular mausoleum that probably housed a wealthy family, was located next to the important road that connected Carmo with Hispalis (Seville). It was formerly marked with a tower, which has since disappeared. Two thousand years later, and after a long time in oblivion, Hispana, Senicio and their four companions have not only been remembered, but have also shed a lot of light on the funerary rituals of ancient Rome while making it possible to identify the liquid in the glass urn as the oldest wine in the world.
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Large wildfires create weather that favors more fire | ScienceDaily
A new UC Riverside study shows soot from large wildfires in California traps sunlight, making days warmer and drier than they ought to be.


						
Many studies look at the effect of climate change on wildfires. However, this study sought to understand the reverse -- whether large fires are also changing the climate.

"I wanted to learn how the weather is affected by aerosols emitted by wildfires as they're burning," said lead study author and UCR doctoral candidate James Gomez.

To find his answers, Gomez analyzed peak fire days and emissions from every fire season over the past 20 years. Of these fire days, he examined a subset that occurred when temperatures were lower, and humidity was higher. "I looked at abnormally cool or wet days during fire season, both with and without fires. This mostly takes out the fire weather effects," Gomez said.

Published in the journal Atmospheric Chemistry and Physics, the study found that large fires did have an effect. They made it hotter and drier than usual on the days the fires burned. The extra heat and aridity may then make conditions favorable for more fire.

"It appears these fires are creating their own fire weather," Gomez said.

The most intense fires occurred in Northern California, where fire-fueling vegetation is denser than elsewhere in the state. On average, temperatures were about 1 degree Celsius warmer per day during the fires.




There are likely two reasons for this. One -- soot traps heat, and two -- the extra heat reduces humidity in the atmosphere, making it more difficult for clouds to form.

"Fires emit smoke with black carbon, or soot. Since it is very dark, the soot absorbs sunlight more readily than bright or reflective things," Gomez said.

There are two types of aerosols: reflective and absorptive. Sulfate aerosols, which are byproducts of fossil fuel burning, are reflective and can cool the environment. These particles reflect the sun's energy back into space, keeping it out of the atmosphere.

Recent UCR research points to an unfortunate byproduct of improving air quality by reducing sulfate aerosols. Since these particles have a cooling effect, removing them makes climate change more severe and leads to an increase in wildfires, especially in northern hemisphere forests.

Sulfate aerosols can also help make clouds brighter, more reflective, and more effective at cooling the planet.

The researchers note that the only way to prevent additional wildfires when cleaning up reflective sulfate air pollution is to simultaneously reduce emissions of greenhouse gases like carbon dioxide and methane.




Absorptive aerosols have the opposite effect. They trap light and heat in the atmosphere, which can raise temperatures. Black carbon, the most common aerosol emission from wildfires, is an absorbing aerosol. They not only directly make temperatures hotter, but indirectly as well by discouraging cloud formation and precipitation.

"What I found is that the black carbon emitted from these California wildfires is not increasing the number of clouds," Gomez said. "It's hydrophobic." Fewer clouds mean less precipitation, which is problematic for drought-prone states.

While some studies have shown an association between fires and brighter, more numerous clouds, this one did not.

Notably, the study found that days with fewer fire emissions had a more muted effect on the weather. "If the aerosols are coming out in smaller amounts and more slowly, the heating effect is not as pronounced," Gomez said.

Gomez is hopeful that mitigating CO2 emissions, alongside better land management practices, can help reduce the number of large wildfires.

"There is a buildup of vegetation here in California. We need to allow more frequent small fires to reduce the amount of fuel available to burn," Gomez said. "With more forest management and more prescribed burns, we could have fewer giant fires. That is in our control."
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Breakthrough may clear major hurdle for quantum computers | ScienceDaily
The potential of quantum computers is currently thwarted by a trade-off problem. Quantum systems that can carry out complex operations are less tolerant to errors and noise, while systems that are more protected against noise are harder and slower to compute with. Now a research team from Chalmers University of Technology, in Sweden, has created a unique system that combats the dilemma, thus paving the way for longer computation time and more robust quantum computers.


						
For the impact of quantum computers to be realised in society, quantum researchers first need to deal with some major obstacles. So far, errors and noise stemming from, for example, electromagnetic interference or magnetic fluctuations, cause the sensitive qubits to lose their quantum states -- and subsequently their ability to continue the calculation. The amount of time that a quantum computer can work on a problem is thus so far limited. Additionally, for a quantum computer to be able to tackle complex problems, quantum researchers need to find a way to control the quantum states. Like a car without a steering wheel, quantum states may be considered somewhat useless if there is no efficient control system to manipulate them.

However, the research field is facing a trade-off problem. Quantum systems that allow for efficient error correction and longer computation times are on the other hand deficient in their ability to control quantum states -- and vice versa. But now a research team at Chalmers University of Technology has managed to find a way to battle this dilemma.

"We have created a system that enables extremely complex operations on a multi-state quantum system, at an unprecedented speed." says Simone Gasparinetti, leader of the 202Q-lab at Chalmers University of Technology and senior author of the study.

Deviates from the two-quantum-state principle 

While the building blocks of a classical computer, bits, have either the value 1 or 0, the most common building blocks of quantum computers, qubits, can have the value 1 and 0 at the same time -- in any combination. The phenomenon is called superposition and is one of the key ingredients that enable a quantum computer to perform simultaneous calculations, with enormous computing potential as a result. However, qubits encoded in physical systems are extremely sensitive to errors, which has led researchers in the field to search for ways to detect and correct these errors. The system created by the Chalmers researchers is based on so called continuous-variable quantum computing and uses harmonic oscillators, a type of microscopic component, to encode information linearly. The oscillators used in the study consist of thin strips of superconducting material patterned on an insulating substrate to form microwave resonators, a technology fully compatible with the most advanced superconducting quantum computers. The method is previously known in the field and departs from the two-quantum state principle as it offers a much larger number of physical quantum states, thus making quantum computers significantly better equipped against errors and noise.

"Think of a qubit as a blue lamp that, quantum mechanically, can be both switched on and off simultaneously. In contrast, a continuous variable quantum system is like an infinite rainbow, offering a seamless gradient of colours. This illustrates its ability to access a vast number of states, providing far richer possibilities than the qubit's two states," says Axel Eriksson, researcher in quantum technology at Chalmers University of Technology and lead author of the study.




Combats trade-off problem between operation complexity and fault tolerance 

Although continuous-variable quantum computing based on harmonic oscillators enables improved error correction, its linear nature does not allow for complex operations to be carried out. Attempts to combine harmonic oscillators with control systems such as superconducting quantum systems have been made but have been hindered by the so-called Kerr-effect. The Kerr-effect in turn scrambles the many quantum states offered by the oscillator, canceling the desired effect.

By putting a control system device inside the oscillator, the Chalmers researchers were able to circumvent the Kerr-effect and combat the trade-off problem. The system presents a solution that preserves the advantages of the harmonic oscillators, such as a resource-efficient path towards fault tolerance, while enabling accurate control of quantum states at high speed. The system is described in an article published in Nature Communications and may pave the way for more robust quantum computers.

"Our community has often tried to keep superconducting elements away from quantum oscillators, not to scramble the fragile quantum states. In this work, we have challenged this paradigm. By embedding a controlling device at the heart of the oscillator we were able to avoid scrambling the many quantum states while at the same time being able to control and manipulate them. As a result, we demonstrated a novel set of gate operations performed at very high speed," says Simone Gasparinetti.
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Astronomers see a massive black hole awaken in real time | ScienceDaily
In late 2019 the previously unremarkable galaxy SDSS1335+0728 suddenly started shining brighter than ever before. To understand why, astronomers have used data from several space and ground-based observatories, including the European Southern Observatory's Very Large Telescope (ESO's VLT), to track how the galaxy's brightness has varied. In a study out today, they conclude that they are witnessing changes never seen before in a galaxy -- likely the result of the sudden awakening of the massive black hole at its core.


						
"Imagine you've been observing a distant galaxy for years, and it always seemed calm and inactive," says Paula Sanchez Saez, an astronomer at ESO in Germany and lead author of the study accepted for publication in Astronomy & Astrophysics. "Suddenly, its [core] starts showing dramatic changes in brightness, unlike any typical events we've seen before." This is what happened to SDSS1335+0728, which is now classified as having an 'active galactic nucleus' (AGN) -- a bright compact region powered by a massive black hole -- after it brightened dramatically in December 2019 [1].

Some phenomena, like supernova explosions or tidal disruption events -- when a star gets too close to a black hole and is torn apart -- can make galaxies suddenly light up. But these brightness variations typically last only a few dozen or, at most, a few hundreds of days. SDSS1335+0728 is still growing brighter today, more than four years after it was first seen to 'switch on'. Moreover, the variations detected in the galaxy, which is located 300 million light-years away in the constellation Virgo, are unlike any seen before, pointing astronomers towards a different explanation.

The team tried to understand these brightness variations using a combination of archival data and new observations from several facilities, including the X-shooter instrument on ESO's VLT in Chile's Atacama Desert [2]. Comparing the data taken before and after December 2019, they found that SDSS1335+0728 is now radiating much more light at ultraviolet, optical, and infrared wavelengths. The galaxy also started emitting X-rays in February 2024. "This behaviour is unprecedented," says Sanchez Saez, who is also affiliated with the Millennium Institute of Astrophysics (MAS) in Chile.

"The most tangible option to explain this phenomenon is that we are seeing how the [core] of the galaxy is beginning to show (...) activity," says co-author Lorena Hernandez Garcia, from MAS and the University of Valparaiso in Chile. "If so, this would be the first time that we see the activation of a massive black hole in real time."

Massive black holes -- with masses over one hundred thousand times that of our Sun -- exist at the centre of most galaxies, including the Milky Way. "These giant monsters usually are sleeping and not directly visible," explains co-author Claudio Ricci, from the Diego Portales University, also in Chile. "In the case of SDSS1335+0728, we were able to observe the awakening of the massive black hole, [which] suddenly started to feast on gas available in its surroundings, becoming very bright."

"[This] process (...) has never been observed before," Hernandez Garcia says. Previous studies reported inactive galaxies becoming active after several years, but this is the first time the process itself -- the awakening of the black hole -- has been observed in real time. Ricci, who is also affiliated with the Kavli Institute for Astronomy and Astrophysics at Peking University, China, adds: "This is something that could happen also to our own Sgr A*, the massive black hole (...) located at the centre of our galaxy," but it is unclear how likely this is to happen.




Follow-up observations are still needed to rule out alternative explanations. Another possibility is that we are seeing an unusually slow tidal disruption event, or even a new phenomenon. If it is in fact a tidal disruption event, this would be the longest and faintest such event ever observed. "Regardless of the nature of the variations, [this galaxy] provides valuable information on how black holes grow and evolve," Sanchez Saez says. "We expect that instruments like [MUSE on the VLT or those on the upcoming Extremely Large Telescope (ELT)] will be key in understanding [why the galaxy is brightening]."

Notes

[1] The SDSS1335+0728 galaxy's unusual brightness variations were detected by the Zwicky Transient Facility (ZTF) telescope in the US. Following that, the Chilean-led Automatic Learning for the Rapid Classification of Events (ALeRCE) broker classified SDSS1335+0728 as an active galactic nucleus.

[2] The team collected archival data from NASA's Wide-field Infrared Survey Explorer (WISE) and Galaxy Evolution Explorer (GALEX), the Two Micron All Sky Survey (2MASS), the Sloan Digital Sky Survey (SDSS), and the eROSITA instrument on IKI and DLR's Spektr-RG space observatory. Besides ESO's VLT, the follow-up observations were conducted with the Southern Astrophysical Research Telescope (SOAR), the W. M. Keck Observatory, and NASA's Neil Gehrels Swift Observatory and Chandra X-ray Observatory.
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Advanced artificial intelligence: A revolution for sustainable agriculture | ScienceDaily
The rise of advanced artificial intelligence (edge AI) could well mark the beginning of a new era for sustainable agriculture. A recent study proposes a roadmap for integrating this technology into farming practices. The aim? To improve the efficiency, quality and safety of agricultural production, while addressing a range of environmental, social and economic challenges.


						
One of the main objectives of sustainable agricultural practices is to efficiently feed a growing world population. Digital technology, such as artificial intelligence (AI), can bring substantial benefits to agriculture by improving farming practices that can increase the efficiency, yield, quality and safety of agricultural production. Edge AI refers to the implementation of artificial intelligence in an advanced computing environment. "This technology enables calculations to be carried out close to where the data is collected, rather than in a centralized cloud computing facility or off-site datacenter," explains Moussa El Jarroudi, researcher in Crop Environment and Epidemiology at the University of Liege (Belgium). This means devices can make smarter decisions faster, without connecting to the cloud or off-site datacenters."

In a new study published in the scientific journal Nature Sustainability, a scientific team led by Moussa El Jarroudi, demonstrates how to overcome these challenges and how AI can be practically integrated into agricultural systems to meet the growing needs of sustainable food production. "Deploying AI in agriculture is not without its challenges. It requires innovative solutions and the right infrastructure. Experts like Professor Said Hamdioui of Delft University of Technology have developed low-energy systems capable of operating autonomously." Although challenges remain, particularly in the context of climate change, the prospects opened up by these advances are promising.

The University of Liege played a crucial role in this study, contributing cutting-edge resources and expertise in the fields of artificial intelligence and sustainable agriculture. ULiege researchers have developed innovative edge AI solutions and conducted in-depth analyses of their potential impact on agricultural practices.

A new era for agriculture

"The results of our study are part of a growing trend to integrate advanced technologies into agriculture to achieve sustainability goals," resumes Benoit Mercatoris, co-author of the study and agronomy researcher at ULiege. The adoption of edge AI can transform agricultural practices by increasing resource efficiency, improving crop quality and reducing environmental impacts. This technology is positioning itself as an essential pillar for the future of sustainable agriculture."

The applications are vast: improving crop management with real-time data, optimizing the use of resources such as water and fertilizers, reducing post-harvest losses and increasing food safety, or enhancing monitoring and response capabilities to changing weather conditions. This study paves the way for smarter, more environmentally-friendly agriculture, thanks to edge AI. A technological revolution that could well transform the way we produce and consume.
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Bedtime battles: 1 in 4 parents say their child can't go to sleep because they're worried or anxious | ScienceDaily
Many bedtime battles stem from children's after dark worries, suggests a new national poll.


						
And while most families have bedtime rituals to help their little ones ease into nighttime, many rely on strategies that may increase sleep challenges long term, according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health.

Overall, one in four parents describe getting their young child to bed as difficult -- and these parents are less likely to have a bedtime routine, more likely to leave on a video or TV show, and more likely to stay with their child until they're asleep.

"Our report reinforces the common struggle of getting young children to sleep. When this transition to bedtime becomes a nightly conflict, some parents may fall into habits that work in the moment but could set them up for more sleep issues down the road," said Mott Poll co-director Sarah Clark, M.P.H.

"Establishing a consistent bedtime routine is crucial. When children don't get enough rest, it can impact their physical development, emotional regulation and behavior."

Nearly one in five parents say they have given their kids melatonin to help with sleep while a third stay in the room until their child completely dozes off, according to the nationally representative poll that includes responses from 781 parents of children ages one to six surveyed in February.

Nighttime worries interfere with sleep

Parents share common reasons behind bedtime struggles, with nearly a quarter saying their child's sleep is often or occasionally delayed due to being worried or anxious.




A particular challenge, parents say, is when children don't stay asleep. More than a third of parents say their child wakes up upset or crying, with more than 40% saying their child moves to their parents' bed and about 30% saying children insist that the parent sleep in their room.

"Many young children go through stages when they become scared of the dark or worry that something bad might happen, causing them to delay bedtime or become distressed by parents leaving the room. Bad dreams or being awakened in the middle of the night can also disrupt sleep," Clark said.

"Although this is a normal part of a child's development, it can be frustrating when parents already feel tired themselves at the end of the day. Parents should find a balance between offering reassurance and comfort while maintaining some boundaries that help ensure everyone -- both kids and adults -- get adequate sleep."

More findings from the report, plus Clark's recommendations for helping young children fall and stay asleep:

Stick to a regular bedtime routine

Most parents polled report having a bedtime routine for their child, often including brushing teeth, reading bedtime stories and/or bathing. Less than half also say their child has a drink of water or snack, turns off devices, prays and talks about their day.




Other bedtime habits include holding a blanket or stuff animal or sucking a pacifier or fingers.

Not only does having a consistent bedtime routine help make the nighttime transition smoother, Clark says, it also provides one-on-one time, allowing the child to get their parent's full attention.

"A predictable bedtime routine provides a sense of security and comfort and signals to the child that it's time to slow down," she said.

"Knowing what to expect next can reduce anxiety and help children feel safe and relaxed. Having this dedicated time with parents also promotes bonding and emotional connection, creating positive associations with bedtime."

Nearly two-thirds of parents also said children staying up to play was a major factor in delaying sleep. Clark says, highlighting the need to wind down at least an hour before bed.

Promote an environment conducive to sleep

A little less than half of parents polled say their child sleeps in their own bedroom while less than a quarter share a bedroom with siblings or in the parents' bedroom. One in 10 kids spend part the night in their own bedroom and part of the night with parents.

More than two-fifths of parents polled said noise from other rooms interfered with their child's sleep.

"The sleep environment can have a major effect on a child's sleep quality, including getting to sleep and staying asleep through the night," Clark said.

"When possible, children should have their own bed in a room that is quiet, without a lot of noise from other family members."

Many parents polled also use a nightlight or crack the bedroom door so the child isn't in complete darkness, Clark says, but parents should make sure the light does not shine directly at the child's face.

Some parents also play calming music or stories to help their child go to sleep, while others use a white noise machine or app. However, Clark cautions to keep white noise machines at no more than 50 decibels and placed at least seven feet from the child's bed to prevent unintended damage to the child's hearing.

Talk to a doctor before using aids like melatonin

Many types of melatonin products are advertised as being appropriate for children but these products have not undergone rigorous testing for safety and effectiveness, and their side effects and long term impact on a child's growth and development are unknown, Clark says.

"Although melatonin is a natural hormone that regulates sleep-wake cycles and may be fine to use occasionally, parents shouldn't rely on it as a primary sleep aid," Clark said.

"Parents who are considering giving melatonin to their young child should consult with their pediatrician to discuss options and rule out other causes of sleep problems first."

If using melatonin, parents should also start with the lowest dose possible.

In addition, it's important to keep electronics such as tablets or televisions out of children's bedroom, as the blue light emitted by many of these screens interferes with the natural production of melatonin.

Offer comfort but enforce boundaries

Parents can help ease little ones' anxiety by allowing extra time to let them talk about their day, which might draw out specific worries and give parents a chance to provide compassion and reassurance, Clark said.

Rather than remaining in the room, parents can also offer to check on the child every few minutes, which acknowledges the child's fears and offers a reassuring presence, but still maintains a calm sleep environment and promotes sleep independence.

"Families can incorporate comforting rituals to help transform nighttime fears into a calming experience," Clark said.

Have a consistent approach when children wake up in the night

Some children are prone to vivid dreams or nightmares and may have difficulty getting back to sleep. Parents should decide on their approach to this situation and stick with it, Clark says, whether it's taking the child back to bed or allowing them to stay in the parents' room.

"Being consistent in carrying out that approach will help the child adjust and be more likely to return to sleep," Clark said.

Ease into changes in sleep patterns, such as dropping naps

For young children, a major sleep-related transition is discontinuing daytime naps. In general, children ages one to two should get 11-14 hours of sleep with naps while the amount of recommended sleep decreases slightly from ages three to six.

If children are taking longer to fall asleep at nap time, resisting naps or suddenly having difficulty falling asleep at night or waking up earlier than usual in the morning, it may be time to drop the nap, Clark says.

"Parents may need to adjust sleep routines gradually to transition to changes to a child's sleep patterns," Clark said.

Other changes that can affect a child's sleep include transitioning from a crib to a toddler bed, starting school, having a change in their daytime routine, or being outdoors for longer than usual.
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An earthquake changed the course of the Ganges: Could it happen again? | ScienceDaily
A major earthquake 2,500 years ago caused one of the largest rivers on Earth to abruptly change course, according to a new study. The previously undocumented quake rerouted the main channel of the Ganges River in what is now densely populated Bangladesh, which remains vulnerable to big quakes. The study was just published in the journal Nature Communications.


						
Scientists have documented many river-course changes, called avulsions, including some in response to earthquakes. However, "I don't think we have ever seen such a big one anywhere," said study coauthor Michael Steckler, a geophysicist at Lamont-Doherty Earth Observatory, which is part of the Columbia Climate School. It could have easily inundated anyone and anything in the wrong place at the wrong time, he said.

Lead author Liz Chamberlain, an assistant professor at the Netherlands' Wageningen University, said, "It was not previously confirmed that earthquakes could drive avulsion in deltas, especially for an immense river like the Ganges."

The Ganges rises in the Himalayas and flows for some 1,600 miles, eventually combining with other major rivers including the Brahmaputra and the Meghna to form a labyrinth of waterways that empty into a wide stretch of the Bay of Bengal spanning Bangladesh and India. Together, they form the world's second-largest river system as measured by discharge. (The Amazon is first.)

Like other rivers that run through major deltas, the Ganges periodically undergoes minor or major course changes without any help from earthquakes. Sediments washed from upstream settle and build up in the channel, until eventually the river bed grows subtly higher than the surrounding flood plain. At some point, the water breaks through and begins constructing a new path for itself. But this does not generally happen all at once -- it may take successive floods over years or decades. An earthquake-related avulsion, on the other hand, can occur more or less instantaneously, said Steckler.

In satellite imagery, the authors of the new study spotted what they say was probably the former main channel of the river, some 100 kilometers south of the Bangladeshi capital of Dhaka. This is a low-lying area about 1.5 kilometers wide that can be found intermittently for some 100 kilometers more or less parallel to the current river course. Filled with mud, it frequently floods, and is used mainly for rice cultivation.

Chamberlain and other researchers were exploring this area in 2018 when they came across a freshly dug excavation for a pond that had not yet been filled with water. On one flank, they spotted distinct vertical dikes of light-colored sand cutting up through horizontal layers of mud. This is a well-known feature created by earthquakes: In such watery areas, sustained shaking can pressurize buried layers of sand and inject them upward through overlying mud. The result: literal sand volcanoes, which can erupt at the surface. Called seismites, here, they were 30 or 40 centimeters wide, cutting up through 3 or 4 meters of mud.




Further investigation showed the seismites were oriented in a systematic pattern, suggesting they were all created at the same time. Chemical analyses of sand grains and particles of mud showed that the eruptions and the abandonment and infilling of the channel both took place about 2,500 years ago. Furthermore, there was a similar site some 85 kilometers downstream in the old channel that had filled in with mud at the same time. The authors' conclusion: This was a big, sudden avulsion triggered by an earthquake, estimated to be magnitude 7 or 8.

The quake could have had one of two possible sources, they say. One is a subduction zone to the south and east, where a huge plate of oceanic crust is shoving itself under Bangladesh, Myanmar and northeastern India. Or it could have come from giant splay faults at the foot of the Himalayas to the north, which are slowly rising because the Indian subcontinent is slowly colliding with the rest of Asia. A 2016 study led by Steckler shows that these zones are now building stress, and could produce earthquakes comparable to the one 2,500 years ago. The last one of this size occurred in 1762, producing a deadly tsunami that traveled up the river to Dhaka. Another may have occurred around 1140 CE.

The 2016 study estimates that a modern recurrence of such a quake could affect 140 million people. "Large earthquakes impact large areas and can have long-lasting economic, social and political effects," said Syed Humayun Akhter, vice-chancellor of Bangladesh Open University and a coauthor on both studies.

The Ganges is not the only river facing such hazards. Others cradled in tectonically active deltas include China's Yellow River; Myanmar's Irrawaddy; the Klamath, San Joaquin and Santa Clara rivers, which flow off the U.S. West Coast; and the Jordan, spanning the borders of Syria, Jordan, the Palestinian West Bank and Israel.

Other coauthors of the new study are at the University of Cologne, Germany; the University of Dhaka; Bangladesh University of Professionals; Noakhali Science and Technology University, Bangladesh; and the University of Salzburg, Austria. The research was funded by the U.S. National Science Foundation.
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Direct evidence found for dairy consumption in the Pyrenees in the earliest stages of the Neolithic | ScienceDaily
A joint study conducted by the Universitat Autonoma de Barcelona, the University of Zaragoza and the University of Strasbourg on the remains of the Chaves and Puyascada caves, both located in the province of Huesca, Spain, yields the first direct proof of the consumption and processing of dairy products in the Pyrenees already at the start of the Neolithic period, approximately 7,500 years ago, as well as the consumption of pig. The results lead to doubts about the belief that these products were first used much later in the Pyrenean mountain range.


						
The analysis of the content and use of prehistoric vessels has become a valuable source of information on the food patterns and subsistence practices of past societies. A research conducted on the materials found at the Huescan sites of Cueva de Chaves (Bastaras), at 640 metres above sea level, and at Espluga de la Puyascada (La Fueva), at 1,300 metres above sea level, in a strictly Pyrenean mountain region, now has yielded the first direct evidence of dairy product consumption and processing in the Pyrenees during the earliest stages of the Neolithic.

The study was conducted by prehistorians from the Universitat Autonoma de Barcelona (UAB) and the University of Zaragoza, and chemists from the University of Strasbourg, France, on materials on display at the Huesca Museum. The findings have now been published in the journal Archaeological and Anthropological Sciences.

The research was conducted through a combination of techniques used to identify organic residues and the isotopic characterisation of fatty acids to determine animal origin, as well as data obtained of the morphology and functionality of ceramics and the archaeozoological studies of both sites.

The analysis of organic residues preserved in the argillaceous matrix of the interior of 36 ceramic vessels indicates that 7,500 years ago dairy products were already processed and consumed in the Central Pyrenees. The correlation between the residues of dairy fats and the different forms of the pottery suggests, moreover, that all the processes (preparation, consumption and storage) were carried out in both settlements.

This "questions previous considerations in which dairy consumption in the Pyrenees was thought to have begun much later," points out Nadia Tarifa, researcher from the University of Strasbourg when this study was conducted, and lead autor of the paper. "It was always thought that prehistoric social dynamics in mountainous regions were slower or 'less evolved' than in coastal regions. Our study adds solid proof to previous faunistic studies conducted in both sites, which had pointed to dairy farming in these mountainous regions at the very early stages of the Neolithic period," Tarifa states.

The study also shows how pig-derived products may have been processed or stored in ceramic vessels at both sites, which would indicate the importance of this species for the early mountain farming economies. In contrast to the results for milk, researchers also observed variations between the two sites in terms of the exploitation of meat from ruminants and pigs, with a predominance of the former in Espluga de la Puyascada and the latter in Cueva de Chaves. These differences could be related to the characteristics of the settlements and their surroundings, and to the methods of meat processing.

The researchers also identified residues from processed vegetables, as well as from pine resin. The latter substance would have been used to waterproof the inside of the vessels.

The results support the idea that in the early Neolithic period in the Pyrenean area there was a mixed economy based on integrated agriculture and livestock farming (in which one supported the other), with sheep herds as the main source of meat and milk.

"Our findings provide a better understanding of consumption habits and the technological use of resources in the early Neolithic period in the Pyrenees and open up new avenues of research to deepen our understanding of the social and economic dynamics of ancient societies, especially in mountainous areas," says Alejandro Sierra, researcher at the UAB and co-author of the study.
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A high-fat diet may fuel anxiety | ScienceDaily
When stressed out, many of us turn to junk food for solace. But new University of Colorado Boulder research suggests this strategy may backfire.


						
The study found that in animals, a high-fat diet disrupts resident gut bacteria, alters behavior and, through a complex pathway connecting the gut to the brain, influences brain chemicals in ways that fuel anxiety.

"Everyone knows that these are not healthy foods, but we tend to think about them strictly in terms of a little weight gain," said lead author Christopher Lowry, a professor of integrative physiology at CU Boulder. "If you understand that they also impact your brain in a way that can promote anxiety, that makes the stakes even higher."

Lowry's team divided adolescent rats into two groups: Half got a standard diet of about 11% fat for nine weeks; the others got a high-fat diet of 45% fat, consisting mostly of saturated fat from animal products.

The typical American diet is about 36% fat, according to the Centers for Disease Control and Prevention.

Throughout the study, the researchers collected fecal samples and assessed the animals' microbiome, or gut bacteria. After nine weeks, the animals underwent behavioral tests.

When compared to the control group, the group eating a high-fat diet, not surprisingly, gained weight. But the animals also showed significantly less diversity of gut bacteria. Generally speaking, more bacterial diversity is associated with better health, Lowry explained. They also hosted far more of a category of bacteria called Firmicutes and less of a category called Bacteroidetes. A higher Firmicutes to Bacteroidetes ratio has been associated with the typical industrialized diet and with obesity.




The high-fat diet group also showed higher expression of three genes (tph2, htr1a, and slc6a4) involved in production and signaling of the neurotransmitter serotonin -- particularly in a region of the brainstem known as the dorsal raphe nucleus cDRD, which is associated with stress and anxiety.

While serotonin is often billed as a "feel-good brain chemical," Lowry notes that certain subsets of serotonin neurons can, when activated, prompt anxiety-like responses in animals. Notably, heightened expression of tph2, or tryptophan hydroxylase, in the cDRD has been associated with mood disorders and suicide risk in humans.

"To think that just a high-fat diet could alter expression of these genes in the brain is extraordinary," said Lowry. "The high-fat group essentially had the molecular signature of a high anxiety state in their brain."

Lowry suspects that an unhealthy microbiome compromises the gut lining, enabling bacteria to slip into the body's circulation and communicate with the brain via the vagus nerve, a pathway from the gastrointestinal tract to the brain.

"If you think about human evolution, it makes sense," Lowry said. "We are hard-wired to really notice things that make us sick so we can avoid those things in the future."

Lowry stresses that not all fats are bad, and that healthy fats like those found in fish, olive oil, nuts and seeds can be anti-inflammatory and good for the brain.

His advice: Eat as many different kinds of fruits and vegetables as possible, add fermented foods to your diet to support a healthy microbiome and lay off the pizza and fries. Also, if you do have a hamburger, add a slice of avocado. Some research shows that good fat can counteract some of the bad.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240617173547.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Modified gravity theory: A million light years and still going | ScienceDaily
In a breakthrough discovery that challenges the conventional understanding of cosmology, scientists at Case Western Reserve University have unearthed new evidence that could reshape our perception of the cosmos.


						
Tobias Mistele, a post-doctoral scholar in the Department of Astronomy at Case Western Reserve's College of Arts and Sciences, pioneered a revolutionary technique using "gravitational lensing" to delve into the enigmatic realm of dark matter. He found that the rotation curves of galaxies remain flat for millions of light years with no end in sight.

Scientists have previously believed that the rotation curves of galaxies must decline the farther out you peer into space.

Traditionally, the behavior of stars within galaxies has puzzled astronomers. According to Newtonian gravity, stars on the outer edges should be slower due to diminished gravitational pull. This was not observed, leading to the inference of dark matter. But even dark matter halos should come to an end, so rotation curves should not remain flat indefinitely.

Mistele's analysis defies this expectation, providing a startling revelation: the influence of what we call dark matter extends far beyond previous estimates, , stretching at least a million light-years from the galactic center.

Such a long-range effect may indicate that dark matter -- as we understand it -- might not exist at all.

"This finding challenges existing models," he said, "suggesting there exist either vastly extended dark matter halos or that we need to fundamentally reevaluate our understanding of gravitational theory."

Stacy McGaugh, professor and director of the Department of Astronomy in the College of Arts and Sciences, said Mistele's findings, slated for publication in the Astrophysical Journal Letters, push traditional boundaries.




"The implications of this discovery are profound," McGaugh said. "It not only could redefine our understanding of dark matter, but also beckons us to explore alternative theories of gravity, challenging the very fabric of modern astrophysics."

Turning Einstein's theory on its head

The primary technique Mistele used in his research, gravitational lensing, is a phenomenon predicted by Einstein's theory of general relativity. Essentially, it occurs when a massive object, like a galaxy cluster or even a single massive star, bends the path of light coming from a distant source. This bending of light happens because the mass of the object warps the fabric of spacetime around it. This bending of light by galaxies persists over much larger scales than expected.

As part of the research, Mistele plotted out what's called Tully-Fisher relation on a chart to highlight the empirical relationship between the visible mass of a galaxy and its rotation speed.

"We knew this relationship existed," Mistele said. "But it wasn't obvious that the relationship would hold the farther you go out. How far does this behavior persist? That's the question, because it can't persist forever."

Mistele said his discovery underscores the necessity for further exploration and collaboration within the scientific community -- and the possible analysis of other data.

McGaugh noted the Herculean -- yet, so far, unsuccessful -- efforts in the international particle physics community to detect and identify dark matter particles.

"Either dark matter halos are much bigger than we expected, or the whole paradigm is wrong," McGaugh said. "The theory that predicted this behavior in advance is the modified gravity theory MOND hypothesized by Moti Milgrom as an alternative to dark matter in 1983. So, the obvious and inevitably controversial interpretation of this result is that dark matter is a chimera; perhaps the evidence for it is pointing to some new theory of gravity beyond what Einstein taught us."
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Wear it, then recycle: Designers make dissolvable textiles from gelatin | ScienceDaily
Introducing the fashion of the future: A T-shirt that you can wear a few times, then, when you get bored with it, dissolve and recycle to make a new shirt.


						
Researchers at the ATLAS Institute at the University of Colorado Boulder are now one step closer to that goal. In a new study, the team of engineers and designers developed a DIY machine that spins textile fibers made of materials like sustainably sourced gelatin. The group's "biofibers" feel a bit like flax fiber and dissolve in hot water in minutes to an hour.

The team, led by Eldy Lazaro Vasquez, a doctoral student in the ATLAS Institute, presented its findings in May at the CHI Conference on Human Factors in Computing Systems in Honolulu.

"When you don't want these textiles anymore, you can dissolve them and recycle the gelatin to make more fibers," said Michael Rivera, a co-author of the new research and assistant professor in the ATLAS Institute and Department of Computer Science.

The study tackles a growing problem around the world: In 2018 alone, people in the United States added more than 11 million tons of textiles to landfills, according to the Environmental Protection Agency -- nearly 8% of all municipal solid waste produced that year.

The researchers envision a different path for fashion.

Their machine is small enough to fit on a desk and cost just $560 to build. Lazaro Vasquez hopes the device will help designers around the world experiment with making their own biofibers.




"You could customize fibers with the strength and elasticity you want, the color you want," she said. "With this kind of prototyping machine, anyone can make fibers. You don't need the big machines that are only in university chemistry departments."

Spinning threads

The study arrives as fashionistas, roboticists and more are embracing a trend known as "smart textiles." Levi's Trucker Jacket with Jacquard by Google, for example, looks like a denim coat but includes sensors that can connect to your smartphone.

But such clothing of the future comes with a downside, Rivera said:

"That jacket isn't really recyclable. It's difficult to separate the denim from the copper yarns and the electronics."

To imagine a new way of making clothes, the team started with gelatin. This springy protein is common in the bones and hooves of many animals, including pigs and cows. Every year, meat producers throw away large volumes of gelatin that doesn't meet requirements for cosmetics or food products like Jell-O. (Lazaro Vasquez bought her own gelatin, which comes as a powder, from a local butcher shop).




She and her colleagues decided to turn that waste into wearable treasure.

The group's machine uses a plastic syringe to heat up and squeeze out droplets of a liquid gelatin mixture. Two sets of rollers in the machine then tug on the gelatin, stretching it out into long, skinny fibers -- not unlike a spider spinning a web from silk. In the process, the fibers also pass through liquid baths where the researchers can introduce bio-based dyes or other additives to the material. Adding a little bit of genipin, an extract from fruit, for example, makes the fibers stronger.

Dissolving duds

Lazaro Vasquez said designers may be able to do anything they can imagine with these sorts of textiles.

As a proof of concept, the researchers made small sensors out of gelatin fibers and cotton and conductive yarns, similar to the makeup of a Jacquard jacket. The team then submerged these patches in warm water. The gelatin dissolved, releasing the yarns for easy recycling and reuse.

Designers could tweak the chemistry of the fibers to make them a little more resilient, Lazaro Vasquez said -- you wouldn't want your jacket to disappear in the rain. They could also play around with spinning similar fibers from other natural ingredients. Those materials include chitin, a component of crab shells, or agar-agar, which comes from algae.

"We're trying to think about the whole lifecycle of our textiles," Lazaro Vasquez said. "That begins with where the material is coming from. Can we get it from something that normally goes to waste?"
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Ancient polar sea reptile fossil is oldest ever found in Southern Hemisphere | ScienceDaily
An international team of scientists has identified the oldest fossil of a sea-going reptile from the Southern Hemisphere -- a nothosaur vertebra found on New Zealand's South Island. 246 million years ago, at the beginning of the Age of Dinosaurs, New Zealand was located on the southern polar coast of a vast super-ocean called Panthalassa.


						
Reptiles first invaded the seas after a catastrophic mass extinction that devastated marine ecosystems and paved the way for the dawn of the Age of Dinosaurs almost 252 million years ago. Evidence for this evolutionary milestone has only been discovered in a few places around the world: on the Arctic island of Spitsbergen, northwestern North America and southwestern China. Although represented by just a single vertebra that was excavated from a boulder in a stream bed at the foot of Mount Harper on the South Island of New Zealand -- this discovery has shed new light on the previously unknown record of early sea reptiles from the Southern Hemisphere.

Reptiles ruled the seas for millions of years before dinosaurs dominated the land. The most diverse and geologically longest surviving group were the sauropterygians, with an evolutionary history spanning over 180 million years. The group included the long-necked plesiosaurs, which resembled the popular image of the Loch Ness Monster. Nothosaurs were distant predecessors of the Plesiosaurs. They could grow up to seven metres long and swam using four paddle-like limbs. Nothosaurs had flattened skulls with a meshwork of slender conical teeth that were used to catch fish and squid.

The New Zealand nothosaur was discovered during a geological survey in 1978, but its importance was not fully recognised until palaeontologists from Sweden, Norway, New Zealand, Australia and East Timor joined their expertise to examine and analyse the vertebra and other associated fossils.

"The nothosaur found in New Zealand is over 40 million years older than the previously oldest known sauropterygian fossils from the Southern Hemisphere. We show that these ancient sea reptiles lived in a shallow coastal environment teeming with marine creatures within what was then the southern polar circle," explains Dr Benjamin Kear from The Museum of Evolution at Uppsala University, lead author on the study.

The oldest nothosaur fossils are around 248 million years old and have been found along an ancient northern low-latitude belt that stretched from the remote northeastern to northwestern margins of the Panthalassa super-ocean. The origin, distribution and timing of when nothosaurs reached these distant areas are still debated. Some theories suggest that they either migrated along northern polar coastlines, or swam through inland seaways, or used currents to cross the Panthalassa super-ocean.

The new nothosaur fossil from New Zealand has now upended these long-standing hypotheses.

"Using a time-calibrated evolutionary model of sauropterygian global distributions, we show that nothosaurs originated near the equator, then rapidly spread both northwards and southwards at the same time as complex marine ecosystems became re-established after the cataclysmic mass extinction that marked the beginning of the Age of Dinosaurs" says Kear.

"The beginning of the Age of Dinosaurs was characterised by extreme global warming, which allowed these marine reptiles to thrive at the South Pole. This also suggests that the ancient polar regions were a likely route for their earliest global migrations, much like the epic trans-oceanic journeys undertaken by whales today. Undoubtedly, there are more fossil remains of long-extinct sea monsters waiting to be discovered in New Zealand and elsewhere in the Southern Hemisphere," says Kear.

The New Zealand nothosaur fossil is held in the National Palaeontological Collection at GNS Science in New Zealand.
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A new way to measure aging and disease risk with the protein aggregation clock | ScienceDaily
Could measuring protein clumps in our cells be a new way to find out our risk of getting age-related diseases? Professor Dorothee Dormann and Professor Edward Lemke of Johannes Gutenberg University Mainz (JGU), who are also adjunct directors at the Institute of Molecular Biology (IMB) in Mainz, propose the concept of a "protein aggregation clock" to measure ageing and health in a new perspective article published in Nature Cell Biology.


						
As we age, the DNA and proteins that make up our bodies gradually undergo changes that cause our bodies to no longer work as well as before. This in turn makes us more prone to getting age-related diseases, such as cardiovascular disease, cancer, and Alzheimer's disease. One important change is that the proteins in our cells can sometimes become misfolded and clump together to form aggregates, so-called amyloids. Misfolding and aggregation can happen to any protein, but a specific group of proteins known as intrinsically disordered proteins (IDPs) are especially prone to forming amyloids. IDPs make up around 30 percent of the proteins in our cells and they are characterized by having no fixed structure. Instead, they are flexible and dynamic, flopping around like strands of cooked spaghetti.

While the molecular mechanisms are widely debated and an important aspect of basic research, scientists know that aggregates formed from IDPs tend to accumulate in many long-lived cells -- such as neurons or muscle cells -- as we age. Moreover, they can cause many age-related diseases, particularly neurodegenerative diseases such as Alzheimer's and Parkinson's disease. Thus, having many aggregates in a cell could be an indicator of how unhealthy the cell is or if a person is likely to develop an age-related disease soon. In their recently published article, Dormann and Lemke propose that IDP aggregation could be used as a biological "clock" to measure a person's health and age.

If developed further into a sensitive diagnostic test, a protein aggregation clock could be extremely useful. Firstly, doctors could use it to help diagnose age-related diseases at very early stages or identify people who are not yet sick but have a higher risk of developing disease as they age. This would allow them to be given preventative treatments before they develop severe disease. Secondly, scientists could use it to assess the effects of new experimental treatments to reduce protein aggregation in order to prevent or delay age-related diseases.

"In practice, we are still far away from a routine diagnostic test, and it is important that we improve our understanding of the fundamental mechanisms leading to IDP aggregation," said Dormann. "However, we want to stimulate thinking and research in the direction of studying protein aggregates to measure biological ageing processes," Lemke added. "We are optimistic that in the future we will be able to overcome the current challenges of reading a protein aggregation clock through more research on IDP dynamics and making further technological developments."

Although there are other "clocks" to measure ageing and health, most of them are based on nucleic acids like DNA. Dormann and Lemke think that a biological clock based on proteins would be a useful complement to these existing clocks, as proteins are among the most abundant molecules in cells and are crucial for all cellular functions. With the help of such a protein aggregation clock, they hope that scientists and doctors will be able to move one step closer towards helping people age healthily and preventing age-related diseases.

With their research, Dorothee Dormann and Edward Lemke contribute to the Center for Healthy Ageing (CHA), a virtual research center launched in 2021. The CHA brings together scientists in basic and clinical research from across Mainz who focus on ageing and age-related diseases. Their findings are to be used to promote healthy ageing and to find treatments that help prevent or cure age-related diseases.
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Breakthrough approach enables bidirectional BCI functionality | ScienceDaily
Brain-computer interfaces or BCIs hold immense potential for individuals with a wide range of neurological conditions, but the road to implementation is long and nuanced for both the invasive and noninvasive versions of the technology. Bin He of Carnegie Mellon University is highly driven to improve noninvasive BCIs, and his lab uses an innovative electroencephalogram (EEG) wearable to push the boundaries of what's possible. For the first time on record, the group successfully integrated a novel focused ultrasound stimulation to realize bidirectional BCI that both encodes and decodes brain waves using machine learning in a study with 25 human subjects. This work opens up a new avenue to significantly enhance not only the signal quality, but also, overall nonivasive BCI performance by stimulating targeted neural circuits.


						
Noninvasive BCI is lauded for its merits of being cheap, safe and virtually applicable to everyone, but because signals are recorded over the scalp versus inside the brain, low signal quality presents some limitations. The He group is exploring ways to improve the effectiveness of noninvasive BCIs and over time, has used deep learning approaches to decode what an individual was thinking and then facilitate control of a cursor or robotic arm.

In their latest research, published in Nature Communications, the He group demonstrated that through precision noninvasive neuromodulation using focused ultrasound, the performance of a BCI could be improved for communication.

"This paper reports a breakthrough in noninvasive BCIs by integrating a novel focused ultrasound stimulation to realize bidirectional BCI functionality," explained Bin He, professor of biomedical engineering at Carnegie Mellon University. "Using a communication prosthetic, 25 human subjects spelled out phrases like "Carnegie Mellon" using a BCI speller. Our findings showed that the addition of focused ultrasound neuromodulation significantly boosted the performance of EEG-based BCI. It also elevated theta neural oscillation that enhanced attention and led to enhanced BCI performance."

For context, a BCI speller is a 6x6 visual motion aide containing the entire alpabet that is commonly used by nonspeakers to communicate. In He's study, subjects donned an EEG cap and just by looking at the letters, were able to generate EEG signals to spell the desired words. When a focused ultrasound beam was applied externally to the V5 area (part of the visual cortex) of the brain, the performance of the noninvasive BCI greatly improved among subjects. The neuromodulation-integrated BCI actively altered the engagement of neural circuits to maximize the BCI performance, compared to previous uses, which consisted of pure processing and decoding recorded signals.

"The BRAIN Initiative has supported more than 60 ultrasound projects since its inception. This unique application of noninvasive recording and modulation technologies expands the toolkit, with a potentially scalable impact on assisting people living with communication disabilities," said Dr. Grace Hwang, program director at the Brain Research Through Advancing Innovative Neurotechnologies(r) initiative (The BRAIN Initiative(r)) at the National Institutes of Health (NIH).

Following this discovery, the He lab is further investigating the merits and applications of focused ultrasound neuromodulation to the brain, beyond the visual system, to enhance noninvasive BCIs. They also aim to develop more compact-focused ultrasound neuromodulation device for better integration with EEG-based BCIs, and to integrate AI to continue to enhance the overall system performance.

"This is my lifelong interest, and I will never give up," emphasized He. "Working to improve noninvasive technology is difficult, but I strongly believe that if we can find a way to make it work, everyone will benefit. I will keep working, and someday, noninvasive lifesaving technology will be available for every household."
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Pair of merging quasars at cosmic dawn | ScienceDaily
Since the very first instant after the Big Bang the Universe has been expanding. This means that the early Universe was considerably smaller and early-formed galaxies were more likely to interact and merge. Galaxy mergers fuel the formation of quasars -- extremely luminous galactic cores where gas and dust falling into a central supermassive black hole emit enormous amounts of light. So when looking back at the early Universe astronomers would expect to find numerous pairs of quasars in close proximity to each other as their host galaxies undergo mergers. However, they have been surprised to find exactly none -- until now.


						
With the aid of the Gemini North telescope, one half of the International Gemini Observatory, which is supported in part by the U.S. National Science Foundation and operated by NSF NOIRLab, a team of astronomers have discovered a pair of merging quasars seen only 900 million years after the Big Bang. Not only is this the most distant pair of merging quasars ever found, but also the first confirmed pair in the period of the Universe's history known as Cosmic Dawn.

Cosmic Dawn spanned from about 50 million years to one billion years after the Big Bang. During this period the first stars and galaxies began appearing, filling the dark Universe with light for the first time. The arrival of the first stars and galaxies kicked off a new era in the formation of the cosmos known as the Epoch of Reionization.

The Epoch of Reionization, which took place within Cosmic Dawn, was a period of cosmological transition. Beginning roughly 400 million years after the Big Bang, ultraviolet light from the first stars, galaxies and quasars spread throughout the cosmos, interacting with the intergalactic medium and stripping the Universe's primordial hydrogen atoms of their electrons in a process known as ionization. The Epoch of Reionization was a critical epoch in the history of the Universe that marked the end of the cosmic dark ages and seeded the large structures we observe in our local Universe today.

To understand the exact role that quasars played during the Epoch of Reionization, astronomers are interested in finding and studying quasars populating this early and distant era. "The statistical properties of quasars in the Epoch of Reionization tell us many things, such as the progress and origin of the reionization, the formation of supermassive black holes during Cosmic Dawn, and the earliest evolution of the quasar host galaxies," said Yoshiki Matsuoka, an astronomer at Ehime University in Japan and lead author of the paper describing these results, published in the Astrophysical Journal Letters.

About 300 quasars have been discovered in the Epoch of Reionization, but none of them have been found in a pair. That is until Matsuoka and their team were reviewing images taken with the Hyper Suprime-Cam on the Subaru Telescope and a faint patch of red caught their eye. "While screening images of quasar candidates I noticed two similarly and extremely red sources next to each other," said Matsuoka. "The discovery was purely serendipitous."

The team was not sure that they were a quasar pair since distant quasar candidates are contaminated by numerous other sources, such as foreground stars and galaxies and the effects of gravitational lensing. To confirm the nature of these objects the team conducted follow-up spectroscopy using the Faint Object Camera and Spectrograph (FOCAS) on the Subaru Telescope and the Gemini Near-Infrared Spectrograph (GNIRS) on Gemini North. The spectra, which break down the emitted light from a source into its component wavelengths, obtained with GNIRS were crucial to characterizing the nature of the quasar pair and their host galaxies.




"What we learned from the GNIRS observations was that the quasars are too faint to detect in near-infrared, even with one of the largest telescopes on the ground," said Matsuoka. This allowed the team to estimate that a portion of the light detected in the optical wavelength range is not coming from the quasars themselves, but from ongoing star formation taking place in their host galaxies. The team also found that the two black holes are whoppers, each being 100 million times the mass of the Sun. This, coupled with the presence of a bridge of gas stretching between the two quasars, suggests that they and their host galaxies are undergoing a major-scale merger [1].

"The existence of merging quasars in the Epoch of Reionization has been anticipated for a long time. It has now been confirmed for the first time," said Matsuoka [2].

The Epoch of Reionization connects the earliest formation of cosmic structure to the complex Universe that we observe billions of years later. By studying distant objects from this period astronomers gain valuable insight into the process of reionization and the formation of the first objects in the Universe. More discoveries like this may be on the horizon with NSF-DOE Vera C. Rubin Observatory's decade-long Legacy Survey of Space and Time (LSST), beginning in 2025, which is poised to detect millions of quasars using its deep imaging capabilities.

Notes

[1] A companion paper accepted for publication in AAS Journals presents further analysis of the quasar pair, the gas bridge between them and their host galaxies using observations taken with the Atacama Large Millimeter/submillimeter Array (ALMA).

[2] There have been candidates, but it is difficult to separate them from possibly gravitationally-lensed images of a single quasar. There are also some candidates for being dual active galactic nuclei embedded in individual Epoch of Reionization galaxies, but these have much lower luminosity (black hole activity) than quasars and are two components within a single galaxy, which are qualitatively different from what is described here.
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Extended maternal care central factor to human other animal, longevity | ScienceDaily
The relationship between mother and child may offer clues to the mystery of why humans live longer than expected for their size -- and shed new light on what it means to be human -- according to a new Cornell University study.


						
"It's one of the really mysterious things about humans, the fact that we live these super long lives as compared to so many other mammals," said Matthew Zipple, a Klarman Postdoctoral Fellow in neurobiology and behavior at Cornell University. "What we're putting forward is that a part of the explanation for our long lifespan is this other foundational aspect of our lives, which is the relationship between the mother and her child."

The paper, "Maternal Care Leads to the Evolution of Long, Slow Lives," published in the Proceedings of the National Academy of Science.

In their models, Zipple and co-authors found consistently that in species where offspring survival depends on the longer-term presence of the mother, the species tends to evolve longer lives and a slower life pace, which is characterized by how long an animal lives and how often it reproduces.

"As we see these links between maternal survival and offspring fitness grow stronger, we see the evolution of animals having longer lives and reproducing less often -- the same pattern we see in humans," Zipple said. "And what's nice about this model is that it's general to mammals overall, because we know these links exist in other species outside of primates, like hyenas, whales and elephants."

The work builds off the Mother and Grandmother hypothesis, based on observations in 18th- and 19th-century human populations, that offspring are more likely to survive if their mothers and grandmothers are in their lives. This theory has been used primarily as an explanation for menopause in humans, Zipple said -- as ceasing reproduction decreases risk of death and allows older females to focus on grand-offspring care.

Zipple's models are both broader and more specific, incorporating more of the ways that a mother's presence or absence in her offspring's life impacts its fitness. The team makes predictions, based on results from Zipple's doctoral research on baboons and other primates, about how offspring fare if a mother dies after weaning but before the offspring's sexual maturation, which Zipple found leads to short-term and long-term, even intergenerational, negative effects on primate offspring and grand-offspring.
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Investigating the origins of the crab nebula | ScienceDaily
A team of scientists used NASA's James Webb Space Telescope to parse the composition of the Crab Nebula, a supernova remnant located 6,500 light-years away in the constellation Taurus. With the telescope's MIRI (Mid-Infrared Instrument) and NIRCam (Near-Infrared Camera), the team gathered data that is helping to clarify the Crab Nebula's history.


						
The Crab Nebula is the result of a core-collapse supernova from the death of a massive star. The supernova explosion itself was seen on Earth in 1054 CE and was bright enough to view during the daytime. The much fainter remnant observed today is an expanding shell of gas and dust, and outflowing wind powered by a pulsar, a rapidly spinning and highly magnetized neutron star.

The Crab Nebula is also highly unusual. Its atypical composition and very low explosion energy previously have been explained by an electron-capture supernova -- a rare type of explosion that arises from a star with a less-evolved core made of oxygen, neon, and magnesium, rather than a more typical iron core.

"Now the Webb data widen the possible interpretations," said Tea Temim, lead author of the study at Princeton University in New Jersey. "The composition of the gas no longer requires an electron-capture explosion, but could also be explained by a weak iron core-collapse supernova."

Studying the Present to Understand the Past

Past research efforts have calculated the total kinetic energy of the explosion based on the quantity and velocities of the present-day ejecta. Astronomers deduced that the nature of the explosion was one of relatively low energy (less than one-tenth that of a normal supernova), and the progenitor star's mass was in the range of eight to 10 solar masses -- teetering on the thin line between stars that experience a violent supernova death and those that do not.

However, inconsistencies exist between the electron-capture supernova theory and observations of the Crab, particularly the observed rapid motion of the pulsar. In recent years, astronomers have also improved their understanding of iron core-collapse supernovae and now think that this type can also produce low-energy explosions, providing that the stellar mass is adequately low.




Webb Measurements Reconcile Historic Results

To lower the level of uncertainty surrounding the Crab's progenitor star and nature of the explosion, the team led by Temim used Webb's spectroscopic capabilities to hone in on two areas located within the Crab's inner filaments.

Theories predict that because of the different chemical composition of the core in an electron-capture supernova, the nickel to iron (Ni/Fe) abundance ratio should be much higher than the ratio measured in our Sun (which contains these elements from previous generations of stars). Studies in the late 1980s and early 1990s measured the Ni/Fe ratio within the Crab using optical and near-infrared data and noted a high Ni/Fe abundance ratio that seemed to favor the electron-capture supernova scenario.

The Webb telescope, with its sensitive infrared capabilities, is now advancing Crab Nebula research. The team used MIRI's spectroscopic abilities to measure the nickel and iron emission lines, resulting in a more reliable estimate of the Ni/Fe abundance ratio. They found that the ratio was still elevated compared to the Sun, but only modestly and much lower in comparison to prior estimates.

The revised values are consistent with electron-capture, but do not rule out an iron core-collapse explosion from a similarly low-mass star. (Higher-energy explosions from higher-mass stars are expected to produce ratios closer to solar abundances.) Further observational and theoretical work will be needed to distinguish between these two possibilities.

"At present, the spectral data from Webb covers two small regions of the Crab, so it's important to study much more of the remnant and identify any spatial variations," said Martin Laming of the Naval Research Laboratory in Washington and a co-author of the paper. "It would be interesting to see if we could identify emission lines from other elements, like cobalt or germanium."

Mapping the Crab's Current State




Besides pulling spectral data from two small regions of the Crab Nebula's interior to measure the abundance ratio, the telescope also observed the remnant's broader environment to understand details of the synchrotron emission and the dust distribution.

The images and data collected by MIRI enabled the team to isolate the dust emission within the Crab and map it in high resolution for the first time. By mapping the warm dust emission with Webb, and even combining it with the Herschel Space Observatory's data on cooler dust grains, the team created a well-rounded picture of the dust distribution: The outermost filaments contain relatively warmer dust, while cooler grains are prevalent near the center.

"Where dust is seen in the Crab is interesting because it differs from other supernova remnants, like Cassiopeia A and Supernova 1987A," said Nathan Smith of the Steward Observatory at the University of Arizona and a co-author of the paper. "In those objects, the dust is in the very center. In the Crab, the dust is found in the dense filaments of the outer shell. The Crab Nebula lives up to a tradition in astronomy: The nearest, brightest, and best-studied objects tend to be bizarre."

These findings have been accepted for publication in The Astrophysical Journal Letters.

The observations were taken as part of General Observer program 1714.
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High-precision measurements challenge our understanding of Cepheids | ScienceDaily
"Classical Cepheids" are a type of pulsating star that rhythmically brightens and dims over time. These pulsations help astronomers measure vast distances across space, which makes Cepheids crucial "standard candles" that help us understand the size and scale of our universe.


						
Despite their importance, studying Cepheids is challenging. Their pulsations and potential interactions with companion stars create complex patterns that are difficult to measure accurately. Different instruments and methods used over the years have led to inconsistent data, complicating our understanding of these stars.

"Tracing Cepheid pulsations with high-definition velocimetry gives us insights into the structure of these stars and how they evolve," says Richard I. Anderson, an astrophysicist at EPFL. "In particular, measurements of the speed at which the stars expand and contract along the line of sight -- so-called radial velocities -- provide a crucial counterpart to precise brightness measurements from space. However, there has been an urgent need for high-quality radial velocities because they are expensive to collect and because few instruments are capable of collecting them."

The VELOCE Project

Anderson has now led a team of scientists to do exactly that with the VELOcities of CEpheids (VELOCE) project, a large collaboration that, over 12 years, has collected more than 18,000 high-precision measurements of 258 Cepheid radial velocities using advanced spectrographs between 2010 and 2022. "This dataset will serve as an anchor to link Cepheid observations from different telescopes across time and hopefully inspire further study by the community."

VELOCE is the fruit of a collaboration between EPFL, the University of Geneva, and the KU Leuven. It is based on observations from the Swiss Euler telescope in Chile and the Flemish Mercator telescope on La Palma. Anderson began the VELOCE project during his PhD at the University of Geneva, continued it as a postdoc in the US and Germany, and has now completed it at EPFL. Anderson's PhD student, Giordano Viviani, was instrumental in making the VELOCE data release possible.

Unraveling Cepheid mysteries with cutting-edge precision

"The wonderful precision and long-term stability of the measurements have enabled interesting new insights into how Cepheids pulsate," says Viviani. "The pulsations lead to changes in the line-of-sight velocity of up to 70 km/s, or about 250,000 km/h. We have measured these variations with a typical precision of 130 km/h (37 m/s), and in some cases as good as 7 km/h (2 m/s), which is roughly the speed of a fast walking human."




To get such precise measurements, the VELOCE researchers used two high-resolution spectrographs, which separate and measure wavelengths in electromagnetic radiation: HERMES in the northern hemisphere and CORALIE in the southern hemisphere. Outside of VELOCE, CORALIE is famous for finding exoplanets and HERMES is a workhorse of stellar astrophysics.

The two spectrographs detected tiny shifts in the Cepheids' light, indicating their movements. The researchers used advanced techniques to ensure their measurements were stable and accurate, correcting for any instrumental drifts and atmospheric changes. "We measure radial velocities using the Doppler effect," explains Anderson. "That's the same effect that the police use to measure your speed, and also the effect you know from the change in tone when an ambulance approaches or recedes from you."

The strange dance of Cepheids

The VELOCE project uncovered several fascinating details about Cepheid stars. For example, VELOCE data provide the most detailed look yet at the Hertzsprung progression -- a pattern in the stars' pulsations -- showing double-peaked bumps that were not previously known and will provide clues to better understanding the structure of Cepheids when compared to theoretical models of pulsating stars.

The team found that several Cepheids exhibit complex, modulated variability in their movements. This means that the stars' radial velocities change in ways that cannot be explained by simple, regular pulsation patterns. In other words, while we would expect Cepheids to pulsate with a predictable rhythm, the VELOCE data reveal additional, unexpected variations in these movements.

These variations are not consistent with theoretical pulsation models traditionally used to describe Cepheids. "This suggests that there are more intricate processes occurring within these stars, such as interactions between different layers of the star, or additional (non-radial) pulsation signals that may present an opportunity to determine the structure of Cepheid stars by asteroseismology," says Anderson's postdoc Henryka Netzel. First detections of such signals based on VELOCE are reported in a companion paper (Netzel et al. in press).




Binary systems

The study also identified 77 Cepheid stars that are part of binary systems (two stars orbiting each other) and found 14 more candidates. A companion paper led by Anderson's former postdoc, Shreeya Shetye, describes these systems in detail, adding to our understanding of how these stars evolve and interact with each other. "We see that about one in three Cepheids has an unseen companion whose presence we can determine by the Doppler effect," says Shetye.

"Understanding the nature and physics of Cepheids is important because they tell us about how stars evolve in general, and because we rely on them for determining distances and the expansion rate of the Universe," says Anderson. "Additionally, VELOCE provides the best available cross-checks for similar, but less precise, measurements from the ESA mission Gaia, which will eventually conduct the largest survey of Cepheid radial velocity measurements."
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Tiny New Zealand bird delivers a lesson in birdsong evolution | ScienceDaily
Parrots, songbirds, and hummingbirds can learn to make new sounds. No-one knew, but New Zealand's smallest bird, the rifleman or titipounamu, may have a rudimentary version of the same talent.


						
University of Auckland research into the bird is part of a rethinking of how and when vocal learning evolved in birds.

Scientists traditionally assumed birds were split into two groups -- those which can learn sounds (parrots, songbirds, and hummingbirds) and those which can't -- but the study published in the scientific journal Communications Biology adds to evidence challenging that assumption.

Vocal signatures of distantly related titipounamu had strong similarities if they lived near each other, the Waipapa Taumata Rau, University of Auckland research showed. Close relatives living far apart didn't sound similar.

That suggests the birds' sounds may not be innate and may be learned from each other, according to Dr Kristal Cain, the senior author of the study, and Dr Ines G. Moran, the lead author.

Weighing the same as five or six paper clips, titipounamu live in high-altitude mature native forest, feed on insects and make high-pitched sounds inaudible to some people.

The bird is one of the country's two surviving native wren species and a sort of evolutionary missing link between two of the most impressive learners, songbirds and parrots. Relics of Gondwana, the wrens likely existed in Aotearoa since before the islands broke away from the super continent, roughly 80 million years ago.




"If New Zealand wrens are vocal learners, then it is likely that the common ancestor of parrots and songbirds was also capable of rudimentary learning," says Cain. "This ability in birds could have evolved millions of years earlier than we previously thought."

Vocal learning in songbirds evolved 30-50 million years ago, scientists have estimated. But the songbirds and parrots diverged long before that -- closer to 80 million years ago.

Vocal convergence

The scientists went to all sorts of lengths to gather evidence of vocal copying, such as "vocal convergence," where animals' calls become acoustically similar.

First, they closely monitored the nests of titipounamu at Boundary Stream Mainland Island in the Hawke's Bay, identifying and banding individuals and then recording more than 6,800 of the feeding calls routinely made by adult birds (parents and the parents' helpers) bringing food to the young nestlings over three summers.

While the differences in the birds' calls can't be detected by most people, detailed analysis of spectrograms -- "voiceprints" -- revealed unique individual vocal signatures.




The researchers then acquired genetic information on the population at large.

Finally, they used advanced genetic methods to estimate how much and which aspects of the vocal signature came from genetics as opposed to the social environment. For some parameters, social environment was more important than genetics; there were similarities with a known vocal learner, the zebra finch.

The evidence from the scientists' study isn't conclusive but it's strongly suggestive of "rudimentary vocal learning abilities."

"A growing body of evidence suggests we may need to stop classifying birds as either vocal learners or vocal non-learners," says Cain. "The ability may be much more widespread and likely exists along a spectrum."

Humans, whales, bats

Most animals communicate with unlearned, innate vocalisations, while vocal learners include humans, whales and dolphins, elephants and bats.

"The vocal behaviour that we were unravelling in this study is very similar to what is known as vocal accommodation in human linguistics," says Moran. "It's similar to our ability to adjust our ways of speaking in different social, dialectic, or hierarchical settings -- modulating our voices to better fit in certain social groups."

Artificial intelligence, custom engineered nest RFID (radio frequency identification) readers, and custom-made computer analysis tools were all part of the study, which spanned bioacoustics, genetics, behavioural ecology, and field biology.

The scientists thanked the mana whenua of the Maungaharuru region, the University's engineering team, the Department of Conservation, AgResearch, and the Centre for eResearch.
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Sharks have depleted functional diversity compared to the last 66 million years | ScienceDaily
New research by Swansea University and the University of Zurich has found that sharks retained high levels of functional diversity for most of the last 66 million years, before steadily declining over the last 10 million years to its lowest value in the present day.


						
Modern sharks are among the ocean's most threatened species; yet have notably survived numerous environmental changes in their 250-million-year history. Today, their more than 500 species play many different ecological roles, from apex predators to nutrient transporters.

Ecological roles are determined by species' traits such as body size, and what and how they eat. As such, measuring the diversity of these traits allows scientists to quantify the range of ecological roles in a community, also known as functional diversity.

Since sharks possess soft cartilaginous skeletons unlikely to fossilise, these traits are difficult to measure directly in extinct species. However, measurements from their teeth, which are hard and therefore, well-preserved in the fossil record, can act as trait proxies, which can in turn be used to quantify functional diversity in the geological past.

Lead author Jack Cooper, a PhD student at Swansea University, said: "Measurements like tooth size, shape, and types of edges broadly reflect a shark's functional traits such as body size and diet, allowing us to assess their functional diversity through time."

The researchers measured more than 9,000 fossil and living shark teeth from around 500 species, gathered from museum collections and literature, and quantified functional diversity over the Cenozoic era, from 66 million years ago to the present day.

They found that sharks maintained high levels of functional diversity -- meaning a wide range of ecological roles -- for most of the Cenozoic era. This diversity peaked about 20 million years ago in the Miocene epoch. However, they also found that after this peak, the extent of shark ecological functions has been steadily declining for the last 10 million years, with present-day shark functional diversity being lower than at any point in the last 66 million years.




By quantifying ecological contributions of individual species, the researchers determined that the observed decline was driven by the loss of ecologically unique and specialised species. Such losses included the extinction of the megalodon, the largest shark that ever lived, which was an apex superpredator, an ecological role not played by any shark living today.

He added: "Not only did we see a clear decline in functional diversity, but we also found that extinct sharks as a whole contributed a wider range of ecological roles than living sharks."

The results ultimately warn that human threats like overfishing, which is driving today's sharks towards extinction, are likely further eroding the already diminished ecological contributions of sharks to ecosystem functioning.

Senior author Dr Catalina Pimiento, Professor at the University of Zurich and senior lecturer at Swansea University, said: "By identifying the modern species holding some of the Cenozoic functional space, our study could potentially complement conservation priorities for the preservation of shark functional diversity in our changing world. says

The study is published in Global Ecology and Biogeography.
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Infectious H5N1 influenza virus in raw milk rapidly declines with heat treatment | ScienceDaily
The amount of infectious H5N1 influenza viruses in raw milk rapidly declined with heat treatment in laboratory research conducted by scientists at the National Institute of Allergy and Infectious Diseases (NIAID), part of the National Institutes of Health. However, small, detectable amounts of infectious virus remained in raw milk samples with high virus levels when treated at 72 degrees Celsius (161.6 degrees Fahrenheit) for 15 seconds -- one of the standard pasteurization methods used by the dairy industry. The authors of the study stress, however, that their findings reflect experimental conditions in a laboratory setting and are not identical to large-scale industrial pasteurization processes for raw milk. The findings were published today in the New England Journal of Medicine


						
In late March 2024, United States officials reported an outbreak of highly pathogenic avian influenza virus called HPAI H5N1 among dairy cows in Texas. To date, 95 cattle herds across 12 states have been affected, with three human infections detected in farm workers with conjunctivitis. Although the virus so far has shown no genetic evidence of acquiring the ability to spread from person to person, public health officials are closely monitoring the dairy cow situation as part of overarching pandemic preparedness efforts.

Given the limited data on the susceptibility of avian influenza viruses to pasteurization methods used by the dairy industry, scientists at NIAID's Rocky Mountain Laboratories sought to quantify the stability of H5N1 virus in raw milk when tested at different time intervals at 63degC (145.4 degrees Fahrenheit) and 72degC, the temperatures most common in commercial dairy pasteurization processes. The scientists isolated HPAI H5N1 from the lungs of a dead mountain lion in Montana. Then they mixed these viral isolates with raw, unpasteurized cow milk samples and heat-treated the milk at 63degC and 72degC for different periods of time. The samples were then cell-cultured and tested to determine if live virus remained and if so, how much.

They found that 63degC caused a marked decrease (1010-fold) in infectious H5N1 virus levels within 2.5 minutes and note that standard bulk pasteurization of 30 minutes would eliminate infectious virus. At 72degC, they observed a decrease (104-fold) in infectious virus within five seconds, however, very small amounts of infectious virus were detected after up to 20 seconds of heat treatment in one out of three samples. "This finding indicates the potential for a relatively small but detectable quantity of H5N1 virus to remain infectious in milk after 15 seconds at 72degC if the initial virus levels were sufficiently high," the authors note.

The scientists stress that their measurements reflect experimental conditions, should be replicated with direct measurement of infected milk in commercial pasteurization equipment and should not be used to draw any conclusions about the safety of the U.S. milk supply. Additionally, a limitation of their study was the use of raw milk samples spiked with H5N1 virus, whereas raw milk from cows infected with H5N1 influenza may have a different composition or contain cell-associated virus that may impact heat effects. The authors conclude that although gastrointestinal infections with HPAI H5N1 virus have occurred in several species of mammals, it remains unknown whether ingesting live H5N1 in raw milk could cause illness in people.

To date, the U.S. Food and Drug Administration concludes that the totality of evidence continues to indicate that the commercial milk supply is safe. While laboratory benchtop studies provide important, useful information, there are limitations that challenge inferences to real-world commercial processing and pasteurization. The FDA conducted an initial survey of 297 retail dairy products collected at retail locations in 17 states and represented products produced at 132 processing locations in 38 states. All of the samples were found to be negative for viable virus. These results underscore the opportunity to conduct additional studies that closely replicate real-world conditions. FDA, in partnership with USDA, is conducting pasteurization validation studies -- including the use of a homogenizer and continuous flow pasteurizer. Additional results will be made available as soon as they are available.
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      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        Embryo and organoid models do not threaten the definition of personhood, bioethicist says
        Advances in organoids and embryonic models of human development have the potential to prompt social and existential questions --e.g., what defines human individuality? However, bioethicists say that these models have the potential to strengthen rather than weaken the concept of human individuality when considered within the philosophical frameworks of 'personhood' and sentience.

      

      
        New genetic cause of obesity could help guide treatment
        Scientists have discovered a new cause of why people who lack a specific blood group are genetically predisposed to be overweight or obese.

      

      
        Drugs for enlarged prostate may also protect against dementia with Lewy bodies
        Certain drugs commonly used to treat enlarged prostate may also decrease the risk for dementia with Lewy bodies (DLB), according to a new study. The researchers think that a specific side effect of the drugs targets a biological flaw shared by DLB and other neurodegenerative diseases, raising the possibility that they may have broad potential for treating a wide range of neurodegenerative conditions.

      

      
        Study finds one copy of protective genetic variant helps stave off early-onset Alzheimer's disease
        New research finds one copy of a protective genetic variant, APOE3 Christchurch, delayed onset of Alzheimer's disease for 27 members of a ~6,000-person family in Colombia at high risk for early-onset Alzheimer's in their 40s due to carrying the 'Paisa' (Presenilin-1 E280A) mutation. This work builds on a 2019 case report of a woman in this family who had two copies of the Christchurch variant and delayed Alzheimer's into her 70s. The new findings are the first to show that one copy of the variant...

      

      
        Combination targeted treatment produces lasting remissions in people with resistant aggressive B-cell lymphoma
        Researchers have developed a non-chemotherapy treatment regimen that is achieving full remissions for some people with aggressive B-cell lymphoma that has come back or is no longer responding to standard treatments. The five-drug combination targets multiple molecular pathways that diffuse large B-cell lymphoma (DLBCL) tumors use to survive.

      

      
        At least one in four US residential yards exceed new EPA lead soil level guideline
        Roughly one in four U.S. households have soil exceeding the new U.S. Environmental Protection Agency's lead screening levels of 200 parts per million (ppm), halved from the previous level of 400 ppm, a new study found. For households with exposure from multiple sources, the EPA lowered the guidance to 100 ppm; nearly 40% of households exceed that level, the study also found.

      

      
        Rigorous new study debunks misconceptions about anemia, education
        In low- and middle-income countries, anemia reduction efforts are often touted as a way to improve educational outcomes and reduce poverty. A new study evaluates the relationship between anemia and school attendance in India, debunking earlier research that could have misguided policy interventions.

      

      
        Sound stimulation with precise timings can help understand brain wave functions
        Using sound to stimulate certain brain waves has the potential to help those with dementia or cognitive decline sleep better, reveals a new study. Sleep disturbances are a common feature in dementia and may affect up to half of people living with the condition.

      

      
        Wooden surfaces may have natural antiviral properties
        Viruses, including the coronavirus that causes COVID-19, can get passed from person to person via contaminated surfaces. But can some surfaces reduce the risk of this type of transmission without the help of household disinfectants? Wood has natural antiviral properties that can reduce the time viruses persist on its surface -- and some species of wood are more effective than others at reducing infectivity.

      

      
        Treatment for autoimmune disorder acts on balance of immune cell types
        Autoimmune diseases cannot currently be cured, only treated, and this is also true for neuromyelitis optica spectrum disorder, which affects the central nervous system. A study of how the treatment acts on the immune system shows that it shifts the balance of types of immune cells. This finding may represent a step toward the development of personalized medicine for autoimmune diseases.

      

      
        Shining light on mental health in space science community
        The severity of anxiety and depressive symptoms in the planetary science community is greater than in the general U.S. population, according to a new study.

      

      
        Impacts of space travel on astronauts' eye health
        Gravitational changes experienced by astronauts during space travel can cause fluids within the body to shift. This can cause changes to the cardiovascular system, including vessels in and around the eyes. These fluid shifts may be related to a phenomenon known as Spaceflight Associated Neuro-ocular Syndrome (SANS), which can cause astronauts to experience changes in eye shape and other ocular symptoms.

      

      
        'Time cells' in the brain are critical for complex learning, study shows
        They're more than a simple clock, and understanding these cells' activity could ultimately aid in early detection of neurodegenerative diseases.

      

      
        Women who experience depression during pregnancy or after birth have higher risk of cardiovascular disease
        Women diagnosed with perinatal depression are more likely to develop cardiovascular disease in the following 20 years compared to women who have given birth without experiencing perinatal depression. The study is the first of its kind to look at cardiovascular health after perinatal depression and included data on around 600,000 women. It found the strongest links with risks of high blood pressure, ischemic heart disease and heart failure.

      

      
        A new tuberculosis vaccine candidate recombinant protein with additional post-translational modifications occurring in Mycobacterium tuberculosis cells
        Tuberculosis is a serious health threat, and the efficacy of the BCG vaccine against tuberculosis diminishes in adulthood, making booster vaccines a realistic option. Mycobacterial DNA-binding protein 1 (MDP1), a protein found in Mycobacterium tuberculosis, elicits higher protective IFN-gamma responses in individuals who suppress tuberculosis, thus making it a vaccine candidate.

      

      
        Unlocking heart health: Advancing noninvasive monitoring in chimpanzees
        Measuring the heart rate of great apes in captivity is essential for both health management and animal studies. However, existing most methods are either invasive or inaccurate. Now, researchers have investigated the potential of using millimeter-wave radar technology to estimate heart rate from subtle body movements in chimpanzees. Their efforts will hopefully pave the way to better practices and techniques for monitoring heart rates in wild and captive primates.

      

      
        Transforming inexpensive quinolines into complex drug candidates
        An innovative synthesis strategy opened up the way to 2D/3D fused frameworks using inexpensive quinolines as feedstock, report scientists. By leveraging a light-sensitive borate intermediate, the scientists could transform quinoline derivatives into a great variety of 2D/3D fused frameworks in a straightforward and cost-effective manner. Their findings are expected to enable the synthesis of highly customizable drug candidates.

      

      
        More effective cancer treatment with iontronic pump
        When low doses of cancer drugs are administered continuously near malignant brain tumors using so-called iontronic technology, cancer cell growth drastically decreases. Researchers demonstrated this in experiments with bird embryos. The results are one step closer to new types of effective treatments for severe cancer forms.

      

      
        Tabulae Paralytica: Mapping the biology of spinal cord injury in unprecedented detail
        Scientists have achieved a significant research milestone in the field of spinal cord injuries -- mapping out the cellular and molecular dynamics of paralysis in unprecedented detail with their open-source project 'Tabulae Paralytica'. Gr goire Courtine and his team have integrated cutting-edge cell and molecular mapping technologies with artificial intelligence to chart the complex molecular processes that unfold in each cell after spinal cord injuries (SCI). This seminal work not only identifie...

      

      
        Mirror-image chemicals may revolutionize drug delivery
        More than 130 years after cyclodextrins were first discovered and reported, a team of scientists has created chemical mirror images of these complex carbohydrates in the laboratory. This discovery may revolutionize how medications are delivered to patients.

      

      
        Is coffee good for you or bad for you?
        The effects of coffee consumption on human health is a knotty question, but one thing is sure: coffee is a psychoactive substance.

      

      
        New 3D technique reveals precancerous pancreatic lesions
        Researchers have developed a 3D genomic profiling technique to identify small precancerous lesions in the pancreas -- called pancreatic intraepithelial neoplasias (PanINs) -- that lead to one of the most aggressive, deadly pancreatic cancers.

      

      
        Researchers find disparities in outcomes of hospice discharges
        Black patients who leave hospice care and patients with short stays in hospice care are at increased risks for being admitted to a hospital after being discharged from hospice, according to researchers.

      

      
        Discovery of 'new rules of the immune system' could improve treatment of inflammatory diseases, say scientists
        A single large population of healer cells, called regulatory T cells, is whizzing around our body -- not multiple specialist populations restricted to specific parts of the body as previously thought. These cells shut down inflammation and repair the collateral damage to cells caused after our immune system has responded to injury or illness. Tests, in mice, of a drug developed by the researchers showed that regulatory T cells can be attracted to specific body parts, boosted in number, and activa...

      

      
        The declining diet of Japan's youth
        Researchers performed a study to quantify highly processed food consumption and to investigate its association with diet quality among Japanese children and adolescents. Highly processed foods (HPFs) accounted for over one-fourth of the total energy intake amongst youths. Consumption was negatively associated with the intake of healthy foods, such as fruits, vegetables and pulses, and positively associated with the consumption of confectioneries.

      

      
        How targeted nutrients can fight cancer
        An international research team has discovered a new way to effectively treat cancer, by using nutrients to reactivate suppressed metabolic pathways in cancer cells.

      

      
        Rethinking English essay scores: The argument for argument over grammar
        To get high scores at essay writing tests, learners of English as a foreign language need to focus on good arguments more than on complex grammar. The finding challenges conventional approaches to test preparation and scoring rubrics.

      

      
        Tight-knit communities can prevent environmental progress
        New research indicates that strong community bonds could hinder rather than help environmental initiatives.

      

      
        Researchers uncover mechanism that fuels growth of aggressive B-cell lymphoma
        Researchers have discovered a molecular mechanism whose genetic disruption boosts the growth of the most common type of lymphoma.

      

      
        Cancer survivors are at increased risk of disease throughout life
        Researchers have surveyed people under the age of 25 who have had cancer since 1958. The study shows that cancer survivors are at greater risk for cardiovascular diseases, other cancers and other diagnoses later in life. In addition, the researchers saw that socioeconomic factors played a role in survival.

      

      
        Blood markers detect rare forms of dementia as well as the neurological diseases ALS and PSP
        In a study with 991 adults, scientists show that the most common forms of frontotemporal dementia as well as the neurological diseases amyotrophic lateral sclerosis and progressive supranuclear palsy can be recognized by blood testing.

      

      
        Unveiling Telo-seq: A breakthrough in telomere research on aging and cancer
        Telo-seq -- a new tool -- is bringing telomere science into its modern era. Scientists can finally explore questions about the role of telomeres in aging and cancer that were not accessible with previous methods. The findings will inspire novel telomere-targeting therapeutics for aging-related diseases.

      

      
        The 'Queen of the Night' does not whistle
        Opera singers have to use the extreme limits of their voice range. Many pedagogical and scientific sources suggest that the highest pitches reached in classical singing can only be produced with a so-called 'whistle' voice register, in analogy to ultrasonic vocalizations of mice and rats. An international research team has now rejected this assumption. In their study, the scientists showed that the high-frequency sounds of operatic sopranos are produced with the same principle than speech and mos...

      

      
        Sepsis patients could get the right treatment faster, based on their genes
        New study into the molecular pathways involved in sepsis is one step closer to rapid and targeted treatment of patients. New study into the molecular pathways involved in sepsis is one step closer to rapid and targeted treatment of patients.

      

      
        Promising drug target for treating osteoporosis
        Osteoporosis or the weakening of bones makes the aging population vulnerable to fractures and a decreased quality of life. The parathyroid hormone (PTH)-derived peptide -- teriparatide has demonstrated strong bone promoting effects. However, it is also to known to exert bone-resorbing effects. A new study uncovers a novel PTH-inducible target gene -- Gprc5a which suppresses the proliferation and differentiation of 'osteoblasts' or bone-forming cells, and may serve as a therapeutic target in the t...

      

      
        Over-the-counter supplement improves walking for peripheral artery disease patients
        The over-the-counter supplement nicotinamide riboside, a form of vitamin B3, increased the walking endurance of patients with peripheral artery disease, a chronic leg condition for which there are few effective treatments.

      

      
        Surprising origins for a rare cancer
        An unexpected discovery may pave the way to better treatments for a broad range of cancers.

      

      
        Blood test could predict Parkinson's seven years before symptoms
        Scientists have developed a simple blood test that uses artificial intelligence (AI) to predict Parkinson's up to seven years before the onset of symptoms.

      

      
        At-camera gaze can increase scores in simulated interviews
        Eye-contact has a significant impact on interpersonal evaluation, and online job interviews are no exception. In addition to the quality of a resume, the direction of the interviewee's gaze might help (or hinder) their chances of securing the job.

      

      
        Rapid test of cerebrospinal fluid decreases time to diagnosis for brain tumors
        A test that looks for genetic hallmarks of brain cancers in samples of cerebrospinal fluid can decrease the time to diagnosis and eliminate the need for invasive brain biopsies for some patients. Experts in neurosurgery, cancer and pathology worked together to develop a rapid, genotyping test that can detect key mutations associated with brain cancers from samples taken during a lumbar puncture.

      

      
        Origins of cumulative culture in human evolution
        Cumulative culture -- the accumulation of technological modifications and improvements over generations -- allowed humans to adapt to a diversity of environments and challenges. But, it is unclear when cumulative culture first developed during hominin evolution. A new study concludes that humans began to rapidly accumulate technological knowledge through social learning around 600,000 years ago.

      

      
        New technology allows researchers to precisely, flexibly modulate brain
        Researchers have developed a noninvasive technology combining a holographic acoustic device with genetic engineering that allows them to precisely target affected neurons in the brain, creating the potential to precisely modulate selected cell types in multiple diseased brain regions.

      

      
        How the ketogenic diet improves healthspan and memory in aging mice
        The ketogenic diet has its fanatics and detractors among dieters, but either way, the diet has a scientifically documented impact on memory in mice. While uncovering how the high fat, low carbohydrate diet boosts memory in older mice, scientists identified a new molecular signaling pathway that improves synapse function and helps explain the diet's benefit on brain health and aging.

      

      
        Maternal inheritance of Alzheimer's disease tied to increased risk of developing disease
        Researchers analyzed 4,400 cognitively unimpaired adults with amyloid imaging, finding increased amyloid in those who reported that their mothers had symptoms of Alzheimer's disease (AD). Increased amyloid, a biomarker of AD, was also found in those with a history of the disease on both sides of their family and in those whose fathers had an early onset of symptoms. The study suggests that a person's maternal versus paternal family history could have a different impact on risk of accumulating amy...

      

      
        Bedtime battles: 1 in 4 parents say their child can't go to sleep because they're worried or anxious
        One in four parents describe getting their young child to bed as difficult -- and these parents are less likely to have a bedtime routine, more likely to leave on a video or TV show, and more likely to stay with their child until they're asleep.

      

      
        Simplicity versus adaptability: Understanding the balance between habitual and goal-directed behaviors
        Scientists have proposed a new AI method in which systems of habitual and goal-directed behaviors learn to help each other. Through computer simulations that mimicked the exploration of a maze, the method quickly adapts to changing environments and also reproduced the behavior of humans and animals after they had been accustomed to a certain environment for a long time. The study not only paves the way for the development of systems that adapt quickly and reliably in the burgeoning field of AI, b...

      

      
        Treating the gut-brain connection with B vitamins to treat Parkinson's Disease
        A study has revealed a link between gut microbiota and Parkinson's disease. The researchers discovered a decrease in bacterial genes related to the synthesis of vitamins B2 and B7. The lack of these genes was associated with reduced intestinal short-chain fatty acids and polyamines, agents that maintain the intestinal barrier and prevent the leakage of toxins into the blood that can then access the brain. Using B vitamin therapy to address these deficiencies may restore the barrier and treat Park...

      

      
        Using novel discourse treatment to improve communication in people with aphasia
        A new study has found that a novel discourse treatment improved the communication abilities of people with aphasia, a language disorder commonly resulting from stroke.

      

      
        AI recognizes athletes' emotions
        Using computer-assisted neural networks, researchers have been able to accurately identify affective states from the body language of tennis players during games. For the first time, they trained a model based on artificial intelligence (AI) with data from actual games. Their study demonstrates that AI can assess body language and emotions with accuracy similar to that of humans. However, it also points to ethical concerns.

      

      
        Chronic high blood pressure during pregnancy doubled between 2008 and 2021 in the U.S.
        The number of individuals in the U.S. who had chronic hypertension or chronic high blood pressure during pregnancy doubled between 2008 and 2021.
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Embryo and organoid models do not threaten the definition of personhood, bioethicist says | ScienceDaily
Advances in organoids and embryonic models of human development have the potential to prompt social and existential questions -- e.g., what defines human individuality? However, bioethicist Insoo Hyun of Harvard Medical School and the Museum of Science in Boston says that these models have the potential to strengthen rather than weaken the concept of human individuality when considered within the philosophical frameworks of "personhood" and sentience. In a commentary publishing June 20 in the journal Cell, Hyun argues that despite huge advances, we are a long way off from developing technologies that would enable embryo models or organoids to achieve personhood.


						
"In the process of illuminating these biological mysteries, human stem-cell-based modeling could recast much of what we take to be special about ourselves as simply a reproducible series of physical events," writes Hyun. "Could these new technologies change our view of ourselves? What does it mean for individuality, for example, if the early embryonic history of each cell line donor can be replayed again and again through the artificial generation of identical human embryo models?"

To answer these questions, Hyun dives into the philosophical concepts of personhood and sentience.

To be a person rather than simply an individual, one must possess the ability to make rational decisions and act thoughtfully on desires. Hyun notes that it is the embryo's potential to become a person, not its current personhood, that matters to most human embryo advocates, and similar issues surround patients at the end of life. However, this potential hinges not only on the embryo's or end-of-life patient's biology, but also on their technological and circumstantial situation.

"Ex corporeal embryos, for example, must not only be genetically and morphologically robust to have a biological chance at becoming a human person, but, just as crucially, they must also be chosen -- normally by those for whom they were created -- to be implanted into a woman's uterus and carried to term," writes Hyun. "Likewise for patients at the end of life. Not only must they have the biological potential for their brains to recover functioning, but they must also be cared for in a hospital setting by decision makers who have the right technologies at their disposal."

For embryos used in research rather than for assisted reproductive purposes, the circumstantial potential for them to become a person is non-existent. Similarly, though organoids can self-assemble and carry out many of the functions of human organs on a small scale, there is no possibility that they could self-assemble into an independently functioning and conscious individual.

"Since the cognitive bar is set so high for personhood, it seems premature to worry about whether brain organoids, neurological chimeras, or embryo models deserve the ethical protections normally afforded to persons," Hyun writes. "The science simply is not there to support these concerns now and would have to depend on major technical innovations to get there in the future. Not even the most extreme forms of human-to-nonhuman neurological chimerism that one could imagine would support fears about personhood emerging in acutely altered animals."

Likewise, current in vitro embryo and organoid models are far from reaching sentience -- the ability to have sensory experiences like pleasure and pain -- which is thought to arise in human fetuses after 24 gestational weeks. The only case in which organoids are likely to experience sentience is when they are transplanted into a living animal model, for example the recent study by Stanford researchers that transplanted human brain organoids into rats -- but rats are already considered sentient, and the ethics of such studies are already scrutinized as such.

"In response to the question of whether new technologies for human developmental modeling could destabilize our view of ourselves, the answer is no, not if we remain mindful of the bedrock distinctions between biological individuals and persons, biological and circumstantial potentiality, and sentient and non-sentient biological individuals," writes Hyun. "Rather than weakening the grounds for which we value human life, perhaps an increased familiarity with developmental models could strengthen our beliefs by reminding us of what really matters-the wellbeing of actual persons and sentient individuals."
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New genetic cause of obesity could help guide treatment | ScienceDaily
Scientists have discovered a new cause of why people who lack a specific blood group are genetically predisposed to be overweight or obese.


						
A team of international researchers, led by the University of Exeter, discovered that people with a genetic variant that disables the SMIM1 gene have higher body weight because they expend less energy when at rest.

SMIM1 was only identified 10 years ago, whilst searching for the gene encoding a specific blood group, known as Vel. One in 5,000 people lack both copies of the gene, making them Vel-negative. The findings from the new research suggest that this group is also more likely to be overweight, a conclusion which could one day lead to new treatments. The team now hopes to test whether a cheaply and widely available drug for thyroid dysfunction may be effective in treating obesity in people who lack both copies of SMIM1.

The study also found that people without both copies of the gene have other measures linked to obesity including high levels of fat in the blood, signs of fat tissue dysfunction, increased liver enzymes as well as lower levels of thyroid hormones.

The new research is published in Med and was funded by the National Institute for Health and Care Research and the British Heart Foundation. The collaboration included partners at the University of Cambridge, the Sanger Institute, the Copenhagen University in Denmark, and the Lund University in Sweden.

Lead author Mattia Frontini, Associate Professor of Cell Biology at the University of Exeter Medical School, said: "Obesity rates have nearly tripled in the past 50 years, and by 2030, more than one billion individuals worldwide are projected to be obese. The associated diseases and complications create significant economic burden on healthcare systems. Obesity is due to an imbalance between energy intake and expenditure, often a complex interplay of lifestyle, environmental, and genetic factors. In a small minority of people, obesity is caused by genetic variants. When this is the case, new treatments can sometimes be found to benefit these people -- and we're now hoping to run a clinical trial to find out whether widely-available drug for thyroid supplementation may be beneficial in treating obesity in people who lack SMIM1."

"Our findings highlight the need to investigate the genetic cause of obesity, to select the most appropriate and effective treatment, but also to reduce the social stigma associated to it."

To make the discovery, the team analysed the genetics of nearly 500,000 participants in the UK Biobank cohort, identifying 104 people with the variant that leads to loss of function in the SMIM1 gene (46 females and 44 males). The team also used the NIHR National BioResource to obtain fresh blood samples from both Vel negative and positive individuals.The NIHR National BioResource worked in partnership with NHS Blood and Transplant (NHSBT) -- which includes more than 100,000 blood donors who signed up to support genetic research studies. Extrapolating the frequencies identified in these cohorts would mean the SMIM1 variant could be a significant factor contributing to obesity for around 300,000 people across the world.




The team interrogated the effects they found in four additional cohorts of people with the SMIM1 gene variant.  They found that having the variant had an impact on weight, equating to an average extra 4.6kg in females and 2.4kg in males.

Co-author Jill Storry, Adjunct Professor at Lund University, Sweden, said: "SMIM1 was only discovered a decade ago, as a long-sought blood group protein on red blood cells, but its other function has remained unknown until now. It's very exciting to find that it has a more general role in human metabolism."

Co-author Professor Ole Pedersen, at University of Copenhagen, Denmark, said: "The whole team is very much looking forward to seeing how this new knowledge can be translated into practical solutions for people with this genetic make-up."

First author Dr Luca Stefanucci, at the University of Cambridge, said: "With the increased availability of genetic data, and more information on SMIM1 mechanism, we would like to see that when individuals lacking SMIM1 are identified, they receive information and support."
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Drugs for enlarged prostate may also protect against dementia with Lewy bodies | ScienceDaily
A new study suggests that certain drugs commonly used to treat enlarged prostate may also decrease the risk for dementia with Lewy bodies (DLB). This observational finding may seem surprising, but it mirrors previous work by the University of Iowa Health Care team that links the drugs to a protective effect in another neurodegenerative condition-Parkinson's disease.


						
The UI researchers think that a specific side effect of the drugs targets a biological flaw shared by DLB and Parkinson's disease, as well as other neurodegenerative diseases, raising the possibility that they may have broad potential for treating a wide range of neurodegenerative conditions.

"Diseases like dementia with Lewy bodies, or Parkinson's disease, or Alzheimer's disease, are debilitating and we don't really have any good treatments that can modify the disease progression. We can treat symptoms, but we can't actually slow the disease," explains lead study author Jacob Simmering, PhD, UI assistant professor of internal medicine. "One of the most exciting things about this study is that we find that same neuroprotective effect that we saw in Parkinson's disease. If there is a broadly protective mechanism, these medications could potentially be used to manage or prevent other neurodegenerative diseases."

The new findings were published online on June 19, 2024, in Neurology(r), the medical journal of the American Academy of Neurology.

DLB is a neurodegenerative disease that causes substantial and rapid cognitive decline and dementia. While less common than Parkinson's disease, DLB affects about one in 1,000 people per year, and accounts for 3 to 7% of all dementia cases. Because aging is a key risk factor for DLB, it is likely to become more common as our population gets older.

For the new study, the UI researchers used a large database of patient information to identify more than 643,000 men with no history of DLB who were newly starting one of six drugs used to treat benign prostatic hyperplasia (enlarged prostate).

Three of the drugs, terazosin, doxazosin, and alfuzosin (Tz/Dz/Az), have an unexpected side effect; they can boost energy production in brain cells. Preclinical studies suggest that this ability may help slow or prevent neurodegenerative diseases like PD and DLB.




The other drugs, tamsulosin and two 5-alpha-reductase inhibitors (5ARIs) called finasteride and dutasteride, do not enhance energy production in the brain and therefore provide a good comparison to test the effect of the Tz/Dz/Az drugs.

The team then followed the data on these men from when they started taking the medication until they left the database or developed dementia with Lewy bodies, whichever happened first. On average, the men were followed for about three years.

Because all the participants were selected to start a drug that treats the same condition, the researchers reasoned that the men were likely similar to each other at the outset of the treatment. The researchers also matched the men using propensity scores for characteristics like age, the year they started the medication, and other illnesses they had before staring the treatment, to further reduce the differences between the groups.

"We found that men who took Tz/Az/Dz drugs were less likely to develop a diagnosis of dementia with Lewy bodies," Simmering says. "Overall, men taking terazosin-type medications had about a 40% lower risk of developing a DLB diagnosis compared to men taking tamsulosin, and about a 37% reduction in risk compared to men taking five alpha reductase inhibitors."

Meanwhile, there wasn't a statistically significant difference in risk between men taking tamsulosin and 5-alpha reductase inhibitors.

This was an observational study and therefore the results show only an association between taking the Tz/Dz/Az drugs and a reduced risk of developing DLB rather than a causal relationship. In addition, the study only included men because the drugs are prescribed for prostate problems, which means that the researchers don't know if the findings would apply to women. However, Simmering and his colleagues are excited by the potential of these drugs, which are already FDA approved, inexpensive, and have been used safely for decades.

"If terazosin and these similar medications can help slow this progression -- if not outright preventing the disease -- this would be important to preserving cognitive function and quality of life in people with DLB," Simmering says.

In addition to Simmering, the team included UI neuroscience researchers Nandakumar Narayanan, MD, PhD, Georgina Aldridge, MD, PhD, and Qiang Zhang, MD, and Alexander Hart, MD, who is now at University of Michigan.
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Study finds one copy of protective genetic variant helps stave off early-onset Alzheimer's disease | ScienceDaily
A scientific story that began with a discovery in just one extraordinary patient is now panning out. In 2019, an international team that included researchers from two Mass General Brigham hospitals -- Mass Eye and Ear and Massachusetts General Hospital (MGH) -- reported on the case of a patient who did not develop cognitive impairment until her late 70s, despite being part of a family at extremely high genetic risk for developing early-onset Alzheimer's disease. In addition to having the genetic variant that causes an autosomal dominant form of Alzheimer's disease, the woman had two copies of a rare variant of the APOE3 gene, called Christchurch (APOE3Ch). Now, the research team reports on an additional 27 members of the family who carry just one copy of the variant and experienced delayed disease onset.


						
The study, published in The New England Journal of Medicine, represents the first evidence that having one copy of the Christchurch variant may confer some level of protection against autosomal dominant Alzheimer's disease, even if less pronounced compared to when two copies are present. The findings have important implications for drug development, suggesting the potential effects of targeting this genetic pathway.

"As a clinician, I am highly encouraged by our findings, as they suggest the potential for delaying cognitive decline and dementia in older individuals. Now we must leverage this new knowledge to develop effective treatments for dementia prevention," said co-first author Yakeel T. Quiroz, PhD, clinical neuropsychologist and neuroimaging researcher and director of the Familial Dementia Neuroimaging Lab in the Departments of Psychiatry and Neurology at Massachusetts General Hospital." As a neuroscientist, I'm thrilled by our findings because they underscore the complex relationship between APOE and a deterministic mutation for Alzheimer's disease, potentially paving the way for innovative treatment approaches for Alzheimer's disease, including targeting APOE-related pathways."

Quiroz and her team at MGH and co-senior study author Joseph Arboleda-Velasquez, MD, PhD, of Mass Eye and Ear, have been working with their colleagues in Colombia as part of the MGH Colombia-Boston (COLBOS) biomarker study to examine family members of the world's largest-known kindred with a genetic variant called the "Paisa" mutation (Presenilin-1 E280A). The Paisa mutation is an autosomal dominant variant, meaning that inheriting just one copy of the mutated gene from a parent is enough to cause a genetic condition. The family consists of about 6,000 blood relatives, and about 1,200 carry the variant. Carriers of this Paisa variant are destined to develop Alzheimer's disease; most develop mild cognitive impairment in their 40s, dementia in their 50s, and die from complications of dementia in their 60s. Francisco Lopera, MD, director of the Grupo de Neurociencias de Antioquia in Medellin, Colombia, and co-senior author of the NEJM paper, is the neurologist who discovered this family and has been following them for the last 40 years.

In addition to the 2019 case report about a family member with two copies of the Christchurch variant, molecular studies have added further biological evidence that the variant could be playing a protective role. In 2023, the research team identified another "resiliency gene variant" called Reelin-COLBOS that appeared to delay the onset of symptoms in other family members. The new study in NEJM reports on a larger group of individuals from this family who carry a copy of the Christchurch variant.

"Our original study told us that protection was possible, and that was an important insight. But if a person needs two copies of a rare genetic variant, it just comes down to luck," said co-senior author Joseph F. Arboleda-Velasquez, MD, PhD, an associate scientist at Mass Eye and Ear. "Our new study is significant because it increases our confidence that this target is not only protective, but druggable. We think that therapeutics inspired by protected humans are much more likely to work and to be safer."

The research team assessed 1,077 descendants of the Colombian family. They identified 27 family members who carried both Paisa mutation and one copy of the Christchurch variant. On average, these family members began showing signs of cognitive impairment at age 52, compared to a matched group of family members who did not have the variant, who began showing signs at age 47. The family members also showed signs of dementia four years later than those who did not carry the variant.

Two of these individuals had functional brain imaging performed. Scans showed lower levels of tau and preserved metabolic activity in areas typically involved in Alzheimer's disease, even in the presence of amyloid plaques -- proteins considered a hallmark of Alzheimer's disease. The team also analyzed autopsy samples from four deceased individuals that showed less pathology in blood vessels, a characteristic that appears important for the protective effects of APOE3 Christchurch.

The authors note that their study was limited to a relatively small number of people carrying both the Paisa and Christchurch variants, and to a single, extended family. They write that further studies involving larger and more ethnically diverse samples of Alzheimer's disease may shed further light on the protective effect of the Christchurch variant and help determine if findings from the family in Colombia could translate into discoveries relevant for treating sporadic forms of Alzheimer's disease.

"As a next step, we are currently focused on improving our understanding of the brain resilience among the remaining family members who carry one copy of the Christchurch variant. This involves conducting structural and functional MRI scans and cognitive evaluations, as well as analyzing blood samples to assess their protein and biomarker profiles," said Quiroz. "The unwavering commitment to research shown by our Colombian patients with autosomal dominant Alzheimer's and their families has been indispensable in making this study possible and allowing us to continue to work toward interventions for this devastating disease."
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Combination targeted treatment produces lasting remissions in people with resistant aggressive B-cell lymphoma | ScienceDaily
Researchers at the National Institutes of Health (NIH) have developed a non-chemotherapy treatment regimen that is achieving full remissions for some people with aggressive B-cell lymphoma that has come back or is no longer responding to standard treatments. The five-drug combination targets multiple molecular pathways that diffuse large B-cell lymphoma (DLBCL) tumors use to survive.


						
In a clinical trial at NIH's National Cancer Institute, researchers tested the combination of venetoclax, ibrutinib, prednisone, obinutuzumab, and lenalidomide (called ViPOR) in 50 patients with DLBCL, the most common type of lymphoma. The treatment shrank tumors substantially in 26 of 48 (54%) evaluable patients, with 18 (38%) of those patients' tumors disappearing entirely, known as a complete response. At two years, 36% of all patients were alive and 34% were free of disease. These benefits were seen mainly in people with two specific subtypes of DLBCL.

The findings were published June 20, 2024, in the New England Journal of Medicine.

"Many of these patients who stopped responding to standard treatments would have otherwise died within a year, and now we have a good proportion who are still alive past two years, and some past four years," said Christopher J. Melani, M.D., of NCI's Center for Cancer Research, who co-led the study. "It's gratifying to see these long-term remissions and potential cures in patients."

Previous studies have identified various genetic pathways involved in the development and survival of the different molecular subtypes of DLBCL, such as activated B cell-like (ABC) DLBCL and germinal center B cell-like (GCB) DLBCL. Targeted drugs have shown effectiveness in blocking some of these pathways, but individual drugs rarely produced lasting responses in patients because the tumors may be resistant due to alternative survival pathways. Dr. Melani and his colleagues hypothesized that combining targeted drugs that block multiple survival pathways would lead to more durable responses.

Based on laboratory studies in which they analyzed which targeted drugs could best be combined to kill DLBCL cells in a synergistic manner, the researchers designed the five-drug regimen to test in human trials. To allow for the targeted drugs to work synergistically in patients, the researchers gave the drugs simultaneously in two-week cycles. To limit the accumulation of side effects, they scheduled a weeklong break between each cycle.

"DLBCL is one of the most genetically heterogeneous forms of cancer, and as a result we don't yet have the ability to identify exactly which combination of drugs would be most effective for any given patient," Dr. Melani said. "By putting five drugs together, we believe that there will be some drug combination -- either two, three, or more drugs -- that will be particularly effective against that patient's tumor."

In the phase 1b/2 trial, 50 people with DLBCL that had relapsed or stopped responding to treatment were given six cycles of the ViPOR regimen. Responses to ViPOR varied by DLBCL subtype, with complete responses concentrated in two subtypes, including in 8 of 13 (62%) people with non-GCB DLBCL and 8 of 15 (53%) people with a form of GCB DLBCL known as high-grade B-cell lymphoma "double hit."




At two years, people with non-GCB DLBCL and double-hit GCB DLBCL had higher rates of both progression-free and overall survival than other people in the study. Non-GCB DLBCL and double-hit GCB DLBCL are highly reliant on the survival mechanisms targeted by ViPOR, so it makes sense that they responded particularly well to the combination therapy. ViPOR also helped 6 of 20 (30%) patients whose lymphomas had not responded to or had come back after CAR T-cell therapy -- the current standard of care for people with relapsed DLBCL -- achieve lasting remissions.

Side effects of the five-drug regimen were generally mild to moderate when compared with those of standard treatments and improved during the treatment breaks. Only five patients had to stop treatment early for various reasons, including side effects. Given these relatively mild to moderate side effects, additional drugs could potentially be added to ViPOR to improve its efficacy, the researchers said. The team is also studying the ViPOR regimen in people with other types of lymphoma that are resistant to previous therapies.

The researchers have developed a larger phase 2 study, which will be conducted at multiple centers, to confirm the activity of ViPOR in people with non-GCB DLBCL and double-hit GCB DLBCL. More work is needed to develop therapies for GCB DLBCL subtypes that aren't as responsive to ViPOR.

NCI's Center for Cancer Research investigators Wyndham H. Wilson, M.D., Ph.D., Mark Roschewski, M.D., and Louis M. Staudt, M.D., Ph.D., co-led the study with Dr. Melani. Investigators from NIH's National Center for Advancing Translational Sciences and other institutions contributed to the study.
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At least one in four US residential yards exceed new EPA lead soil level guideline | ScienceDaily
Roughly one in four U.S. households have soil exceeding the new U.S. Environmental Protection Agency's lead screening levels of 200 parts per million (ppm), halved from the previous level of 400 ppm, a new study found. For households with exposure from multiple sources, the EPA lowered the guidance to 100 ppm; nearly 40% of households exceed that level, the study also found.


						
"I was shocked at how many households were above the new 200 ppm guideline," said Gabriel Filippelli, a biochemist at Indiana University who led the new study. "I assumed it was going to be a more modest number. And results for the 100 ppm guideline are even worse."

Remediating the roughly 29 million affected households using traditional "dig and dump" soil removal methods could cost upward of $1 trillion, the study calculated. The study was published in GeoHealth, an open-access AGU journal that publishes research investigating the intersection of human and planetary health for a sustainable future. Filippelli is the former editor-in-chief of GeoHealth.

National lead problem "nowhere near over"

Lead is a heavy metal that can accumulate in the human body, with toxic effects. In children, exposure to lead is associated with lower educational outcomes. In the United States, the burden of lead exposure has historically fallen on lower-income communities and communities of color because of redlining and other discriminatory practices. Lead pollution can come from aging water pipes, old paint, and remnant gasoline and industrial pollution, but today, most lead exposure are from contaminated soils and dust, even after lead-containing infrastructure was removed.

The Centers for Disease Control and Prevention first set a limit on the concentration of lead in blood in 1991 at 10 micrograms per deciliter, and it lowered that limit several times until reaching the current limit of 3.5 micrograms per deciliter. But the EPA's soil lead screening level remained unchanged for more than 30 years until the January announcement. Some states had established their own lower guidelines; California has the lowest screening level, at 80 ppm.

The lag is likely due to "the immensity and ubiquity of the problem," the study authors wrote. "The scale is astounding, and the nation's lead and remediation efforts just became substantially more complicated." That's because once the EPA lowers a screening limit, they need to tell people what to do if their soils exceed it.




When the EPA lowered the screening level, Filippelli and his co-authors decided to make use of the database of 15,595 residential soil samples from the contiguous United States that they'd collected over the years to find out how many exceeded the new guideline.

Household health hazard

About 25% of the residential soil samples, collected from yards, gardens, alleys, and other residential spots, exceeded the new 200 ppm level, the study found. (Only 12% of samples had exceeded the older, 400 ppm level.) Extrapolating across the country, that equates to roughly 29 million households.

The EPA issued separate guidance for households with multiple sources of exposure, such as both lead-contaminated soil and lead pipes, setting the level in those situations at 100 ppm. In practice, that's most urban households, Filippelli said. Forty percent of households exceed that limit, increasing the number of affected households to nearly 50 million, the study found.

Typically, contaminated soils are remediated with removal -- colloquially, "dig and dump." But the practice is costly and typically only used after an area is placed on the National Priority List for remediation, a process that can take years. To remediate all contaminated households with "dig and dump" would cost between $290 billion and $1.2 trillion, the authors calculated.

A cheaper option is "capping": burying the contaminated soil with about a foot of soil or mulch. A geotechnical fabric barrier can also be installed. Most lead contamination is in the top 10 to 12 inches of soil, Filippelli said, so this simple method either covers up the problem or dilutes it to an acceptable level.




"Urban gardeners have been doing this forever anyway, with raised beds, because they're intuitively concerned about the history of land use at their house," Filippelli said.

And capping is quicker.

"A huge advantage of capping is speed. It immediately reduces exposure," Filippelli said. "You're not waiting two years on a list to have your yard remediated while your child is getting poisoned. It's done in a weekend."

Capping still requires time and effort; residents must find clean soil, transport it to their home and spread it out. But the health benefits likely outweigh those costs, Filippelli said.

Because capping has been done more informally, there's still a lot to be learned about its lifespan and sustainability, Filippelli said. That's where the research will go next.

Despite the "staggering" scale of the problem, "I'm really optimistic," Filippelli said. "Lead is the most easily solvable problem that we have. We know where it is, and we know how to avoid it. It's just a matter of taking action."

Maps: https://www.mapmyenvironment.com/
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Rigorous new study debunks misconceptions about anemia, education | ScienceDaily
In low- and middle-income countries, anemia reduction efforts are often touted as a way to improve educational outcomes and reduce poverty. A new study, co-authored by a global health economics expert from the University of Notre Dame, evaluates the relationship between anemia and school attendance in India, debunking earlier research that could have misguided policy interventions.


						
Santosh Kumar, associate professor of development and global health economics at Notre Dame's Keough School of Global Affairs, is co-author of the study, published in Communications Medicine. Kumar's research explores the intersection of global health and poverty reduction. His latest work evaluates the relationship between anemia and school attendance in India.

The study investigated whether there was a link between anemia and school attendance in more than 250,000 adolescents ages 15 to 18. Earlier observational studies have shown a link between anemia and attendance, even after accounting for variables such as gender and household wealth, according to Kumar. But the new study, which applied more rigorous econometric statistical analysis, did not find such a link, he said.

"Most previous research on this topic has used conventional study designs or focused on small geographical areas, which limits its policy relevance," Kumar said. "Earlier estimates may have been distorted by unobserved household factors related to both anemia and school attendance. So in this study, we focused on the relationship between anemia and attendance among adolescents who were living in the same household.

"Ultimately," Kumar said, "we found that the link between anemia and schooling is more muted than previously suggested by studies that did not consider household-level factors."

The findings have important implications for policymakers seeking to improve education in low- and middle-income countries like India, Kumar said. India has widespread school attendance issues and struggles with health conditions such as anemia caused by iron deficiency, particularly in children and adolescents. The country has pushed to improve educational outcomes, in keeping with the United Nations' Sustainable Development Goals, Kumar said. But to achieve that, he said, more research is needed to pinpoint an evidence-based intervention.

This study is part of an ongoing project to do that work and was co-authored with Jan-Walter De Neve of the University of Heidelberg, Omar Karlsson of Lund University in Sweden, Rajesh Kumar Rai of Harvard University and Sebastian Vollmer of the University of Gottingen. The project received funding from the Alexander von Humboldt Foundation, the Swedish Research Council and the West Bengal State Department of Health and Family Welfare in India.

The latest study builds on an earlier one in which Kumar and fellow researchers helped evaluate the results of an iron fortification school lunch program for students ages 7 and 8 in India. That study showed that fortification reduced anemia but did not affect students' performance in school. A forthcoming study, set to launch in summer 2024, will look at iron fortification for children ages 3 to 5. The research hypothesis is that an early-age nutritional intervention among preschoolers would make a significant impact on physical and cognitive development.

"Our findings have implications for policymakers who want to improve educational outcomes and reduce poverty," Kumar said. "Effective policies are based on evidence. We need more rigorous statistical analysis to examine the causal relationship between anemia and education.

"This work ties into my larger research agenda, which explores the intersection of global health and poverty reduction. I want to use my academic research to support human dignity by helping to identify evidence-based health policies that will make a tangible difference in people's lives."
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Sound stimulation with precise timings can help understand brain wave functions | ScienceDaily
Using sound to stimulate certain brain waves has the potential to help those with dementia or cognitive decline sleep better, reveals a new study. Sleep disturbances are a common feature in dementia and may affect up to half of people living with the condition.


						
During the study, the research team from the University of Surrey and the UK Dementia Research Institute Centre for Care Research & Technology at Imperial College London, used sound stimulation to target alpha rhythms, a type of brainwave, at precise timings of the wave to investigate how the brain responds.

Alpha rhythms have been associated with memory and perception, and changes to the rhythms have been observed in those experiencing cognitive decline and dementia.

Senior author Dr Ines Violante, Senior Lecturer in Psychological Neuroscience at the University of Surrey, said:

"Alpha oscillations are a defining characteristic of our brain's electrical activity, but we still do not fully understand their role in shaping fundamental brain functions.

"Using sound is a powerful, non-invasive approach to stimulate certain oscillations within the brain. It is important that we find ways of manipulating these oscillations to create tools for treatment applications, as we know that brain oscillations are slower in diseases, such as Alzheimer's disease."

In a series of experiments, researchers used an innovative brain modulation technique known as Alpha Closed-Loop Auditory Stimulation (aCLAS), in which sounds are timed to the precise phase of alpha rhythms. To monitor the effect of stimulation, measurements of electrical activity from the brain were continuously read in real-time, and when a brainwave reached a particular phase, a sound (a burst of pink noise) was played on the participant.




Researchers observed that depending on the phase at which the sound was played, the alpha rhythm became faster or slower. The effect was also dependent on where the alpha oscillations were coming from in the brain.

Dr Henry Hebron, a former doctoral student at the University of Surrey and first author of the publication, said:

"What we have found is that alpha oscillations can be manipulated via sound when we address this rhythm on its own terms, using a closed-loop approach. Surprisingly, when we performed our aCLAS experiment as participants were falling asleep, we observed that sounds at a particular phase prevented them from reaching deeper stages of sleep (without waking them), while the same sounds at a different phase were not disruptive.

"There is a lot more to be explored regarding neural oscillations-dependent behaviours, and we believe closed-loop approaches, such as the one we implemented here, could be key."

According to researchers, now they have shown they are able to influence Alpha waves with sound, the next steps will be to explore if they can modify the waves in such a way that enhances cognition and sleep, which could ultimately benefit dementia patients.

Professor Derk-Jan Dijk, Director of the Surrey Sleep Research Centre and Group Leader at the UK Dementia Research Institute Centre for Care Research & Technology Centre, said:

"There is much to be uncovered about the role of the alpha rhythm in sleep and cognition. This technique could be influential in pushing our understanding and improving sleep functions in those with dementia. We are now investigating the effects of this closed-loop auditory stimulation approach in REM sleep, where alpha rhythms are present but their role still unknown."

The research contributes to the United Nations' Sustainable Development Goal 3 -- Good Health and Well-being.
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Wooden surfaces may have natural antiviral properties | ScienceDaily
Viruses, including the coronavirus that causes COVID-19, can get passed from person to person via contaminated surfaces. But can some surfaces reduce the risk of this type of transmission without the help of household disinfectants? As reported in ACS Applied Materials & Interfaces, wood has natural antiviral properties that can reduce the time viruses persist on its surface -- and some species of wood are more effective than others at reducing infectivity.


						
Enveloped viruses, like the coronavirus, can live up to five days on surfaces; nonenveloped viruses, including enteroviruses linked to the common cold, can live for weeks, in some cases even if the surfaces are disinfected. Previous studies have shown that wood has antibacterial and antifungal properties, making it an ideal material for cutting boards. However, wood's ability to inactivate viruses has yet to be explored, which is what Varpu Marjomaki and colleagues set out to study.

The researchers looked at how long enveloped and nonenveloped viruses remained infectious on the surface of six types of wood: Scots pine, silver birch, gray alder, eucalyptus, pedunculate oak and Norway spruce. To determine viral activity, they flushed a wood sample's surface with a liquid solution at different time points and then placed that solution in a petri dish that contained cultured cells. After incubating the cells with the solution, they measured the number (if any) infected with the virus.

Results from their demonstrations with an enveloped coronavirus showed that pine, spruce, birch and alder need one hour to completely reduce the virus' ability to infect cells, with eucalyptus and oak needing two hours. Pine had the fastest onset of antiviral activity, beginning after five minutes. Spruce came in second, showing a sharp drop in infectivity after 10 minutes.

For a nonenveloped enterovirus, the researchers found that incubation on oak and spruce surfaces resulted in a loss of infectivity within about an hour, with oak having an onset time of 7.5 minutes and spruce after 60 minutes. Pine, birch and eucalyptus reduced the virus' infectivity after four hours, and alder showed no antiviral effect.

Based on their study data, the researchers concluded that the chemical composition of a wood's surface is primarily responsible for its antiviral functionality. While determining the exact chemical mechanisms responsible for viral inactivation will require further study, they say these findings point to wood as a promising potential candidate for sustainable, natural antiviral materials.

The authors acknowledge funding from the Research Council of Finland and the Jane and Aatos Erkko Foundation.
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Treatment for autoimmune disorder acts on balance of immune cell types | ScienceDaily
Autoimmune diseases cannot currently be cured, only treated, and this is also true for neuromyelitis optica spectrum disorder, which affects the central nervous system. A Kobe University study of how the treatment acts on the immune system shows that it shifts the balance of types of immune cells. This finding may represent a step toward the development of personalized medicine for autoimmune diseases.


						
An autoimmune disease is the body's immune system turning against parts of the body itself. Neuromyelitis optica disorder spectrum, or NMOSD, is one of them and it causes inflammation of the central nervous system, leading to vision and sensory loss, weakness and bladder dysfunction. The condition, which sometimes flares up in waves, has a treatment consisting of blinding the immune system to inflammation-promoting signals. But its biological action is broad and so it is also not understood why it doesn't work in some patients and how to effectively ascertain which is the case.

The Kobe University neurologist CHIHARA Norio specializes on the disease and recently wondered: "B cells are a type of key immune cells that respond to inflammatory signals, and in autoimmune diseases like NMOSD, they produce antibodies against part of the body itself, exacerbating the condition. Therapies that inhibit inflammatory signals were therefore expected to change the activity of B cells in NMOSD. Since we observed that B cells were still present in the blood of patients after treatment, we decided to investigate the possibility that they were changing into a different type of B cell." Chihara refers to so-called "regulatory B-cells," a type of B cell that attenuates the immune system's activity by secreting anti-inflammatory signal molecules and is thought to play an important role in keeping the body's immune system from becoming too active, and in the case of autoimmune diseases may prevent disease flares.

The Kobe University team now reports that they created an experimental model of the immune cells during an NMOSD flare and could thus trace the effect of the drug on the different kinds of B cells. With the drug, there was a marked increase in the secretion of the anti-inflammatory signal, confirming their idea that not the number but the function of B cells responds to the treatment, according to the research published online on June 18, 2024, in Neurology(r) Neuroimmunology & Neuroinflammation, an official journal of the American Academy of Neurology.

In addition, Chihara's team could also identify a molecular marker for B cells producing anti-inflammatory signals, a sort of ID that enables tracing the cells' abundance. Having confirmed that healthy individuals and those under effective treatment show higher proportions of these cells than individuals in acute phases of the disease, Chihara thinks that this knowledge will enable clinicians to easily determine the effectiveness of the treatment in future diagnoses and thus is a step towards more personalized medicine.

Thinking about the bigger picture, the Kobe University neurologist thinks that this study will contribute to becoming able to not only treat but actually cure autoimmune diseases. He explains: "The essence of autoimmune diseases is a breakdown of autoimmune tolerance, the system that prevents us from attacking our own bodies. Our ultimate goal is to cure the disease by restoring this autoimmune tolerance, and the results of this study show one aspect of our work towards this goal."

This research was funded by the Japan Society for the Promotion of Science (grants 21K20871, 23K14778, 20H03562 and 23H02797), the Japan Agency for Medical Research and Development (grant 22ek0109436h0003), the Japan Science and Technology Agency (grants JPMJMS2299 and JPMJMS229B), and the Ministry of Education, Culture, Sports, Science and Technology Japan (grants 22gm1710005h0001 and 23gm1710005h0002). It was conducted in collaboration with researchers from The University of Tokyo.
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Shining light on mental health in space science community | ScienceDaily
The severity of anxiety and depressive symptoms in the planetary science community is greater than in the general U.S. population, according to a study led by a University of Hawai'i at Manoa scientist and published this week in Nature Astronomy. 


						
"After reading about so much anxiety and depression in academia, and as someone who loves both planetary science and psychology, I felt like I needed to do something because there are so many people suffering," said David Trang, an assistant researcher in the Hawai'i Institute of Geophysics and Planetology in the UH Manoa School of Ocean and Earth Science and Technology at the time of this research and graduate student in the master's in counseling psychology program at UH Hilo.

Prompted by growing recognition of a mental health crisis within the academic and research communities, Trang and co-authors from Hawai'i Pacific University, UH Manoa Shidler College of Business, Jet Propulsion Lab, NASA and U.S. Geological Survey, surveyed over 300 members of the planetary science community. The survey requested demographic information and included commonly-used assessments to measure the severity of anxiety, depression, and stress symptoms.

Survey results showed that anxiety and depression is a major problem within planetary science, especially among graduate students and early career researchers. The authors also found that anxiety, depressive, or stress symptoms appear greater among marginalized groups, such as women, people of color, and members of the LGBTQ+ community. And further, when examining the correlation between marginalized communities and considering leaving planetary science, LGBTQ+ respondents were more likely to be unsure about staying in the field.

"Some of my colleagues have left the field of science because the academic workplace was hard on their well-being," said Trang. "This is so unfortunate because science would benefit from each and every person who is passionate about research, as they could contribute so much to the field."

The authors hope this work highlights issues that some suspected existed in planetary sciences.

"This work marks the beginning of the changes needed to improve mental health in planetary science," said Trang. "I hope to continue to unravel what is driving these mental health issues and collectively develop solutions that will improve well-being, which will in turn enhance research quality and productivity. Addressing mental health will inevitably improve diversity, equity, and inclusion, as they are linked together."

In the near future, Trang hopes to run psychoeducation workshops based on psychotherapy concepts to begin improving mental health in planetary science and potentially serve as a model to improve mental health in the rest of academia.
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Impacts of space travel on astronauts' eye health | ScienceDaily
As space travel becomes more common, it is important to consider the impacts of space flight and altered gravity on the human body. Led by Dr. Ana Diaz Artiles, researchers at Texas A&M University are studying some of those impacts, specifically effects on the eye.


						
Gravitational changes experienced by astronauts during space travel can cause fluids within the body to shift. This can cause changes to the cardiovascular system, including vessels in and around the eyes.

As the commercialization of space flight becomes more common and individual space travel increases, astronauts will not be the only ones experiencing these changes. Individuals traveling to space with commercial companies may not be as fit or healthy as astronauts, making it even more important to understand the role that fluid shift plays in cardiovascular and eye health.

"When we experience microgravity conditions, we see changes in the cardiovascular system because gravity is not pulling down all these fluids as it typically does on Earth when we are in an upright position," said Diaz Artiles, an assistant professor in the Department of Aerospace Engineering and a Williams Brothers Construction Company Faculty Fellow. "When we're upright, a large part of our fluids are stored in our legs, but in microgravity we get a redistribution of fluids into the upper body."

These fluid shifts may be related to a phenomenon known as Spaceflight Associated Neuro-ocular Syndrome (SANS), which can cause astronauts to experience changes in eye shape and other ocular symptoms, such as changes in ocular perfusion pressure (OPP). At this time, researchers are unsure of the exact cause of SANS, but Diaz Artiles hopes to shed light on the underlying mechanism behind it.

Diaz Artiles and her team are investigating potential countermeasures to help counteract the headward fluid shifts of SANS. In a recent study, they examined the potential aid of lower body negative pressure (LBNP) to combat SANS. This countermeasure has the potential to counteract the effects of microgravity by pooling fluid back into the lower body.

While the role of ocular perfusion pressure in the development of SANS remains undetermined, Diaz Artiles and her team hypothesized that microgravity exposure could lead to a slight but chronic elevation (compared to upright postures) in OPP, which may have a role in the development of SANS. The results of the recently published study showed that lower body negative pressure, while effective in inducing fluid shift toward the lower body, was not an effective method for reducing OPP. Should elevated ocular perfusion pressure be definitively linked to SANS, the use of LBNP could theoretically not be an effective countermeasure to this syndrome. But they emphasize that future work should seek to better understand the relationship between OPP and SANS, and the impact of LBNP on these ocular responses as part of the countermeasure development.

"This research is just one experiment of a three-part study to better understand the effects of fluid shift in the body and its relationship to SANS. Previous experiments in this study included the use of a tilt table for researchers to understand the cardiovascular effects of fluid shifts at different altered gravity levels, recreated by using different tilt angles," said Diaz Artiles.

The published study, as well as upcoming research, focuses on countermeasures to the fluid shift; in this case, lower body negative pressure. In future studies, the researchers will examine the effects of using a centrifuge to combat the fluid shift and its effects. Diaz Artiles and her team aim to collect cardiovascular responses using each countermeasure and compare effects on ocular perfusion pressure and other cardiovascular functions that may be affected by microgravity environments. These studies are performed on Earth, so gravitational changes that occur in space may cause different outcomes. Thus, they hope to conduct future studies in true microgravity conditions, such as parabolic flights.
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'Time cells' in the brain are critical for complex learning, study shows | ScienceDaily
A sense of time is fundamental to how we understand, recall, and interact with the world. Tasks ranging from holding a conversation to driving a car require us to remember and perceive how long things take -- a complex but largely unconscious calculation running constantly beneath the surface of our thoughts.


						
Now, researchers at University of Utah Health have found that, in mice, a specific population of "time cells" is essential for learning complex behaviors where timing is critical. Like the second hand of a clock, time cells fire in sequence to map out short periods of time.

But time cells aren't just a simple clock, the researchers found -- as animals learn to distinguish between differently timed events, the pattern of time cell activity changes to represent each pattern of events differently. The discovery could ultimately aid in early detection of neurodegenerative diseases, such as Alzheimer's, that affect the sense of time.

The new study is published in Nature Neuroscience.

Mouse code

By combining a complex time-based learning task with advanced brain imaging, researchers were able to watch patterns of time cell activity become more complex as the mice learned. The researchers first set up a trial where learning the differences in the timing of events was critical. To get a reward, mice had to learn to distinguish between patterns of an odor stimulus that had variable timing, as if they were learning a very simple form of Morse code.

Before and after the mice learned, the researchers used cutting-edge microscopy to watch individual time cells fire in real time. At first, their time cells responded in the same way to every pattern of odor stimulus. But as they learned the differently timed patterns of stimulus, the mice developed different patterns of time cell activity for each pattern of events.




Notably, during trials that the mice got wrong, the researchers could see that their time cells had often fired in the wrong order, suggesting that the right sequence of time cell activity is critical for performing time-based tasks. "Time cells are supposed to be active at specific moments during the trial," said Hyunwoo Lee, PhD, postdoctoral fellow in neurobiology in the Spencer Fox Eccles School of Medicine at the University of Utah and co-first author on the study. "But when the mice made mistakes, that selective activity became messy."

Not just a stopwatch

Surprisingly, time cells play a more complicated role than merely tracking time, said Erin Bigus, graduate research assistant in neurobiology and co-first author on the study. When the researchers temporarily blocked the activity of the brain region that contains time cells, the medial entorhinal cortex (MEC), mice could still perceive and even anticipate the timing of events. But they couldn't learn complex time-related tasks from scratch. "The MEC isn't acting like a really simple stopwatch that's necessary to track time in any simple circumstance," Bigus said. "Its role seems to be in actually learning these more complex temporal relationships."

Intriguingly, prior research on the MEC found that it's also involved in learning spatial information and building "mental maps." In the new study, researchers noticed that the patterns of brain activity that occur while learning time-based tasks show some similarities to previously observed patterns involved in spatial learning; aspects of both patterns persist even while an animal isn't actively learning.

While more research is needed, these results suggest that the brain could process space and time in fundamentally similar ways, according to the researchers. "We believe that the entorhinal cortex might serve a dual purpose, acting both as an odometer to track distance and as a clock to track elapsed time," said James Heys, PhD, assistant professor in neurobiology and the senior author on the study.

Learning how the brain processes time could ultimately aid in the detection of neurodegenerative diseases such as Alzheimer's, the researchers say. The MEC is one of the first areas of the brain that Alzheimer's affects, hinting that complex timing tasks could potentially be a way to catch the disease early.

Support was provided by the Whitehall Foundation, Brain and Behavior Research Foundation, the National Institutes of Health, and the National Science Foundation.
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Women who experience depression during pregnancy or after birth have higher risk of cardiovascular disease | ScienceDaily
Women diagnosed with perinatal depression are more likely to develop cardiovascular disease in the following 20 years compared to women who have given birth without experiencing perinatal depression, according to research published in the European Heart Journal [1] today (Wednesday).


						
Perinatal depression, meaning depression during pregnancy or after birth is believed to affect one in five women giving birth worldwide.

The study is the first of its kind to look at cardiovascular health after perinatal depression and included data on around 600,000 women. It found the strongest links with risks of high blood pressure, ischemic heart disease and heart failure.

The research was by Dr Emma Brann, Dr Donghao Lu and colleagues from the Karolinska Institutet, Stockholm, Sweden. Dr Lu said: "Our research group has already found that perinatal depression is linked to an increased risk of several other health issues, including premenstrual disorders, autoimmune disorders and suicidal behaviour, as well as premature death.

"Cardiovascular disease is one of the leading causes of death globally and there has been an ongoing discussion about including reproductive health when assessing the risk among women. We wanted to know if a history of perinatal depression could help predict cardiovascular disease risk."

The study was based on the Swedish Medical Birth Register, which records all births in the country. The researchers compared 55,539 Swedish women who were diagnosed with perinatal depression between 2001 and 2014 with another group of 545,567 Swedish women who had also given birth during that time but were not diagnosed with perinatal depression. All the women were followed up through to 2020 to assess if they developed any cardiovascular disease.

Among the women with perinatal depression, 6.4% developed cardiovascular disease compared to 3.7% of women who had not suffered with perinatal depression. This equates to a 36% higher risk of developing cardiovascular disease. Their risk of high blood pressure was around 50% higher, the risk of ischemic heart disease around 37% higher, and the risk of heart failure around 36% higher.




Dr Brann, the senior author, said: "Our findings may help identify people who are at a higher risk of cardiovascular disease so that steps can be taken to reduce this risk. This study also adds to the established health risks of perinatal depression. We know that perinatal depression is both preventable and treatable, and for many people it's the first episode of depression they've ever experienced. Our findings provide more reason for ensuring maternal care is holistic, with equal attention on both physical and mental health.

"It remains unclear how and through what pathways perinatal depression leads to cardiovascular disease. We need to do more research to understand this so that we can find the best ways to prevent depression and lower the risk of cardiovascular disease.

Researchers also compared the women who suffered perinatal depression with their sisters and found they had a 20% higher risk of cardiovascular disease.

"The slightly lower difference in risk between sisters suggest that there could be genetic or familial factors partly involved," Dr Brann said. "There could also be other factors involved, as is the case for the link between other forms of depression and cardiovascular disease. These include alterations in the immune system, oxidative stress and lifestyle changes implicated in major depression."

In an accompanying editorial [2] Dr. Amani Meaidi from the Danish Cancer Society: Kraeftens Bekaempelse, Copenhagen, Denmark said: "Although signs of mood disturbances following childbirth have been noticed since the time of Hippocrates, it was not until last year, in 2023, that the US Food and Drug Administration approved the first oral treatment for postpartum depression, making treatment much more accessible for the millions of women suffering from this condition. The late and lack of development of effective, safe, and accessible treatment options for perinatal depression is unmistakably a manifestation of the historical neglect of women's health in medical research. The future will reveal if proper perinatal depression therapy reduces the observed increased risk of developing cardiovascular morbidity.

"Considering the rise in perinatal depression and the lack of knowledge on cardiovascular disease in women, the study by Brann and colleagues is much needed and welcomed."
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A new tuberculosis vaccine candidate recombinant protein with additional post-translational modifications occurring in Mycobacterium tuberculosis cells | ScienceDaily
Tuberculosis is still one of the deadliest infectious diseases, causing over one million deaths each year worldwide. Additionally, about one-fourth of the world's population carries Mycobacterium tuberculosis (M. tuberculosis) without showing any symptoms, and most of these carriers do not develop the disease.


						
The current anti-tuberculosis vaccine, BCG, is administered worldwide. However, considering that more than 10 million new tuberculosis cases are reported each year, its effectiveness is deemed insufficient. As a result, the development of vaccines to replace BCG is underway. However, no new vaccine has yet surpassed BCG, which is a highly effective live vaccine. Actually BCG is very effective in preventing tuberculosis in children, creating a booster vaccine to strengthen immunity in adults is considered a promising and realistic option.

In developing tuberculosis vaccines, scientists have studied proteins from M. tuberculosis that trigger the protective immunity against tuberculosis. Especially IFN-gamma produced by T cells is known to be critical for protection against tuberculosis. Thus IFN-gamma responses are marker of vaccine candidate antigens and efficacy. However there's a paradoxical situation where proteins that induce higher IFN-gamma production in tuberculosis patients, who already have developed the disease, rather than in asymptomatic carriers who prevent its onset, are being viewed as potential vaccine candidates. Furthermore, many of vaccine studies ignore the native three-dimensional structure of the proteins and the modification they undergo after being translated in M. tuberculosis.

On the productivity side, vaccine candidate molecules are being made in basic model organisms like Escherichia coli. However, certain molecules undergo specific changes after translation that are unique to the pathogen, such as M. tuberculosis. It's been noted that these modifications might be crucial for mounting effective defenses against actual pathogen attacks.

Mycobacterial DNA-binding protein 1 (MDP1) is a major protein of both BCG and M. tuberculosis (Shaban et al., Sci Rep., 2024) with extensive post-translational modifications (Yoshida et al., BBRC., 2023). Recent studies show that IFN-gamma responses to MDP1 are higher in individuals who suppress tuberculosis progression compared to tuberculosis patients, making MDP1 a new vaccine candidate (Yasuda et al., Front Immunol., 2024). To evaluate MDP1 for a tuberculosis booster vaccine, Ozeki et al. produced recombinant MDP1 and tested its ability to induce IFN-gamma using blood from BCG-vaccinated adults.

Ozeki et al., expressed MDP1 in two different hosts: M. smegmatis, a non-pathogenic, fast-growing mycobacteria, and E. coli. Importantly, the MDP1 expressed in M. smegmatis (mMDP1) showed significant post-translational modifications, closely resembling the native MDP1 found in M. tuberculosis, while the one expressed in E. coli (eMDP1) did not.

When they cultured both variants of MDP1 with peripheral blood from adults vaccinated with BCG, they observed that mMDP1 triggered notably higher levels of IFN-gamma production compared to eMDP1. This implies that the immune system of BCG-vaccinated adults can recognize MDP1 with post-translational modifications.

Importantly, mMDP1 demonstrated a superior capacity for IFN-gamma production compared to other vaccine candidate antigens, such as Antigen 85 complex, which is currently in development. When utilizing protein antigens as vaccines, adjuvants are typically employed to prevent degradation or enhance immunogenicity. We previously reported that MDP1, due to its binding affinity to bacterial DNA, has protected mice from M. tuberculosis infection when co-administered. In this study we also demonstrated that the combination of mMDP1 and G9.1, a novel type of CpG-DNA, elicits a significant level of IFN-gamma from peripheral blood of BCG-vaccinated adults.

The results of this study suggest that combining mMDP1, which displays post-translational modifications, with G9.1 can reinvigorate the waning effect of BCG, indicating its potential as a booster vaccine.
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Unlocking heart health: Advancing noninvasive monitoring in chimpanzees | ScienceDaily
Measuring the heart rate of great apes in captivity is essential for both health management and animal studies. However, existing most methods are either invasive or inaccurate. Now, researchers from Japan have investigated the potential of using millimeter-wave radar technology to estimate heart rate from subtle body movements in chimpanzees. Their efforts will hopefully pave the way to better practices and techniques for monitoring heart rates in wild and captive primates.


						
Just like in humans, heart rate is a critically important and informative vital sign in nonhuman primates. Heart diseases are among the main causes of death of nonhuman primates in captivity, and monitoring their heart rate regularly can help veterinarians catch symptoms early. Beyond the obvious health reasons, monitoring heart rate is also really useful in animal cognitive studies. For example, it has been well documented that a chimpanzee's heart rate changes under psychological stress, when emotionally aroused by images, or when encountering familiar humans.

Thus, it's no wonder a few techniques have been devised to measure heart rate in great apes. Besides standard contact measurements, the most prevailing one consists of attaching a wireless device to the animal to monitor and transmit its heart rate remotely. However, installing the device often requires anesthesia, which carries risks. Moreover, the device itself might cause stress to the animal or others in its group. A less invasive approach is the estimation of heart rate from video feed, which has been tested in some species of primates. Still, the accuracy of these methods is quite sensitive to lighting conditions and the movement of the animals.

Against all these backdrops, a research team including Asisstant Professor Takuya Matsumoto from Shinshu University, Japan, set out to find a better alternative. In their latest study, which was published in the American Journal of Primatology on May 22, 2024, the researchers investigated whether millimeter-wave radar-based techniques originally developed for humans could be used to measure heart rate in chimpanzees. The co-authors include Dr. Itsuki Iwata, Dr. Takuya Sakamoto, and Dr. Satoshi Hirata, all affiliated with Kyoto University.

In essence, the proposed approach involves emitting high-frequency electromagnetic pulses aimed at the chest of the animal and capturing the resulting echoes. From these echoes, one can detect subtle body movements, which are ultimately used to estimate heart rate using specialized algorithms. Dr. Matsumoto highlights the study's motivation, stating, "Millimeter-wave radar technology has been extensively developed for applications in automated driving and medicine, but after speaking with a radar researcher at a reception at an academic conference, we felt that it could open up a new field of study if applied to primates other than humans; thus, we began our joint research."

To test their approach, the researchers performed experiments during the annual health checks of two adult chimpanzees at Kumamoto Sanctuary, Wildlife Research Center, Kyoto University. During these checkups, the animals were anesthetized, and the radar system was hung about half a meter above their chest. Traditional electrocardiography (ECG) signals were also recorded and used to assess the accuracy of the radar-based technique.

Fortunately, the heart rates recorded via ECG closely matched those obtained using the millimeter-wave radar for both chimpanzees, validating the proposed strategy. "Despite chimpanzees having muscular bodies, which raised uncertainties about measuring their heart rate in a similar manner to measurements in humans, the results of this study demonstrated the feasibility of noncontact heart rate measurements through the analysis of subtle body surface movements," highlights Dr. Matsumoto. He further adds "These findings could expand the potential applications of such techniques in studies of animal psychology and wild primatology."

Using millimeter-wave radar-based methods for heart rate monitoring offers significant advantages over standard practices. These techniques are entirely noninvasive, allowing for frequent use without causing stress to the animals. Heart rate can also be remotely measured using video analysis with a digital visible light camera, which doesn't need specialized equipment and can reuse existing videos. Two main techniques are used: imaging photoplethysmography, detecting blood volume changes, and periodic movement extraction, measuring heart and respiratory rates from body movements; both have been validated in nonhuman primates but have certain limitations.

The researchers hope that the findings of this work pave the way to more innovation in the methods used to monitor vital signs in captive animals, including heart rate and respiration rate. "If it becomes possible to remotely measure the heart rate of end angered apes, their health management and welfare in captivity, such as in zoos, could improve," Dr. Matsumoto concludes. Further feasibility studies will be necessary to validate the use of the proposed method in regular practice, where animals are free to move in their enclosure.

With any luck, these techniques could help us not only keep our closest relatives healthy, but also lead to a better understanding of them. This advancement opens avenues for deeper research into primate behavior and physiology, benefiting captive and wild primates and enhancing our understanding of these creatures and their environment.
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Transforming inexpensive quinolines into complex drug candidates | ScienceDaily
An innovative synthesis strategy opened up the way to 2D/3D fused frameworks using inexpensive quinolines as feedstock, report scientists from Tokyo Tech. By leveraging a light-sensitive borate intermediate, the scientists could transform quinoline derivatives into a great variety of 2D/3D fused frameworks in a straightforward and cost-effective manner. Their findings are expected to enable the synthesis of highly customizable drug candidates.


						
Quinolines have garnered much attention from chemists wanting to synthesize compounds known as 2D/3D fused frameworks. These complex organic molecules have a lot of medical potential due to their highly customizable structure and functional groups. Quinolines make synthesis of such frameworks possible thanks to their unique electronic configuration. They consist of an electron-abundant benzene ring fused to an electron-deficient pyridine ring; these electronically distinct rings can be modified independently by adjusting reaction conditions.

One of the most attractive ways to use quinolines as feedstock for 2D/3D frameworks is through dearomative photocycloadditions. This process involves destabilizing one of the aromatic rings in quinoline, using light and sometimes a catalyst, so that a reactant can 'latch' onto the ring, forming the target compound. Despite many efforts, most studies have reported photocycloadditions happening on quinoline's benzene ring side, while few have targeted the pyridine side. Thus, the full potential of quinolines remains untapped.

Against this backdrop, a research team from Tokyo Institute of Technology, Japan, led by Assistant Professor Yuki Nagashima, in collaboration with scientists from The University of Tokyo, decided to step up to the challenge. In their latest study, which was published in Angewandte Chemie International Edition on 27 May 2024, they present a convenient methodology to access the pyridine side of quinolines and synthesize diverse 2D/3D frameworks.

The key to their approach lies in the use of a molecule known as pinacolborane, also known as H-B(pin). The researchers discovered that this boron-containing compound was extremely effective at inducing dearomative photocycloaddition almost exclusively on the pyridine side of quinoline. Not only were the yields obtained high but also could a wide variety of quinoline derivatives and reactants be used to obtain all sorts of 2D/3D frameworks.

Seeking to shed light on the mechanisms underlying their newfound strategy, the team conducted a series of experiments and theoretical analyses. They determined that quinoline reacts with an organolithium compound first and then with H-B(pin) to form an intermediate borate complex. This intermediate step is crucial, as Nagashima remarks: "Our detailed mechanistic studies revealed that the photoexcited borate complex both accelerates the cycloaddition and suppresses the rearomatization that usually occurs in conventional photocycloaddition reactions." These effects combined lead to fewer unreacted compounds and undesired aromatics.

It is worth noting that the proposed methodology offers several advantages over competing techniques. For one, it requires less reaction time and steps than classic synthesis routes. Catalysts are not needed either, which reduces costs further. Moreover, multi-substituted starting molecules can be used, which provides access to countless target compounds. "To our knowledge, these transformations are the first boron-based photocycloadditions and unlock previously elusive organoboron compounds. The present strategy based around an intermediate borate complex should be useful for further functionalization of various types of multi-ringed aromatic hydrocarbons," highlights Nagashima.
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More effective cancer treatment with iontronic pump | ScienceDaily
When low doses of cancer drugs are administered continuously near malignant brain tumours using so-called iontronic technology, cancer cell growth drastically decreases. Researchers at Linkoping University, Sweden, and the Medical University of Graz, Austria, demonstrated this in experiments with bird embryos. The results, published in the Journal of Controlled Release, is one step closer to new types of effective treatments for severe cancer forms.


						
Malignant brain tumours often recur despite surgery and post-treatment with chemotherapy and radiation. This is because cancer cells can "hide" deep within tissue and then regrow. The most effective drugs cannot pass through the so-called blood-brain barrier -- a tight network surrounding blood vessels in the brain that prevents many substances in the blood from entering it. Consequently, there are very few available options for treating aggressive brain tumours.

In 2021, a research group from Linkoping University and the Medical University of Graz demonstrated how an iontronic pump could be used to locally administer drugs and inhibit cell growth for a particularly malignant and aggressive form of brain cancer -- glioblastoma. At that time, experiments were conducted on tumour cells in a petri dish.

Now, the same research group has taken the next step towards using this technology in clinical cancer treatment. By allowing glioblastoma cells to grow using undeveloped bird embryos, new treatment methods can be tested on living tumours. The researchers showed that the growth of cancer cells decreased when low doses of strong drugs (gemcitabine) were continuously administered using an iontronic pump directly adjacent to the brain tumour.

"We have previously shown that the concept works. Now we use a model with a living tumour, and we can see that the pump administers the drug very effectively. So even though it is a simplified model of a human, we can say with greater certainty that it works," says Daniel Simon, professor of organic electronics at Linkoping University.

The concept behind a future treatment for glioblastoma involves surgically implanting an iontronic device directly into the brain, close to the tumour. This approach allows for the use of low doses of potent drugs while bypassing the blood-brain barrier. Precise dosing, both in terms of location and timing, is crucial for effective treatment. Additionally, this method can minimize side effects since the chemotherapy doesn't need to circulate throughout the entire body.

Beyond brain tumours, researchers hope that iontronics can be applied to many types of difficult-to-treat cancer forms.




"It becomes a very persistent treatment that the tumour cannot hide from. Even though the tumour and surrounding tissue try remove the drug, the materials and control systems we use in iontronics can continuously deliver a locally high concentration of medication to the tissue adjacent to the tumour," explains Theresia Arbring Sjostrom, a researcher at the Laboratory for Organic Electronics at Linkoping University.

The researchers compared the continuous drug delivery of the pump with once-daily dosing, which more closely resembles how chemotherapy is administered to patients today. They observed that tumour growth decreased with the ionic treatment but not with the daily-dose approach, even though the latter was twice as strong.

These experiments were conducted using bird embryos at an early developmental stage. According to Linda Waldherr, a researcher at the Medical University of Graz and a guest researcher at LiU, this model serves as a good bridge to larger animal experiments:

"In bird embryos, certain biological systems function similarly to those in living animals, such as the formation of blood vessels. However, we don't need to surgically implant any devices in them yet. This demonstrates that the concept works, although there are still many challenges to address," she says.

The researchers believe that human trials could be feasible within the next five to ten years. The next steps involve further developing materials to allow for the surgical implantation of iontronic pumps. Subsequent experiments will also be conducted on rats and larger animals to further evaluate this treatment method.
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Tabulae Paralytica: Mapping the biology of spinal cord injury in unprecedented detail | ScienceDaily
Scientists at EPFL have achieved a significant research milestone in the field of spinal cord injuries -- mapping out the cellular and molecular dynamics of paralysis in unprecedented detail with their open-source project 'Tabulae Paralytica'. Gregoire Courtine and his team have integrated cutting-edge cell and molecular mapping technologies with artificial intelligence to chart the complex molecular processes that unfold in each cell after spinal cord injuries (SCI). Published in Nature, this seminal work not only identifies a specific set of neurons and genes that plays a key role for recovery but also proposes a successful gene therapy derived from its discoveries.


						
Understanding why spinal cord injuries are nearly impossible to heal sheds light on the significance of this breakthrough. The human spinal cord is one of the most complex biological systems known to science -- it is a mechanical, chemical, and electrical arrangement of different types of cells working in harmony to produce and regulate a multitude of neurological functions, including a natural, elegant gait. This cellular complexity amplifies the challenges to effectively treating paralysis caused by injury to the spinal cord.

Until now, traditional imaging and mapping methods have offered a generalized view of the cellular mechanisms of SCI. But this lack of specificity blurs the distinct roles and reactions of individual cell types and has hindered the development of targeted treatments, as therapies could not be finely tuned to address specific cellular dynamics.

"In this study, we aimed for nothing less than a revolution in the biological understanding of spinal cord injury," says Courtine. "By offering an exceptionally detailed view of the cellular and molecular dynamics of spinal cord injury in mice across space and time, the four cell atlases comprising the Tabulae Paralytica close a historic knowledge gap, paving the way for targeted treatments and enhanced recovery."

The first treatment to come from this new understanding of the intricate cellular dynamics of paralysis is a targeted gene therapy. Developed in collaboration with fellow EPFL Neuro X professor Bernard Schneider, the therapy leverages a crucial finding: the researchers found that a specific type of support cell called an astrocyte loses its ability to respond to injury in aged animals.

"For much of the last hundred years, it was believed that astrocytes were detrimental to neural repair. Our data further supports overturning this notion and suggests an essential protective role for these cells that can be exploited to repair spinal cord injuries," says EPFL's Mark Anderson, senior author of the study.

Another key result of the study is the identification of a specific subset of neurons, known as Vsx2 neurons, that are inherently equipped to promote recovery.




"Our previous studies have pointed in their direction, but with this new, fine-tuned understanding, we can now say for certain that Vsx2 neurons are largely responsible for neural circuit reorganization, meaning that they are by far the most interesting population of neurons for repairing spinal cord injury," asserts Jordan Squair, another senior author of the study from EPFL.

To create the first-ever comprehensive cellular map of spinal cord injuries in rodent models, the researchers employed two innovative technologies. The first, single cell sequencing, examines the genetic makeup of each cell. While it has been employed for over a decade, recent advances allowed the scientists to scale up the process like never before, generating detailed accounts of millions of spinal cord cells.

Secondly, spatial transcriptomics -- a cutting-edge technology that shows us where these cellular activities occur -- expanded the map across the entire spinal cord, preserving the spatial context and relationships between different cell types.

The new data is so vast that new machine learning techniques needed to be developed specifically to harness its intricacy. This computational approach leverages artificial intelligence to not only chart the immediate genetic responses of individual cells but also situate these responses within the physical and temporal landscape of the spinal cord.

"We now have a detailed map that not only shows us which cells are involved but also how they interact and change over the course of the injury and recovery process," explains Squair. "This comprehensive understanding is crucial for developing treatments that are precisely tailored to specific cells and unique requirements for repair of varying injuries, paving the way for more effective and personalized therapies."

The 'Tabulae Paralytica' is a significant milestone in SCI research. It combines scientific insight with technological innovation to open new horizons in the understanding and treatment of SCI. Although this study has been conducted using rodent models, the insights gained are expected to translate into clinical applications, where Courtine and his team have been making significant advances for over a decade.
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Mirror-image chemicals may revolutionize drug delivery | ScienceDaily
Cyclodextrins (CDs) are complicated carbohydrates, a term that describes the natural, sugar-based, starchy material that makes up much of fruits, vegetables and grains.


						
Their unique chemical properties make them ideal for all sorts of uses, including air fresheners, medications and cosmetics. Scientists also are exploring their potential to treat cardiovascular diseases caused by atherosclerotic plaques.

Now, more than 130 years after CDs were first discovered and reported, a University of Texas at Arlington team of scientists has created chemical mirror images of these complex carbohydrates in the laboratory. This discovery may revolutionize how medications are delivered to patients.

Daniel W. Armstrong, the Robert A. Welch Distinguished University Chair in Chemistry, has co-authored a new peer-reviewed publication in Nature Synthesis describing mirror-image cyclodextrins for the first time along with his former graduate student Saba Aslani.

"This discovery is exciting, as it may make it easier to formulate and deliver complex medications to patients," Armstrong said. "This missing piece of the puzzle definitely paves the way for additional gains in treating and curing disease."

Other authors on the paper are from Northwestern University; University of Hong Kong; University of Wyoming; ZJU-Hangzhou Global Scientific and Technological Innovation Center in China; National University of Singapore; Universite d'Angers in France; Zhejiang University in China; and University of New South Wales in Australia.

After creating these mirror-image CDs in the lab, researchers were able to confirm their discovery using X-ray crystallography and binding studies of other mirror-image molecules.

"In the pharmaceutical industry, it is common and even mandated to synthesize and test such mirror-image drug entities, as they may have different medicinal properties and toxicities," Armstrong said. "Based on how popular CDs are already for delivering medications, this newly discovered mirror image may have even more biomedical uses. Plus, we know that such mirror-images carbohydrates are more resistant to biological degradation than their natural counterparts."
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Is coffee good for you or bad for you? | ScienceDaily
Coffee drinking is a heritable habit, and one that carries a certain amount of genetic baggage.


						
Caffeinated coffee is a psychoactive substance, notes Sandra Sanchez-Roige, Ph.D., an associate professor in the University of California San Diego School of Medicine Department of Psychiatry. She is one of an international group of researchers that compared coffee-consumption characteristics from a 23andMe database with an even larger set of records in the United Kingdom. She is the corresponding author of a study recently published in the journal Neuropsychopharmacology.

Hayley H. A. Thorpe, Ph.D., is the lead author on the paper. Thorpe, of the Department of Anatomy and Cell Biology, Schulich School of Medicine and Dentistry at Western University in Ontario, explained that the team collected genetic data as well as self-reported coffee-consumption numbers to assemble a genome-wide association study (GWAS). The idea was to make connections between the genes that were known to be associated with coffee consumption and the traits or conditions related to health.

"We used this data to identify regions on the genome associated with whether somebody is more or less likely to consume coffee," Thorpe explained. "And then identify the genes and biology that could underlie coffee intake."

Abraham Palmer, Ph.D., is also a lead researcher on the paper and a professor in the UC San Diego School of Medicine Department of Psychiatry. He said that most people are surprised that there is a genetic influence on coffee consumption. "We had good reason to suspect from earlier papers that there were genes that influence how much coffee someone consumes," he said. "And so, we weren't surprised to find that in both of the cohorts we examined there was statistical evidence that this is a heritable trait. In other words, the particular gene variants that you inherit from your parents influence how much coffee you're likely to consume."

Sanchez-Roige said the genetic influence on coffee consumption was the first of two questions the researchers wanted to address.

"The second is something that coffee lovers are really keen on learning," Sanchez-Roige said. "Is drinking coffee good or bad? Is it associated with positive health outcomes or not?"

The answer is not definitive. The group's genome-wide association study of 130,153 U.S.-based 23andMe research participants was compared with a similar UK Biobank database of 334,649 Britons, revealing consistent positive genetic associations between coffee and harmful health outcomes such as obesity and substance use. A positive genetic association is a connection between a specific gene variant (the genotype) and a specific condition (the phenotype). Conversely, a negative genetic association is an apparent protective quality discouraging the development of a condition. The findings get more complicated when it comes to psychiatric conditions.




"Look at the genetics of anxiety, for instance, or bipolar and depression: In the 23andMe data set, they tend to be positively genetically correlated with coffee intake genetics," Thorpe said. "But then, in the UK Biobank, you see the opposite pattern, where they're negatively genetically correlated. This is not what we expected."

She said there were other instances in which the 23andMe set didn't align with the UK Biobank, but the greatest disagreement was in psychiatric conditions.

"It's common to combine similar datasets in this field to increase study power. This information paints a fairly clear picture that combining these two datasets was really not a wise idea. And we didn't end up doing that," Thorpe said. She explained that melding the databases might mask effects, leading researchers toward incorrect conclusions -- or even cancelling each other out.

Sanchez-Roige says the researchers have some ideas about how the differences in results arose. To begin with, there was an apples-and-oranges aspect to the surveys. For instance, the 23andMe survey asked, "How many 5-ounce (cup-sized) servings of caffeinated coffee do you consume each day?" Compare it to the UK Biobank's "How many cups of coffee do you drink each day? (Include decaffeinated coffee)"

Beyond serving size and the caffeinated/decaf divide, the surveys made no accommodation for the various ways coffee is served. "We know that in the U.K., they have generally higher preference for instant coffee, whereas ground coffee is more preferred in the U.S.," Thorpe said.

"And then there's the frappuccinos," Sanchez-Roige added, citing the American trend of taking coffee loaded with sugary additives. Palmer mentioned other caffeinated drinks and especially in the context of the UK Biobank, tea, none of which were included in the GWAS, which addressed only coffee. Palmer added that the GWAS demonstrates the relationship between genotype and phenotype is more different than the relationship between coffee and tea.




"Genetics influences lots of things. For instance, it influences how tall you might be," he said. "And those kinds of things probably would play out very similarly, whether you lived in the U.S. or the U.K. But coffee is a decision that people make."

Sanchez-Roige pointed out that coffee comes in a variety of forms, from instant to frappuccino, and is consumed amid cultural norms that differ from place to place. A person with a given genotype might end up having quite a different phenotype living in the U.K. versus the U.S.

"And that's really what the data are telling us," she said. "Because unlike height, where your behavior doesn't really have much to do with it, your behavior and the choices you're making in your environment play out in various ways. So the interaction between genotype and environment complicates the picture."

The collaborators stressed the need for more investigation to unravel the relationships between genetics and the environment, focusing not only on coffee/caffeine intake but also other substance-use issues.

In addition to the researchers noted above, co-authors on the paper from UC San Diego are: Benjamin K. Pham, John J. Meredith, Mariela V. Jennings, Natasia S. Courchesne-Krak and Sevim B. Bianchi, all of the Department of Psychiatry. Other co-authors are Pierre Fontanillas, of 23andMe, Inc.; Laura Vilar-Ribo, of the Universitat Autonoma de Barcelona, Spain; Julian Mutz, of King's College London, U.K.; Sarah L. Elson and Jibran Y. Khokhar, of the University of Guelph, Canada; Abdel Abdellaoui, of the University of Amsterdam, The Netherlands; Lea K. Davis, of Vanderbilt University Medical Center; and the 23andMe Research Team.

Mariela V. Jennings, Sevim B. Bianchi and Sandra Sanchez-Roige are supported by funds from the California Tobacco-Related Disease Research Program (TRDRP; Grant Number T29KT0526 and T32IR5226). Sevim B. Bianchi and Abraham Palmer were also supported by P50DA037844. BKP, Julian Mutz, and Sandra Sanchez-Roige are supported by NIH/NIDA DP1DA054394. Hayley H. A .Thorpe is funded through a Natural Science and Engineering Research Council PGS-D scholarship and Canadian Institutes of Health Research (CIHR) Fellowship. Jibran Y. Khokhar is supported by a CIHR Canada Research Chair in Translational Neuropsychopharmacology. Lea K. Davis is supported by R01 MH113362. Natasia S. Courchesne-Krak is funded through an Interdisciplinary Research Fellowship in NeuroAIDs (Grant Number R25MH081482). Julian Mutz is funded by the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre at South London and Maudsley NHS Foundation Trust and King's College London.
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New 3D technique reveals precancerous pancreatic lesions | ScienceDaily
Researchers at the Johns Hopkins Kimmel Cancer Center's Sol Goldman Pancreatic Cancer Research Center have developed a 3D genomic profiling technique to identify small precancerous lesions in the pancreas -- called pancreatic intraepithelial neoplasias (PanINs) -- that lead to one of the most aggressive, deadly pancreatic cancers.


						
Published May1 in Nature, the results provide the most detailed 3D map of precancerous lesions in the human pancreas to date, laying a foundation for future early detection of pancreatic ductal adenocarcinoma (PDAC) and other types of pancreatic cancer.

"Not many people actually develop pancreatic cancer, so we were shocked to find a lot of precancer, or PanINs, within the normal regions of the pancreas," says Laura Wood, M.D., Ph.D., associate professor of pathology and oncology at the Kimmel Cancer Center and the Johns Hopkins University School of Medicine and one of the study's senior authors. "This research highlights what we don't yet know about normal aging and raises fundamental questions about how cancer arises in the human pancreas."

The research was co-led by Alicia Braxton, D.V.M., Ph.D., a postdoctoral fellow at the Johns Hopkins University School of Medicine, and Ashley Kiemen, Ph.D., an assistant professor of pathology at the medical school.

Because of their small size, PanINs are challenging to detect and cannot be identified by a typical radiology examination. In the clinic, this often means that by the time patients are diagnosed with cancer, such as PDAC, the cancer already has reached an advanced stage and metastasized to other organs.

Existing 2D histological staining methods, during which tissue is thinly sliced, stained and examined under a microscope, provide only a limited view of PanINs, leaving researchers in the dark about their origins and how they lead to cancer. To better characterize PanINs, the researchers developed a 3D approach.

After thinly slicing and staining tissue from 38 normal pancreatic samples onto hundreds of sequential 2D slides, the researchers developed CODA, a machine-learning pipeline, to analyze and reconstruct the slide images into digital 3D images.




The 3D reconstructions revealed complex networks of interconnected PanINs with an average overall burden of 13 PanINs per cubic centimeter, and a range of from 1 to 31 PanINs per cubic centimeter. Patients with PDAC in other regions of their pancreas seemed to have a higher PanIN burden than those with nonductal disease, although it was not statistically significant.

The researchers further investigated eight of the samples via 3D-guided microdissection and DNA sequencing of specific PanINs. Genomic analysis revealed that the networks were made up of genetically distinct PanINs driven by different gene mutations, such as mutations in the cancer-causing gene Kirsten rat sarcoma virus (KRAS), which is found in most pancreatic cancers.

The finding that multiple precancerous lesions arose from independent mutations is something that hasn't yet been seen in other organs, says Wood, "but now that we know that PanINs are there, we can work on targeting them, such as through KRAS."

Although CODA is not yet usable in a diagnostic setting, among its advantages is that it can be applied to any tissue, disease or model organism, says Kiemen.

"This is just the beginning," she says. "We want to continue to investigate what this means in the context of other organ tissues. If normal tissue has thousands of PanINs, then how do we identify which ones are clinically relevant to disease and which ones are not?"

"One of the ways we can make a difference for the largest number of people with cancer is through prevention, and better understanding the early precursors to cancer through detailed and anatomic molecular maps is the first step," adds Wood. "Until you look in 3D, you don't know what you're missing."

The study's other co-authors include Mia Grahn, Andre Forjaz, Jeeun Parksong, Jaanvi Mahesh Babu, Jiaying Lai, Lily Zheng, Noushin Niknafs, Rebecca Reichel, Sarah Graham, Alexander Damanakis, Catherine Fischer, Stephanie Mou, Cameron Metz, Julie Granger, Xiao-Ding Liu, Niklas Bachmann, Yutong Zhu, YunZhou Liu, Cristina Almagro-Perez, Ann Chenyu Jiang, Jeonghyun Yoo, Bridgette Kim, Scott Du, Eli Foster, Jocelyn Hsu, Paula Andreu Rivera, Linda Chu, Fengze Liu, Elliot Fishman, Alan Yuille, Nicholas Roberts, Elizabeth Thompson, Robert Scharpf, Rachel Karchin, Ralph Hruban, Pei-Hsun Wu, and Denis Wirtz of Johns Hopkins.




Other authors were from the Chinese Academy of Medical Sciences and Peking Union Medical College in Beijing, and the Institute of Cancer Research at the Henan Academy of Innovations in Medical Science in Zhengzhou, China.

The work was supported by multiple grants from the National Cancer Institute at the National Institutes of Health, the Sol Goldman Pancreatic Cancer Research Center, Lustgarten Foundation, Break Through Cancer, the Buffone Family Gastrointestinal Cancer Research Fund, the Allegheny Health Network -- Johns Hopkins Cancer Research Fund, the American Association for Cancer Research (AACR)-Bristol Myers Squibb Midcareer Female Investigator Grant, the Rolfe Pancreatic Cancer Foundation, the Joseph C. Monastra Foundation for Pancreatic Cancer Research, the Gerald O Mann Charitable Foundation (trustees Harriet and Allan Wulfstat), S. Wojcicki and D. Troper, the Lustgarten Foundation-AACR Career Development Award for Pancreatic Cancer Research (in honor of Ruth Bader Ginsburg) and the Chinese Academy of Medical Sciences Innovation Fund for Medical Sciences (2021-I2M-1-067 and 2021-1-I2M-018).

Kiemen, Hruban, Wu, Wirtz and Wood filed a patent June 24, 2022, for the 3D genomic profiling technique. This relationship is managed by The Johns Hopkins University in accordance with its conflict-of-interest policies.
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Researchers find disparities in outcomes of hospice discharges | ScienceDaily
Black patients who leave hospice care and patients with short stays in hospice care are at increased risks for being admitted to a hospital after being discharged from hospice, according to Rutgers Health researchers.


						
Their study, published in JAMA Network Open, examined patient outcomes after hospice care discharges to determine what factors contribute to transitions that lead to negative health implications.

"Hospice care teams may want to pay particular attention to the discharge planning needs of patients of racial and ethnic minority groups and patients with more complicated needs," said Elizabeth Luth, the lead author of the study and a core faculty member of the Center for Healthy Aging Research at the Rutgers Institute for Health, Health Care Policy and Aging Research.

About 15 percent of patients leave hospice care before death for a number of reasons, including unplanned hospitalization, seeking treatment for a terminal condition, transferring hospice services or condition stabilization. Often, the transition to a different care setting is burdensome for the health of the patient. According to researchers, the factors that contribute to the risk of burdensome transitions out of hospice care are understudied, but important for clinicians and policymakers to better understand.

Using Medicare data from more than 115,000 patients from 2014 to 2019, researchers looked at different types of burdensome transitions out of hospice care, including patients admitted to a hospital after leaving care and patients who died while hospitalized. They sought to assess what individual patient, health care services and hospice organizational factors are associated with the different types of transition outcomes.

Researchers found that Black patients who had shorter hospice stays and received care from a for-profit hospice service had higher odds of a burdensome transition after they were discharged. About 42 percent of hospice patients who were discharged die within six months, "suggesting that uninterrupted hospice care may be appropriate for many individuals who were discharged," the researchers found.

Inequitable access to health care services, as well as institutionalized racism, are important factors in racial and ethnic disparities in health outcomes, according to previous research published in The New England Journal of Medicine and The Lancet.

Researchers also found that inpatient respite (services providing short-term relief for family caregivers) and general inpatient care (short-term hospital care for symptom management) were associated with lower odds of hospitalization and hospice readmission.

"Policymakers may want to consider making inpatient respite and general inpatient care more widely available and accessible to families with members in hospice with complex needs to support better outcomes if they are discharged," said Luth, who is an assistant professor in the Department of Family Medicine and Community Health at Rutgers Robert Wood Johnson Medical School.

Coauthors of the study include Caitlin Brennan and Susan Hurley of Care Dimensions, a hospice and palliative care facility in Massachusetts, Veerawat Phongtankuel, Holly Prigerson, and Yongkang Zhang of Weill Cornell Medicine, Miriam Ryvicker of VNS Health, a nonprofit, community-based health care organization in New York City, and Hui Shao of Emory University.
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Discovery of 'new rules of the immune system' could improve treatment of inflammatory diseases, say scientists | ScienceDaily
Scientists at the University of Cambridge have discovered that a type of white blood cell -- called a regulatory T cell -- exists as a single large population of cells that constantly move throughout the body looking for, and repairing, damaged tissue.


						
This overturns the traditional thinking that regulatory T cells exist as multiple specialist populations that are restricted to specific parts of the body. The finding has implications for the treatment of many different diseases -- because almost all diseases and injuries trigger the body's immune system.

Current anti-inflammatory drugs treat the whole body, rather than just the part needing treatment. The researchers say their findings mean it could be possible to shut down the body's immune response and repair damage in any specific part of the body, without affecting the rest of it. This means that higher, more targeted doses of drugs could be used to treat disease -- potentially with rapid results.

"We've uncovered new rules of the immune system. This 'unified healer army' can do everything -- repair injured muscle, make your fat cells respond better to insulin, regrow hair follicles. To think that we could use it in such an enormous range of diseases is fantastic: it's got the potential to be used for almost everything," said Professor Adrian Liston in the University of Cambridge's Department of Pathology, senior author of the paper.

To reach this discovery, the researchers analysed the regulatory T cells present in 48 different tissues in the bodies of mice. This revealed that the cells are not specialised or static, but move through the body to where they're needed. The results are published today in the journal Immunity.

"It's difficult to think of a disease, injury or infection that doesn't involve some kind of immune response, and our finding really changes the way we could control this response," said Liston.

He added: "Now that we know these regulatory T cells are present everywhere in the body, in principle we can start to make immune suppression and tissue regeneration treatments that are targeted against a single organ -- a vast improvement on current treatments that are like hitting the body with a sledgehammer."

Using a drug they have already designed, the researchers have shown -- in mice -- that it's possible to attract regulatory T cells to a specific part of the body, increase their number, and activate them to turn off the immune response and promote healing in just one organ or tissue.




"By boosting the number of regulatory T cells in targeted areas of the body, we can help the body do a better job of repairing itself, or managing immune responses," said Liston.

He added: "There are so many different diseases where we'd like to shut down an immune response and start a repair response, for example autoimmune diseases like multiple sclerosis, and even many infectious diseases."

Most symptoms of infections such as COVID are not from the virus itself, but from the body's immune system attacking the virus. Once the virus is past its peak, regulatory T cells should switch off the body's immune response, but in some people the process isn't very efficient and can result in ongoing problems. The new finding means it could be possible to use a drug to shut down the immune response in the patient's lungs, while letting the immune system in the rest of the body continue to function normally.

In another example, people who receive organ transplants must take immuno-suppressant drugs for the rest of their lives to prevent organ rejection, because the body mounts a severe immune response against the transplanted organ. But this makes them highly vulnerable to infections. The new finding helps the design of new drugs to shut down the body's immune response against only the transplanted organ but keep the rest of the body working normally, enabling the patient to lead a normal life.

Most white blood cells attack infections in the body by triggering an immune response. In contrast, regulatory T cells act like a 'unified healer army' whose purpose is to shut down this immune response once it has done its job -- and repair the tissue damage caused by it.

The researchers are now fundraising to set up a spin-out company, with the aim of running clinical trials to test their findings in humans within the next few years.
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The declining diet of Japan's youth | ScienceDaily
Researchers from the University of Tokyo performed the first study to quantify highly processed food consumption and to investigate its association with diet quality among Japanese children and adolescents. Highly processed foods (HPFs) accounted for over one-fourth of the total energy intake amongst youths. Consumption was negatively associated with the intake of healthy foods, such as fruits, vegetables and pulses, and positively associated with the consumption of confectioneries.


						
It's common knowledge that poor-quality diets are considered major risk factors for many health issues and even noncommunicable diseases such as Type 2 diabetes. Therefore, researchers seek to understand factors related to diet quality as a way to improve people's health. Research on HPFs has been rapidly increasing, highlighting their potential impact on public health. However, few studies have been conducted in Japan, with none focusing on children and adolescents, due to challenges in assessing them.

"Our previous research on HPF consumption in adults in Japan found that higher consumption was negatively associated with diet quality. This significant finding prompted us to investigate whether similar associations exist in younger generations," said Assistant Professor Nana Shinozaki from the School of Public Health. "My team and I ran a cross-sectional study, one where many people are assessed in a short space of time rather than fewer people over a long period of time, to understand the association between HPF consumption and overall diet quality among Japanese children and adolescents. We found that higher HPF consumption is associated with poorer diet quality in 1,318 participants aged 3-17 years."

This probably doesn't come as a surprise to many, but it's important to note that this is the first time hard data has been put to this specific demographic, and that fact might aid in improving public health. One of the difficulties in research on diets is that so many of the issues lack precise definitions. For this reason, Shinozaki and her team picked an existing dietary classification framework developed by researchers at the University of North Carolina at Chapel Hill (UNCCH) in the U.S. to classify the food that participants consumed, and the Healthy Eating Index-2020 and the Nutrient-Rich Food Index 9.3 to evaluate the quality of their diets. Under the UNCCH classification, HPFs are defined as "multi-ingredient, industrially formulated mixtures processed to the extent that they are no longer recognizable as their original plant/animal source."

"The biggest challenge was collecting detailed dietary data, which are essential to identify which foods are HPFs, on eight days over the course of a year from a large sample of about 1,300 individuals," said Shinozaki. "This process of assessment by researchers, and assessments by participants or parents, was highly burdensome for both participants and investigators due to the need for accurate and consistent recording of dietary intake. Our research could not have been accomplished without the support of research dietitians throughout Japan, who played a crucial role in supporting participants and collecting data."

What might surprise some readers is that the cliche of Japan's national diet being the model of healthy eating is a little inaccurate and out of date.

"Professor Kentaro Murakami (of the University of Tokyo) recently found that in a nationally representative sample of Japanese adults, the mean total score of the Healthy Eating Index-2015, a widely accepted diet quality index, was similar to that of average Americans. This finding suggests that the Japanese diet would not be as healthy as expected," said Shinozaki. "Wherever you may be, at the individual level, increasing the consumption of unprocessed or minimally processed foods, especially fresh fruits and vegetables, would be helpful. At the societal level, public awareness campaigns, policy and regulation, or food availability and market changes to promote the reduction of HPFs could be beneficial. Our findings support ongoing efforts to develop nutritional guidelines and public health strategies aimed at reducing the prevalence of diet-related diseases."
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How targeted nutrients can fight cancer | ScienceDaily
An international research team has discovered a new way to effectively treat cancer, by using nutrients to reactivate suppressed metabolic pathways in cancer cells.


						
The researchers used a common amino acid, tyrosine, packaged as a nanomedicine, to change the metabolism of melanoma, a deadly skin cancer, and prevent cancer growth.

Australia has the highest rate of skin cancer in the world. This new approach could be combined with current therapies to better treat melanoma. The technique also has the potential to treat other types of cancer.

The study, Nutrient-delivery and metabolism reactivation therapy for melanoma, was led by Professor Wenbo Bu from Fudan University and Professor Dayong Jin from the University of Technology Sydney, and recently published in the journal Nature Nanotechnology.

Tyrosine has limited bioavailability in living organisms. However, the researchers used a new nanotechnology technique to package it into tiny particles called nanomicelles, which are attracted to cancer cell membranes, and break down easily, boosting absorption.

The research team then tested the innovative treatment in mice and in human-derived melanoma cells in the lab and found that the tyrosine nanomicelles reactivated dormant metabolic pathways, triggered melanin synthesis, and inhibited tumour growth.

"Uncontrolled rapid growth is a key feature that distinguishes cancer cells from normal cells. In cancer cells some metabolic pathways are over-activated, and others are suppressed, to create the environment necessary for rapid spread," said Professor Jin.




"While a few metabolism-based drugs for cancer have been developed previously, such as aromatase inhibitors impeding estrogen synthesis in breast cancer and HK2 inhibitors targeting glycolysis in various cancers, these work by suppressing over-activate metabolic pathways," he said.

"Our research shows for the first time that cancer can be stopped by reactivating metabolic pathways that are dormant. And this can be done using simple nutrients, such as amino acids, sugars, and vitamins, which are safe, readily available and well tolerated," said Professor Bu.

Different types of cancer will respond to different nutrients. Melanoma cells develop from melanocytes -- skin cells that produce melanin. Tyrosine is needed to produce melanin and it can stimulate melanin production, hence its effectiveness with melanoma.

The reactivation of melanin synthesis forces the melanoma cell to reduce glycolysis, the process of converting sugar to energy, which is believed to be the mechanism for its anti-cancer effect.

Melanoma cells are also susceptible to heat stress. The researchers found that by combining tyrosine nanomicelle treatment with near-infrared laser treatment, they were able to eradicate melanoma in mice after six days and it did not reoccur during the study period.

The findings suggest a promising a new frontier in the use of nanomedicine for cancer therapy.
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Rethinking English essay scores: The argument for argument over grammar | ScienceDaily
To get high scores at essay writing tests, learners of English as a foreign language need to focus on good arguments more than on complex grammar. The Kobe University finding challenges conventional approaches to test preparation and scoring rubrics.


						
Writing essays is a well-established tool for monitoring progress in learning English as a foreign language, as it provides a snapshot of a student's mastery of grammar and vocabulary. Especially in Japan, where English language tests are often required for university admission and students closely follow advice on how to achieve high scores on these tests, a "good essay" is often seen as one that demonstrates a high level of grammatical complexity. But is this actually reflected in test scores?

Kobe University linguist YASUDA Sachiko expresses her doubts: "Based on my experience of teaching academic writing to students at various levels in Japan, I believe that linguistically complex texts do not always result in better writing." She therefore decided to conduct an experiment with over 100 Japanese high school students. Yasuda had them write a short essay on a given topic and looked at the relationship between the linguistic complexity of the texts and the writers' ability to present complex arguments, and how these two related to how the texts were graded according to official rubrics. She adds, "This study is the first to focus on the relationship between features of linguistic complexity and features of meaning complexity; no one else in the relevant fields has looked at the relationship between these two."

The results, published in the journal Assessing Writing, confirmed her suspicions. She found that high-scoring essays shared features related more to the ability to express complex meaning, such as lexical diversity, noun modification, and soundness and number of arguments, than to structural complexity. "Interestingly, low scoring essays showed the highest level of complexity in finite adverbial dependent clauses," the linguist writes in her paper. Emphasizing this point, the ability to express complex meaning was strongly correlated only with using diverse expressions and the ability to modify their meaning, but not with grammatical features. Yasuda concludes, "Simply having complex sentence structures does not necessarily lead to a better essay."

The findings have implications for how essay writing tests are scored. The Kobe University researcher explains: "Current rubrics for writing questions on language tests instruct test-takers to 'use complex grammar appropriately' or 'a variety of complex structures.' However, since sentence complexity does not significantly affect overall essay quality, it may be more appropriate to use terms such as 'contextually appropriate grammar' or 'genre-appropriate grammar.'" Thus arguing that the ability to express one's opinion in varied and complex ways is a marker of students' writing ability, she advocates that this characteristic should be more represented both in the way tests are scored and how feedback is provided to students.

This so-called washback effect of test scoring rubrics on the way language is taught is at the heart of what drives Yasuda. She says: "I am committed to using the results of this study for practical applications, such as refining assessment criteria for evaluating students' writing, developing tasks and materials to improve their writing skills, and identifying the key knowledge that teachers need to help students become better writers. The ability to write in English has become increasingly important in the 21st century, as it is a crucial medium that allows us to connect with others around the world."

This research was funded by the Japan Society for the Promotion of Science (grant JP24K04031JSPS).
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Tight-knit communities can prevent environmental progress | ScienceDaily
The study, led by researchers at the University of Sydney's School of Project Management, examined communities where robust local ties lead to resistance against environmental initiatives, sustainability programs, and greenhouse gas reduction projects.


						
"Traditionally, we've always thought of strong communities as a positive force -- for locals and the environment," said the senior author of the study, Associate Professor Petr Matous, Associate Head of the School of Project Management.

"However, our study shows that's not always the case -- strong communities can sometimes be significant obstacles to environmental initiatives."

The researchers suggest this could be due to the creation of echo chambers, where beliefs are continuously reinforced with little debate, fostering a strong consensus within the group.

They compared their findings to analyses of social media communities, where like-minded individuals often reinforce each other's views on contentious issues ranging from vaccines and reproductive rights to housing and gun control.

Dr Matous noted that while cohesive communities worldwide often collaborate to combat environmental issues like pollution, invasive species, and overfishing, strong local bonds can also have drawbacks.

"We've observed entire villages mobilising against renewable energy projects. For example, here in Australia, farmers in tight-knit communities have coordinated opposition to what they perceive as sudden, forceful changes on their land."

Program leaders now identify "community pushback" as a major bottleneck in implementing projects toward Australia's net-zero goals. Sustainability transitions often require significant land areas and changes to longstanding land management practices, leading to resistance that can range from rejection of new methods to legal action and protests.




The study used quantitative analysis to examine how community networks influence outcomes in programs aimed at reducing greenhouse gas emissions from farming while maintaining productivity. Leveraging a comprehensive dataset from partner organisation Swisscontact across 70 communities in Indonesia, the researchers defined strong communities as networks with many links or relationships broadly distributed within the community, fostering high cohesion.

Why some strong communities hinder environmental progress

"This study highlights the social dynamics of farming villages as a potential reason why the same program can yield expected outcomes in some communities but not others," said Associate Professor Matous.

"In tightly knit clusters of relationships with like-minded individuals, people may become entrenched in collective positions. Strong community bonds may coincide with distrust or indifference toward outsiders. Members of tight-knit communities may also be adept at defending their collective interests, which may not always align with broader environmental or societal goals."

Dr Abner Yalu, who contributed to the study during his PhD, said: "When strong internal bonding exists within a community, farmers are more unified in their practices but less likely to adopt recommendations from sustainability programs, such as protecting trees around their farms or using organic matter to maintain soil health."

While anecdotal evidence suggests similar mechanisms operate in other countries, data remains insufficient to fully explain this phenomenon and design effective solutions to support environmental progress.

"Climate change demands urgent action, but policymakers and program leaders must strike a balance by effectively engaging communities through genuine dialogue," said Associate Professor Matous. "We must respect that local community members are best positioned to evaluate the significance of their surroundings; they often understand what works in their context and may have valid reasons for resistance."

"Within these communities, divergent messages struggle to gain traction if they conflict with collective values. This is a consideration that election strategists and campaigners in multiple countries will certainly bear in mind in 2024."
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Researchers uncover mechanism that fuels growth of aggressive B-cell lymphoma | ScienceDaily
Researchers from the University of Helsinki and HUS investigated the effects of recurring mutations in the KLHL6 gene in diffuse large B-cell lymphoma, the most common cancer of the lymphatic system.


						
The KLHL6 protein is part of a cellular system tasked with disposing of excess and unnecessary proteins. In many cancers, this system is disrupted, which advances malignant growth.

The researchers found that the KLHL6 protein breaks down the B-cell receptor and demonstrated that certain mutations lead to an increase in the number of these receptors.

"The B-cell receptor is an antibody on the surface of B-lymphocytes and a tool with which normal cells identify pathogens and fight against them. In corrupted cells, the B-cell receptor is activated in an anomalous manner, resulting in tissue growth and the development of lymphoma," says Doctoral Researcher Leo Meriranta, MD, from the University of Helsinki.

Absence of KLHL6 protein predicts poor treatment outcomes

In some of the cancer patients enrolled in the study, the KLHL6 protein was entirely absent from cells. Laboratory modelling revealed that the loss of KLHL6 in lymphoma cells increased the number of B-cell receptors manifold.

Professor of Oncology Sirpa Leppa, who heads the research group, emphasises the clinical significance of KLHL6.




"The lymphoma cases where the KLHL6 protein was absent were associated with a poor prognosis. The identification of pathogenic mechanisms relevant to these patients is particularly important for improving their prognoses through drug development," Leppa says.

Importance of therapy tailoring increasing

A British-American research group also reported similar findings simultaneously with the researchers from the University of Helsinki and HUS.

"The similar results obtained with different study designs are a solid indication that KLHL6 protein disruption plays a key role in some B-cell diseases," Meriranta says.

He emphasises that, in the future, treatment outcomes can be improved by targeting therapies on the basis of cancer biomarkers.

"The new findings open avenues to tailoring therapies, as the abnormal amount and activity of the B-cell receptor can be targeted pharmacologically. However, more research is still needed," Meriranta notes.

Diffuse large B-cell lymphoma
    	Every year, roughly 700 people in Finland develop diffuse large B-cell lymphoma.
    	The most common symptom is enlarged lymph nodes.
    	The disease is treated with immunochemotherapy, a combination of antibodies and cytostatic drugs.
    	In roughly one-third of the patients, the cancer is not cured and can be fatal.
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Cancer survivors are at increased risk of disease throughout life | ScienceDaily
Swedish researchers have surveyed all people under the age of 25 who have had cancer since 1958. The study, led by researchers at Linkoping University and Region Ostergotland, shows that cancer survivors are at greater risk for cardiovascular diseases, other cancers and other diagnoses later in life. In addition, the researchers saw that socioeconomic factors played a role in survival.


						
Since 1958, Sweden has registered all cancer patients in the National Cancer Register. Swedish researchers have now used this register to study all cancer survivors who had cancer as a child, adolescent or adult to examine outcomes in later life. The results have been published in the scientific journal The Lancet Regional Health -- Europe.

"If you've had cancer as a child or adolescent, you have an increased risk of almost all diagnoses in the future. This study lays the foundation for understanding why this is so and what decision-makers need to take into account when it comes to cancer care," says Laila Hubbert, researcher at Linkoping University and consultant at the Cardiology Clinic at Vrinnevi Hospital in Norrkoping.

The study's data spans 63 years. From this data, approximately 65,000 cancer patients under the age of 25 were compared with a control group of 313,000 individuals (a ratio of 1:5), where age, sex and housing situation were matched with the patient group. From other registers, the researchers retrieved information on morbidity, mortality and demography.

The researchers found that the cancer survivors were about three times more likely to develop cancer later in life, 1.23 times more likely to have cardiovascular disease and had a 1.41 times higher risk of accidents, poisoning and suicide.

At present, the healthcare system usually follows up cancer survivors five years after the end of treatment. In other words, you are usually considered healthy if the cancer has not returned after five years, and no further follow-up is planned. But the current study, and also previous ones, show that this is probably not enough.

"Cancer survivors carry with them a fragility for the rest of their lives that puts them at higher risk of new diseases. It's mainly the chemotherapy and radiation treatment that increases the risk of cardiovascular disease. This means that patients shouldn't be released prematurely without planned and ongoing follow-up. It's important to identify these risk factors and diseases early," says Laila Hubbert.




The researchers have also seen that socioeconomic factors play a major role in the risk of disease and death after cancer in young years. Thanks to a cross-check of registers, the researchers were able to see that the risk increases for those with a lower level of education, a foreign background, or who remain unmarried. At the same time, this study shows that the risk of disease and death after cancer in children and adolescents is the same regardless of where you live in Sweden.

Martin Singull is a professor of mathematical statistics and has worked closely with the clinics in order to analyse and combine the large amounts of data that come from many different sources.

"We have used proven statistical models. But it's the complexity of the data that makes it challenging. It comes from different sources, and we also want to be able to pick out the information we want. That's why we've also collaborated with computer scientist Robin Keskisarkka, who has built the database," says Martin Singull.

The next step for the researchers is to break down the results and probe into specific questions and understand why things look the way they do. This will include looking more at socioeconomic factors, cardiovascular disease linked to cancer, so-called cardio-oncology, and other forms of cancer.

"There aren't really many countries that can carry out such a comprehensive survey. In Sweden, we have such fine comprehensive and high-quality national registers so it's unique to be able to do this," says Laila Hubbert.
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Blood markers detect rare forms of dementia as well as the neurological diseases ALS and PSP | ScienceDaily
In a study with 991 adults, scientists at DZNE show that the most common forms of frontotemporal dementia (FTD) as well as the neurological diseases amyotrophic lateral sclerosis (ALS) and progressive supranuclear palsy (PSP) can be recognised by blood testing. Their procedure is not yet ready for routine medical use, but in the long term it could facilitate disease diagnosis and advance the development of new therapies already now. The findings published in the journal "Nature Medicine" are based on the measurement of certain proteinsin the blood, which serve as biomarkers. The study also involved the University Hospital Bonn (UKB) and other research institutions in Germany and Spain.


						
FTD, ALS and PSP form a spectrum of neurodegenerative diseases with overlapping symptoms characterised by dementia, behavioral symptoms, paralysis and muscle wasting, movement impairment and other serious impairments. In Germany, it is estimated that up to 60,000 people are affected by one of these diseases. Although they are relatively rare, their consequences for health are nevertheless severe. "As yet, there is no cure for any of these diseases. And, with current methods, it is not possible to reach a conclusive diagnosis of the molecular pathology of these diseases during a patient's lifetime, since brain tissue must be examined," explains Prof. Anja Schneider, a research group leader at DZNE and Director of the Department of Old Age Psychiatry and Cognitive Disorders at UKB.

Diagnostic markers 

"However, a diagnosis of the underlying pathology is required for the development of therapies and for stratifying patients according to their disease. Only such stratification allows targeted and therefore potentially effective disease-modifying treatments to be tested," continues Schneider, who is also affiliated with the University of Bonn. "We now show that PSP, behavioral variant of FTD and the vast majority of ALS cases with the exception of a particular mutation can be recognised by blood testing and this also applies to their underlying pathology. Our study is the first to find pathology specific biomarkers. Initially, application is likely to be in research and therapy development. But in the long term, I consider it realistic that these biomarkers will also be used for diagnosis in medical routine. However, further studies are required for this. In fact, it would be particularly important to determine how these biomarkers develop longitudinally, that is, over the course of a disease, and how early they rise in the disease course."

Detection of proteins

The new blood test, which is based on the measurement of so-called tau and TDP-43 proteins, could provide decisive evidence for diagnosis. There is a particularly strong need for the "behavioural variant of FTD" which was investigated here. This is because the symptoms of this most common type of FTD can be due to two different pathologies -- i.e. abnormal processes -- in the brain, which can generally only be differentiated by analysing tissue after death. Only in those few cases where the disease is genetic can DNA analysis provide certainty during a patient's lifetime. The blood test now enables a precise diagnosis to be made during a patient's lifetime, even if there is no mutation. This, in turn, is a prerequisite for testing new therapies against these various FTD pathologies in clinical trials.

Abnormal aggregates

"It is well known that tau and TDP-43 proteins play key roles in FTD, ALS and PSP, as they form abnormal aggregates in the brain in these diseases. The events differ between the diseases, however. Our investigations suggest that blood levels of the proteins reflect these disease processes," says Schneider. "We have found that the combination of both markers is required for the diagnosis of behavioural FTD, respectively its subtypes, whereas TDP-43 is sufficient for ALS and the tau protein for PSP. However, for the tau marker, we are actually looking at two specific variants, so called isoforms, of the tau protein."




Tiny bubbles of lipids

The method employs a special twist: This is because the proteins are not measured directly in the blood plasma. Such measurements turned out to be inconclusive, especially because tau proteins free-floating in blood are usually fragmented. Instead, Schneider and colleagues determined the levels of two forms of tau proteins and those of TDP-43 proteins found inside so-called vesicles. These are tiny bubbles of lipids that are secreted by cells of the body and that can ultimately enter the bloodstream. Through multi-stage preparation, which included centrifugation of the blood samples, the researchers were able to capture the proteins contained in vesicles.

Collaborative research

The results are based on data and blood samples from study collectives in Germany and Spain with a total of 991 adults. They were affected by FTD, ALS, PSP or belonged to a control group with healthy individuals. This situation with independent groups of volunteers allowed the findings to be extensively validated. On the one hand, this involved the so-called DESCRIBE cohorts: As part of these research initiatives, DZNE, along with several German university hospitals, is compiling data and biosamples from people with neurodegenerative diseases. This ensemble comprised more than 700 patients. From the Spanish side, the "Sant Pau" cohort, which is run by the "Hospital de la Santa Creu i Sant Pau" in Barcelona, joined the project with over 200 participants. "With these relatively rare diseases, you have to work across sites and institutes in order to be able to include as many study participants as possible and thus reach statistically robust results," explains Schneider. "Such undertakings are an integral part of the strategy of DZNE, for which we have established structures and procedures over the years. This is complex to do, but it pays off. Our study is a good example of collaboration in medical research -- within Germany and beyond."
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Unveiling Telo-seq: A breakthrough in telomere research on aging and cancer | ScienceDaily
Within each of our cells, long strands of DNA are folded into chromosomes and capped with protective structures called telomeres. But telomeres shorten as we age, eventually getting so whittled down that our chromosomes become exposed, and our cells die. However, the specifics of when and how this shortening occurs and whether certain chromosomes are more affected than others have been unclear -- until now.


						
Scientists at the Salk Institute have developed a groundbreaking tool called Telo-seq, designed to revolutionize the study of telomeres in aging and disease. Compared to existing methods, which struggle to sequence whole telomeres and can only measure their average length across all chromosomes, the new technique allows researchers to determine the entire sequence and precise length of telomeres on each individual chromosome.

The researchers are already using Telo-seq to reveal novel telomere dynamics in human health and disease with unprecedented resolution. The findings, published in Nature Communications on June 18, 2024, will inspire a flurry of new studies and telomere-targeting therapeutics to treat age-related diseases.

"Previous methods for measuring telomere length were low resolution and rather inaccurate," says the study's senior author Jan Karlseder, professore, chief science officer, and Donald and Darlene Shiley Chair for Research on Aging at Salk. "We could hypothesize about how individual telomeres might play a role in aging and cancer, but it was simply impossible to test those hypotheses. Now we can."

Karlseder and colleagues collaborated closely with experts at Oxford Nanopore Technologies to combine aspects of their long-read sequencing technique with novel biochemistry and bioinformatics approaches. The resulting method starts at the end of each telomere and sequences well into the subtelomere region. This allows the scientists to identify which chromosome they are looking at and examine its telomere structure and composition in detail.

Using this technique, the researchers have described numerous features of telomere biology that had not been accessible to scientists before. So far, they've observed that within individual human samples, each chromosome arm can have different telomere lengths, and these telomeres can vary significantly in their shortening rates. These dynamics vary in different tissues and cell types within the same person, likely for many reasons including the amount of stress and inflammation affecting different parts of the body. Altogether, this suggests that there are potential chromosome arm-specific factors influencing telomere dynamics in aging and disease.

"Aging is an incredibly heterogeneous process that affects everyone differently," says Karlseder. "We are very interested in whether differences in aging are related to different telomere shortening rates between people or chromosomes, and how we might be able to slow this down to promote healthy aging."

Telo-seq can also improve our understanding of telomere-driven diseases. Many telomeropathies involve stem cells that run out of telomere length and lose their ability to divide into new, functional cells. This can lead to hair loss, immune disorders, or certain cancers. Telo-seq will allow scientists to investigate whether these diseases are inherited within families or associated with individual chromosomes, in order to develop more targeted interventions.




While telomere shortening can have devastating effects on a cell's lifespan, the opposite scenario can be equally damaging. When telomere repair mechanisms are overactivated, cells can enter an "immortal" state and divide indefinitely, leading to cancer.

To repair a damaged telomere, cells can either use the telomerase enzyme or another mechanism known as the alternative lengthening of telomeres (ALT). The length and composition of the telomeres will differ depending on which maintenance mechanism was used but, until now, there was no efficient way for scientists or clinicians to measure this.

"With Telo-seq, we can quickly determine whether a cancer is telomerase-positive or ALT-positive," says first author Tobias Schmidt, a postdoctoral researcher in Karlseder's lab. "This is critical because ALT-positive cancers are often more aggressive and require different treatment approaches than telomerase-positive cancers. In this sense, Telo-seq could be used as a quick and reliable diagnostic tool to identify cancer types and guide more personalized treatment plans."

Beyond its many immediate clinical applications, Karlseder and Schmidt say Telo-seq's greatest impact will be in igniting a new era of telomere research.

"Telo-seq will allow us to answer questions about development, aging, stem cells, and cancer that we simply couldn't address with previous tools," says Karsleder. "We don't even know what we've been missing, and I think the things we're starting to learn now are really just the tip of the iceberg. It's a very exciting time for telomere science."

Other authors include Candy Haggblom, Jeffrey R. Jones, and Fred H. Gage of Salk, Kelly A. Frazer of UC San Diego, and Carly Tyer, Preeyesh Rughan, Xiaoguang Dai, Sissel Juul, and Scott Hickey of Oxford Nanopore Technologies, Inc.

This work was supported by the National Institute of Aging (P30AG068635, AG0773424), the National Cancer Institute (CA227934, CA234047, P30CA014195), the National Institute for General Medicine (GM142173), the Helmsley Charitable Trust, the Shiley-Marcos Alzheimer's Disease Research Center at UC San Diego (AG062429), the European Molecular Biology Organization (ALTF 668-2019), the JBP Foundation (#2021-2961), the Paul F. Glenn Center for Biology of Aging Research at Salk Institute, and an AHA-Allen Initiative in Brain Health and Cognitive Impairment award made jointly through the American Heart Association and The Paul G. Allen Frontiers Group (19PABH134610000).
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The 'Queen of the Night' does not whistle | ScienceDaily
Opera singers have to use the extreme limits of their voice range. Many pedagogical and scientific sources suggest that the highest pitches reached in classical singing can only be produced with a so-called "whistle" voice register, in analogy to ultrasonic vocalizations of mice and rats. An international research team, led by Christian T. Herbst of the University of Vienna and Matthias Echternach from the Ludwig Maximilian University of Munich has now rejected this assumption. In their study, the scientists showed that the high-frequency sounds of operatic sopranos are produced with the same principle than speech and most other forms of singing. The study was recently published in the Scientific Reports journal.


						
For this study, nine highly professional operatic sopranos were asked to perform in a special laboratory situation: They phonated at highest pitches while the scientists made ultra-highspeed video recordings of the singers' throats and vocal folds with trans-nasal endoscopy. Analysis of the video footage clearly showed that -- depending on the sung pitch -- the vocal folds in the throat vibrate and collide 1000 to 1600 times per second, commensurable with the produced sound's frequency. This is in stark contrast to the alleged, but now refuted "whistle" mechanism, which would have required for the vocal folds to be immobile during voice production.

The study thus demonstrates that the "default" mechanism of voice production in humans and most mammals also applies to the upper pitch ranges of operatic singing. Simulations with a computer model suggest that the singers can, among others, only produce their highest frequencies with a greatly increased tension in the vocal folds, supported by high expiratory air pressures.

The study's senior author Christian T. Herbst maintains: "This finally debunks a long-standing myth of voice pedagogy. It is remarkable that such extreme sounds can be produced with a rather common voice production mechanism -- this is only possible with outstanding muscular fine-control of the singers' vocal instrument." Lead author Matthias Echternach adds: "It is truly amazing how some female singers can generate the extremely high tensions in their vocal folds that are required to produce these high-pitched sounds without incurring any vocal health issues. Why some singers succeed while others don't must remain open for now."
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Sepsis patients could get the right treatment faster, based on their genes | ScienceDaily
Sepsis patients could be treated based on their immune system's response to infection, not their symptoms.


						
New research uncovers how different people respond to sepsis based on their genetic makeup, which could help identify who would benefit from certain treatments and lead to the development of targeted therapies.

The team, from the Wellcome Sanger Institute, the University of Oxford, and collaborators, built on their previous work that identified different subgroups of patients with sepsis. They aimed to understand more about why sepsis response varies between patients and the different underlying immune response pathways.

The new study, published today (18 June) in Cell Genomics, details the genetic basis of variability in sepsis response, and the different regulators and cell types involved in the different immune responses in each subgroup of patients.

Having a more detailed understanding of sepsis at a molecular level could identify those who would benefit from different therapies, helping to design rapid tests, organise clinical trials, and develop targeted treatments based on the individual immune response.

The ultimate aim is for patients to receive the most effective treatment for their sepsis more quickly, based on their immune response rather than their symptoms. In the future, this approach to personalised medicine could also be applied to other less severe infections, not just sepsis.

Sepsis causes an estimated 11 million deaths worldwide per year, with one death every three seconds. In the UK alone, at least 245,000 people are affected by sepsis, and 48,000 people die each year.1 

Sepsis arises when the body has an extreme response to an infection and injures its own tissues and organs. Sepsis can cause different downstream immune responses in different people. Depending on this immune response, the treatment varies. However, it is difficult to identify which response is happening based on symptoms alone. Sepsis can progress quickly, and if the wrong treatment is given, valuable time could be lost.




Previously, researchers from the Wellcome Sanger Institute, the University of Oxford and collaborators, identified how expression of a small set of genes allowed them to categorise who was most at risk from poorer outcomes from sepsis and COVID-192.

Building on their previous work, in this new study the team investigated the impact of genetic variants that regulate gene expression, known as expression quantitative trait locus, or eQTLs. This provides insight into how an individual's genetic makeup could influence the way they respond to sepsis. This information can help classify who would benefit from targeted therapies, which act on the immune system in different ways.

The team analysed data from the UK Genomic Advances in Sepsis (GAinS) study that contained 1,400 patients with sepsis due to community-acquired pneumonia and faecal peritonitis3 from intensive care units across the UK.

They found that genetic variation in groups of patients is associated with differences in immune response during sepsis. They then used this to identify key genetic regulators in each group, helping to describe what biological networks, cells, and mechanisms are involved in each response.

Understanding the regulatory networks underlying the different patient responses provides additional information for developing treatments that work with the immune system and are a step towards a personalised medicine approach to treating sepsis.

In related research, rapid tests that identify different subtypes of sepsis are also being developed by Dr Julian Knight at the University of Oxford4. These aim to quickly show those who would benefit from targeted treatments.




The next steps would be to further investigate the immune response to find targeted treatments for each immune response or different stages of the immune response.

Dr Katie Burnham, first author from the Wellcome Sanger Institute, said: "Our study is the next step towards being able to treat sepsis based on someone's genetics and their particular immune response, instead of their symptoms, which can vary greatly from person to person. Our research found two groups of people, with opposite immune responses, and identified the genetic regulators involved. Being able to molecularly categorise patients with sepsis allows clinicians to correctly identify who could benefit from the available treatments and gives new direction to those developing targeted therapies."

Dr Julian Knight, co-senior author from the University of Oxford, said: "Understanding who is at greater risk from sepsis and how they respond to the disease is a huge task. Research such as this, that dives deeper into the molecular basis of the disease, aids in the ongoing development of tests that could identify different subtypes of sepsis and allow medical professionals to treat this straight away. Our research can be directly translated into the clinic and we hope that it allows us to start to develop an efficient, targeted approach to treating this life-threatening disease."

Dr Emma Davenport, co-senior author from the Wellcome Sanger Institute, said: "Sepsis is a complicated and devastating disease that impacts millions of people around the world each year. Understanding the molecular processes that happen during sepsis, and how genetics plays a role in this, can help give answers to long-standing questions, improve patient outcomes, and allow for the development of effective clinical trials that lead to new targeted treatments as quickly as possible."
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Promising drug target for treating osteoporosis | ScienceDaily
Osteoporosis is a skeletal condition that leads to the weakening of bones, making them porous, fragile, and prone to breakage. A whopping 8.9 million fractures are caused by osteoporosis annually, with one fracture occurring every three seconds! The aging population is the most vulnerable to primary osteoporosis, given, their frailty, and often, requires long-term therapy and support. Advances in healthcare and the corresponding rise in the aging population have put a strain on available resources, underscoring the need for effective therapies against osteoporosis.


						
Induction of parathyroid hormone (PTH) signaling using the PTH-derived peptide -- teriparatide, has demonstrated strong bone-promoting effects in patients with osteoporosis. These effects are mediated by osteogenesis, the process of bone formation involving the differentiation and maturation of bone-forming cells called osteoblasts. However, PTH induction is also associated with the differentiation of macrophages into osteoclasts, which are specialized cells responsible for bone resorption. Although, bone remodeling by osteoblasts and osteoclasts is crucial for maintaining skeletal health, PTH-induced osteoclast differentiation can decrease treatment efficacy in patients with osteoporosis. However, precise molecular mechanisms underlying the dual action of PTH signaling in bone remodeling are not well understood.

To bridge this gap, Professor Tadayoshi Hayata and Ms. Chisato Sampei, from Tokyo University of Science, along with their colleagues, conducted a series of experiments to identify druggable target genes downstream of PTH signaling in osteoblasts. Explaining the rationale behind their study published on 20 May, 2024, in the Journal of Cellular Physiology, corresponding author, Prof. Hayata says, "In Japan, it is estimated that 12.8 million people, or one in ten people, suffer from osteoporosis, which can significantly deteriorate their quality of life. Teriparatide is classified as a drug that promotes bone formation, but it also promotes bone resorption, which may limit bone formation. However, the full scope of its pharmacological action remains unknown."

The researchers treated cultured mouse osteoblast cells and mice with teriparatide. They then assessed gene expression changes induced by PTH in both the cultured cells and bone cells isolated from the femurs of the treated animals, using advanced RNA-sequencing analysis. Among several upregulated genes, they identified a novel PTH-induced gene -- 'Gprc5a', encoding an orphan G protein-coupled receptor, which has been previously explored as a therapeutic target. However, its precise role in osteoblast differentiation had not been fully understood.

PTH induction has been known to activate the cyclic adenosine monophosphate (cAMP) and protein kinase C (PKC) signaling pathways. Interestingly, the team found that in addition to PTH induction, activation of cAMP and PKC also resulted in overexpression of Gprc5a, albeit to a lesser extent, underscoring the potential involvement of other molecular pathways. Notably, upregulation of Gprc5a was suppressed upon inhibition of transcription, but, remained unaffected upon suppressing protein synthesis, suggesting that Gprc5a could be transcribed early on in response to PTH signaling and serves as a direct target gene.

Furthermore, the researchers examined the effect of Gprc5a downregulation on osteoblast proliferation and differentiation. Notably, while PTH induction alone did not affect cell proliferation, Gprc5a knockdown resulted in an increase in the expression of cell-cycle-related genes and osteoblast differentiation markers. These findings suggest that Gprc5a suppresses osteoblast proliferation and differentiation.

Diving deeper into the molecular mechanisms underlying the effects of Gprc5a, in PTH-induced osteogenesis, the researchers identified Activin receptor-like kinase 3 (ALK3) -- a bone morphogenetic protein (BMP) signaling pathway receptor, as an interacting partner of Gprc5a. In line with their speculation, overexpression of Gprc5a indeed, led to suppression of BMP signaling via receptors including ALK3.

Overall, these findings reveal that Gprc5a -- a novel inducible target gene of PTH, negatively regulates osteoblast proliferation and differentiation, by partially suppressing BMP signaling. Gprc5a can thus, be pursued as a novel therapeutic target while devising treatments against osteoporosis. The study sheds light on the complex process of bone remodeling and explains the bone-promoting and bone-resorbing effects of PTH signaling.

"Our study shows Gprc5a may function as a negative feedback factor for the bone formation promoting effect of teriparatide. Suppressing Gprc5a function may, therefore, increase the effectiveness of teriparatide in non-responding patients. In the future, we hope that our research will lead to improved quality of life and healthy longevity for people suffering from osteoporosis," concludes Prof. Hayata.

We too hope that these findings pave the way for the development of effective therapies that can improve the lives of people living with osteoporosis.
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Over-the-counter supplement improves walking for peripheral artery disease patients | ScienceDaily
The over-the-counter supplement nicotinamide riboside, a form of vitamin B3, increased the walking endurance of patients with peripheral artery disease, a chronic leg condition for which there are few effective treatments.


						
In a preliminary, randomized, double-blind clinical trial led by Northwestern University and University of Florida scientists, patients who took nicotinamide riboside daily for six months increased their timed walking distance by more than 57 feet, compared to participants who took a placebo. As expected, walking speed declined in those who took a placebo, because peripheral artery disease causes progressive declines in walking performance.

"This is a signal that nicotinamide riboside could help these patients," said Christiaan Leeuwenburgh, Ph.D., a UF professor of physiology and aging and senior author of the clinical trial report. "We are hoping to conduct a larger follow-up trial to verify our findings."

Leeuwenburgh, whose research specializes in anti-aging treatments, collaborated with Mary M. McDermott, M.D., a physician and professor of medicine at Northwestern University and an expert in peripheral artery disease. With a large team of collaborators, Leeuwenburgh and McDermott published their findings June 13 in the journal Nature Communications.

The scientists recruited 90 people with an average age of 71 who had peripheral artery disease, or PAD, to test the effects of nicotinamide riboside. The supplement is increasingly popular as an anti-aging treatment -- sales exceeded $60 million in 2022 in the U.S. alone -- but there has been scant evidence of any benefit in healthy people. Nicotinamide riboside is a precursor for the essential compound NAD, which plays roles in the body related to energy generation, improved blood flow and DNA repair.

Because PAD is associated with problems generating energy within muscle cells, McDermott and Leeuwenburgh thought that nicotinamide riboside, by improving energy generation, could help improve walking in people with the disease.

And indeed that's what they found. Participants taking the supplement walked an average of 23 feet more in a six-minute walking test after six months, while those taking a placebo walked 34 feet less. Those who took at least 75% of the pills they were supposed to take performed even better, adding more than 100 feet to their walking distance, compared to people who took a placebo.




(The researchers also tested if resveratrol, a compound best known for being in red wine, could boost the effects of nicotinamide riboside; they found no additional benefits.)

PAD affects more than 8.5 million Americans over the age of 40. Caused by the buildup of fatty deposits in arteries, and associated with diabetes and smoking, the disease reduces blood flow to the limbs, especially the legs. Walking often becomes painful, and the disease typically causes declines in walking ability over time. Supervised walking exercise is first line therapy for PAD, but most people with the condition do not have access to supervised exercise.

In addition to a larger trial focused on patients suffering from PAD, Leeuwenburgh hopes to test the effects of nicotinamide riboside on walking performance in healthy older adults.

"We need to test it on a healthy older population before we recommend healthy people take it," he said.
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Surprising origins for a rare cancer | ScienceDaily
It's been enormously difficult to pinpoint the cause of many cancers -- and many seem to have more than one origin. Fibrolamellar carcinoma (FLC), however, is one that scientists thought they had nailed down.


						
A rare and currently incurable disease that attacks the liver of children, adolescents, and young adults, FLC is caused when a small deletion in chromosome 19 causes the fusion of two genes, a discovery made in 2014 in the lab of Rockefeller's Sanford M. Simon, whose own then-teenage daughter, Elana, had not only been diagnosed with liver disease a few years before, but was a lead on the team that found the fusion.

One gene is DNAJB1, which produces heat-shock proteins that encourage cell homeostasis, and the other is PRKACA, the generator of the catalytic subunit of protein kinase A (PKA), which is key to cellular metabolic function. Alteration in kinases, which modify many other molecules, have been implicated in driving many cancers.

For the past decade it was thought that this fusion created a Frankenstein-type change in PKA so that it wreaked havoc in the cell. Now researchers in Simon's lab have made a surprising discovery: the fusion protein behaves just like a normal kinase. But cells containing an addition to their catalytic subunit generate the kinase in excessive amounts -- which is the real culprit.

"It's actually the overexpression of a protein called PKA that causes the cancer," says first author Mahsa Shirani, a postdoctoral associate in the Laboratory of Cellular Biophysics, headed by Simon. "These findings have the potential to both reveal the pathways of a broad range of cancers and offer new treatment possibilities."

The researchers published their results in Cancer Research. 

A lack of inhibition

Shirani's research has been aimed at a deeper understanding of the fused gene's mechanics since her time as a Ph.D. student and teaching assistant in the lab of New Mexico State University biochemist Barbara Lyons, whose research into FLC was driven by her own son's diagnosis with the disease. Like Elana Simon and numerous other patients, her son, Jackson Clark, put his life on hold to research the disease in the Simon lab. His first article from the lab was published last year. Clark passed away from FLC.




For the current study, Shirani analyzed tumor tissue samples from FLC patients using mass spectrometry, biochemistry, and immunofluorescence to quantify the level of the protein in patients' tumor tissue. She also compared them to normal liver tissue.

Digging deeper, she found that the tumor cells have a molecular imbalance: an increased amount of catalytic proteins exceeds the number of inhibitory ones that normally tamp down and localize the former. This excess has two profound effects on the cell. One is that PKA activity amps up, unchecked. The other is that PKA is now free to move around the cell, wreaking havoc in spots that it usually cannot access, including the nucleus.

Shirani's results indicate that the fact that the active catalytic subunit overrules its inhibitory components is what's important, not a structural change in the kinase itself.

In testing this theory, the researchers found that they could recreate the disease in human liver cells just by increasing the amount of the normal kinase. They also found that some patients had a completely different gene fused to the front end of the same kinase, PRKACA, indicating that the actual cause of disease couldn't be attributed to the extra piece added to the kinase.

"We showed that it doesn't matter what you have fused to the PRKACA gene. It could be DNAJB1 or ATP1B1, or it could be nothing at all -- just PRKACA that has a high protein expression," she says. "Each situation leads to the same phenotype of cancer."

The researchers corroborated their findings using a unique tool at their disposal. For the past decade, the Simon Lab has operated the Fibrolamellar Tissue Repository. When the researchers went back through their samples, they came across four patients who had what looked like fibrolamellar but did not have a fusion to PRKACA. Instead, the only alteration they found was a loss of the inhibitory protein, providing more evidence that the amount of catalytic subunit relative to its regulatory components was a key factor in disease formation.




Treatment horizon

The findings could potentially lead to the first therapeutic treatments for FLC beyond the surgical removal of tumors, says Shirani. (Treatments available to people with common liver cancer are useless for FLC, which has a completely different molecular profile.)

One idea is to locate binding sites on the DNAJB1 protein to which a drug inhibitor could bind. Another is tamping down the expression of PKA. The lab is currently investigating both possibilities.

The latter approach could have potential beyond FLC, Shirani says, because PKA dysregulation is connected to many other diseases. For example, the adrenal tumor that causes Cushing Syndrome is the result of a mutation in the very same catalytic subunit, PRKACA. (That discovery was made by Rockefeller President Richard P. Lifton in 2014.)

As with a potential FLC treatment, the key would be to interfere with signaling processes downstream of PKA's production, before the geyser of protein production disrupts the cell.

Shirani also suggests that measuring protein levels produced by mutated genes may be a first step to better understanding any number of cancers: "Perhaps the increased level, or location, of proteins is itself the cause."

The findings may also illuminate pathogenesis of disease in general -- one of the many important reasons for investigating rare diseases, which are often viewed as insignificant since they affect so few people, says Simon.

"There are so many good reasons to study them," he says. "Many rare diseases are very precisely characterized, making it possible to make rapid progress, and those results can often be generalized to common diseases. For example, we learned about the concept of 'tumor suppressor' from studying the rare childhood cancer retinoblastoma."

"I also think that as we more precisely define diseases, we find that many that were thought to be single diseases are actually collections of different rare diseases that share some common characteristic or mechanism," he adds.
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Blood test could predict Parkinson's seven years before symptoms | ScienceDaily
A team of researchers, led by scientists at UCL and University Medical Center Goettingen, have developed a simple blood test that uses artificial intelligence (AI) to predict Parkinson's up to seven years before the onset of symptoms.


						
Parkinson's disease is the world's fastest growing neurodegenerative disorder and currently affects nearly 10 million people across the globe.

The condition is a progressive disorder that is caused by the death of nerve cells in the part of the brain called the substantia nigra, which controls movement. These nerve cells die or become impaired, losing the ability to produce an important chemical called dopamine, due to the build-up of a protein alpha-synuclein.

Currently, people with Parkinson's are treated with dopamine replacement therapy after they have already developed symptoms, such as tremor, slowness of movement and gait, and memory problems. But researchers believe that early prediction and diagnosis would be valuable for finding treatments that could slow or stop Parkinson's by protecting the dopamine producing brain cells.

Senior author, Professor Kevin Mills (UCL Great Ormond Street Institute of Child Health), said: "As new therapies become available to treat Parkinson's, we need to diagnose patients before they have developed the symptoms. We cannot regrow our brain cells and therefore we need to protect those that we have.

"At present we are shutting the stable door after the horse has bolted and we need to start experimental treatments before patients develop symptoms. Therefore, we set out to use state-of-the-art technology to find new and better biomarkers for Parkinson's disease and develop them into a test that we can translate into any large NHS laboratory. With sufficient funding, we hope that this may be possible within two years."

The research, published in Nature Communications, found that when a branch of AI called machine learning, analysed a panel of eight blood based biomarkers whose concentrations are altered in patients with Parkinson's, it could provide a diagnosis with 100% accuracy.




The team then experimented to see whether the test could predict the likelihood that a person would go on to develop Parkinson's.

They did this by analysing blood from 72 patients with Rapid Eye Movement Behaviour Disorder (iRBD). This disorder results in patients physically acting out their dreams without knowing it (having vivid or violent dreams). It is now known that about 75-80% of these people with iRBD will go on to develop a synucleinopathy (a type of brain disorder caused by the abnormal buildup of a protein called alpha-synuclein in brain cells) -- including Parkinson's.

When the machine learning tool analysed the blood of these patients it identified that 79% of the iRBD patients had the same profile as someone with Parkinson's.

The patients were followed up over the course of ten years and the AI predictions have so far matched the clinical conversion rate -- with the team correctly predicting 16 patients as going on to develop Parkinson's and being able to do this up to seven years before the onset of any symptoms. The team are now continuing to follow up on those predicted to develop Parkinson's, to further verify the accuracy of the test.

Co-first-author Dr Michael Bartl (University Medical Center Goettingen and Paracelsus-Elena-Klinik Kassel) who conducted the research from the clinical side alongside Dr Jenny Hallqvist (UCL Queen Square Institute of Neurology and National Hospital for Neurology & Neurosurgery), said: "By determining 8 proteins in the blood, we can identify potential Parkinson's patients several years in advance. This means that drug therapies could potentially be given at an earlier stage, which could possibly slow down disease progression or even prevent it from occurring.

"We have not only developed a test, but can diagnose the disease based on markers that are directly linked to processes such as inflammation and degradation of non-functional proteins. So these markers represent possible targets for new drug treatments."

Co-author, Professor Kailash Bhatia (UCL Queen Square Institute of Neurology and National Hospital for Neurology & Neurosurgery) and his team are currently examining the test's accuracy by analysing samples from those in the population who are at high risk of developing Parkinson's, for example those with mutations in particular genes such as 'LRRK2' or 'GBA' that cause Gaucher disease.




The team are also hoping to secure funding to create a simpler blood spot test where a drop of blood can be spotted on a card and posted to the lab to investigate if it can predict Parkinson's disease even earlier than the seven years before the onset of symptoms in this study.

The research was funded by an EU Horizon 2020 grant, Parkinson's UK, the National Institute for Health and Care Research GOSH Biomedical Research Centre (NIHR GOSH BRC), and the Szeben-Peto Foundation.

Professor David Dexter, Director of Research at Parkinson's UK, said: "This research, co-funded by Parkinson's UK, represents a major step forward in the search for a definitive and patient friendly diagnostic test for Parkinson's. Finding biological markers that can be identified and measured in the blood is much less invasive than a lumbar puncture, which is being used more and more in clinical research.

"With more work, it may be possible that this blood based test could distinguish between Parkinson's and other conditions that have some early similarities, such as Multiple Systems Atrophy or Dementia with Lewy Bodies.

"The findings add to an exciting flurry of recent activity towards finding a simple way to test for and measure Parkinson's."
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At-camera gaze can increase scores in simulated interviews | ScienceDaily
Eye-contact has a significant impact on interpersonal evaluation, and online job interviews are no exception. In addition to the quality of a resume, the direction of the interviewee's gaze might help (or hinder) their chances of securing the job.


						
Researchers published their results in Scientific Reports on May 31.

The study simulated online job interviews. Twelve students who participated in the study as a role of interviewees presented themselves twice, once looking directly at a web camera, and the other looking towards the screen. After recording the students' presentation, three stimuli were created to be evaluated by 38 full-time workers. These three stimuli include the recording of the interviewee looking directly at the camera (CAM), one with the interviewee's eye skewing downwards towards the screen (SKW) and one where only the interviewee's voice is played without camera recordings (VO). The evaluator's rubric has six criteria to consider when determining the scores of the interview: intimacy, social desirability, general job abilities, decisiveness, cooperativeness and overall hireability.

The results indicate interviewers evaluate candidates more positively when their gaze is directed at the camera (i.e., CAM stimulus) compared to when the candidates look at the screen (SKW stimulus). The skewed-gaze stimulus received worse evaluation scores than voice-only presentation (VO stimulus). Throughout an online interview, it is challenging to maintain "genuine" eye contact -- making direct and meaningful visual connection with another person, but gazing into the camera can accomplish a similar feeling online as direct eye contact does in person.

While the evaluators overall preferred interviewees who maintained eye contact with the camera, an unconscious gender bias appeared. Female evaluators judged those with skewed downward gazes more harshly than male evaluators, and the difference in the evaluation of the CAM and SKW stimuli for female interviewees was larger than the male interviewees. This gender bias within the study could be prevalent under non-experimental conditions. Making both interviewers and interviewees aware of this potentially systematic gender bias could help curtail this issue.

"The key takeaway from our study is the negative impact of skewed gaze on evaluation in the context of online job interviewing: do NOT keep your eyes on the screen," said Masahiro Shinya, researcher at Hiroshima University and one of the co-first authors of the study.

Simply starting with the optimal direction of gaze can increase the favorability of the interviewee significantly compared to having a downward skewed gaze. Using the "mutual gaze" effect can aid in establishing a level of trustworthiness and credibility with the evaluator. These two factors can be just the leg up an interviewer needs to move forward in the interview process. However, it's still important to consider the other criteria the evaluators were basing their choices on, as well as potential biases that, while not ideal, can still factor into the decision-making process.




"The ultimate goal is to develop guidelines and tools that enhance understanding and management of visual attention in video conferencing, thereby improving interaction quality and evaluation fairness in remote settings," said Noriko Yamane, researcher and co-first author of the study.

Although it's easy to downplay the importance of eye contact and the impacts a lack of genuine eye contact can have on digital interactions, it's unlikely the role it plays won't factor into the overall impression of how hireable an interviewee is. In a time where digital communication is almost the new standard, uncovering subtle, non-verbal cues can significantly affect how an individual is perceived in a professional setting when interfacing through a computer screen.

Masahiro Shinya and Noriko Yamane of the Graduate School of Humanities and Social Sciences at Hiroshima University, Yuki Mori of the School of Integrated Arts and Sciences at Hiroshima University, and Brian Teaman of the Department of International and English Interdisciplinary Studies at Osaka Jogakuin University contributed to this research.

JSPS Kakenhi Grant-in-Aid (22K00621) supported this research.
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Rapid test of cerebrospinal fluid decreases time to diagnosis for brain tumors | ScienceDaily
A test that looks for genetic hallmarks of brain cancers in samples of cerebrospinal fluid can decrease the time to diagnosis and eliminate the need for invasive brain biopsies for some patients. Mass General Brigham experts in neurosurgery, cancer and pathology worked together to develop a rapid, genotyping test that can detect key mutations associated with brain cancers from samples taken during a lumbar puncture. The team evaluated the technique known as TetRS (Targeted Rapid Sequencing) among 70 patients admitted to Massachusetts General Hospital with new central nervous system (CNS) lesions of unknown origin. The test detected mutations in samples from 42 percent of patients with tumors, including cases of primary and secondary CNS lymphoma, glioblastoma, and gliomas. Results are published in Blood.


						
"Unlike other forms of cancer that might get diagnosed at an outpatient center, most brain tumors and spinal cord tumors get diagnosed in the hospital, where patients often present with rapidly progressive deficits. This means that speed is of the essence," said corresponding author Ganesh Shankar, MD, PhD, a neurosurgeon and neurosurgical director of biospecimen banking for the Department of Neurosurgery at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system. "Because of the test we've developed, patients are now being diagnosed and treated without brain biopsies, which has also resulted in decreased time to diagnosis from 10 days to 2 days."

Shankar traces the origins of TetRS back almost a decade, to a time when researchers identified a handful of genes that were mutated in certain forms of brain cancer. In a paper published in 2015, the team showed that genetic mutations could be detected in tissue samples removed during surgery. The team further optimized TetRS and showed in 2021 that they could use the same approach on cerebrospinal fluid.

The new study puts TetRS to the test in the real world, where patients may present to the Emergency Department with an abnormal lesion that could be from a tumor or could be from something else. The research team wanted to ensure that TetRS could help lead to an accurate diagnosis faster, without leaving any room for a false positive result.

Shankar and colleagues designed TetRS to look for genetic signatures unique to brain cancer, including mutations in the MYD88, TERT promoter, IDH1, IDH2, BRAF and H3F3A genes. The team evaluated samples from 70 patients, 33 of whom were eventually diagnosed with neoplasms (abnormal tissue that can be benign or malignant). TetRS alone diagnosed six of the patients and, when combined with conventional methods, diagnosed an additional eight patients, for a total sensitivity of 42 percent. For the other 37 patients who were not diagnosed with neoplasms, TetRS returned zero false positives, for a specificity rate of 100 percent.

Using the rapid genotyping test eliminated the need for surgical brain biopsies for seven patients and significantly accelerated time to treatment for them, from an average of 12 days down to an average of 3 days.

The authors note that larger studies are needed to determine whether their findings are broadly applicable and what the clinical impact of earlier diagnosis and treatment will be for patients.




TetRS has been implemented as a clinically available test across Mass General Brigham, and Mass General Brigham Pathology has received and evaluated patient samples from MGH, Brigham and Women's Hospital and many other sites around the country.

"By working together across pathology, neuro-oncology and neurosurgery teams, we've developed an innovative, collaborative way to improve patient care," said co-author Deborah Forst, MD, of the Mass General Cancer Center. "The ability to rapidly detect tumor-related molecular variants in patients' spinal fluid samples has allowed us to promptly draw diagnostic conclusions through less invasive testing and to initiate individualized and potentially life-saving chemotherapies in rapid fashion."

Authorship: In addition to Shankar, Mass General Brigham authors include first author Mihir Gupta, Joseph D. Bradley, Elie Massaad, Evan J. Burns, N. Zeke Georgantas, Garrett E. Maron, Julie M. Batten, Aidan Gallagher, Julia Thierauf, Naema Nayyar, Amanda Gordon, SooAe S. Jones, Michelle Pisapia, Ying Sun, Pamela S. Jones, Fred G. Barker 2nd, William T. Curry, Rajiv Gupta, Javier M. Romero, Nancy Wang, Priscilla K. Brastianos, Maria Martinez-Lage, Deborah A. Forst, Brian V. Nahed, Tracy T. Batchelor, Lauren L. Ritterhouse, Justin T. Jordan, Jorg Dietrich, Daniel P. Cahill, Jochen K. Lennerz and Bob S. Carter. Additional authors include Kensuke Tateishi, Florian Iser, Tobias Kessler, and Matthew Meyerson.

Disclosures: Cahill and Shankar hold a patent pertaining to the use of peptide and locked nucleic acids as utilized in this study during the amplification of target DNA sequences (patent #US20170369939A1).

Funding: This work was supported by grants from the National Institutes of Health (NIH) National Institute of Neurological Disorders and Stroke (1K08NS107634-01A1), The Darwin Project, the Brian D. Silber Memorial Fund, and National Cancer Institute (5U01CA230697).
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Origins of cumulative culture in human evolution | ScienceDaily
Each of us individually is the accumulated product of thousands of generations that have come before us in an unbroken line. Our culture and technology today are also the result of thousands of years of accumulated and remixed cultural knowledge.


						
But when did our earliest ancestors begin to make connections and start to build on the knowledge of others, setting us apart from other primates? Cumulative culture -- the accumulation of technological modifications and improvements over generations -- allowed humans to adapt to a diversity of environments and challenges. But, it is unclear when cumulative culture first developed during hominin evolution.

A study published this week in the Proceedings of the National Academy of Sciences by Arizona State University researcher Charles Perreault and doctoral graduate Jonathan Paige, concludes that humans began to rapidly accumulate technological knowledge through social learning around 600,000 years ago.

"Our species, Homo sapiens," said Perreault, "has been successful at adapting to ecological conditions -- from tropical forests to arctic tundra -- that require different kinds of problems to be solved. Cumulative culture is key because it allows human populations to build on and recombine the solutions of prior generations and to develop new complex solutions to problems very quickly. The result is, our cultures, from technological problems and solutions to how we organize our institutions, are too complex for individuals to invent on their own." Perreault is a research scientist with the Institute of Human Origins and associate professor with the School of Human Evolution and Social Change.

To investigate when this technological turn may have begun, Paige and Perreault analyzed changes in the complexity of stone tool manufacturing techniques across the last 3.3 million years of the archaeological record to explore the origin of cumulative culture.

As a baseline for the complexity of stone tool technologies achievable without cumulative culture, the researchers analyzed technologies used by nonhuman primates -- like chimpanzees -- and stone tool manufacturing experiments involving inexperienced human flintknappers and randomized flaking.

The researchers broke down the complexity of the stone tool technologies by the number of steps (PUs or procedural units) that each tool-making sequence involved. The results suggested that from around 3.3 to 1.8 million years ago -- when australopiths and earliest Homo species were around -- stone tool manufacturing sequences remained within the range of the baselines (1 to 6 PUs). From around 1.8 million to 600,000 years ago, manufacturing sequences began to overlap with and slightly exceed the complexity baseline (4 to 7 PUs). But, after around 600,000 years ago, the complexity of manufacturing sequences rapidly increased (5 to 18 PUs).




"By 600,000 years ago or so, hominin populations started relying on unusually complex technologies, and we only see rapid increases in complexity after that time as well. Both of those findings match what we expect to see among hominins who rely on cumulative culture," said Paige, a postdoctoral researcher at the University of Missouri and ASU PhD graduate.

Tool-assisted foraging may have been the impetus for the earliest beginning of the evolution of cumulative culture. Early hominins, 3.4 to 2 million years ago, likely relied on foraging strategies that require tools, like accessing meat, marrow and organs, leading to changes in brain size, life span and biology that set the stage for cumulative culture. While other forms of social learning may have influenced tool making, it is only in the Middle Pleistocene when there is evidence for rapid increases in technological complexity and the development of other kinds of new technologies.

The Middle Pleistocene also shows consistent evidence of controlled use of fire, hearths and domestic spaces, likely essential components of the development of cumulative culture. Other kinds of complex technologies also developed in the Middle Pleistocene, including wooden structures constructed with logs hewn using hafted tools, which are stone blades affixed to wooden or bone handles.

This all suggests that cumulative culture arose near the beginning of the Middle Pleistocene epoch, possibly predating the divergence of Neanderthals and modern humans.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240617173730.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New technology allows researchers to precisely, flexibly modulate brain | ScienceDaily
Human brain diseases, such as Parkinson's disease, involve damage in more than one region of the brain, requiring technology that could precisely and flexibly address all affected regions simultaneously. Researchers at Washington University in St. Louis have developed a noninvasive technology combining a holographic acoustic device with genetic engineering that allows them to precisely target affected neurons in the brain, creating the potential to precisely modulate selected cell types in multiple diseased brain regions.


						
Hong Chen, associate professor of biomedical engineering in the McKelvey School of Engineering and of neurosurgery in the School of Medicine, and her team created AhSonogenetics, or Airy-beam holographic sonogenetics, a technique that uses a noninvasive wearable ultrasound device to alter genetically selected neurons in the brains of mice. Results of the proof-of-concept study were published in Proceedings of the National Academy of Sciences June 17.

AhSonogenetics brings together several of Chen's group's recent advances into one technology. In 2021, she and her team launched Sonogenetics, a method that uses focused ultrasound to deliver a viral construct containing ultrasound-sensitive ion channels to genetically selected neurons in the brain. They use low-intensity focused ultrasound to deliver a small burst of warmth, which opens the ion channels and activates the neurons. Chen's team was the first to show that sonogenetics could modulate the behavior of freely moving mice.

In 2022, she and members of her lab designed and 3D-printed a flexible and versatile tool known as an Airy beam-enabled binary acoustic metasurface that allowed them to manipulate ultrasound beams. She also is developing Sonogenetics 2.0, which combines the advantage of ultrasound and genetic engineering to modulate defined neurons noninvasively and precisely in the brains of humans and animals. AhSonogenetics brings them together as a potential method to intervene in neurodegenerative diseases.

"By enabling precise and flexible cell-type-specific neuromodulation without invasive procedures, AhSonogenetics provides a powerful tool for investigating intact neural circuits and offers promising interventions for neurological disorders," Chen said.

Sonogenetics gives researchers a way to precisely control the brains, while airy-beam technology allows researchers to bend or steer the sound waves to generate arbitrary beam patterns inside the brain with a high spatial resolution. Yaoheng (Mack) Yang, a postdoctoral research associate who earned a doctorate in biomedical engineering from McKelvey Engineering in 2022, said the technology gives the researchers three unique advantages.

"Airy beam is the technology that can give us precise targeting of a smaller region than conventional technology, the flexibility to steer to the targeted brain regions, and to target multiple brain regions simultaneously," Yang said.




Chen and her team, including first authors Zhongtao Hu, a former postdoctoral research associate, and Yang, designed each Airy-beam metasurface individually as the foundation for wearable ultrasound devices that were tailored for different applications and for precise locations in the brain.

Chen's team tested the technique on a mouse model of Parkinson's disease. With AhSonogenetics, they were able to stimulate two brain regions simultaneously in a single mouse, eliminating the need for multiple implants or interventions. This stimulation alleviated Parkinson's-related motor deficits in the mouse model, including slow movements, difficulty walking and freezing behaviors.

The team's Airy-beam device overcomes some of the limits of sonogenetics, including tailoring the design of the device to target specific brain locations, as well as incorporating the flexibility to adjust target locations in a single brain.

Hu said the device, which costs roughly $50 to make, can be tailored in size to fit various brain sizes, expanding its potential applications.

"This technology can be used as a research platform to speed neuroscience research because of the capability to flexibly target different brain regions," Hu said. "The affordability and ease of fabrication lower the barriers to the widespread adoption of our proposed devices by the research community for neuromodulation applications."
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How the ketogenic diet improves healthspan and memory in aging mice | ScienceDaily
The ketogenic diet has its fanatics and detractors among dieters, but either way, the diet has a scientifically documented impact on memory in mice. Whlie uncovering how the high fat, low carbohydrate diet boosts memory in older mice, Buck scientists and a team from the University of Chile identified a new molecular signaling pathway that improves synapse function and helps explain the diet's benefit on brain health and aging. Published in the June 5, 2024 issue of Cell Reports Medicine, the findings provide new directions for targeting the memory effects on a molecular level, without requiring a ketogenic diet or even the byproducts of it.


						
"Our work indicates that the effects of the ketogenic diet benefit brain function broadly, and we provide a mechanism of action that offers a strategy for the maintenance and improvement of this function during aging," said the study's senior author, Christian Gonzalez-Billault, PhD, who is a professor at the Universidad de Chile and director of their Geroscience Center for Brain Health and Metabolism, and adjunct professor at the Buck Institute.

"Building off our previous work showing that a ketogenic diet improves healthspan and memory in aging mice, this new work indicates that we can start with older animals and still improve the health of the aging brain, and that the changes begin to happen relatively quickly," said John Newman, MD, PhD, whose laboratory at Buck collaborated with Dr. Gonzalez-Billault on the study. Newman is both an assistant professor at the Buck Institute, and a geriatrician at University of California, San Francisco. "It is the most detailed study to date of the ketogenic diet and aging brain in mice."

More than a century ago, researchers observed that rats that consumed less food lived longer. "We now know that being able to manipulate lifespan is not about specifically eating less," said Newman, but actually is related to signals inside cells that turn on and off specific pathways in response to available nutrients. Many of those pathways are related to aging, such as controlling protein turnover and metabolism.

Some of those signals are the ketone bodies, which consist of acetoacetate (AcAc), b-hydroxybutyrate (BHB) and to a much lesser extent, acetone. These molecules are routinely produced in the liver. They ramp up when glucose is in short supply, whether due to caloric restriction, intense exercise or low carbohydrate intake, such as with a ketogenic diet.

Seven years ago, Newman led a team that published the first proof of the concept that if a ketogenic diet exposes mice to increased levels of ketone bodies over much of their adult life, it helps them to live longer and age in a more healthy way. "The most striking effect on their health as they aged was that their memory was preserved; it was possibly even better than when they were younger," he said.

The current study, designed to answer what part of the ketogenic diet was having the effect and how it was affecting the brain on a molecular level to improve memory, was led by Gonzalez-Billault in a collaboration with scientists at the Buck. Mice on a ketogenic diet are fed a ratio of 90 percent calories from fat and 10 percent from protein, while mice on a control diet received the same amount of protein but only 13 percent fat. The test mice, of "advanced age" of more than two years old, received one week of the ketogenic diet, cycled with one week of the control diet, to keep the mice from overeating and becoming obese.




The benefits of the ketogenic diet, said, Gonzalez-Billault, were demonstrated through neurophysiological and behavioral experiments with the mice that test how well the mechanisms involved in memory generation, storage, and retrieval function in aged animals. When these showed that the ketogenic diet appeared to benefit how well the synapses responsible for memory worked, they took a deep dive into the protein composition at these synapses in the hippocampus, in a collaboration with Buck professor Birgit Schilling, PhD, who directs the Proteomics and Mass Spectrometry Center.

"Surprisingly, we saw that the ketogenic diet caused dramatic changes in the proteins of the synapse," said Schilling. Even more surprising, she said, was that the changes started after a relatively brief exposure to the diet (tested after only one week on the diet) and only became more pronounced over time (tested again after six weeks and a year).

Further testing indicated that in synapses, a particular signaling pathway (protein kinase A, which is critical to synapse activity) was activated by the ketogenic diet. In isolated cells, the team then showed that it appears that BHB, the main ketone body produced in a ketogenic diet, is activating this pathway. This leads to the idea, said Gonzalez-Billault, that ketone bodies (specifically BHB) play a crucial role not only as an energy source, but also as a signaling molecule.

"BHB is almost certainly not the only molecule in play, but we think this is an important part of understanding how the ketogenic diet and ketone bodies work," said Newman "This is the first study to really connect deep molecular mechanisms of ketone bodies all the way through to improving the aging brain."

Looking forward, he said, the next step would be to see if the same memory protection could be achieved by using BHB alone, or possibly going even more targeted than that by manipulating the protein kinase A signaling pathway directly. "If we could recreate some of the big-picture effects on synapse function and memory just by manipulating that signaling pathway in the right cells," he said, "we wouldn't even need to eat a ketogenic diet in the end."
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Maternal inheritance of Alzheimer's disease tied to increased risk of developing disease | ScienceDaily
A new study by investigators from Mass General Brigham suggests that whether a person inherits risk of Alzheimer's disease from their mother or father influences risk of biological changes in the brain that lead to disease. By evaluating 4,400 cognitively unimpaired adults ages 65-85, the team found those with a history of Alzheimer's disease (AD) on either their mother's side or both parents' sides had increased amyloid in their brains. Their results are published in JAMA Neurology.


						
"Our study found if participants had a family history on their mother's side, a higher amyloid level was observed," said senior corresponding author Hyun-Sik Yang, MD, a neurologist at Mass General Brigham and behavioral neurologist in the Division of Cognitive and Behavioral Neurology at Brigham and Women's Hospital. He is also a physician investigator of Neurology for the Mass General Research Institute.

Yang collaborated with other researchers from Mass General Brigham, as well as investigators from Vanderbilt and Stanford University. He said previous smaller studies have investigated the role family history plays in Alzheimer's disease. Some of those studies suggested maternal history represented a higher risk of developing Alzheimer's, but the group wanted to revisit the question with cognitively normal participants and access to a larger clinical trial data set.

The team examined the family history of older adults from the Anti-Amyloid Treatment in Asymptomatic Alzheimer's (A4) study, a randomized clinical trial aimed at AD prevention. Participants were asked about memory loss symptom onset of their parents. Researchers also asked if their parents were ever formally diagnosed or if there was autopsy confirmation of Alzheimer's disease.

"Some people decide not to pursue a formal diagnosis and attribute memory loss to age, so we focused on a memory loss and dementia phenotype," Yang said.

Researchers then compared those answers and measured amyloid in participants. They found maternal history of memory impairment at all ages and paternal history of early-onset memory impairment was associated with higher amyloid levels in the asymptomatic study participants. Researchers observed that having only a paternal history of late-onset memory impairment was not associated with higher amyloid levels.

"If your father had early onset symptoms, that is associated with elevated levels in the offspring," said Mabel Seto, PhD, first author and a postdoctoral research fellow in the Department of Neurology at the Brigham. "However, it doesn't matter when your mother started developing symptoms -- if she did at all, it's associated with elevated amyloid."

Seto works on other projects related to sex differences in neurology. She said the results of the study are fascinating because Alzheimer's tends to be more prevalent in women. "It's really interesting from a genetic perspective to see one sex contributing something the other sex isn't," Seto said. She also noted the findings were not affected by whether study participants were biologically male or female.




Yang noted one limitation of the study is some participants' parents died young, before they could potentially develop symptoms of cognitive impairment. He said social factors like access to resources and education may have also played a role in when someone acknowledged cognitive impairment and if they were ever formally diagnosed.

"It's also important to note a majority of these participants are non-Hispanic white," Seto added. "We might not see the same effect in other races and ethnicities."

Seto said the next steps are to expand the study to look at other groups and examine how parental history affects cognitive decline and amyloid accumulation over time and why DNA from the mother plays a role.

Reisa Sperling, MD, a co-author on the paper, principal investigator of the A4 Study and a neurologist at Mass General Brigham, said the findings could be used soon in clinical translation.

"This work indicates that maternal inheritance of Alzheimer's disease may be an important factor in identifying asymptomatic individuals for ongoing and future prevention trials," Sperling said.
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Bedtime battles: 1 in 4 parents say their child can't go to sleep because they're worried or anxious | ScienceDaily
Many bedtime battles stem from children's after dark worries, suggests a new national poll.


						
And while most families have bedtime rituals to help their little ones ease into nighttime, many rely on strategies that may increase sleep challenges long term, according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health.

Overall, one in four parents describe getting their young child to bed as difficult -- and these parents are less likely to have a bedtime routine, more likely to leave on a video or TV show, and more likely to stay with their child until they're asleep.

"Our report reinforces the common struggle of getting young children to sleep. When this transition to bedtime becomes a nightly conflict, some parents may fall into habits that work in the moment but could set them up for more sleep issues down the road," said Mott Poll co-director Sarah Clark, M.P.H.

"Establishing a consistent bedtime routine is crucial. When children don't get enough rest, it can impact their physical development, emotional regulation and behavior."

Nearly one in five parents say they have given their kids melatonin to help with sleep while a third stay in the room until their child completely dozes off, according to the nationally representative poll that includes responses from 781 parents of children ages one to six surveyed in February.

Nighttime worries interfere with sleep

Parents share common reasons behind bedtime struggles, with nearly a quarter saying their child's sleep is often or occasionally delayed due to being worried or anxious.




A particular challenge, parents say, is when children don't stay asleep. More than a third of parents say their child wakes up upset or crying, with more than 40% saying their child moves to their parents' bed and about 30% saying children insist that the parent sleep in their room.

"Many young children go through stages when they become scared of the dark or worry that something bad might happen, causing them to delay bedtime or become distressed by parents leaving the room. Bad dreams or being awakened in the middle of the night can also disrupt sleep," Clark said.

"Although this is a normal part of a child's development, it can be frustrating when parents already feel tired themselves at the end of the day. Parents should find a balance between offering reassurance and comfort while maintaining some boundaries that help ensure everyone -- both kids and adults -- get adequate sleep."

More findings from the report, plus Clark's recommendations for helping young children fall and stay asleep:

Stick to a regular bedtime routine

Most parents polled report having a bedtime routine for their child, often including brushing teeth, reading bedtime stories and/or bathing. Less than half also say their child has a drink of water or snack, turns off devices, prays and talks about their day.




Other bedtime habits include holding a blanket or stuff animal or sucking a pacifier or fingers.

Not only does having a consistent bedtime routine help make the nighttime transition smoother, Clark says, it also provides one-on-one time, allowing the child to get their parent's full attention.

"A predictable bedtime routine provides a sense of security and comfort and signals to the child that it's time to slow down," she said.

"Knowing what to expect next can reduce anxiety and help children feel safe and relaxed. Having this dedicated time with parents also promotes bonding and emotional connection, creating positive associations with bedtime."

Nearly two-thirds of parents also said children staying up to play was a major factor in delaying sleep. Clark says, highlighting the need to wind down at least an hour before bed.

Promote an environment conducive to sleep

A little less than half of parents polled say their child sleeps in their own bedroom while less than a quarter share a bedroom with siblings or in the parents' bedroom. One in 10 kids spend part the night in their own bedroom and part of the night with parents.

More than two-fifths of parents polled said noise from other rooms interfered with their child's sleep.

"The sleep environment can have a major effect on a child's sleep quality, including getting to sleep and staying asleep through the night," Clark said.

"When possible, children should have their own bed in a room that is quiet, without a lot of noise from other family members."

Many parents polled also use a nightlight or crack the bedroom door so the child isn't in complete darkness, Clark says, but parents should make sure the light does not shine directly at the child's face.

Some parents also play calming music or stories to help their child go to sleep, while others use a white noise machine or app. However, Clark cautions to keep white noise machines at no more than 50 decibels and placed at least seven feet from the child's bed to prevent unintended damage to the child's hearing.

Talk to a doctor before using aids like melatonin

Many types of melatonin products are advertised as being appropriate for children but these products have not undergone rigorous testing for safety and effectiveness, and their side effects and long term impact on a child's growth and development are unknown, Clark says.

"Although melatonin is a natural hormone that regulates sleep-wake cycles and may be fine to use occasionally, parents shouldn't rely on it as a primary sleep aid," Clark said.

"Parents who are considering giving melatonin to their young child should consult with their pediatrician to discuss options and rule out other causes of sleep problems first."

If using melatonin, parents should also start with the lowest dose possible.

In addition, it's important to keep electronics such as tablets or televisions out of children's bedroom, as the blue light emitted by many of these screens interferes with the natural production of melatonin.

Offer comfort but enforce boundaries

Parents can help ease little ones' anxiety by allowing extra time to let them talk about their day, which might draw out specific worries and give parents a chance to provide compassion and reassurance, Clark said.

Rather than remaining in the room, parents can also offer to check on the child every few minutes, which acknowledges the child's fears and offers a reassuring presence, but still maintains a calm sleep environment and promotes sleep independence.

"Families can incorporate comforting rituals to help transform nighttime fears into a calming experience," Clark said.

Have a consistent approach when children wake up in the night

Some children are prone to vivid dreams or nightmares and may have difficulty getting back to sleep. Parents should decide on their approach to this situation and stick with it, Clark says, whether it's taking the child back to bed or allowing them to stay in the parents' room.

"Being consistent in carrying out that approach will help the child adjust and be more likely to return to sleep," Clark said.

Ease into changes in sleep patterns, such as dropping naps

For young children, a major sleep-related transition is discontinuing daytime naps. In general, children ages one to two should get 11-14 hours of sleep with naps while the amount of recommended sleep decreases slightly from ages three to six.

If children are taking longer to fall asleep at nap time, resisting naps or suddenly having difficulty falling asleep at night or waking up earlier than usual in the morning, it may be time to drop the nap, Clark says.

"Parents may need to adjust sleep routines gradually to transition to changes to a child's sleep patterns," Clark said.

Other changes that can affect a child's sleep include transitioning from a crib to a toddler bed, starting school, having a change in their daytime routine, or being outdoors for longer than usual.
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Simplicity versus adaptability: Understanding the balance between habitual and goal-directed behaviors | ScienceDaily
Both living creatures and AI-driven machines need to act quickly and adaptively in response to situations. In psychology and neuroscience, behavior can be categorized into two types -- habitual (fast and simple but inflexible), and goal-directed (flexible but complex and slower). Daniel Kahneman, who won the Nobel Prize in Economic Sciences, distinguishes between these as System 1 and System 2. However, there is ongoing debate as to whether they are independent and conflicting entities or mutually supportive components.


						
Scientists from the Okinawa Institute of Science and Technology (OIST) and Microsoft Research Asia in Shanghai have proposed a new AI method in which systems of habitual and goal-directed behaviors learn to help each other. Through computer simulations that mimicked the exploration of a maze, the method quickly adapts to changing environments and also reproduced the behavior of humans and animals after they had been accustomed to a certain environment for a long time.

The study, published in Nature Communications, not only paves the way for the development of systems that adapt quickly and reliably in the burgeoning field of AI, but also provides clues to how we make decisions in the fields of neuroscience and psychology.

The scientists derived a model that integrates habitual and goal-directed systems for learning behavior in AI agents that perform reinforcement learning, a method of learning based on rewards and punishments, based on the theory of "active inference," which has been the focus of much attention recently. In the paper, they created a computer simulation mimicking a task in which mice explore a maze based on visual cues and are rewarded with food when they reach the goal.

They examined how these two systems adapt and integrate while interacting with the environment, showing that they can achieve adaptive behavior quickly. It was observed that the AI agent collected data and improved its own behavior through reinforcement learning.

What our brains prefer 

After a long day at work, we usually head home on autopilot (habitual behavior). However, if you have just moved house and are not paying attention, you might find yourself driving back to your old place out of habit. When you catch yourself doing this, you switch gears (goal-directed behavior) and reroute to your new home. Traditionally, these two behaviors are considered to work independently, resulting in behavior being either habitual and fast but inflexible, or goal-directed and flexible but slow.




"The automatic transition from goal-directed to habitual behavior during learning is a very famous finding in psychology. Our model and simulations can explain why this happens: The brain would prefer behavior with higher certainty. As learning progresses, habitual behavior becomes less random, thereby increasing certainty. Therefore, the brain prefers to rely on habitual behavior after significant training," Dr. Dongqi Han, a former PhD student at OIST's Cognitive Neurorobotics Research Unit and first author of the paper, explained.

For a new goal that AI has not trained for, it uses an internal model of the environment to plan its actions. It does not need to consider all possible actions but uses a combination of its habitual behaviors, which makes planning more efficient. This challenges traditional AI approaches which require all possible goals to be explicitly included in training for them to be achieved. In this model each desired goal can be achieved without explicit training but by flexibly combining learned knowledge.

"It's important to achieve a kind of balance or trade-off between flexible and habitual behavior," Prof. Jun Tani, head of the Cognitive Neurorobotics Research Unit stated. "There could be many possible ways to achieve a goal, but to consider all possible actions is very costly, therefore goal directed behavior is limited by habitual behavior to narrow down options."

Building better AI 

Dr. Han got interested in neuroscience and the gap between artificial and human intelligence when he started working on AI algorithms. "I started thinking about how AI can behave more efficiently and adaptably, like humans. I wanted to understand the underlying mathematical principles and how we can use them to improve AI. That was the motivation for my PhD research."

Understanding the difference between habitual and goal-directed behaviors has important implications, especially in the field of neuroscience, because it can shed light on neurological disorders such as ADHD, OCD, and Parkinson's disease.

"We are exploring the computational principles by which multiple systems in the brain work together. We have also seen that neuromodulators such as dopamine and serotonin play a crucial role in this process," Prof. Kenji Doya, head of the Neural Computation Unit explained. "AI systems developed with inspiration from the brain and proven capable of solving practical problems can serve as valuable tools in understanding what is happening in the brains of humans and animals."

Dr. Han would like to help build better AI that can adapt their behavior to achieve complex goals. "We are very interested in developing AI that have near human abilities when performing everyday tasks, so we want to address this human-AI gap. Our brains have two learning mechanisms, and we need to better understand how they work together to achieve our goal."
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Treating the gut-brain connection with B vitamins to treat Parkinson's Disease | ScienceDaily
A study led by Nagoya University Graduate School of Medicine in Japan has revealed a link between gut microbiota and Parkinson's disease (PD). The researchers found a reduction in the gut bacteria of genes responsible for synthesizing the essential B vitamins B2 and B7. They also identified a relationship between the lack of these genes and low levels of agents that help maintain the integrity of the intestinal barrier. This barrier prevents toxins from entering the bloodstream, which causes the inflammation seen in PD. Their findings, published in npj Parkinson's Disease, suggest that treatment with B vitamins to address these deficiencies can be used to treat PD.


						
PD is characterized by a variety of physical symptoms that hinder daily activities and mobility, such as shaking, slow movement, stiffness, and balance problems. While the frequency of PD may vary between different populations, it is estimated to affect approximately 1-2% of individuals aged 55 years or older.

Various physiological processes are heavily influenced by the microorganisms found in the gut, which are collectively known as gut microbiota. In ideal conditions, gut microbiota produce SCFAs and polyamines, which maintain the intestinal barrier that prevents toxins entering the bloodstream. Toxins in the blood can be carried to the brain where they cause inflammation and affect neurotransmission processes that are critical for maintaining mental health.

To better understand the relationship between the microbial characteristics of the gut in PD, Hiroshi Nishiwaki and Jun Ueyama from the Nagoya University Graduate School of Medicine conducted a metanalysis of stool samples from patients with PD from Japan, the United States, Germany, China, and Taiwan. They used shotgun sequencing, a technique that sequences all genetic material in a sample. This is an invaluable tool because it offers researchers a better understanding of the microbial community and genetic makeup of the sample.

They observed a decrease in the bacterial genes responsible for the synthesizing of riboflavin (vitamin B2) and biotin (vitamin B7) in patients diagnosed with PD. Riboflavin and biotin, derived from both food and gut microbiota, have anti-inflammatory properties, which may counteract the neuroinflammation seen in diseases like PD.

B vitamins play crucial roles in the metabolic processes that influence the production and functions of short-chain fatty acids (SCFAs) and polyamines, two agents that help maintain the integrity of the intestinal barrier, preventing toxins entering the bloodstream. An examination of fecal metabolites revealed decreases of both in patients with PD.

The findings indicate a potential explanation for the progression of PD. "Deficiencies in polyamines and SCFAs could lead to thinning of the intestinal mucus layer, increasing intestinal permeability, both of which have been observed in PD," Nishiwaki explained. "This higher permeability exposes nerves to toxins, contributing to abnormal aggregation of alpha-synuclein, activating the immune cells in the brain, and leading to long-term inflammation."

He added, "Supplementation therapy targeting riboflavin and biotin holds promise as a potential therapeutic avenue for alleviating PD symptoms and slowing disease progression."

The results of the study highlight the importance of understanding the complex relationship among gut microbiota, metabolic pathways, and neurodegeneration. In the coming years, therapy could potentially be customized based on the unique microbiome profile of each patient. By altering bacterial levels in the microbiome, doctors can potentially delay the onset of symptoms associated with diseases like PD.

"We could perform gut microbiota analysis on patients or conduct fecal metabolite analysis," Nishiwaki said. "Using these findings, we could identify individuals with specific deficiencies and administer oral riboflavin and biotin supplements to those with decreased levels, potentially creating an effective treatment."
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Using novel discourse treatment to improve communication in people with aphasia | ScienceDaily
Aphasia is a condition that affects a quarter of stroke survivors. It impairs communication abilities, including speaking, listening, reading, and writing. Aphasia can have a profound impact on social relationships, employment, and overall quality of life.


						
In current UK practice, 90% of speech and language therapists acknowledge the importance of discourse assessment and treatment. However, they face considerable barriers such as limited resources, time, and expertise. Addressing this critical need, the Language Underpins Narrative in Aphasia (LUNA) intervention used in the study offers a multi-level approach targeting words, sentences, and discourse macrostructure through personalised narratives. This aligns more closely with real-life communication needs.

The study, which was led by Professors Madeline Cruice and Lucy Dipper from the Centre for Language and Communication Sciences Research at City and funded by the Stroke Association, involved 28 participants with chronic aphasia, split equally into immediate treatment and delayed treatment (control) groups. Treatment was structured into 20 sessions over 10 weeks, each lasting an hour. Sessions were conducted via Zoom, making the therapy accessible during the COVID-19 pandemic. The LUNA treatment focused on personal narrative monologues, helping participants reconstruct their chosen narratives through structured language exercises targeting words, phrases, sentences, and discourse macrostructures.

It was seen that LUNA improved the narrative abilities of participants who received the treatment compared to the control group. Improvements were also seen in terms of language functioning and mood. These results underscore the potential of LUNA to effectively enhance communication skills among aphasia patients. The study has been published in the journal PLoS One.

Professor Dipper, Professor of Clinical Linguistics, said: "Traditional therapeutic approaches often focus on word and sentence-level treatments, but LUNA represents a shift in aphasia treatment to align more closely with real-life communication needs."

Professor Cruice, Professor of Aphasia Rehabilitation and Recovery, said: "Our findings demonstrate the potential of narrative-based interventions to make a real difference in the lives of people with aphasia. We hope this study encourages further research and adoption of discourse-focused therapies, ultimately leading to more holistic and effective rehabilitation practices."
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AI recognizes athletes' emotions | ScienceDaily
Using computer-assisted neural networks, Researchers at the Karlsruhe Institute of Technology (KIT) and the University of Duisburg-Essen have been able to accurately identify affective states from the body language of tennis players during games. For the first time, they trained a model based on artificial intelligence (AI) with data from actual games. Their study, published in the journal Knowledge-Based Systems, demonstrates that AI can assess body language and emotions with accuracy similar to that of humans. However, it also points to ethical concerns.


						
For their study, "Recognizing affective states from the expressive behavior of tennis players using convolutional neural networks," sports sciences, software development and computer science researchers from KIT and the University of Duisburg-Essen developed a special AI model. They used pattern-recognition programs to analyze video of tennis players recorded during actual games.

Success Rate of 68.9 Percent

"Our model can identify affective states with an accuracy of up to 68.9 percent, which is comparable and sometimes even superior to assessments made by both human observers and earlier automated methods," said Professor Darko Jekauc of KIT's Institute of Sports and Sports Science.

An important and unique feature of the study is the project team's use of real-life scenes instead of simulated or contrived situations to train their AI system. The researchers recorded video sequences of 15 tennis players in a specific setting, focusing on the body language displayed when a point was won or lost. The videos showed players with cues including lowered head, arms raised in exultation, hanging racket, or differences in walking speed; these cues could be used to identify the players' affective states.

After being fed with this data, the AI learned to associate the body language signals with different affective reactions and to determine whether a point had been won (positive body language) or lost (negative body language). "Training in natural contexts is a significant advance for the identification of real emotional states, and it makes predictions possible in real scenarios," said Jekauc.

Humans and Machines Recognize Negative Emotions Better Than Positive Ones

Not only does the research show that AI algorithms may be able to surpass human observers in their ability to identify emotions in the future, it also revealed a further interesting aspect: both humans and AI are better at recognizing negative emotions. "The reason could be that negative emotions are easier to identify because they're expressed in more obvious ways," said Jekauc. "Psychological theories suggest that people are evolutionarily better adapted to perceive negative emotional expressions, for example because defusing conflict situations quickly is essential to social cohesion."




Ethical Aspects Need Clarification Before Use

The study envisions a number of sports applications for reliable emotion recognition, such as improving training methods, team dynamics and performance, and preventing burnout. Other fields, including healthcare, education, customer service and automotive safety, could also benefit from reliable early detection of emotional states.

"Although this technology offers the prospect of significant benefits, the potential risks associated with it also have to be taken into account, especially those relating to privacy and misuse of data," Jekauc said. "Our study adhered strictly to existing ethical guidelines and data protection regulations. And with a view to future applications of such technology in practice, it will be essential to clarify ethical and legal issues ahead of time."
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Chronic high blood pressure during pregnancy doubled between 2008 and 2021 in the U.S. | ScienceDaily
The number of individuals in the U.S. who had chronic hypertension or chronic high blood pressure during pregnancy doubled between 2008 and 2021, while the prescribing and filling of antihypertensive medication during pregnancy remained low but stable at 60%, according to new research published today in Hypertension, a peer-reviewed journal of the American Heart Association.


						
Chronic hypertension in pregnancy is defined as high blood pressure diagnosed before pregnancy or before 20 weeks of pregnancy. Recent research has suggested that medication treatment of mild or moderate high blood pressure during pregnancy reduces the risk of severe hypertension and preeclampsia. Preeclampsia typically begins after 20 weeks of pregnancy, can cause liver or kidney damage, and may double a woman's chances for future heart failure and other cardiovascular complications.

In 2017, clinical guideline from the American Heart Association and the American College of Cardiology revised the thresholds to diagnose high blood pressure from 140/90 mm Hg to 130/80 mm Hg for stage 1, and from 160/110 mm Hg to 140/90 mm Hg for stage 2 hypertension. The guideline recommends medication treatment for non-pregnant adults with stage 2 high blood pressure; for stage 1 high blood pressure in individuals with Type 1 or Type 2 diabetes, or kidney disease; and for stage 1 high blood pressure in individuals with established cardiovascular disease or without cardiovascular disease but with an estimated 10% or higher risk of developing atherosclerotic cardiovascular disease.

"We had hoped to see some impact from the 2017 guideline, which reduced the blood pressure threshold for treatment of hypertension. We were surprised to not find any meaningful changes from before and after the guideline," said lead study author Stephanie Leonard, Ph.D., an epidemiologist and assistant professor in maternal-fetal medicine and obstetrics at Stanford University's School of Medicine in Stanford, California. "While the rate of hypertension in pregnancy has doubled, the use of medication for treatment remained stable at only 60%, which we believe is likely below what it should be if patients are treated according to clinical guidelines."

The researchers analyzed a database of private health insurance claims for 2007 to 2021 and found:
    	The rate of high blood pressure diagnosis steadily increased from 1.8% to 3.7% among 1.9 million pregnancies between 2008 and 2021. Over the 14-year study period, this amounted to a doubling in the rate of high blood pressure in pregnancy.
    	The frequency of high blood pressure during pregnancy continued to rise steadily, without a spike in new diagnoses after the 2017 ACC/AHA hypertension guideline, which lowered the threshold for stage 1 hypertension to blood pressure readings [?]130/80 mm Hg.
    	A higher proportion of the individuals with high blood pressure were ages 35 or older, lived in the South (Alabama, Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina, Virginia, West Virginia, Tennessee, Oklahoma, Texas or the District of Columbia, according to the Census Bureau) and had other chronic health conditions, such as obesity, Type 1 or Type 2 diabetes, or kidney disease.
    	The use of medication for high blood pressure treatment during pregnancy remained low and relatively stable, ranging from 57% to 60% over the 14-year study period.
    	The number of pregnant individuals with high blood pressure treated with the medications methyldopa or hydrochlorothiazide, decreased from 29% to 2% and from 11% to 5%, respectively, over the study period. The proportion of patients treated with antihypertensive medications labetalol or nifedipine increased from 19% to 42% and from 9% to 17%, respectively. These are the currently recommended, first-line medications for chronic hypertension in pregnancy, Leonard said.

"This study highlights the growing burden of chronic hypertension and poor cardiovascular health pre-pregnancy as critical targets to improve maternal health. These data are consistent with prior studies highlighting the increasing prevalence of hypertension from data from the National Vital Statistics System, which covers all births in the U.S.," said Sadiya S. Khan, M.D., M.Sc., FAHA, chair of the writing group for the Association's 2023 scientific statement, "Optimizing Prepregnancy Cardiovascular Health to Improve Outcomes in Pregnant and Postpartum Individuals and Offspring. Khan is the Magerstadt Professor of Cardiovascular Epidemiology and an associate professor of medicine and preventive medicine at the Northwestern University Feinberg School of Medicine and a preventive cardiologist at Northwestern Medicine, both in Chicago.

"Since nearly 1 in 3 individuals with chronic hypertension may face a pregnancy complication, the prevention and control of hypertension should be among the highest priorities for improving maternal health," Khan added.




Study design, background and details:
    	The database used in the study includes private, or commercial, health insurance claims, as well as enrollment data from large employers and health plans across the U.S. that provide private health care coverage for employees, their spouses and dependents. The database has information for claims involving several million individuals annually in the United States.
    	Researchers identified oral antihypertensive medications dispensed by outpatient pharmacies using a previously established list of medications. Patient characteristics, including age, region of residence in the U.S. and birth year were noted.
    	The study examined treatment rates and type of medication use among people with conditions including obesity, kidney disease, Type 1 or Type 2 diabetes, lupus, thyroid disorder, and pregnancies involving more than one fetus (twins, triplets, etc.).

The study had several limitations. First, the database only noted prescriptions that were filled, not if the prescription was taken as directed. The database also did not include blood pressure measurements, so chronic hypertension status was assessed by diagnosis codes; this meant the researchers could not analyze the severity of high blood pressure or assess blood pressure changes. In addition, the findings may not be generalizable to people who have Medicaid for health insurance, people without insurance or people who live in other countries with health care systems different from the U.S.

Co-authors, disclosures and funding sources are listed in the manuscript.

Studies published in the American Heart Association's scientific journals are peer-reviewed. The statements and conclusions in each manuscript are solely those of the study authors and do not necessarily reflect the Association's policy or position. The Association makes no representation or guarantee as to their accuracy or reliability. The Association receives funding primarily from individuals; foundations and corporations (including pharmaceutical, device manufacturers and other companies) also make donations and fund specific Association programs and events. The Association has strict policies to prevent these relationships from influencing the science content. Revenues from pharmaceutical and biotech companies, device manufacturers and health insurance providers and the Association's overall financial information are available here.
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      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        Creation of a power-generating, gel electret-based device
        A team of researchers has developed a gel electret capable of stably retaining a large electrostatic charge. The team then combined this gel with highly flexible electrodes to create a sensor capable of perceiving low-frequency vibrations (e.g., vibrations generated by human motion) and converting them into output voltage signals. This device may potentially be used as a wearable healthcare sensor.

      

      
        New catalyst unveils the hidden power of water for green hydrogen generation
        A team of scientists reports a new milestone for the sustainable production of green hydrogen through water electrolysis. Their new catalyst design harnesses so far unexplored properties of water to achieve, for the first time, an alternative to critical raw materials for water electrolysis at industrial-relevant conditions.

      

      
        Titan's lakes may be shaped by waves
        Geologists studied Titan's shorelines and showed through simulations that coastlines of the moon's methane- and ethane-filled seas have likely been shaped by waves. Until now, scientists have found indirect and conflicting signs of wave activity, based on Cassini images of Titan's surface.

      

      
        New NOvA results add to mystery of neutrinos
        The international collaboration presented their first results with new data in four years, featuring a new low-energy sample of electron neutrinos and a dataset doubled in size.

      

      
        Jupiter's great red spot is not the same one Cassini observed in 1600s
        Jupiter's iconic Great Red Spot has persisted for at least 190 years and is likely a different spot from the one observed by the astronomer Giovanni Domenico Cassini in 1665, a new study reports. The Great Red Spot we see today likely formed because of an instability in the planet's intense atmospheric winds, producing a long, persistent atmospheric cell, the study also finds.

      

      
        Shining light on mental health in space science community
        The severity of anxiety and depressive symptoms in the planetary science community is greater than in the general U.S. population, according to a new study.

      

      
        Impacts of space travel on astronauts' eye health
        Gravitational changes experienced by astronauts during space travel can cause fluids within the body to shift. This can cause changes to the cardiovascular system, including vessels in and around the eyes. These fluid shifts may be related to a phenomenon known as Spaceflight Associated Neuro-ocular Syndrome (SANS), which can cause astronauts to experience changes in eye shape and other ocular symptoms.

      

      
        Transforming inexpensive quinolines into complex drug candidates
        An innovative synthesis strategy opened up the way to 2D/3D fused frameworks using inexpensive quinolines as feedstock, report scientists. By leveraging a light-sensitive borate intermediate, the scientists could transform quinoline derivatives into a great variety of 2D/3D fused frameworks in a straightforward and cost-effective manner. Their findings are expected to enable the synthesis of highly customizable drug candidates.

      

      
        A railroad of cells
        Looking under the microscope, a group of cells slowly moves forward in a line, like a train on the tracks. The cells navigate through complex environments. A new approach now shows how they do this and how they interact with each other.

      

      
        Much of the Nord Stream gas remained in the sea
        Much of the methane released into the southern Baltic Sea from the Nord Stream gas pipeline has remained in the water. This is shown by measurements taken by researchers from the University of Gothenburg.

      

      
        New technology provides electrifying insights into how catalysts work at the atomic level
        A team has invented a technique to study electrochemical processes at the atomic level with unprecedented resolution. They have already used it to discover a surprising phenomena in a popular catalyst material and plan to apply their technology to studying a wide variety of electrochemical systems including batteries, fuel cells, and solar fuel generators. The insights could lead to more efficient and durable devices.

      

      
        Researchers create new class of materials called 'glassy gels'
        Researchers have created a new class of materials called 'glassy gels' that are very hard and difficult to break despite containing more than 50% liquid. Coupled with the fact that glassy gels are simple to produce, the material holds promise for a variety of applications.

      

      
        Mirror-image chemicals may revolutionize drug delivery
        More than 130 years after cyclodextrins were first discovered and reported, a team of scientists has created chemical mirror images of these complex carbohydrates in the laboratory. This discovery may revolutionize how medications are delivered to patients.

      

      
        Researchers leverage shadows to model 3D scenes, including objects blocked from view
        A new technique can model an entire 3D scene, including areas hidden from view, from just one camera image. The method relies on image shadows, which provide information about the geometry and location of hidden objects.

      

      
        What happens when neutron stars collide?
        New simulations show that hot neutrinos created at the interface of merging binary neutron stars are briefy trapped and remain out of equilibrium with the cold cores of the stars for 2 to 3 milliseconds.

      

      
        Unveiling Telo-seq: A breakthrough in telomere research on aging and cancer
        Telo-seq -- a new tool -- is bringing telomere science into its modern era. Scientists can finally explore questions about the role of telomeres in aging and cancer that were not accessible with previous methods. The findings will inspire novel telomere-targeting therapeutics for aging-related diseases.

      

      
        The 'Queen of the Night' does not whistle
        Opera singers have to use the extreme limits of their voice range. Many pedagogical and scientific sources suggest that the highest pitches reached in classical singing can only be produced with a so-called 'whistle' voice register, in analogy to ultrasonic vocalizations of mice and rats. An international research team has now rejected this assumption. In their study, the scientists showed that the high-frequency sounds of operatic sopranos are produced with the same principle than speech and mos...

      

      
        Breakthrough may clear major hurdle for quantum computers
        The potential of quantum computers is currently thwarted by a trade-off problem. Quantum systems that can carry out complex operations are less tolerant to errors and noise, while systems that are more protected against noise are harder and slower to compute with. Now a research team has created a unique system that combats the dilemma, thus paving the way for longer computation time and more robust quantum computers.

      

      
        Researchers film energy materials as they form
        Shooting a movie in the lab requires special equipment. Especially when the actors are molecules -- invisible to the naked eye -- reacting with each other. 'Imagine trying to film tiny lava flows during a volcanic eruption. Your smartphone camera wouldn't be up to the job.

      

      
        Astronomers see a massive black hole awaken in real time
        In late 2019 the previously unremarkable galaxy SDSS1335+0728 suddenly started shining brighter than ever before. To understand why, astronomers have used data from several space and ground-based observatories, including the European Southern Observatory's Very Large Telescope (ESO's VLT), to track how the galaxy's brightness has varied. In a study out today, they conclude that they are witnessing changes never seen before in a galaxy -- likely the result of the sudden awakening of the massive bl...

      

      
        Advanced artificial intelligence: A revolution for sustainable agriculture
        The rise of advanced artificial intelligence (edge AI) could well mark the beginning of a new era for sustainable agriculture. A recent study proposes a roadmap for integrating this technology into farming practices. The aim? To improve the efficiency, quality and safety of agricultural production, while addressing a range of environmental, social and economic challenges.

      

      
        At-camera gaze can increase scores in simulated interviews
        Eye-contact has a significant impact on interpersonal evaluation, and online job interviews are no exception. In addition to the quality of a resume, the direction of the interviewee's gaze might help (or hinder) their chances of securing the job.

      

      
        Towards wider 5G network coverage: Novel wirelessly powered relay transceiver
        A novel 256-element wirelessly powered transceiver array for non-line-of-sight 5G communication, featuring efficient wireless power transmission and high-power conversion efficiency, has been designed. The innovative design can enhance the 5G network coverage even to places with link blockage, improving flexibility and coverage area, and potentially making high-speed, low-latency communication more accessible.

      

      
        Researchers teach AI to spot what you're sketching
        A new way to teach artificial intelligence (AI) to understand human line drawings -- even from non-artists -- has been developed.

      

      
        Wirelessly powered relay will help bring 5G technology to smart factories
        A recently developed wirelessly powered 5G relay could accelerate the development of smart factories, report scientists. By adopting a lower operating frequency for wireless power transfer, the proposed relay design solves many of the current limitations, including range and efficiency. In turn, this allows for a more versatile and widespread arrangement of sensors and transceivers in industrial settings.

      

      
        Simplicity versus adaptability: Understanding the balance between habitual and goal-directed behaviors
        Scientists have proposed a new AI method in which systems of habitual and goal-directed behaviors learn to help each other. Through computer simulations that mimicked the exploration of a maze, the method quickly adapts to changing environments and also reproduced the behavior of humans and animals after they had been accustomed to a certain environment for a long time. The study not only paves the way for the development of systems that adapt quickly and reliably in the burgeoning field of AI, b...

      

      
        New material puts eco-friendly methanol conversion within reach
        Researchers have developed innovative, eco-friendly quantum materials that can drive the transformation of methanol into ethylene glycol. This discovery opens up new possibilities for using eco-friendly materials in photocatalysis, paving the way for sustainable chemical production.

      

      
        MXenes for energy storage
        A new method in spectromicroscopy significantly improves the study of chemical reactions at the nanoscale, both on surfaces and inside layered materials. Scanning X-ray microscopy (SXM) at MAXYMUS beamline of BESSY II enables the investigation of chemical species adsorbed on the top layer (surface) or intercalated within the MXene electrode (bulk) with high chemical sensitivity.

      

      
        AI recognizes athletes' emotions
        Using computer-assisted neural networks, researchers have been able to accurately identify affective states from the body language of tennis players during games. For the first time, they trained a model based on artificial intelligence (AI) with data from actual games. Their study demonstrates that AI can assess body language and emotions with accuracy similar to that of humans. However, it also points to ethical concerns.

      

      
        Novel method for measuring nano/microplastic concentrations in soil using spectroscopy
        Current techniques for measuring nano/microplastic (N/MP) concentrations in soil require the soil organic matter content to be separated and have limited resolution for analyzing N/MPs sized <1 m. Therefore, researchers have developed a novel yet simple method to measure N/MP concentration in different soil types using spectroscopy at two wavelengths. This method does not require the soil to be separated in order to detect the N/MPs and can accurately quantify N/MPs regardless of their size.

      

      
        Modified gravity theory: A million light years and still going
        In a breakthrough discovery that challenges the conventional understanding of cosmology, scientists have unearthed new evidence that could reshape our perception of the cosmos. New research shows that rotation curves of galaxies stay flat indefinitely far out, corroborating predictions of modified gravity theory as an alternative to dark matter.

      

      
        Scientists develop 3D printed vacuum system that aims to trap dark matter
        Using a specially designed 3D printed vacuum system, scientists have developed a way to 'trap' dark matter with the aim of detecting domain walls, this will be a significant step forwards in unravelling some of the mysteries of the universe.

      

      
        Molecular sponge for the electronics of the future
        An international research team has succeeded in developing a new type of material in the rather young research field of covalent organic frameworks. The new two-dimensional polymer is characterized by the fact that its properties can be controlled in a targeted and reversible manner. This has brought the researchers a step closer to the goal of realizing switchable quantum states.

      

      
        Breakthrough approach enables bidirectional BCI functionality
        Brain-computer interfaces or BCIs hold immense potential for individuals with a wide range of neurological conditions, but the road to implementation is long and nuanced for both the invasive and noninvasive versions of the technology. Scientists have now successfully integrated a novel focused ultrasound stimulation to realize bidirectional BCI that both encodes and decodes brain waves using machine learning in a study with 25 human subjects. This work opens up a new avenue to significantly enha...

      

      
        Pair of merging quasars at cosmic dawn
        Astronomers have discovered a double-record-breaking pair of quasars. Not only are they the most distant pair of merging quasars ever found, but also the only pair confirmed in the bygone era of the Universe's earliest formation.

      

      
        Investigating the origins of the crab nebula
        A team of scientists used NASA's James Webb Space Telescope to parse the composition of the Crab Nebula, a supernova remnant located 6,500 light-years away in the constellation Taurus.

      

      
        Some CRISPR screens may be missing cancer drug targets
        CRISPR/Cas9 gene editing has made possible a multitude of biomedical experiments including studies that systematically turn off genes in cancer cells to look for ones that the cancer cells heavily depend on to survive and grow. These genes, or 'cancer dependencies,' are often promising drug targets. But new research shows that many of these CRISPR screening experiments rely on components, called CRISPR/Cas9 guides, that do not perform equally well in cells from people of all ancestries, which can...

      

      
        New study offers a better way to make AI fairer for everyone
        Researchers show a new way of thinking about the fair impacts of AI decisions.

      

      
        Quantum entanglement measures Earth rotation
        Researchers carried out a pioneering experiment where they measured the effect of the rotation of Earth on quantum entangled photons. The work represents a significant achievement that pushes the boundaries of rotation sensitivity in entanglement-based sensors, potentially setting the stage for further exploration at the intersection between quantum mechanics and general relativity.

      

      
        Nano-immunotherapy developed to improve lung cancer treatment
        Researchers have developed a new nanomedicine therapy that delivers anticancer drugs to lung cancer cells and enhances the immune system's ability to fight cancer. The team showed promising results for the new therapy in cancer cells in the lab and in mouse lung tumor models, with potential applications for improving care and outcomes for patients with tumors that have failed to respond to traditional immunotherapy.

      

      
        Researchers use large language models to help robots navigate
        A technique can plan a trajectory for a robot using only language-based inputs. While it can't outperform vision-based approaches, it could be useful in settings that lack visual data to use for training.

      

      
        New approach to identifying altermagnetic materials
        An international team has discovered a spectrum characteristic of an altermagnetic material with X-ray magnetic circular dichroism.

      

      
        High-precision measurements challenge our understanding of Cepheids
        Scientists have clocked the speed of Cepheid stars -- 'standard candles' that help us measure the size of the universe -- with unprecedented precision, offering exciting new insights about them.

      

      
        A liquid crystal source of photon pairs
        Spontaneous parametric down-conversion (SPDC), as a source of entangled photons, is of great interest for quantum physics and quantum technology, but so far it could be only implemented in solids. Researchers have demonstrated, for the first time, SPDC in a liquid crystal. The results open a path to a new generation of quantum sources: efficient and electric-field tunable.

      

      
        Strengthener for graphene
        Layers of carbon atoms in a honeycomb array are a true supermaterial: their unusually high conductivity and favorable mechanical properties could further the development of bendable electronics, new batteries, and innovative composite materials for aeronautics and space flight. However, the development of elastic and tough films remains a challenge. A research team has now introduced a method to overcome this hurdle: they linked graphene nanolayers via 'extendable' bridging structures.

      

      
        Self-assembling and disassembling swarm molecular robots via DNA molecular controller
        Researchers have succeeded in developing a DNA-based molecular controller. Crucially, this controller enables the autonomous assembly and disassembly of molecular robots, as opposed to manually directing it.

      

      
        Concrete-nitrogen mix may provide major health and environment benefits
        Adding nitrogen to concrete could significantly reduce the amount of greenhouse gases created by the construction industry.

      

      
        Synthetic data holds the key to determining best statewide transit investments
        Synthetically generated population data can reveal the equity impacts of distributing transportation resources and funding across diverse regions, according to new research.

      

      
        Novel insights into fluorescent 'dark states' illuminate ways forward for improved imaging
        Scientists address decades-long problem in the field of single-molecule fluorescence resonance energy transfer, paving the way for more accurate experiments.

      

      
        AI can help doctors make better decisions and save lives
        A recent study found that hospitalized patients were 43 percent more likely to have their care escalated and significantly less likely to die if their care team received AI-generated alerts signaling adverse changes in their health.
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Creation of a power-generating, gel electret-based device | ScienceDaily
A team of researchers from NIMS, Hokkaido University and Meiji Pharmaceutical University has developed a gel electret capable of stably retaining a large electrostatic charge. The team then combined this gel with highly flexible electrodes to create a sensor capable of perceiving low-frequency vibrations (e.g., vibrations generated by human motion) and converting them into output voltage signals. This device may potentially be used as a wearable healthcare sensor.


						
Interest in the development of soft, lightweight, power-generating materials has been growing in recent years for use in soft electronics designed for various purposes, such as healthcare and robotics. Electret materials capable of stably retaining electrostatic charge may be used to develop vibration-powered devices without external power sources. NIMS has been leading efforts to develop a low-volatility, room-temperature alkyl-p liquid composed of a p-conjugated dye moiety and flexible yet branched alkyl chains (a type of hydrocarbon compound). The alkyl-p liquids exhibit excellent charge retention properties, can be applied to other materials (e.g., through painting and impregnation) and are easily formable. However, when these liquids have been combined with electrodes to create flexible devices, they have proven difficult to immobilize and seal, resulting in leakage issues. Moreover, the electrostatic charge retention capacities of alkyl-p liquids needed to be increased in order to improve their power generation capabilities.

The research team recently succeeded in creating an alkyl-p gel by adding a trace amount of a low-molecular-weight gelator to an alkyl-p liquid. The elastic storage modulus of this gel was found to be 40 million times that of its liquid counterpart, and it could be simplified fixation and sealed. Moreover, the gel-electret obtained by charging this gel achieved a 24% increase in charge retention compared to the base material (i.e., the alkyl-p liquid), thanks to the improved confinement of electrostatic charges within the gel. The team then combined flexible electrodes with the gel-electret to create a vibration sensor. This sensor was able to perceive vibrations with frequencies as low as 17 Hz and convert them into an output voltage of 600 mV -- 83% higher than the voltage generated by an alkyl-p liquid electret-based sensor.

In future research, the team aims to develop wearable sensors capable of responding to subtle vibrations and various strain deformations by further improving the charging electret characteristics (i.e., charge capacity and charge life) and strength of the alkyl-p gel. Additionally, since this gel is recyclable and reusable as a vibration sensor material, its use is expected to help promote a circular economy.
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New catalyst unveils the hidden power of water for green hydrogen generation | ScienceDaily
Hydrogen is a promising chemical and energy vector to decarbonize our society. Unlike conventional fuels, hydrogen utilization as a fuel does not generate carbon dioxide in return. Unfortunately, today, most of the hydrogen that is produced in our society comes from methane, a fossil fuel. It does so in a process (methane reforming) that leads to substantial carbon dioxide emissions. Therefore, the production of green hydrogen requires scalable alternatives to this process.


						
Water electrolysis offers a path to generate green hydrogen which can be powered by renewables and clean electricity. This process needs cathode and anode catalysts to accelerate the otherwise inefficient reactions of water splitting and recombination into hydrogen and oxygen, respectively. From its early discovery in the late 18th century, the water electrolysis has matured into different technologies. One of the most promising implementations of water electrolysis is the proton-exchange-membrane (PEM), which can produce green hydrogen combining high rates and high energy efficiency.

To date, water electrolysis, and in particular PEM, has required catalysts based on scarce, rare elements, such as platinum and iridium, among others. Only a few compounds combine the required activity and stability at the harsh chemical environment imposed by this reaction. This is specially challenging in the case of anode catalysts, which have to operate at highly corrosive acidic environments -- conditions where only iridium oxides have shown stable operation at the required industrial conditions. But iridium is one of the scarcest elements on earth.

In search for possible solutions, a team of scientists has recently taken an important step to find alternatives to iridium catalysts. This multidisciplinary team has managed to develop a novel way to confer activity and stability to an iridium-free catalyst by harnessing so far unexplored properties of water. The new catalyst achieves, for the first time, stability in PEM water electrolysis at industrial conditions without the use of iridium.

This breakthrough, published in Science, has been carried out by ICFO researchers Ranit Ram, Dr. Lu Xia, Dr. Anku Guha, Dr. Viktoria Golovanova, Dr. Marinos Dimitropoulos, Aparna M. Das and Adrian Pinilla-Sanchez, and led by Professor at ICFO Dr. F. Pelayo Garcia de Arquer; and includes important collaborations from the Institute of Chemical Research of Catalonia (ICIQ), The Catalan Institute of Science and Technology (ICN2), French National Center for Scientific Research (CNRS), Diamond Light Source, and the Institute of Advanced Materials (INAM).

Dealing with the acidity

Combining activity and stability in highly acidic environment is challenging. Metals from the catalyst tend to dissolve, as most materials are not thermodynamically stable at low pH and applied potential, in a water environment. Iridium oxides combine activity and stability at these harsh conditions, and that is why they are the prevalent choice for anodes in proton-exchange water electrolysis.




The search for alternatives to iridium is not only an important applied challenge, but a fundamental one. Intense research on the look for non-iridium catalysts has led to new insights on the reaction mechanisms and degradation, especially with the use of probes that could study the catalysts during operation combined with computational models. These led to promising results using manganese and cobalt oxide-based materials, and exploiting different structures, composition, and dopants, to modify the physicochemical properties of the catalysts.

While insightful, most of these studies were performed in fundamental not-scalable reactors and operating at softer conditions that are far from the final application, especially in terms of current density. Demonstrating activity and stability with non-iridium catalysts in PEM reactors and at PEM-relevant operating conditions (high current density) had to date remained elusive.

To overcome this, the ICFO, ICIQ, ICN2, CNRS, Diamond Light Source and INAM researchers came up with a new approach in the design of non-iridium catalysts, achieving activity and stability in acid media. Their strategy, based on cobalt (very abundant and cheap), was quite different to the common paths.

"Conventional catalyst design typically focuses on changing the composition or the structure of the employed materials. Here, we took a different approach. We designed a new material that actively involves the ingredients of the reaction (water and its fragments) in its structure. We found that the incorporation of water and water fragments into the catalyst structure can be tailored to shield the catalyst at these challenging conditions, thus enabling stable operation at the high current densities that are relevant for industrial applications," explains Professor at ICFO, Garcia de Arquer. With their technique, consisting in a delamination process that exchanges part of the material by water, the resulting catalyst present as a viable alternative to iridium-based catalysts.

A new approach: the delamination process

To obtain the catalyst, the team looked into a particular cobalt oxide: cobalt-tungsten oxide (CoWO4), or in short CWO. On this starting material, they designed a delamination process using basic water solutions whereby tungsten oxides (WO42-) would be removed from the lattice and exchanged by water (H2O) and hydroxyl (OH-) groups in a basic environment. This process could be tuned to incorporate different amount of H2O and OH- into the catalyst, which would then be incorporated onto the anode electrodes.




The team combined different photon-based spectroscopies to understand this new class of material during operation. Using infrared Raman and x-rays, among others, they were able to assess the presence of trapped water and hydroxyl groups, and to obtain insights on their role conferring activity and stability for water splitting in acid. "Being able to detect the trapped water was really challenging for us," continues leading co-author Dr. Anku Guha. "Using Raman spectroscopy and other light-based techniques we finally saw that there was water in the sample. But it was not "free" water, it was confined water"; something that had a profound impact on performance.

From these insights, they started working closely with collaborators experts in catalyst modelling. "The modeling of activated materials is challenging as large structural rearrangments take place. In this case the delamination employed in the activation treatment increases the number of active sites and changes the reaction mechanism rendering the material more active. Understanding these materials requires a detailed mapping between experimental observations and simulations," says Prof. Nuria Lopez from ICIQ. Their calculations, led by a leading co-author Dr. Hind Benzidi, were crucial to understand how the delaminated materials, shielded by water, were not only thermodynamically protected against dissolution in highly acidic environments, but also active.

But, how is this possible? Basically, the removal of tungsten-oxide leaves a hole behind, exactly where it was previously located. Here is where the "magic" happens: water and hydroxide, which are vastly present in the medium, spontaneously fill the gap. This in turn shields the sample, as it renders the cobalt dissolution an unfavorable process, effectively holding the catalyst components together.

Then, they assembled the delaminated catalyst into a PEM reactor. The initial performance was truly remarkable, achieving higher activity and stability than any prior art. "We increased five times the current density, arriving to 1 A/cm2 -- a very challenging landmark in the field. But, the key is, that we also reached more than 600 hours of stability at such high density. So, we have reached the highest current density and also the highest stability for non-iridium catalysts," shares leading co-author Dr. Lu Xia.

"At the beginning of the project, we were intrigued about the potential role of water itself as the elephant in the room in water electrolysis," explains Ranit Ram, first author of the study and instigator of the initial idea. "No one before had actively tailored water and interfacial water in this way." In the end, it turned out to be a real game changer.

Even though the stability time is still far from the current industrial PEMs, this represents a big step towards making them not dependent on iridium or similar elements. In particular, their work brings new insights for water electrolysis PEMs design, as it highlights the potential to address catalyst engineering from another perspective; by actively exploiting the properties of water.

Towards the industrialization

The team has seen such potential in the technique that they have already applied for a patent, with the aim of scaling it up to industry levels of production. Yet, they are aware of the non-triviality of taking this step, as Prof. Garcia de Arquer notices: "Cobalt, being more abundant than iridium, is still a very troubling material considering from where it is obtained. That is why we are working on alternatives based on manganese, nickel and many other materials. We will go through the whole the periodic table, if necessary. And we are going to explore and try with them this new strategy to design catalysts that we have reported in our study."

Despite the new challenges that will for sure arise, the team is convinced of the potential of this delamination process and they are all determined to pursue this goal. Ram, in particular, shares: "I have actually always wanted to advance renewable energies, because it will help us as a human community to fight against climate change. I believe our studies contributed one small step into the right direction."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240620151411.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Titan's lakes may be shaped by waves | ScienceDaily
Titan, Saturn's largest moon, is the only other planetary body in the solar system that currently hosts active rivers, lakes, and seas. These otherworldly river systems are thought to be filled with liquid methane and ethane that flows into wide lakes and seas, some as large as the Great Lakes on Earth.


						
The existence of Titan's large seas and smaller lakes was confirmed in 2007, with images taken by NASA's Cassini spacecraft. Since then, scientists have pored over those and other images for clues to the moon's mysterious liquid environment.

Now, MIT geologists have studied Titan's shorelines and shown through simulations that the moon's large seas have likely been shaped by waves. Until now, scientists have found indirect and conflicting signs of wave activity, based on remote images of Titan's surface.

The MIT team took a different approach to investigate the presence of waves on Titan, by first modeling the ways in which a lake can erode on Earth. They then applied their modeling to Titan's seas to determine what form of erosion could have produced the shorelines in Cassini's images. Waves, they found, were the most likely explanation.

The researchers emphasize that their results are not definitive; to confirm that there are waves on Titan will require direct observations of wave activity on the moon's surface.

"We can say, based on our results, that if the coastlines of Titan's seas have eroded, waves are the most likely culprit," says Taylor Perron, the Cecil and Ida Green Professor of Earth, Atmospheric and Planetary Sciences at MIT. "If we could stand at the edge of one of Titan's seas, we might see waves of liquid methane and ethane lapping on the shore and crashing on the coasts during storms. And they would be capable of eroding the material that the coast is made of."

Perron and his colleagues, including first author Rose Palermo, a former MIT-WHOI Joint Program graduate student and a research geologist at the U.S. Geological Survey, will publish their study in a forthcoming issue of Science Advances. Their co-authors include MIT research scientist Jason Soderblom, former MIT postdoc Sam Birch, now an assistant professor at Brown University, Andrew Ashton at the Woods Hole Oceanographic Institution, and Alexander Hayes of Cornell University.




"Taking a different tack"

The presence of waves on Titan has been a somewhat controversial topic ever since Cassini spotted bodies of liquid on the moon's surface.

"Some people who tried to see evidence for waves didn't see any, and said, 'These seas are mirror-smooth,'" Palermo says. "Others said they did see some roughness on the liquid surface but weren't sure if waves caused it."

Knowing whether Titan's seas host wave activity could give scientists information about the moon's climate, such as the strength of the winds that could whip up such waves. Wave information could also help scientists predict how the shape of Titan's seas might evolve over time.

Rather than look for direct signs of wave-like features in images of Titan, Perron says the team had to "take a different tack, and see, just by looking at the shape of the shoreline, if we could tell what's been eroding the coasts."

Titan's seas are thought to have formed as rising levels of liquid flooded a landscape crisscrossed by river valleys. The researchers zeroed in on three scenarios for what could have happened next: no coastal erosion; erosion driven by waves; and "uniform erosion," driven either by "dissolution," in which liquid passively dissolves a coast's material, or a mechanism in which the coast gradually sloughs off under its own weight.




The researchers simulated how various shoreline shapes would evolve under each of the three scenarios. To simulate wave-driven erosion, they took into account a variable known as "fetch," which describes the physical distance from one point on a shoreline to the opposite side of a lake or sea.

"Wave erosion is driven by the height and angle of the wave," Palermo explains. "We used fetch to approximate wave height because the bigger the fetch, the longer the distance over which wind can blow and waves can grow."

To test how shoreline shapes would differ between the three scenarios, the researchers started with a simulated sea with flooded river valleys around its edges. For wave-driven erosion, they calculated the fetch distance from every single point along the shoreline to every other point, and converted these distances to wave heights. Then, they ran their simulation to see how waves would erode the starting shoreline over time. They compared this to how the same shoreline would evolve under erosion driven by uniform erosion. The team repeated this comparative modeling for hundreds of different starting shoreline shapes.

They found that the end shapes were very different depending on the underlying mechanism. Most notably, uniform erosion produced inflated shorelines that widened evenly all around, even in the flooded river valleys, whereas wave erosion mainly smoothed the parts of the shorelines exposed to long fetch distances, leaving the flooded valleys narrow and rough.

"We had the same starting shorelines, and we saw that you get a really different final shape under uniform erosion versus wave erosion," Perron says. "They all kind of look like the flying spaghetti monster because of the flooded river valleys, but the two types of erosion produce very different endpoints."

The team checked their results by comparing their simulations to actual lakes on Earth. They found the same difference in shape between Earth lakes known to have been eroded by waves and lakes affected by uniform erosion, such as dissolving limestone.

A shore's shape

Their modeling revealed clear, characteristic shoreline shapes, depending on the mechanism by which they evolved. The team then wondered: Where would Titan's shorelines fit, within these characteristic shapes?

In particular, they focused on four of Titan's largest, most well-mapped seas: Kraken Mare, which is comparable in size to the Caspian Sea; Ligeia Mare, which is larger than Lake Superior; Punga Mare, which is longer than Lake Victoria; and Ontario Lacus, which is about 20 percent the size of its terrestrial namesake.

The team mapped the shorelines of each Titan sea using Cassini's radar images, and then applied their modeling to each of the sea's shorelines to see which erosion mechanism best explained their shape. They found that all four seas fit solidly in the wave-driven erosion model, meaning that waves produced shorelines that most closely resembled Titan's four seas.

"We found that if the coastlines have eroded, their shapes are more consistent with erosion by waves than by uniform erosion or no erosion at all," Perron says.

The researchers are working to determine how strong Titan's winds must be in order to stir up waves that could repeatedly chip away at the coasts. They also hope to decipher, from the shape of Titan's shorelines, from which directions the wind is predominantly blowing.

"Titan presents this case of a completely untouched system," Palermo says. "It could help us learn more fundamental things about how coasts erode without the influence of people, and maybe that can help us better manage our coastlines on Earth in the future."

This work was supported in part by NASA, the National Science Foundation, the USGS, and the Heising-Simons Foundation.
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New NOvA results add to mystery of neutrinos | ScienceDaily
The international NOvA collaboration presented new results at the Neutrino 2024 conference in Milan, Italy, on June 17. The collaboration doubled their neutrino data since their previous release four years ago, including adding a new low-energy sample of electron neutrinos. The new results are consistent with previous NOvA results, but with improved precision. The data favor the "normal" ordering of neutrino masses more strongly than before, but ambiguity remains around the neutrino's oscillation properties.


						
The latest NOvA data provide a very precise measurement of the bigger splitting between the squared neutrino masses and slightly favor the normal mass ordering. That precision on the mass splitting means that, when coupled with data from other experiments performed at nuclear reactors, the data favor the normal ordering at almost 7:1 odds. This suggests that neutrinos adhere to the normal ordering, but physicists have not met the high threshold of certainty required to declare a discovery.

NOvA, short for NuMI Off-axis ne Appearance, is an experiment managed by the U.S. Department of Energy's Fermi National Accelerator Laboratory, located outside of Chicago. Fermilab sends a beam of neutrinos 500 miles north to a 14,000-ton detector in Ash River, Minnesota. By measuring the neutrinosand their antimatter partners, antineutrinos, in both locations, physicists can study how these particles change their type as they travel, a phenomenon known as neutrino oscillation.

NOvA aims to learn more about the ordering of neutrino masses. Physicists know that there are three types of neutrinos with different masses, but they don't know the absolute mass, nor which is heaviest. Theoretical models predict two possible mass orderings, normal or inverted. In the normal ordering, there are two light neutrinos and one heavier neutrino; in inverted, there is one light neutrino and two heavier ones.

"Getting additional information from reactor experiments enhances our knowledge of the mass ordering and gets us close to exciting territory," said Erika Catano-Mur, a postdoctoral research associate at William & Mary and co-convener of the analysis. "We almost have an answer to one of those big questions that we have in neutrino physics. But we're not there yet."

The solution to neutrino oscillation remains ambiguous in the new results. Physicists don't currently have enough data to disentangle two effects on the oscillation: mass ordering and a property called Charge Parity violation. The collaboration observed a moderate amount of oscillation that could be explained in either mass ordering scenario with different amounts of CP violation, so they cannot tease apart the mass ordering and CP violation. However, the physicists were able to rule out specific combinations of the two properties.

"It really takes more than one measurement for us to learn everything we need to know," said Jeremy Wolcott, a postdoctoral fellow at Tufts University, one of NOvA's analysis coordinators and the speaker at the conference.




"NOvA is an important player in this because there are unique aspects to all of the various experiments that are trying to measure the same parameters," said Wolcott. "We're starting to see a picture come together, but it's murky. Having different measurements that all work together is really important."

The NOvA experiment started taking data in 2014 and will continue running through early 2027, during which time the collaboration hopes to double their antineutrino dataset. They also continue to implement analysis improvements to maximize the sensitivity of the experiment.

Their efforts are also paving the way for future experiments that will seek to contribute even more to solving the mysteries around neutrino properties.

"We want to make the most that we can out of the data," said Catano-Mur. "What we learn -- not only from the results themselves, but in the process, what we're learning about the analysis methods -- is going to be useful for the next generation of experiments that right now are under construction.

Still, NOvA has the potential to reveal more about the elusive neutrino. "This result is an important reminder that the current generation of experiments, including NOvA, continues to collect valuable data and produce physics insights," said Zoya Vallari, postdoctoral researcher at CalTech and co-convener of the analysis. "They are our best shot at a discovery right now."

The NOvA collaborationis made up of more than 200 scientists from 50 institutions in eight countries. With the additional data and further analysis improvements, NOvA will bring physicists closer to understanding the identity-changing behavior of neutrinos.
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Jupiter's great red spot is not the same one Cassini observed in 1600s | ScienceDaily
Jupiter's iconic Great Red Spot has persisted for at least 190 years and is likely a different spot from the one observed by the astronomer Giovanni Domenico Cassini in 1665, a new study reports. The Great Red Spot we see today likely formed because of an instability in the planet's intense atmospheric winds, producing a long, persistent atmospheric cell, the study also finds.


						
The Great Red Spot is the largest known planetary vortex within the solar system, but its age has long been debated, and the mechanism that led to its formation has remained obscure. The new study used historical observations from the 17th century onward and numerical models to explain the longevity and nature of this spectacular phenomenon.

"From the measurements of sizes and movements, we deduced that it is highly unlikely that the current Great Red Spot was the 'Permanent Spot' observed by Cassini," said Agustin Sanchez-Lavega, a planetary scientist at the University of the Basque Country in Bilbao, Spain, who led this research. "The 'Permanent Spot' probably disappeared sometime between the mid-18th and 19th centuries, in which case we can now say that the longevity of the Red Spot exceeds 190 years."

The study was published in Geophysical Research Letters, which is an open-access AGU journal that publishes high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

A spotty history

Jupiter's Great Red Spot is a massive atmospheric vortex, with a diameter approximately that of Earth's. At its outer periphery, winds whip by at 450 kilometers per hour (280 miles per hour). Its red hue, which is due to atmospheric chemical reactions, stands in stark contrast with the gas giant's other pale clouds.

The spot has intrigued scientists for centuries, in part because its large size makes it visible using even small telescopes. In 1665, Cassini discovered a dark oval at the same latitude as today's Great Red Spot and named it the "Permanent Spot," as he and other astronomers observed it until 1713, when they lost track of it. It was not until 1831 and later years that scientists once more observed a clear, oval structure at the same latitude as the Great Red Spot. Given the intermittent historical observations of Jupiter's spots, scientists have long debated whether today's Great Red Spot is the same one 17th-century scientists saw.




In the study, the authors used historical sources dating from the mid-1600s to analyze the evolution of the spot's size, structure and location over time.

"It has been very motivating and inspiring to turn to the notes and drawings of Jupiter and its Permanent Spot made by the great astronomer Jean Dominique Cassini, and to his articles of the second half of the 17th century describing the phenomenon," Sanchez-Lavega said. "Others before us had explored these observations, and now we have quantified the results."

How the spot was formed

The Red Spot, which in 1879 was 39,000 kilometers (about 24,200 miles) at its longest axis, has been shrinking to about the current 14,000 kilometers (8,700 miles) and simultaneously becoming more rounded, the study reported. Since the 1970s, several space missions have studied this meteorological phenomenon; most recently, observations from instruments aboard Juno have revealed that the Great Red Spot is shallow and thin -- useful information for scientists looking to explore the spot's formation.

To explore how this immense vortex could have formed, the researchers carried out numerical simulations on supercomputers using two models of the behavior of thin vortices in Jupiter's atmosphere. The spot could have formed as a result of a gigantic superstorm, similar to those occasionally observed on Jupiter's twin planet Saturn; from the merging of multiple smaller vortices produced by wind shear from the intense wind currents that flow parallel to each other, but alternating in direction with latitude; or from an instability in the winds that could produce an elongated atmospheric cell, similar in shape to the Spot.

The results indicate that, although an anticyclone forms in the first two cases, it differs in terms of shape and dynamic properties from those of the present Great Red Spot. The cell-producing wind instability, on the other hand, could have produced a "proto-Great Red Spot" that then shrank over time, giving rise to the compact and rapidly rotating Great Red Spot observed in the late 19th century.

The formation mechanism is supported by observations of large, elongated cells in the genesis of other major vortices on Jupiter.

Future research will aim to reproduce the Great Red Spot's shrinking over time to elucidate the physical mechanisms underlying the Spot's relative stability. Researchers also aim to predict whether the Great Red Spot will disintegrate and disappear when it reaches a size limit, as might have occurred to Cassini's Permanent Spot, or whether it will stabilize at a size limit at which it may last for many more years.
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Shining light on mental health in space science community | ScienceDaily
The severity of anxiety and depressive symptoms in the planetary science community is greater than in the general U.S. population, according to a study led by a University of Hawai'i at Manoa scientist and published this week in Nature Astronomy. 


						
"After reading about so much anxiety and depression in academia, and as someone who loves both planetary science and psychology, I felt like I needed to do something because there are so many people suffering," said David Trang, an assistant researcher in the Hawai'i Institute of Geophysics and Planetology in the UH Manoa School of Ocean and Earth Science and Technology at the time of this research and graduate student in the master's in counseling psychology program at UH Hilo.

Prompted by growing recognition of a mental health crisis within the academic and research communities, Trang and co-authors from Hawai'i Pacific University, UH Manoa Shidler College of Business, Jet Propulsion Lab, NASA and U.S. Geological Survey, surveyed over 300 members of the planetary science community. The survey requested demographic information and included commonly-used assessments to measure the severity of anxiety, depression, and stress symptoms.

Survey results showed that anxiety and depression is a major problem within planetary science, especially among graduate students and early career researchers. The authors also found that anxiety, depressive, or stress symptoms appear greater among marginalized groups, such as women, people of color, and members of the LGBTQ+ community. And further, when examining the correlation between marginalized communities and considering leaving planetary science, LGBTQ+ respondents were more likely to be unsure about staying in the field.

"Some of my colleagues have left the field of science because the academic workplace was hard on their well-being," said Trang. "This is so unfortunate because science would benefit from each and every person who is passionate about research, as they could contribute so much to the field."

The authors hope this work highlights issues that some suspected existed in planetary sciences.

"This work marks the beginning of the changes needed to improve mental health in planetary science," said Trang. "I hope to continue to unravel what is driving these mental health issues and collectively develop solutions that will improve well-being, which will in turn enhance research quality and productivity. Addressing mental health will inevitably improve diversity, equity, and inclusion, as they are linked together."

In the near future, Trang hopes to run psychoeducation workshops based on psychotherapy concepts to begin improving mental health in planetary science and potentially serve as a model to improve mental health in the rest of academia.
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Impacts of space travel on astronauts' eye health | ScienceDaily
As space travel becomes more common, it is important to consider the impacts of space flight and altered gravity on the human body. Led by Dr. Ana Diaz Artiles, researchers at Texas A&M University are studying some of those impacts, specifically effects on the eye.


						
Gravitational changes experienced by astronauts during space travel can cause fluids within the body to shift. This can cause changes to the cardiovascular system, including vessels in and around the eyes.

As the commercialization of space flight becomes more common and individual space travel increases, astronauts will not be the only ones experiencing these changes. Individuals traveling to space with commercial companies may not be as fit or healthy as astronauts, making it even more important to understand the role that fluid shift plays in cardiovascular and eye health.

"When we experience microgravity conditions, we see changes in the cardiovascular system because gravity is not pulling down all these fluids as it typically does on Earth when we are in an upright position," said Diaz Artiles, an assistant professor in the Department of Aerospace Engineering and a Williams Brothers Construction Company Faculty Fellow. "When we're upright, a large part of our fluids are stored in our legs, but in microgravity we get a redistribution of fluids into the upper body."

These fluid shifts may be related to a phenomenon known as Spaceflight Associated Neuro-ocular Syndrome (SANS), which can cause astronauts to experience changes in eye shape and other ocular symptoms, such as changes in ocular perfusion pressure (OPP). At this time, researchers are unsure of the exact cause of SANS, but Diaz Artiles hopes to shed light on the underlying mechanism behind it.

Diaz Artiles and her team are investigating potential countermeasures to help counteract the headward fluid shifts of SANS. In a recent study, they examined the potential aid of lower body negative pressure (LBNP) to combat SANS. This countermeasure has the potential to counteract the effects of microgravity by pooling fluid back into the lower body.

While the role of ocular perfusion pressure in the development of SANS remains undetermined, Diaz Artiles and her team hypothesized that microgravity exposure could lead to a slight but chronic elevation (compared to upright postures) in OPP, which may have a role in the development of SANS. The results of the recently published study showed that lower body negative pressure, while effective in inducing fluid shift toward the lower body, was not an effective method for reducing OPP. Should elevated ocular perfusion pressure be definitively linked to SANS, the use of LBNP could theoretically not be an effective countermeasure to this syndrome. But they emphasize that future work should seek to better understand the relationship between OPP and SANS, and the impact of LBNP on these ocular responses as part of the countermeasure development.

"This research is just one experiment of a three-part study to better understand the effects of fluid shift in the body and its relationship to SANS. Previous experiments in this study included the use of a tilt table for researchers to understand the cardiovascular effects of fluid shifts at different altered gravity levels, recreated by using different tilt angles," said Diaz Artiles.

The published study, as well as upcoming research, focuses on countermeasures to the fluid shift; in this case, lower body negative pressure. In future studies, the researchers will examine the effects of using a centrifuge to combat the fluid shift and its effects. Diaz Artiles and her team aim to collect cardiovascular responses using each countermeasure and compare effects on ocular perfusion pressure and other cardiovascular functions that may be affected by microgravity environments. These studies are performed on Earth, so gravitational changes that occur in space may cause different outcomes. Thus, they hope to conduct future studies in true microgravity conditions, such as parabolic flights.
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Transforming inexpensive quinolines into complex drug candidates | ScienceDaily
An innovative synthesis strategy opened up the way to 2D/3D fused frameworks using inexpensive quinolines as feedstock, report scientists from Tokyo Tech. By leveraging a light-sensitive borate intermediate, the scientists could transform quinoline derivatives into a great variety of 2D/3D fused frameworks in a straightforward and cost-effective manner. Their findings are expected to enable the synthesis of highly customizable drug candidates.


						
Quinolines have garnered much attention from chemists wanting to synthesize compounds known as 2D/3D fused frameworks. These complex organic molecules have a lot of medical potential due to their highly customizable structure and functional groups. Quinolines make synthesis of such frameworks possible thanks to their unique electronic configuration. They consist of an electron-abundant benzene ring fused to an electron-deficient pyridine ring; these electronically distinct rings can be modified independently by adjusting reaction conditions.

One of the most attractive ways to use quinolines as feedstock for 2D/3D frameworks is through dearomative photocycloadditions. This process involves destabilizing one of the aromatic rings in quinoline, using light and sometimes a catalyst, so that a reactant can 'latch' onto the ring, forming the target compound. Despite many efforts, most studies have reported photocycloadditions happening on quinoline's benzene ring side, while few have targeted the pyridine side. Thus, the full potential of quinolines remains untapped.

Against this backdrop, a research team from Tokyo Institute of Technology, Japan, led by Assistant Professor Yuki Nagashima, in collaboration with scientists from The University of Tokyo, decided to step up to the challenge. In their latest study, which was published in Angewandte Chemie International Edition on 27 May 2024, they present a convenient methodology to access the pyridine side of quinolines and synthesize diverse 2D/3D frameworks.

The key to their approach lies in the use of a molecule known as pinacolborane, also known as H-B(pin). The researchers discovered that this boron-containing compound was extremely effective at inducing dearomative photocycloaddition almost exclusively on the pyridine side of quinoline. Not only were the yields obtained high but also could a wide variety of quinoline derivatives and reactants be used to obtain all sorts of 2D/3D frameworks.

Seeking to shed light on the mechanisms underlying their newfound strategy, the team conducted a series of experiments and theoretical analyses. They determined that quinoline reacts with an organolithium compound first and then with H-B(pin) to form an intermediate borate complex. This intermediate step is crucial, as Nagashima remarks: "Our detailed mechanistic studies revealed that the photoexcited borate complex both accelerates the cycloaddition and suppresses the rearomatization that usually occurs in conventional photocycloaddition reactions." These effects combined lead to fewer unreacted compounds and undesired aromatics.

It is worth noting that the proposed methodology offers several advantages over competing techniques. For one, it requires less reaction time and steps than classic synthesis routes. Catalysts are not needed either, which reduces costs further. Moreover, multi-substituted starting molecules can be used, which provides access to countless target compounds. "To our knowledge, these transformations are the first boron-based photocycloadditions and unlock previously elusive organoboron compounds. The present strategy based around an intermediate borate complex should be useful for further functionalization of various types of multi-ringed aromatic hydrocarbons," highlights Nagashima.
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A railroad of cells | ScienceDaily
Looking under the microscope, a group of cells slowly moves forward in a line, like a train on the tracks. The cells navigate through complex environments. A new approach by researchers involving the Institute of Science and Technology Austria (ISTA) now shows how they do this and how they interact with each other. The experimental observations and the following mathematical concept are published in Nature Physics.


						
The majority of the cells in the human body cannot move. Some specific ones, however, can go to different places. For example, in wound healing, cells move through the body to repair damaged tissue. They sometimes travel alone or in different group sizes. Although the process is increasingly understood, little is known about how cells interact while traveling and how they collectively navigate the complex environments found in the body. An interdisciplinary team of theoretical physicists at the Institute of Science and Technology Austria (ISTA) and experimentalists from the University of Mons in Belgium now has new insights.

Much like social dynamics experiments, where understanding the interactions of a small group of people is easier than analyzing an entire society, the scientists studied the traveling behavior of a small group of cells in well-defined in vitro surroundings, i.e. outside a living organism, in a Petri dish equipped with interior features. Based on their findings, they developed a framework of interaction rules, which is now published in Nature Physics.

Cells travel in trains

David Bruckner rushes back to his office to grab his laptop. "I think it's better to show some videos of our experiments," he says excitedly and presses play. The video shows a Petri dish. Microstripes -- one-dimensional lanes guiding cell movement -- are printed on the substrate beside a zebrafish scale made up of numerous cells. Special wound-healing cells, known as "keratocytes" start to stretch away from the scale, forming branches into the lanes. "At first, cells stick together through adhesive molecules on their surface -- it's like they're holding hands," explains Bruckner. Suddenly, the bond breaks off, and the cells assemble into tiny groups, moving forward like trains along tracks. "The length of the train is always different. Sometimes it's two, sometimes it's ten. It depends on the initial conditions."

Eleonore Vercurysse and Sylvain Gabriele from the University of Mons in Belgium observed this phenomenon while investigating keratocytes and their wound-healing features within different geometrical patterns. To help interpret these puzzling observations, they reached out to theoretical physicists David Bruckner and Edouard Hannezo at ISTA.

Cells have a steering wheel

"There's a gradient within each cell that determines where the cell is going. It's called 'polarity' and it's like the cell's very own steering wheel," says Bruckner. "Cells communicate their polarity to neighboring cells, allowing them to move in concert." But how they do so has remained a big puzzle in the field. Bruckner and Hannezo started brainstorming. The two scientists developed a mathematical model combining a cell's polarity, their interactions, and the geometry of their surroundings. They then transferred the framework into computer simulations, which helped them visualize different scenarios.




The first thing the scientists in Austria looked at was the speed of the cell trains. The simulation revealed that the speed of the trains is independent of their length, whether they consist of two or ten cells. "Imagine if the first cell did all the work, dragging the others behind it; the overall performance would decrease," says Hannezo. "But that's not the case. Within the trains, all the cells are polarized in the same direction. They are aligned and in sync about their movement and smoothly move forward." In other words, the trains operate like an all-wheel drive rather than just a front-wheel drive.

As a next step, the theoreticians examined the effects of increasing the width of the lanes and the cell clusters in their simulations. Compared to cells moving in a single file, clusters were much slower. The explanation is quite simple: the more cells are clustered together, the more they bump into each other. These collisions cause them to polarize away from each other and move in opposite directions. The cells are not aligned properly, which disrupts the flow of movement and drastically influences the overall speed. This phenomenon was also observed in the Belgian lab (in vitro experiments).

Dead end? No problem for cell clusters

From an efficiency standpoint, it sounds like moving in clusters is not ideal. However, the model predicted that it also had its benefits when cells navigate through complex terrain, as they do, for instance, in the human body. To test this, the scientists added a dead end, both in the experiments and in the simulations. "Trains of cells get to the dead end quickly, but struggle to change direction. Their polarization is well aligned, and it's very hard for them to agree on switching around," says Bruckner. "Whereas in the cluster, quite a few cells are already polarized in the other direction, making the change of direction way easier."

Trains or clusters?

Naturally, the question arises: when do cells move in clusters, and when do they move in trains? The answer is that both scenarios are observed in nature. For example, some developmental processes rely on clusters of cells moving from one side to the other, while others depend on small trains of cells moving independently. "Our model doesn't only apply to a single process. Instead, it is a broadly applicable framework showing that placing cells in an environment with geometric constraints is highly instructive, as it challenges them and allows us to decipher their interactions with each other," Hannezo adds.

A small train packed with information

Recent publications by the Hannezo group suggest that cell communication propagates in waves -- an interplay between biochemical signals, physical behavior, and motion. The scientists' new model now provides a physical foundation for these cell-to-cell interactions, possibly aiding in understanding the big picture. Based on this framework, the collaborators can delve deeper into the molecular players involved in this process. According to Bruckner, the behaviors revealed by these small cell trains can help us understand large-scale movements, such as those seen in entire tissues.
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Much of the Nord Stream gas remained in the sea | ScienceDaily
Much of the methane released into the southern Baltic Sea from the Nord Stream gas pipeline has remained in the water. This is shown by measurements taken by researchers from the University of Gothenburg.


						
At the end of September 2022, the Nord Stream gas pipeline on the bottom of the Baltic Sea exploded east of Bornholm and one of the largest unnatural methane gas emissions ever was a fact. The methane gas from the pipeline created large bubbles at the water surface and measurements showed elevated levels of methane in the atmosphere.

Expedition within a week

But much of the methane never reached the surface and dissolved in the water instead. This is according to a scientific study published in Scientific Reports.

"Thanks to fortunate circumstances, we were able to organise an expedition to the area of the leak in less than a week. Based on what we measured, we estimate that between 10,000 and 50,000 tonnes of methane remained in the sea in dissolved form," says Katarina Abrahamsson, professor of marine chemistry at the University of Gothenburg.

The methane was spread over large areas and has dissolved in the water, where some is taken care of by bacteria. Methane is also normally present in the water, formed during the decomposition of organic material in the bottom sediments.

Different isotopes

"In our study, we have been able to distinguish the methane coming from the Nord Stream leak from that naturally present in the water, thanks to the fact that the methane from the gas pipeline has a different isotopic composition than that which seeps up from the bottom sediments. This is a strength of our study," says Katarina Abrahamsson.




The water in the sea normally lies in different layers due to differences in temperature and salinity. Despite the fact that the methane leaked out of the gas pipeline at great speed and in large quantities, the researchers could not observe any major mixing in the water masses. The stratification that normally occurs at the end of September was stable. The levels of the leaked methane therefore varied greatly in the water. The researchers assume that the methane was diluted in a larger body of water later in the autumn when the water was remixed due to falling water temperature.

Unclear biological impact

It is too early to say what impact the increased methane levels will have on biological life in the southern Baltic Sea.

"The expedition also included researchers who took plankton samples in the affected area, the analyses of which are not yet complete," says Katarina Abrahamsson.

Three months after the first expedition, a return visit was made to the area and new measurements were taken. Preliminary results show that bacterial activity has been high during these three months. The researchers do not yet know how the phytoplankton and zooplankton have been affected by this.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240619143613.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New technology provides electrifying insights into how catalysts work at the atomic level | ScienceDaily
A team led by Lawrence Berkeley National Laboratory (Berkeley Lab) has invented a technique to study electrochemical processes at the atomic level with unprecedented resolution and used it to gain new insights into a popular catalyst material. Electrochemical reactions -- chemical transformations that are caused by or accompanied by the flow of electric currents -- are the basis of batteries, fuel cells, electrolysis, and solar-powered fuel generation, among other technologies. They also drive biological processes such as photosynthesis and occur under the Earth's surface in the formation and breakdown of metal ores.


						
The scientists have developed a cell -- a small enclosed chamber that can hold all the components of an electrochemical reaction -- that can be paired with transmission electron microscopy (TEM) to generate precise views of a reaction at atomic scale. Better yet, their device, which they call a polymer liquid cell (PLC), can be frozen to stop the reaction at specific timepoints, so scientists can observe composition changes at each stage of a reaction with other characterization tools. In a paper published June 19 in Nature, the team describes their cell and a proof of principle investigation using it to study a copper catalyst that reduces carbon dioxide to generate fuels.

"This is a very exciting technical breakthrough that shows something we could not do before is now possible. The liquid cell allows us to see what's going on at the solid-liquid interface during reactions in real time, which are very complex phenomena. We can see how the catalyst surface atoms move and transform into different transient structures when interacting with the liquid electrolyte during electrocatalytic reactions," said Haimei Zheng, lead author and senior scientist in Berkeley Lab's Materials Science Division.

"It's very important for catalyst design to see how a catalyst works and also how it degrades. If we don't know how it fails, we won't be able to improve the design. And we're very confident we're going to see that happen with this technology," said co-first author Qiubo Zhang, a postdoctoral research fellow in Zheng's lab.

Zheng and her colleagues are excited to use the PLC on a variety of other electrocatalytic materials, and have already begun investigations into problems in lithium and zinc batteries. The team is optimistic that details revealed by the PLC-enabled TEM could lead to improvements in all electrochemical-driven technologies.

New insights into a popular catalyst

The scientists tested the PLC approach on a copper catalyst system that is a hot subject of research and development because it can transform atmospheric carbon dioxide molecules into valuable carbon-based chemicals such as methanol, ethanol, and acetone. However, a deeper understanding of copper-based CO2 reducing catalysts is needed to engineer systems that are durable and efficiently produce a desired carbon product rather than off-target products.




Zheng's team used the powerful microscopes at the National Center for Electron Microscopy, part of Berkeley Lab's Molecular Foundry, to study the area within the reaction called the solid-liquid interface, where the solid catalyst that has electrical current through it meets the liquid electrolyte. The catalyst system they put inside the cell consists of solid copper with an electrolyte of potassium bicarbonate (KHCO3) in water. The cell is composed of platinum, aluminum oxide, and a super thin, 10 nanometer polymer film.

Using electron microscopy, electron energy loss spectroscopy, and energy-dispersive X-ray spectroscopy, the researchers captured unprecedented images and data that revealed unexpected transformations at the solid-liquid interface during the reaction. The team observed copper atoms leaving the solid, crystalline metal phase and mingling with carbon, hydrogen, and oxygen atoms from the electrolyte and CO2 to form a fluctuating, amorphous state between the surface and the electrolyte, which they dubbed an "amorphous interphase" because it is neither solid nor liquid. This amorphous interphase disappears again when the current stops flowing, and most of the copper atoms return to the solid lattice.

According to Zhang, the dynamics of the amorphous interphase could be leveraged in the future to make the catalyst more selective for specific carbon products. Additionally, understanding the interphase will help scientists combat degradation -- which occurs on the surface of all catalysts over time -- to develop systems with longer operational lifetimes.

"Previously, people relied on the initial surface structure to design the catalyst for both efficiency and stability. The discovery of the amorphous interphase challenges our previous understanding of solid-liquid interfaces, prompting a need to consider its effects when devising strategies," said Zhang.

"During the reaction, the structure of the amorphous interphase changes continuously, impacting performance. Studying the dynamics of the solid-liquid interface can aid in understanding these changes, allowing for the development of suitable strategies to enhance catalyst performance," added Zhigang Song, co-first author and postdoctoral scholar at Harvard University.

The other authors on this work were Xianhu Sun, Yang Liu, Jiawei Wan, Sophia. B. Betzler, Qi Zheng, Junyi Shangguan, Karen. C. Bustillo, Peter Ercius, Prineha Narang, and Yu Huang. Funding was provided by the U.S. Department of Energy (DOE) Office of Science. The Molecular Foundry is a DOE Office of Science user facility.
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Researchers create new class of materials called 'glassy gels' | ScienceDaily
Researchers have created a new class of materials called "glassy gels" that are very hard and difficult to break despite containing more than 50% liquid. Coupled with the fact that glassy gels are simple to produce, the material holds promise for a variety of applications.


						
Gels and glassy polymers are classes of materials that have historically been viewed as distinct from one another. Glassy polymers are hard, stiff and often brittle. They're used to make things like water bottles or airplane windows. Gels -- such as contact lenses -- contain liquid and are soft and stretchy.

"We've created a class of materials that we've termed glassy gels, which are as hard as glassy polymers, but -- if you apply enough force -- can stretch up to five times their original length, rather than breaking," says Michael Dickey, corresponding author of a paper on the work and the Camille and Henry Dreyfus Professor of Chemical and Biomolecular Engineering at North Carolina State University. "What's more, once the material has been stretched, you can get it to return to its original shape by applying heat. In addition, the surface of the glassy gels is highly adhesive, which is unusual for hard materials."

"A key thing that distinguishes glassy gels is that they are more than 50% liquid, which makes them more efficient conductors of electricity than common plastics that have comparable physical characteristics," says Meixiang Wang, co-lead author of the paper and a postdoctoral researcher at NC State.

"Considering the number of unique properties they possess, we're optimistic that these materials will be useful," Wang says.

Glassy gels, as the name suggests, are effectively a material that combines some of the most attractive properties of both glassy polymers and gels. To make them, the researchers start with the liquid precursors of glassy polymers and mix them with an ionic liquid. This combined liquid is poured into a mold and exposed to ultraviolet light, which "cures" the material. The mold is then removed, leaving behind the glassy gel.

"The ionic liquid is a solvent, like water, but is made entirely of ions," says Dickey. "Normally when you add a solvent to a polymer, the solvent pushes apart the polymer chains, making the polymer soft and stretchable. That's why a wet contact lens is pliable, and a dry contact lens isn't. In glassy gels, the solvent pushes the molecular chains in the polymer apart, which allows it to be stretchable like a gel. However, the ions in the solvent are strongly attracted to the polymer, which prevents the polymer chains from moving. The inability of chains to move is what makes it glassy. The end result is that the material is hard due to the attractive forces, but is still capable of stretching due to the extra spacing."

The researchers found that glassy gels could be made with a variety of different polymers and ionic liquids, though not all classes of polymers can be used to create glassy gels.




"Polymers that are charged or polar hold promise for glassy gels, because they're attracted to the ionic liquid," Dickey says.

In testing, the researchers found that the glassy gels don't evaporate or dry out, even though they consist of 50-60% liquid.

"Maybe the most intriguing characteristic of the glassy gels is how adhesive they are," says Dickey. "Because while we understand what makes them hard and stretchable, we can only speculate about what makes them so sticky."

The researchers also think glassy gels hold promise for practical applications because they're easy to make.

"Creating glassy gels is a simple process that can be done by curing it in any type of mold or by 3D printing it," says Dickey. "Most plastics with similar mechanical properties require manufacturers to create polymer as a feedstock and then transport that polymer to another facility where the polymer is melted and formed into the end product.

"We're excited to see how glassy gels can be used and are open to working with collaborators on identifying applications for these materials."

The paper, "Glassy Gels Toughened by Solvent," will be published June 19 in the journal Nature. Co-lead author of the paper is Xun Xiao of the University of North Carolina at Chapel Hill. The paper was co-authored by Salma Siddika, a Ph.D. student at NC State; Mohammad Shamsi, a former Ph.D. student at NC State; Ethan Frey, a former undergrad at NC state; Brendan O'Connor, a professor of mechanical and aerospace engineering at NC State; Wubin Bai, a professor of applied physical sciences at UNC; and Wen Qian, a research associate professor of mechanical and materials engineering at the University of Nebraska-Lincoln.

The work was partially supported by funding from the Coastal Studies Institute.
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Mirror-image chemicals may revolutionize drug delivery | ScienceDaily
Cyclodextrins (CDs) are complicated carbohydrates, a term that describes the natural, sugar-based, starchy material that makes up much of fruits, vegetables and grains.


						
Their unique chemical properties make them ideal for all sorts of uses, including air fresheners, medications and cosmetics. Scientists also are exploring their potential to treat cardiovascular diseases caused by atherosclerotic plaques.

Now, more than 130 years after CDs were first discovered and reported, a University of Texas at Arlington team of scientists has created chemical mirror images of these complex carbohydrates in the laboratory. This discovery may revolutionize how medications are delivered to patients.

Daniel W. Armstrong, the Robert A. Welch Distinguished University Chair in Chemistry, has co-authored a new peer-reviewed publication in Nature Synthesis describing mirror-image cyclodextrins for the first time along with his former graduate student Saba Aslani.

"This discovery is exciting, as it may make it easier to formulate and deliver complex medications to patients," Armstrong said. "This missing piece of the puzzle definitely paves the way for additional gains in treating and curing disease."

Other authors on the paper are from Northwestern University; University of Hong Kong; University of Wyoming; ZJU-Hangzhou Global Scientific and Technological Innovation Center in China; National University of Singapore; Universite d'Angers in France; Zhejiang University in China; and University of New South Wales in Australia.

After creating these mirror-image CDs in the lab, researchers were able to confirm their discovery using X-ray crystallography and binding studies of other mirror-image molecules.

"In the pharmaceutical industry, it is common and even mandated to synthesize and test such mirror-image drug entities, as they may have different medicinal properties and toxicities," Armstrong said. "Based on how popular CDs are already for delivering medications, this newly discovered mirror image may have even more biomedical uses. Plus, we know that such mirror-images carbohydrates are more resistant to biological degradation than their natural counterparts."
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Researchers leverage shadows to model 3D scenes, including objects blocked from view | ScienceDaily
Imagine driving through a tunnel in an autonomous vehicle, but unbeknownst to you, a crash has stopped traffic up ahead. Normally, you'd need to rely on the car in front of you to know you should start braking. But what if your vehicle could see around the car ahead and apply the brakes even sooner?


						
Researchers from MIT and Meta have developed a computer vision technique that could someday enable an autonomous vehicle to do just that.

They have introduced a method that creates physically accurate, 3D models of an entire scene, including areas blocked from view, using images from a single camera position. Their technique uses shadows to determine what lies in obstructed portions of the scene.

They call their approach PlatoNeRF, based on Plato's allegory of the cave, a passage from the Greek philosopher's "Republic"in which prisoners chained in a cave discern the reality of the outside world based on shadows cast on the cave wall.

By combining lidar (light detection and ranging) technology with machine learning, PlatoNeRF can generate more accurate reconstructions of 3D geometry than some existing AI techniques. Additionally, PlatoNeRF is better at smoothly reconstructing scenes where shadows are hard to see, such as those with high ambient light or dark backgrounds.

In addition to improving the safety of autonomous vehicles, PlatoNeRF could make AR/VR headsets more efficient by enabling a user to model the geometry of a room without the need to walk around taking measurements. It could also help warehouse robots find items in cluttered environments faster.

"Our key idea was taking these two things that have been done in different disciplines before and pulling them together -- multibounce lidar and machine learning. It turns out that when you bring these two together, that is when you find a lot of new opportunities to explore and get the best of both worlds," says Tzofi Klinghoffer, an MIT graduate student in media arts and sciences, affiliate of the MIT Media Lab, and lead author of a paper on PlatoNeRF.




Klinghoffer wrote the paper with his advisor, Ramesh Raskar, associate professor of media arts and sciences and leader of the Camera Culture Group at MIT; senior author Rakesh Ranjan, a director of AI research at Meta Reality Labs; as well as Siddharth Somasundaram at MIT, and Xiaoyu Xiang, Yuchen Fan, and Christian Richardt at Meta. The research will be presented at the Conference on Computer Vision and Pattern Recognition.

Shedding light on the problem

Reconstructing a full 3D scene from one camera viewpoint is a complex problem.

Some machine-learning approaches employ generative AI models that try to guess what lies in the occluded regions, but these models can hallucinate objects that aren't really there. Other approaches attempt to infer the shapes of hidden objects using shadows in a color image, but these methods can struggle when shadows are hard to see.

For PlatoNeRF, the MIT researchers built off these approaches using a new sensing modality called single-photon lidar. Lidars map a 3D scene by emitting pulses of light and measuring the time it takes that light to bounce back to the sensor. Because single-photon lidars can detect individual photons, they provide higher-resolution data.

The researchers use a single-photon lidar to illuminate a target point in the scene. Some light bounces off that point and returns directly to the sensor. However, most of the light scatters and bounces off other objects before returning to the sensor. PlatoNeRF relies on these second bounces of light.




By calculating how long it takes light to bounce twice and then return to the lidar sensor, PlatoNeRF captures additional information about the scene, including depth. The second bounce of light also contains information about shadows.

The system traces the secondary rays of light -- those that bounce off the target point to other points in the scene -- to determine which points lie in shadow (due to an absence of light). Based on the location of these shadows, PlatoNeRF can infer the geometry of hidden objects.

The lidar sequentially illuminates 16 points, capturing multiple images that are used to reconstruct the entire 3D scene.

"Every time we illuminate a point in the scene, we are creating new shadows. Because we have all these different illumination sources, we have a lot of light rays shooting around, so we are carving out the region that is occluded and lies beyond the visible eye," Klinghoffer says.

A winning combination

Key to PlatoNeRF is the combination of multibounce lidar with a special type of machine-learning model known as a neural radiance field (NeRF). A NeRF encodes the geometry of a scene into the weights of a neural network, which gives the model a strong ability to interpolate, or estimate, novel views of a scene.

This ability to interpolate also leads to highly accurate scene reconstructions when combined with multibounce lidar, Klinghoffer says.

"The biggest challenge was figuring out how to combine these two things. We really had to think about the physics of how light is transporting with multibounce lidar and how to model that with machine learning," he says.

They compared PlatoNeRF to two common alternative methods, one that only uses lidar and the other that only uses a NeRF with a color image.

They found that their method was able to outperform both techniques, especially when the lidar sensor had lower resolution. This would make their approach more practical to deploy in the real world, where lower resolution sensors are common in commercial devices.

"About 15 years ago, our group invented the first camera to 'see' around corners, that works by exploiting multiple bounces of light, or 'echoes of light.' Those techniques used special lasers and sensors, and used three bounces of light. Since then, lidar technology has become more mainstream, that led to our research on cameras that can see through fog. This new work uses only two bounces of light, which means the signal to noise ratio is very high, and 3D reconstruction quality is impressive," Raskar says.

In the future, the researchers want to try tracking more than two bounces of light to see how that could improve scene reconstructions. In addition, they are interested in applying more deep learning techniques and combining PlatoNeRF with color image measurements to capture texture information.

Further information: https://openaccess.thecvf.com/content/CVPR2024/html/Klinghoffer_PlatoNeRF_3D_Reconstruction_in_Platos_Cave_via_Single-View_Two-Bounce_Lidar_CVPR_2024_paper.html
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What happens when neutron stars collide? | ScienceDaily
When stars collapse, they can leave behind incredibly dense but relatively small and cold remnants called neutron stars. If two stars collapse in close proximity, the leftover binary neutron stars spiral in and eventually collide, and the interface where the two stars begin merging becomes incredibly hot. New simulations of these events show hot neutrinos -- tiny, essentially massless particles that rarely interact with other matter -- that are created during the collision can be briefly trapped at these interfaces and remain out of equilibrium with the cold cores of the merging stars for 2 to 3 milliseconds. During this time, the simulations show that the neutrinos can weakly interact with the matter of the stars, helping to drive the particles back toward equilibrium -- and lending new insight into the physics of these powerful events.


						
A paper describing the simulations, by a research team led by Penn State physicists, appeared in the journal Physical Reviews Letters.

"For the first time in 2017, we observed here on Earth signals of various kinds, including gravitational waves, from a binary neutron star merger," said Pedro Luis Espino, a postdoctoral researcher at Penn State and the University of California, Berkeley, who led the research. "This led to a huge surge of interest in binary neutron star astrophysics. There is no way to reproduce these events in a lab to study them experimentally, so the best window we have into understanding what happens during a binary neutron star merger is through simulations based on math that arises from Einstein's theory of general relativity."

Neutron stars get their name because they are thought to be composed almost entirely out of neutrons, the uncharged particles that, along with positively charged protons and negatively charged electrons, make up atoms. Their incredible density -- only black holes are smaller and denser -- is thought to squeeze protons and electrons together, fusing them into neutrons. A typical neutron star is only tens of kilometers across but has about one-and-a-half times the mass of our Sun, which is about 1.4 million kilometers across. A teaspoon of neutron star material might weigh as much as a mountain, tens or hundreds of millions of tons.

"Neutron stars before the merger are effectively cold, while they may be billions of degrees Kelvin, their incredible density means that this heat contributes very little to the energy of the system," said David Radice, assistant professor of physics and of astronomy and astrophysics in the Eberly College of Science at Penn State and a leader of the research team. "As they collide, they can become really hot, the interface of the colliding stars can be heated up to temperatures in the trillions of degrees Kelvin. However, they are so dense that photons cannot escape to dissipate the heat; instead, we think they cool down by emitting neutrinos."

According to the researchers, neutrinos are created during the collision as neutrons in the stars smash into each other and are blasted apart into protons, electrons and neutrinos. What then happens in those first moments after a collision has been an open question in astrophysics.

To try to answer that question, the research team created simulations requiring massive amounts of computing power that model the merger of binary neutron stars and all of the associated physics. The simulations showed for the first time that, however briefly, even neutrinos can be trapped by the heat and density of the merger. The hot neutrinos are out of equilibrium with the still cool cores of the stars and can interact with the matter of the stars.




"These extreme events stretch the bounds of our understanding of physics and studying them allows us to learn new things," Radice said. "The period where the merging stars are out of equilibrium is only 2 to 3 milliseconds, but like temperature, time is relative here, the orbital period of the two stars before the merge can be as little as 1 millisecond. This brief out-of-equilibrium phase is when the most interesting physics occurs, once the system returns to equilibrium, the physics is better understood."

The researchers explained that the precise physical interactions that occur during the merger can impact the types of signals that could be observed on Earth from binary star mergers.

"How the neutrinos interact with the matter of the stars and eventually are emitted can impact the oscillations of the merged remnants of the two stars, which in turn can impact what the electromagnetic and gravitation wave signals of the merger look like when they reach us here on Earth," Espino said. "Next-generation gravitation-wave detectors could be designed to look for these kinds of signal differences. In this way, these simulations play a crucial role allowing us to get insight into these extreme events while informing future experiments and observations in a kind of feedback loop."

In addition to Espino and Radice, the research team includes postdoctoral scholars Peter Hammond and Rossella Gamba at Penn State; Sebastiano Bernuzzi, Francesco Zappa and Luis Felipe Longo Micchi at Friedrich-Schiller-Universitat Jena in Germany; and Albino Perego at Universita di Trento in Italy.

Funding from the U.S. National Science Foundation; the U.S. Department of Energy (DOE), Office of Science, Division of Nuclear Physics; the Deutsche Forschungsgemeinschaft; and the European Union Horizon 2020 and Europe Horizon initiatives supported this research. Simulations were performed on Bridges2, Expanse, Frontera and Perlmutter supercomputers. The research used resources of the National Energy Research Scientific Computing Center, a DOE Office of Science User Facility supported by the Office of Science of the U.S. Department of Energy. The authors acknowledged the Gauss Centre for Supercomputing e.V. for funding this project by providing computing time on the GCS Supercomputer SuperMUC-NG at the Leibniz Supercomputing Centre.
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Unveiling Telo-seq: A breakthrough in telomere research on aging and cancer | ScienceDaily
Within each of our cells, long strands of DNA are folded into chromosomes and capped with protective structures called telomeres. But telomeres shorten as we age, eventually getting so whittled down that our chromosomes become exposed, and our cells die. However, the specifics of when and how this shortening occurs and whether certain chromosomes are more affected than others have been unclear -- until now.


						
Scientists at the Salk Institute have developed a groundbreaking tool called Telo-seq, designed to revolutionize the study of telomeres in aging and disease. Compared to existing methods, which struggle to sequence whole telomeres and can only measure their average length across all chromosomes, the new technique allows researchers to determine the entire sequence and precise length of telomeres on each individual chromosome.

The researchers are already using Telo-seq to reveal novel telomere dynamics in human health and disease with unprecedented resolution. The findings, published in Nature Communications on June 18, 2024, will inspire a flurry of new studies and telomere-targeting therapeutics to treat age-related diseases.

"Previous methods for measuring telomere length were low resolution and rather inaccurate," says the study's senior author Jan Karlseder, professore, chief science officer, and Donald and Darlene Shiley Chair for Research on Aging at Salk. "We could hypothesize about how individual telomeres might play a role in aging and cancer, but it was simply impossible to test those hypotheses. Now we can."

Karlseder and colleagues collaborated closely with experts at Oxford Nanopore Technologies to combine aspects of their long-read sequencing technique with novel biochemistry and bioinformatics approaches. The resulting method starts at the end of each telomere and sequences well into the subtelomere region. This allows the scientists to identify which chromosome they are looking at and examine its telomere structure and composition in detail.

Using this technique, the researchers have described numerous features of telomere biology that had not been accessible to scientists before. So far, they've observed that within individual human samples, each chromosome arm can have different telomere lengths, and these telomeres can vary significantly in their shortening rates. These dynamics vary in different tissues and cell types within the same person, likely for many reasons including the amount of stress and inflammation affecting different parts of the body. Altogether, this suggests that there are potential chromosome arm-specific factors influencing telomere dynamics in aging and disease.

"Aging is an incredibly heterogeneous process that affects everyone differently," says Karlseder. "We are very interested in whether differences in aging are related to different telomere shortening rates between people or chromosomes, and how we might be able to slow this down to promote healthy aging."

Telo-seq can also improve our understanding of telomere-driven diseases. Many telomeropathies involve stem cells that run out of telomere length and lose their ability to divide into new, functional cells. This can lead to hair loss, immune disorders, or certain cancers. Telo-seq will allow scientists to investigate whether these diseases are inherited within families or associated with individual chromosomes, in order to develop more targeted interventions.




While telomere shortening can have devastating effects on a cell's lifespan, the opposite scenario can be equally damaging. When telomere repair mechanisms are overactivated, cells can enter an "immortal" state and divide indefinitely, leading to cancer.

To repair a damaged telomere, cells can either use the telomerase enzyme or another mechanism known as the alternative lengthening of telomeres (ALT). The length and composition of the telomeres will differ depending on which maintenance mechanism was used but, until now, there was no efficient way for scientists or clinicians to measure this.

"With Telo-seq, we can quickly determine whether a cancer is telomerase-positive or ALT-positive," says first author Tobias Schmidt, a postdoctoral researcher in Karlseder's lab. "This is critical because ALT-positive cancers are often more aggressive and require different treatment approaches than telomerase-positive cancers. In this sense, Telo-seq could be used as a quick and reliable diagnostic tool to identify cancer types and guide more personalized treatment plans."

Beyond its many immediate clinical applications, Karlseder and Schmidt say Telo-seq's greatest impact will be in igniting a new era of telomere research.

"Telo-seq will allow us to answer questions about development, aging, stem cells, and cancer that we simply couldn't address with previous tools," says Karsleder. "We don't even know what we've been missing, and I think the things we're starting to learn now are really just the tip of the iceberg. It's a very exciting time for telomere science."

Other authors include Candy Haggblom, Jeffrey R. Jones, and Fred H. Gage of Salk, Kelly A. Frazer of UC San Diego, and Carly Tyer, Preeyesh Rughan, Xiaoguang Dai, Sissel Juul, and Scott Hickey of Oxford Nanopore Technologies, Inc.

This work was supported by the National Institute of Aging (P30AG068635, AG0773424), the National Cancer Institute (CA227934, CA234047, P30CA014195), the National Institute for General Medicine (GM142173), the Helmsley Charitable Trust, the Shiley-Marcos Alzheimer's Disease Research Center at UC San Diego (AG062429), the European Molecular Biology Organization (ALTF 668-2019), the JBP Foundation (#2021-2961), the Paul F. Glenn Center for Biology of Aging Research at Salk Institute, and an AHA-Allen Initiative in Brain Health and Cognitive Impairment award made jointly through the American Heart Association and The Paul G. Allen Frontiers Group (19PABH134610000).
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The 'Queen of the Night' does not whistle | ScienceDaily
Opera singers have to use the extreme limits of their voice range. Many pedagogical and scientific sources suggest that the highest pitches reached in classical singing can only be produced with a so-called "whistle" voice register, in analogy to ultrasonic vocalizations of mice and rats. An international research team, led by Christian T. Herbst of the University of Vienna and Matthias Echternach from the Ludwig Maximilian University of Munich has now rejected this assumption. In their study, the scientists showed that the high-frequency sounds of operatic sopranos are produced with the same principle than speech and most other forms of singing. The study was recently published in the Scientific Reports journal.


						
For this study, nine highly professional operatic sopranos were asked to perform in a special laboratory situation: They phonated at highest pitches while the scientists made ultra-highspeed video recordings of the singers' throats and vocal folds with trans-nasal endoscopy. Analysis of the video footage clearly showed that -- depending on the sung pitch -- the vocal folds in the throat vibrate and collide 1000 to 1600 times per second, commensurable with the produced sound's frequency. This is in stark contrast to the alleged, but now refuted "whistle" mechanism, which would have required for the vocal folds to be immobile during voice production.

The study thus demonstrates that the "default" mechanism of voice production in humans and most mammals also applies to the upper pitch ranges of operatic singing. Simulations with a computer model suggest that the singers can, among others, only produce their highest frequencies with a greatly increased tension in the vocal folds, supported by high expiratory air pressures.

The study's senior author Christian T. Herbst maintains: "This finally debunks a long-standing myth of voice pedagogy. It is remarkable that such extreme sounds can be produced with a rather common voice production mechanism -- this is only possible with outstanding muscular fine-control of the singers' vocal instrument." Lead author Matthias Echternach adds: "It is truly amazing how some female singers can generate the extremely high tensions in their vocal folds that are required to produce these high-pitched sounds without incurring any vocal health issues. Why some singers succeed while others don't must remain open for now."
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Breakthrough may clear major hurdle for quantum computers | ScienceDaily
The potential of quantum computers is currently thwarted by a trade-off problem. Quantum systems that can carry out complex operations are less tolerant to errors and noise, while systems that are more protected against noise are harder and slower to compute with. Now a research team from Chalmers University of Technology, in Sweden, has created a unique system that combats the dilemma, thus paving the way for longer computation time and more robust quantum computers.


						
For the impact of quantum computers to be realised in society, quantum researchers first need to deal with some major obstacles. So far, errors and noise stemming from, for example, electromagnetic interference or magnetic fluctuations, cause the sensitive qubits to lose their quantum states -- and subsequently their ability to continue the calculation. The amount of time that a quantum computer can work on a problem is thus so far limited. Additionally, for a quantum computer to be able to tackle complex problems, quantum researchers need to find a way to control the quantum states. Like a car without a steering wheel, quantum states may be considered somewhat useless if there is no efficient control system to manipulate them.

However, the research field is facing a trade-off problem. Quantum systems that allow for efficient error correction and longer computation times are on the other hand deficient in their ability to control quantum states -- and vice versa. But now a research team at Chalmers University of Technology has managed to find a way to battle this dilemma.

"We have created a system that enables extremely complex operations on a multi-state quantum system, at an unprecedented speed." says Simone Gasparinetti, leader of the 202Q-lab at Chalmers University of Technology and senior author of the study.

Deviates from the two-quantum-state principle 

While the building blocks of a classical computer, bits, have either the value 1 or 0, the most common building blocks of quantum computers, qubits, can have the value 1 and 0 at the same time -- in any combination. The phenomenon is called superposition and is one of the key ingredients that enable a quantum computer to perform simultaneous calculations, with enormous computing potential as a result. However, qubits encoded in physical systems are extremely sensitive to errors, which has led researchers in the field to search for ways to detect and correct these errors. The system created by the Chalmers researchers is based on so called continuous-variable quantum computing and uses harmonic oscillators, a type of microscopic component, to encode information linearly. The oscillators used in the study consist of thin strips of superconducting material patterned on an insulating substrate to form microwave resonators, a technology fully compatible with the most advanced superconducting quantum computers. The method is previously known in the field and departs from the two-quantum state principle as it offers a much larger number of physical quantum states, thus making quantum computers significantly better equipped against errors and noise.

"Think of a qubit as a blue lamp that, quantum mechanically, can be both switched on and off simultaneously. In contrast, a continuous variable quantum system is like an infinite rainbow, offering a seamless gradient of colours. This illustrates its ability to access a vast number of states, providing far richer possibilities than the qubit's two states," says Axel Eriksson, researcher in quantum technology at Chalmers University of Technology and lead author of the study.




Combats trade-off problem between operation complexity and fault tolerance 

Although continuous-variable quantum computing based on harmonic oscillators enables improved error correction, its linear nature does not allow for complex operations to be carried out. Attempts to combine harmonic oscillators with control systems such as superconducting quantum systems have been made but have been hindered by the so-called Kerr-effect. The Kerr-effect in turn scrambles the many quantum states offered by the oscillator, canceling the desired effect.

By putting a control system device inside the oscillator, the Chalmers researchers were able to circumvent the Kerr-effect and combat the trade-off problem. The system presents a solution that preserves the advantages of the harmonic oscillators, such as a resource-efficient path towards fault tolerance, while enabling accurate control of quantum states at high speed. The system is described in an article published in Nature Communications and may pave the way for more robust quantum computers.

"Our community has often tried to keep superconducting elements away from quantum oscillators, not to scramble the fragile quantum states. In this work, we have challenged this paradigm. By embedding a controlling device at the heart of the oscillator we were able to avoid scrambling the many quantum states while at the same time being able to control and manipulate them. As a result, we demonstrated a novel set of gate operations performed at very high speed," says Simone Gasparinetti.
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Researchers film energy materials as they form | ScienceDaily
Shooting a movie in the lab requires special equipment. Especially when the actors are molecules -- invisible to the naked eye -- reacting with each other. "Imagine trying to film tiny lava flows during a volcanic eruption. Your smartphone camera wouldn't be up to the job. First, you'd need to develop a special method to make the action you want to capture visible," says Prof. Emiliano Cortes, Professor of Experimental Physics and Energy Conversion at LMU.


						
But the effort is worth it -- particularly when the product of the reaction is a promising energy material: so-called covalent organic frameworks (COFs). Still quite young, this material class has great potential for applications in battery technology and the manufacture of hydrogen. But despite 20 years of intensive research, scientists have been unable to fully elucidate what actually happens during the synthesis of COFs. As such, materials are often developed by trial and error. This has also been the case for COFs where several molecular components have to find the correct place during synthesis. Only then does the desired porous framework form over large areas.

"Finding out why synthesis only works under certain conditions and not under others has intrigued me since my master's days. Our approach in this project was to use the tools of physics to support chemists in their work. We wanted to shed more light on the complex synthesis processes and thus optimize them," explains Christoph Gruber, who is researching this topic in Cortes's team as part of his doctoral dissertation. To this end, the two scientists turned to the research group of LMU chemist Prof. Dana Medina, who is specialized in the synthesis of COFs, to establish a collaboration.

For the film shoot with the molecular stars, Gruber used a special microscope. With this tool, the team managed to follow the formation mechanism of the COFs at the nano level. The LMU researchers recently published their groundbreaking results in the journal Nature, accompanied by a video showing the processes that occur during synthesis in real time. Their research was made possible by funding from the e-conversion Cluster of Excellence (DFG), the Center for Nanoscience (CeNS), the Bavarian solar technologies program SolTech, and the European Commission (EC).

Early order is critical

Synthesis of the molecular frameworks demands one thing above all: precise control of the reaction and self-assembly of the molecular building blocks present. "Only when you have this control it is probable to obtain a highly crystalline structure with an extensive order and, ultimately, the desired functionality," says Medina. "However, our knowledge particularly of the early stages of nucleation and growth is full of gaps. And this has thwarted the development of effective synthesis protocols. We therefore were extremely intrigued to visualize the reaction as it unfolds and set the focus on the earliest stages when the mixed molecular components are starting to react." This is precisely where Gruber started with his investigations, choosing what would seem at first glance to be an unconventional method to cast light on the opening scene of COF formation: iSCAT microscopy. The abbreviation stands for interferometric scattering, and biophysicists often use this technology to investigate things like the interaction of proteins. "The measurement principle is based on the fact that even the tiniest of particles, made up of just a few molecules, scatter incident light. If these scattered light waves overlap, we get interference -- just like water waves in a pool. That is to say, we get larger and smaller waves depending on how the waves overlap. We record these light patterns with a high-resolution camera and, with subsequent image processing, we obtain pictures that reveal, for example, nano-scale COF particles," explains Gruber. And here's the kicker: the iSCAT method is suitable for capturing dynamic processes and thus for real-time measurements. This allows the researchers to watch the synthesis live, as it were.

Droplets got talent

Immediately after the reaction started, the researchers were surprised to observe the presence of tiny structures in the transparent reaction medium. "The images showed us that nanometer-scale droplets can play an essential role in the synthesis. Although they are extremely small, they control the entire kinetics at the beginning of the reaction," says Gruber. "Nothing was known about their existence before now, but for the formation of the COFs we studied, the nano-droplets turned out to be extremely important. If they are absent, the whole reaction happens too quickly and the desired order is lost."




Using the iSCAT method, the LMU team managed to record a film showing the formation of the molecular frameworks from the beginning -- with a sensitivity of just a few nanometers. "Existing techniques couldn't capture the start of the reaction, with these nano-scale and millisecond-long processes, in real time," says Cortes. "Through our research, we've now managed to close this gap in our knowledge. At the same time, we're getting a holistic picture of the early stages of the reaction and the progressive formation of the COFs."

Energy-efficient synthesis

Furthermore, the researchers used the film clip and the resulting analyses to design an energy-efficient synthesis concept. "Building on our results, we discovered how to rationally design the reaction conditions," explains Medina. "By adding normal table salt, for example, we were able to massively reduce the temperature, such that the molecular frameworks form at room temperature as opposed to 120 degrees Celsius." The researchers are convinced their results will transform how we think about the synthesis of the over 300 different COFs and could therefore drive forward advances in industrial COF production. Moreover, the results could have far-reaching effects on the synthesis of other materials and on chemical reactions that have not yet been observed in real time. The LMU researchers are excited about shooting new films with molecules in the starring role.
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Astronomers see a massive black hole awaken in real time | ScienceDaily
In late 2019 the previously unremarkable galaxy SDSS1335+0728 suddenly started shining brighter than ever before. To understand why, astronomers have used data from several space and ground-based observatories, including the European Southern Observatory's Very Large Telescope (ESO's VLT), to track how the galaxy's brightness has varied. In a study out today, they conclude that they are witnessing changes never seen before in a galaxy -- likely the result of the sudden awakening of the massive black hole at its core.


						
"Imagine you've been observing a distant galaxy for years, and it always seemed calm and inactive," says Paula Sanchez Saez, an astronomer at ESO in Germany and lead author of the study accepted for publication in Astronomy & Astrophysics. "Suddenly, its [core] starts showing dramatic changes in brightness, unlike any typical events we've seen before." This is what happened to SDSS1335+0728, which is now classified as having an 'active galactic nucleus' (AGN) -- a bright compact region powered by a massive black hole -- after it brightened dramatically in December 2019 [1].

Some phenomena, like supernova explosions or tidal disruption events -- when a star gets too close to a black hole and is torn apart -- can make galaxies suddenly light up. But these brightness variations typically last only a few dozen or, at most, a few hundreds of days. SDSS1335+0728 is still growing brighter today, more than four years after it was first seen to 'switch on'. Moreover, the variations detected in the galaxy, which is located 300 million light-years away in the constellation Virgo, are unlike any seen before, pointing astronomers towards a different explanation.

The team tried to understand these brightness variations using a combination of archival data and new observations from several facilities, including the X-shooter instrument on ESO's VLT in Chile's Atacama Desert [2]. Comparing the data taken before and after December 2019, they found that SDSS1335+0728 is now radiating much more light at ultraviolet, optical, and infrared wavelengths. The galaxy also started emitting X-rays in February 2024. "This behaviour is unprecedented," says Sanchez Saez, who is also affiliated with the Millennium Institute of Astrophysics (MAS) in Chile.

"The most tangible option to explain this phenomenon is that we are seeing how the [core] of the galaxy is beginning to show (...) activity," says co-author Lorena Hernandez Garcia, from MAS and the University of Valparaiso in Chile. "If so, this would be the first time that we see the activation of a massive black hole in real time."

Massive black holes -- with masses over one hundred thousand times that of our Sun -- exist at the centre of most galaxies, including the Milky Way. "These giant monsters usually are sleeping and not directly visible," explains co-author Claudio Ricci, from the Diego Portales University, also in Chile. "In the case of SDSS1335+0728, we were able to observe the awakening of the massive black hole, [which] suddenly started to feast on gas available in its surroundings, becoming very bright."

"[This] process (...) has never been observed before," Hernandez Garcia says. Previous studies reported inactive galaxies becoming active after several years, but this is the first time the process itself -- the awakening of the black hole -- has been observed in real time. Ricci, who is also affiliated with the Kavli Institute for Astronomy and Astrophysics at Peking University, China, adds: "This is something that could happen also to our own Sgr A*, the massive black hole (...) located at the centre of our galaxy," but it is unclear how likely this is to happen.




Follow-up observations are still needed to rule out alternative explanations. Another possibility is that we are seeing an unusually slow tidal disruption event, or even a new phenomenon. If it is in fact a tidal disruption event, this would be the longest and faintest such event ever observed. "Regardless of the nature of the variations, [this galaxy] provides valuable information on how black holes grow and evolve," Sanchez Saez says. "We expect that instruments like [MUSE on the VLT or those on the upcoming Extremely Large Telescope (ELT)] will be key in understanding [why the galaxy is brightening]."

Notes

[1] The SDSS1335+0728 galaxy's unusual brightness variations were detected by the Zwicky Transient Facility (ZTF) telescope in the US. Following that, the Chilean-led Automatic Learning for the Rapid Classification of Events (ALeRCE) broker classified SDSS1335+0728 as an active galactic nucleus.

[2] The team collected archival data from NASA's Wide-field Infrared Survey Explorer (WISE) and Galaxy Evolution Explorer (GALEX), the Two Micron All Sky Survey (2MASS), the Sloan Digital Sky Survey (SDSS), and the eROSITA instrument on IKI and DLR's Spektr-RG space observatory. Besides ESO's VLT, the follow-up observations were conducted with the Southern Astrophysical Research Telescope (SOAR), the W. M. Keck Observatory, and NASA's Neil Gehrels Swift Observatory and Chandra X-ray Observatory.
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Advanced artificial intelligence: A revolution for sustainable agriculture | ScienceDaily
The rise of advanced artificial intelligence (edge AI) could well mark the beginning of a new era for sustainable agriculture. A recent study proposes a roadmap for integrating this technology into farming practices. The aim? To improve the efficiency, quality and safety of agricultural production, while addressing a range of environmental, social and economic challenges.


						
One of the main objectives of sustainable agricultural practices is to efficiently feed a growing world population. Digital technology, such as artificial intelligence (AI), can bring substantial benefits to agriculture by improving farming practices that can increase the efficiency, yield, quality and safety of agricultural production. Edge AI refers to the implementation of artificial intelligence in an advanced computing environment. "This technology enables calculations to be carried out close to where the data is collected, rather than in a centralized cloud computing facility or off-site datacenter," explains Moussa El Jarroudi, researcher in Crop Environment and Epidemiology at the University of Liege (Belgium). This means devices can make smarter decisions faster, without connecting to the cloud or off-site datacenters."

In a new study published in the scientific journal Nature Sustainability, a scientific team led by Moussa El Jarroudi, demonstrates how to overcome these challenges and how AI can be practically integrated into agricultural systems to meet the growing needs of sustainable food production. "Deploying AI in agriculture is not without its challenges. It requires innovative solutions and the right infrastructure. Experts like Professor Said Hamdioui of Delft University of Technology have developed low-energy systems capable of operating autonomously." Although challenges remain, particularly in the context of climate change, the prospects opened up by these advances are promising.

The University of Liege played a crucial role in this study, contributing cutting-edge resources and expertise in the fields of artificial intelligence and sustainable agriculture. ULiege researchers have developed innovative edge AI solutions and conducted in-depth analyses of their potential impact on agricultural practices.

A new era for agriculture

"The results of our study are part of a growing trend to integrate advanced technologies into agriculture to achieve sustainability goals," resumes Benoit Mercatoris, co-author of the study and agronomy researcher at ULiege. The adoption of edge AI can transform agricultural practices by increasing resource efficiency, improving crop quality and reducing environmental impacts. This technology is positioning itself as an essential pillar for the future of sustainable agriculture."

The applications are vast: improving crop management with real-time data, optimizing the use of resources such as water and fertilizers, reducing post-harvest losses and increasing food safety, or enhancing monitoring and response capabilities to changing weather conditions. This study paves the way for smarter, more environmentally-friendly agriculture, thanks to edge AI. A technological revolution that could well transform the way we produce and consume.
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At-camera gaze can increase scores in simulated interviews | ScienceDaily
Eye-contact has a significant impact on interpersonal evaluation, and online job interviews are no exception. In addition to the quality of a resume, the direction of the interviewee's gaze might help (or hinder) their chances of securing the job.


						
Researchers published their results in Scientific Reports on May 31.

The study simulated online job interviews. Twelve students who participated in the study as a role of interviewees presented themselves twice, once looking directly at a web camera, and the other looking towards the screen. After recording the students' presentation, three stimuli were created to be evaluated by 38 full-time workers. These three stimuli include the recording of the interviewee looking directly at the camera (CAM), one with the interviewee's eye skewing downwards towards the screen (SKW) and one where only the interviewee's voice is played without camera recordings (VO). The evaluator's rubric has six criteria to consider when determining the scores of the interview: intimacy, social desirability, general job abilities, decisiveness, cooperativeness and overall hireability.

The results indicate interviewers evaluate candidates more positively when their gaze is directed at the camera (i.e., CAM stimulus) compared to when the candidates look at the screen (SKW stimulus). The skewed-gaze stimulus received worse evaluation scores than voice-only presentation (VO stimulus). Throughout an online interview, it is challenging to maintain "genuine" eye contact -- making direct and meaningful visual connection with another person, but gazing into the camera can accomplish a similar feeling online as direct eye contact does in person.

While the evaluators overall preferred interviewees who maintained eye contact with the camera, an unconscious gender bias appeared. Female evaluators judged those with skewed downward gazes more harshly than male evaluators, and the difference in the evaluation of the CAM and SKW stimuli for female interviewees was larger than the male interviewees. This gender bias within the study could be prevalent under non-experimental conditions. Making both interviewers and interviewees aware of this potentially systematic gender bias could help curtail this issue.

"The key takeaway from our study is the negative impact of skewed gaze on evaluation in the context of online job interviewing: do NOT keep your eyes on the screen," said Masahiro Shinya, researcher at Hiroshima University and one of the co-first authors of the study.

Simply starting with the optimal direction of gaze can increase the favorability of the interviewee significantly compared to having a downward skewed gaze. Using the "mutual gaze" effect can aid in establishing a level of trustworthiness and credibility with the evaluator. These two factors can be just the leg up an interviewer needs to move forward in the interview process. However, it's still important to consider the other criteria the evaluators were basing their choices on, as well as potential biases that, while not ideal, can still factor into the decision-making process.




"The ultimate goal is to develop guidelines and tools that enhance understanding and management of visual attention in video conferencing, thereby improving interaction quality and evaluation fairness in remote settings," said Noriko Yamane, researcher and co-first author of the study.

Although it's easy to downplay the importance of eye contact and the impacts a lack of genuine eye contact can have on digital interactions, it's unlikely the role it plays won't factor into the overall impression of how hireable an interviewee is. In a time where digital communication is almost the new standard, uncovering subtle, non-verbal cues can significantly affect how an individual is perceived in a professional setting when interfacing through a computer screen.

Masahiro Shinya and Noriko Yamane of the Graduate School of Humanities and Social Sciences at Hiroshima University, Yuki Mori of the School of Integrated Arts and Sciences at Hiroshima University, and Brian Teaman of the Department of International and English Interdisciplinary Studies at Osaka Jogakuin University contributed to this research.

JSPS Kakenhi Grant-in-Aid (22K00621) supported this research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240617210530.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Towards wider 5G network coverage: Novel wirelessly powered relay transceiver | ScienceDaily
A novel 256-element wirelessly powered transceiver array for non-line-of-sight 5G communication, featuring efficient wireless power transmission and high-power conversion efficiency, has been designed by scientists at Tokyo Tech. The innovative design can enhance the 5G network coverage even to places with link blockage, improving flexibility and coverage area, and potentially making high-speed, low-latency communication more accessible.


						
Millimeter wave 5G communication, which uses extremely high-frequency radio signals (24 to 100 GHz), is a promising technology for next-generation wireless communication, exhibiting high speed, low latency, and large network capacity. However, current 5G networks face two key challenges. The first one is the low signal-to-noise ratio (SNR). A high SNR is crucial for good communication. Another challenge is link blockage, which refers to the disruption in signal between transmitter and receiver due to obstacles such as buildings.

Beamforming is a key technique for long-distance communication using millimeter waves which improves SNR. This technique uses an array of sensors to focus radio signals into a narrow beam in a specific direction, akin to focusing a flashlight beam on a single point. However, it is limited to line-of-sight communication, where transmitters and receivers must be in a straight line, and the received signal can become degraded due to obstacles. Furthermore, concrete and modern glass materials can cause high propagation losses. Hence, there is an urgent need for a non-line-of-sight (NLoS) relay system to extend the 5G network coverage, especially indoors.

To address these issues, a team of researchers led by Associate Professor Atsushi Shirane from the Laboratory for Future Interdisciplinary Research of Science and Technology at Tokyo Institute of Technology(Tokyo Tech) designed a novel wirelessly powered relay transceiver for 28 GHz millimeter-wave 5G communication. Their study has been published in the Proceedings of the 2024 IEEE MTT-S International Microwave Symposium.

Explaining the motivation behind their study, Shirane says, "Previously, for NLoS communication, two types of 5G relays have been explored: an active type and a wireless-powered type. While the active relay can maintain a good SNR even with few rectifier arrays, it has high power consumption. The wirelessly powered type does not require a dedicated power supply but needs many rectifier arrays to maintain SNR due to low conversion gain and uses CMOS diodes with lower than ten percent power conversion efficiency. Our design addresses their issues while using commercially available semiconductor integrated circuits (ICs)."

The proposed transceiver consists of 256 rectifier arrays with 24 GHz wireless power transfer (WPT). These arrays consist of discrete ICs, including gallium arsenide diodes, and baluns, which interface between balanced and unbalanced (bal-un) signal lines, DPDT switches, and digital ICs. Notably, the transceiver is capable of simultaneous data and power transmission, converting 24 GHz WPT signal to direct current (DC) and facilitating 28 GHz bi-directional transmission and reception at the same time. The 24 GHz signal is received at each rectifier individually, while the 28 GHz signal is transmitted and received using beamforming. Both signals can be received from the same or different directions and the 28 GHz signal can be transmitted either with retro-reflecting with the 24 GHz pilot signal or in any direction.

Testing revealed that the proposed transceiver can achieve a power conversion efficiency of 54% and a conversion gain of -19 decibels, higher than conventional transceivers while maintaining SNR over long distances. Additionally, it achieves about 56 milliwatts of power generation which can be increased even further by increasing the number of arrays. This can also improve the resolution of the transmission and reception beams. "The proposed transceiver can contribute to the deployment of the millimeter-wave 5G network even to places where the link is blocked, improving installation flexibility and coverage area," remarks Shirane about the benefits of their device.
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Researchers teach AI to spot what you're sketching | ScienceDaily
A new way to teach artificial intelligence (AI) to understand human line drawings -- even from non-artists -- has been developed by a team from the University of Surrey and Stanford University.


						
The new model approaches human levels of performance in recognising scene sketches.

Dr Yulia Gryaditskaya, Lecturer at Surrey's Centre for Vision, Speech and Signal Processing (CVSSP) and Surrey Institute for People-Centred AI (PAI), said:

"Sketching is a powerful language of visual communication. It is sometimes even more expressive and flexible than spoken language.

"Developing tools for understanding sketches is a step towards more powerful human-computer interaction and more efficient design workflows. Examples include being able to search for or create images by sketching something."

People of all ages and backgrounds use drawings to explore new ideas and communicate. Yet, AI systems have historically struggled to understand sketches.

AI has to be taught how to understand images. Usually, this involves a labour-intensive process of collecting labels for every pixel in the image. The AI then learns from these labels.




Instead, the team taught the AI using a combination of sketches and written descriptions. It learned to group pixels, matching them against one of the categories in a description.

The resulting AI displayed a much richer and more human-like understanding of these drawings than previous approaches. It correctly identified and labelled kites, trees, giraffes and other objects with an 85% accuracy. This outperformed other models which relied on labelled pixels.

As well as identifying objects in a complex scene, it could identify which pen strokes were intended to depict each object. The new method works well with informal sketches drawn by non-artists, as well as drawings of objects it was not explicitly trained on.

Professor Judith Fan, Assistant Professor of Psychology at Stanford University, said:

"Drawing and writing are among the most quintessentially human activities and have long been useful for capturing people's observations and ideas.

"This work represents exciting progress towards AI systems that understand the essence of the ideas people are trying to get across, regardless of whether they are using pictures or text."

The research forms part of Surrey's Institute for People-Centred AI, and in particular its SketchX programme. Using AI, SketchX seeks to understand the way we see the world by the way we draw it.




Professor Yi-Zhe Song, Co-director of the Institute for People-Centred AI, and SketchX lead, said:

"This research is a prime example of how AI can enhance fundamental human activities like sketching. By understanding rough drawings with near-human accuracy, this technology has immense potential to empower people's natural creativity, regardless of artistic ability."

The findings will be presented at the IEEE/CVF Conference on Computer Vision and Pattern Recognition 2024. It takes place in Seattle from 17-21 June 2024.
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Wirelessly powered relay will help bring 5G technology to smart factories | ScienceDaily
A recently developed wirelessly powered 5G relay could accelerate the development of smart factories, report scientists from Tokyo Tech. By adopting a lower operating frequency for wireless power transfer, the proposed relay design solves many of the current limitations, including range and efficiency. In turn, this allows for a more versatile and widespread arrangement of sensors and transceivers in industrial settings.


						
One of the hallmarks of the Information Age is the transformation of industries towards a greater flow of information. This can be readily seen in high-tech factories and warehouses, where wireless sensors and transceivers are installed in robots, production machinery, and automatic vehicles. In many cases, 5G networks are used to orchestrate operations and communications between these devices.

To avoid relying on cumbersome wired power sources, sensors and transceivers can be energized remotely via wireless power transfer (WPT). However, one problem with conventional WPT designs is that they operate at 24 GHz. At such high frequencies, transmission beams must be extremely narrow to avoid energy losses. Moreover, power can only be transmitted if there is a clear line of sight between the WPT system and the target device. Since 5G relays are often used to extend the range of 5G base stations, WPT needs to reach even further, which is yet another challenge for 24 GHz systems.

To address the limitations of WPT, a research team from Tokyo Institute of Technology has come up with a clever solution. In a recent study, whose results have been presented in the2024 IEEE Symposium on VLSI Technology & Circuits, they developed a novel 5G relay that can be powered wirelessly at a lower frequency of 5.7 GHz. "By using 5.7 GHz as the WPT frequency, we can get wider coverage than conventional 24 GHz WPT systems, enabling a wider range of devices to operate simultaneously," explains senior author and Associate Professor Atsushi Shirane.

The proposed wirelessly powered relay is meant to act as an intermediary receiver and transmitter of 5G signals, which can originate from a 5G base station or wireless devices. The key innovation of this system is the use of a rectifier-type mixer, which performs 4th-order subharmonic mixing while also generating DC power.

Notably, the mixer uses the received 5.7 GHz WPT signal as a local signal. With this local signal, together with multiplying circuits, phase shifters, and a power combiner, the mixer 'down-converts' a received 28 GHz signal into a 5.2 GHz signal. Then, this 5.2 GHz signal is internally amplified, up-converted to 28 GHz through the inverse process, and retransmitted to its intended destination.

To drive these internal amplifiers, the proposed system first rectifies the 5.7 GHz WPT signal to produce DC power, which is managed by a dedicated power management unit. This ingenious approach offers several advantages, as Shirane highlights: "Since the 5.7 GHz WPT signal has less path loss than the 24 GHz signal, more power can be obtained from a rectifier. In addition, the 5.7 GHz rectifier has a lower loss than 24 GHz rectifiers and can operate at a higher power conversion efficiency." Finally, this proposed circuit design allows for selecting the transistor size, bias voltage, matching, cutoff frequency of the filter, and load to maximize conversion efficiency and conversion gain simultaneously.

Through several experiments, the research team showcased the capabilities of their proposed relay. Occupying only a 1.5 mm by 0.77 mm chip using standard CMOS technology, a single chip can output a high power of 6.45 mW at an input power of 10.7 dBm. Notably, multiple chips could be combined to achieve a higher power output. Considering its many advantages, the proposed 5.7 GHz WPT system could thus greatly contribute to the development of smart factories.
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Simplicity versus adaptability: Understanding the balance between habitual and goal-directed behaviors | ScienceDaily
Both living creatures and AI-driven machines need to act quickly and adaptively in response to situations. In psychology and neuroscience, behavior can be categorized into two types -- habitual (fast and simple but inflexible), and goal-directed (flexible but complex and slower). Daniel Kahneman, who won the Nobel Prize in Economic Sciences, distinguishes between these as System 1 and System 2. However, there is ongoing debate as to whether they are independent and conflicting entities or mutually supportive components.


						
Scientists from the Okinawa Institute of Science and Technology (OIST) and Microsoft Research Asia in Shanghai have proposed a new AI method in which systems of habitual and goal-directed behaviors learn to help each other. Through computer simulations that mimicked the exploration of a maze, the method quickly adapts to changing environments and also reproduced the behavior of humans and animals after they had been accustomed to a certain environment for a long time.

The study, published in Nature Communications, not only paves the way for the development of systems that adapt quickly and reliably in the burgeoning field of AI, but also provides clues to how we make decisions in the fields of neuroscience and psychology.

The scientists derived a model that integrates habitual and goal-directed systems for learning behavior in AI agents that perform reinforcement learning, a method of learning based on rewards and punishments, based on the theory of "active inference," which has been the focus of much attention recently. In the paper, they created a computer simulation mimicking a task in which mice explore a maze based on visual cues and are rewarded with food when they reach the goal.

They examined how these two systems adapt and integrate while interacting with the environment, showing that they can achieve adaptive behavior quickly. It was observed that the AI agent collected data and improved its own behavior through reinforcement learning.

What our brains prefer 

After a long day at work, we usually head home on autopilot (habitual behavior). However, if you have just moved house and are not paying attention, you might find yourself driving back to your old place out of habit. When you catch yourself doing this, you switch gears (goal-directed behavior) and reroute to your new home. Traditionally, these two behaviors are considered to work independently, resulting in behavior being either habitual and fast but inflexible, or goal-directed and flexible but slow.




"The automatic transition from goal-directed to habitual behavior during learning is a very famous finding in psychology. Our model and simulations can explain why this happens: The brain would prefer behavior with higher certainty. As learning progresses, habitual behavior becomes less random, thereby increasing certainty. Therefore, the brain prefers to rely on habitual behavior after significant training," Dr. Dongqi Han, a former PhD student at OIST's Cognitive Neurorobotics Research Unit and first author of the paper, explained.

For a new goal that AI has not trained for, it uses an internal model of the environment to plan its actions. It does not need to consider all possible actions but uses a combination of its habitual behaviors, which makes planning more efficient. This challenges traditional AI approaches which require all possible goals to be explicitly included in training for them to be achieved. In this model each desired goal can be achieved without explicit training but by flexibly combining learned knowledge.

"It's important to achieve a kind of balance or trade-off between flexible and habitual behavior," Prof. Jun Tani, head of the Cognitive Neurorobotics Research Unit stated. "There could be many possible ways to achieve a goal, but to consider all possible actions is very costly, therefore goal directed behavior is limited by habitual behavior to narrow down options."

Building better AI 

Dr. Han got interested in neuroscience and the gap between artificial and human intelligence when he started working on AI algorithms. "I started thinking about how AI can behave more efficiently and adaptably, like humans. I wanted to understand the underlying mathematical principles and how we can use them to improve AI. That was the motivation for my PhD research."

Understanding the difference between habitual and goal-directed behaviors has important implications, especially in the field of neuroscience, because it can shed light on neurological disorders such as ADHD, OCD, and Parkinson's disease.

"We are exploring the computational principles by which multiple systems in the brain work together. We have also seen that neuromodulators such as dopamine and serotonin play a crucial role in this process," Prof. Kenji Doya, head of the Neural Computation Unit explained. "AI systems developed with inspiration from the brain and proven capable of solving practical problems can serve as valuable tools in understanding what is happening in the brains of humans and animals."

Dr. Han would like to help build better AI that can adapt their behavior to achieve complex goals. "We are very interested in developing AI that have near human abilities when performing everyday tasks, so we want to address this human-AI gap. Our brains have two learning mechanisms, and we need to better understand how they work together to achieve our goal."
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New material puts eco-friendly methanol conversion within reach | ScienceDaily
Griffith University researchers have developed innovative, eco-friendly quantum materials that can drive the transformation of methanol into ethylene glycol.


						
Ethylene glycol is an important chemical used to make polyester (including PET) and antifreeze agents, with a global production of over 35 million tons annually with strong growth.

Currently, it's mainly produced from petrochemicals through energy-intensive processes.

Methanol (CH3OH) can be produced sustainably from CO2, agricultural biomass waste, and plastic waste through various methods such as hydrogenation, catalytic partial oxidation, and fermentation. As a fuel, methanol also serves as a circular hydrogen carrier and a precursor for numerous chemicals.

Led by Professor Qin Li, the Griffith team's method uses solar-driven photocatalysis to convert methanol into ethylene glycol under mild conditions.

This process uses sunlight to drive chemical reactions, which minimises waste and maximises the use of renewable energy.

While previous attempts at this conversion have faced challenges -- such as the need for toxic or precious materials -- Professor Li and the research team have identified a greener solution.




"Climate change is a major challenge facing humanity today," Professor Li said.

"To tackle this, we need to focus on zero-emission power generation, low-emission manufacturing, and a circular economy. Methanol stands out as a crucial chemical that links these three strategies.

"What we have created is a novel material that combines carbon quantum dots with zinc selenide quantum wells."

"This combination significantly enhances the photocatalytic activity more than four times higher than using carbon quantum dots alone, demonstrating the effectiveness of the new material," Lead author Dr Dechao Chen said.

The approach has also shown high photocurrent, indicating efficient charge transfer within the material, crucial for driving the desired chemical reactions.

Analyses confirmed the formation of ethylene glycol, showcasing the potential of this new method. It's worth noting that the by-product of this reaction is green hydrogen.




This discovery opens up new possibilities for using eco-friendly materials in photocatalysis, paving the way for sustainable chemical production.

As a new quantum material, it also has the potential to lead to further advancements in photocatalysis, sensing, and optoelectronics.

"Our research demonstrates a significant step towards green chemistry, showing how sustainable materials can be used to achieve important chemical transformations," Professor Li said.

"This could transform methanol conversion and contribute significantly to emissions reduction."

The findings 'Colloidal Synthesis of Carbon Dot-ZnSe Nanoplatelet Vander Waals Heterostructures for Boosting PhotocatalyticGeneration of Methanol-Storable Hydrogen' have been published in the journal Small.
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MXenes for energy storage | ScienceDaily
A new method in spectromicroscopy significantly improves the study of chemical reactions at the nanoscale, both on surfaces and inside layered materials. Scanning X-ray microscopy (SXM) at MAXYMUS beamline of BESSY II enables the investigation of chemical species adsorbed on the top layer (surface) or intercalated within the MXene electrode (bulk) with high chemical sensitivity. The method was developed by a HZB team led by Dr. Tristan Petit. The scientists demonstrated among others first SXM on MXene flakes, a material used as electrode in lithium-ion batteries.


						
Since their discovery in 2011, MXenes have gathered significant scientific interest due to their versatile tunable properties and diverse applications, from energy storage to electromagnetic shielding. Researchers have been working to decipher the complex chemistry of MXenes at the nanoscale.

The team of Dr. Tristan Petit now made a significant progress in MXene characterization, as described in their recent publication. They utilized SXM to investigate the chemical bonding of Ti3C2Tx MXenes, with Tx denoting the terminations (Tx=O, OH, F, Cl), with high spatial and spectral resolution. The novelty in this work is to combine simultaneously two detection modes, transmission and electron yield, enabling different probing depths.

SXM provided detailed insights into the chemical composition and structure of MXenes. According to Faidra Amargianou, first author of the study: "Our findings shed light on the chemical bonding within MXene structure, and with surrounding species, offering new perspective for their utilization across various applications, especially in electrochemical energy storage."

For the first time, SXM was employed to image MXenes, revealing details of the local bonding between titanium and terminations within the MXene structure. The researchers also examined the influence of different synthesis routes on MXene chemistry, shedding light on the impact of terminations on the electronic properties of MXene.

Furthermore, the application of SXM in analyzing MXene-based materials in lithium-ion batteries yielded valuable insights into changes in MXene chemistry after battery cycling. As Faidra Amargianou explains, "The bulk of MXene electrode remains stable during electrochemical cycling with signs of possible Li+ intercalation. Electrolyte does not lead to degradation of the MXene and lays on top of the MXene electrode."

In summary, this study provides valuable insights into the local chemistry of MXenes and underscores the potential of SXM in the characterization of other layered materials. As Petit concludes, "This work highlights the significance of advanced chemical imaging techniques like SXM in unraveling the interactions of layered materials in complex systems. We are currently working on enabling in situ electrochemical SXM measurements directly in liquid environment. "

Further information:

This project has received funding from the European Research Council (ERC) under the European Union's Horizon 2020 research and innovation programme (grant agreement No 947852).
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AI recognizes athletes' emotions | ScienceDaily
Using computer-assisted neural networks, Researchers at the Karlsruhe Institute of Technology (KIT) and the University of Duisburg-Essen have been able to accurately identify affective states from the body language of tennis players during games. For the first time, they trained a model based on artificial intelligence (AI) with data from actual games. Their study, published in the journal Knowledge-Based Systems, demonstrates that AI can assess body language and emotions with accuracy similar to that of humans. However, it also points to ethical concerns.


						
For their study, "Recognizing affective states from the expressive behavior of tennis players using convolutional neural networks," sports sciences, software development and computer science researchers from KIT and the University of Duisburg-Essen developed a special AI model. They used pattern-recognition programs to analyze video of tennis players recorded during actual games.

Success Rate of 68.9 Percent

"Our model can identify affective states with an accuracy of up to 68.9 percent, which is comparable and sometimes even superior to assessments made by both human observers and earlier automated methods," said Professor Darko Jekauc of KIT's Institute of Sports and Sports Science.

An important and unique feature of the study is the project team's use of real-life scenes instead of simulated or contrived situations to train their AI system. The researchers recorded video sequences of 15 tennis players in a specific setting, focusing on the body language displayed when a point was won or lost. The videos showed players with cues including lowered head, arms raised in exultation, hanging racket, or differences in walking speed; these cues could be used to identify the players' affective states.

After being fed with this data, the AI learned to associate the body language signals with different affective reactions and to determine whether a point had been won (positive body language) or lost (negative body language). "Training in natural contexts is a significant advance for the identification of real emotional states, and it makes predictions possible in real scenarios," said Jekauc.

Humans and Machines Recognize Negative Emotions Better Than Positive Ones

Not only does the research show that AI algorithms may be able to surpass human observers in their ability to identify emotions in the future, it also revealed a further interesting aspect: both humans and AI are better at recognizing negative emotions. "The reason could be that negative emotions are easier to identify because they're expressed in more obvious ways," said Jekauc. "Psychological theories suggest that people are evolutionarily better adapted to perceive negative emotional expressions, for example because defusing conflict situations quickly is essential to social cohesion."




Ethical Aspects Need Clarification Before Use

The study envisions a number of sports applications for reliable emotion recognition, such as improving training methods, team dynamics and performance, and preventing burnout. Other fields, including healthcare, education, customer service and automotive safety, could also benefit from reliable early detection of emotional states.

"Although this technology offers the prospect of significant benefits, the potential risks associated with it also have to be taken into account, especially those relating to privacy and misuse of data," Jekauc said. "Our study adhered strictly to existing ethical guidelines and data protection regulations. And with a view to future applications of such technology in practice, it will be essential to clarify ethical and legal issues ahead of time."
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Novel method for measuring nano/microplastic concentrations in soil using spectroscopy | ScienceDaily
Nano and microplastics are a well-known menace, found practically everywhere in nature, including soil, oceans, drinking water, air, and even the human body. Studies show that soils in particular hold a significant portion of N/MPs. The problem with these N/MPs is their microscopic size, which allows them to easily migrate through soil into the ground or freshwater bodies due to rainwater leaching. From there, they enter the human body. Hence, it is imperative to understand the distribution and movement of the soil's N/MPs to gauge their threat and mitigate it.


						
Current techniques for measuring N/MP concentrations in soil require separating the soil organic mattercontent through chemical and physical processes. Subsequently, the isolated N/MPs are analyzed using a microscope, Fourier-transform infrared spectroscopy, Pyrolysis-gas chromatography/mass spectrometry, or Raman spectrometry. However, these techniques require advanced skills and have limited resolution for analyzing N/MPs smaller than 1 mm. Moreover, often some of the N/MPs in the soil are lost during the separation process, leading to inaccurate measurements. Therefore, it is necessary to develop a simple yet accurate method to detect and measure N/MPs [?]1 mm in soil.

To this end, a team of researchers led by Mr. Kyouhei Tsuchida from Waseda University and National Institute of Advanced Industrial Science and Technology, along with Dr. Yukari Imoto, Dr. Takeshi Saito, and Dr. Junko Hara from the National Institute of Advanced Industrial Science and Technology and Dr. Yoshishige Kawabe, also from Waseda University, devised a novel and simple method to measure N/MP concentrations in soil using spectroscopy without separating the soil organic matter. Spectroscopy can determine the concentration of N/MPs in soils based on how much light of a particular wavelength passes through the sample and how much gets absorbed. In this way, spectroscopy can potentially detect N/MPs regardless of size, provided the correct wavelengths are used to distinguish between the N/MPs and soil. Accordingly, the researchers developed a method to use the difference between the absorbance spectra of N/MPs and soil particles to quantify the N/MPs. Their findings were published in Ecotoxicology and Environmental Safetyjournal on 28 May 2024.

Six soil suspensions were created from soil samples with different characteristics, such as particle size distribution and organic content, and were mixed with polystyrene nanoparticles sized 203 nm. This created six different simulated N/MP-contaminated soil suspensions, with the N/MP concentration maintained at 5 mg/L. "We measured the absorbance of these soil suspensions at various wavelengths ranging from 200 to 500 nm using a spectrophotometer and based on this, determined the N/MP concentrations in the soil. Then the best combination of two wavelengths was identified for measuring N/MPs, which helped negate the interference from soil particles and leached components in the suspension," explains Tsuchida.

The researchers found that a wavelength combination of 220-260 nm and 280-340 nm had the lowest error level for the six samples and was thus found to be suitable for measuring N/MP concentrations in different soil types. They also created a calibration curve between the concentration of N/MPs in the soil suspensions and N/MP content added to the dry soil samples. The calibration curve showed a linear relationship between the two variables and took into account the adsorption of N/MPs on soil particles. This enabled accurate estimation of the concentration of N/MPs in the soil.

These results demonstrate the efficacy of this simple spectroscopy-based method to correctly measure the concentration of N/MPs in soil, without any cumbersome separation process. "Our novel measurement approach can quantify different N/MPs, including polyethylene and polyethylene terephthalate, in a variety of soils and can easily be used as an initial assessment tool. Moreover, it can help further our understanding of the distribution and migration behavior of N/MPs in the geosphere environment," concludes Tsuchida.
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Modified gravity theory: A million light years and still going | ScienceDaily
In a breakthrough discovery that challenges the conventional understanding of cosmology, scientists at Case Western Reserve University have unearthed new evidence that could reshape our perception of the cosmos.


						
Tobias Mistele, a post-doctoral scholar in the Department of Astronomy at Case Western Reserve's College of Arts and Sciences, pioneered a revolutionary technique using "gravitational lensing" to delve into the enigmatic realm of dark matter. He found that the rotation curves of galaxies remain flat for millions of light years with no end in sight.

Scientists have previously believed that the rotation curves of galaxies must decline the farther out you peer into space.

Traditionally, the behavior of stars within galaxies has puzzled astronomers. According to Newtonian gravity, stars on the outer edges should be slower due to diminished gravitational pull. This was not observed, leading to the inference of dark matter. But even dark matter halos should come to an end, so rotation curves should not remain flat indefinitely.

Mistele's analysis defies this expectation, providing a startling revelation: the influence of what we call dark matter extends far beyond previous estimates, , stretching at least a million light-years from the galactic center.

Such a long-range effect may indicate that dark matter -- as we understand it -- might not exist at all.

"This finding challenges existing models," he said, "suggesting there exist either vastly extended dark matter halos or that we need to fundamentally reevaluate our understanding of gravitational theory."

Stacy McGaugh, professor and director of the Department of Astronomy in the College of Arts and Sciences, said Mistele's findings, slated for publication in the Astrophysical Journal Letters, push traditional boundaries.




"The implications of this discovery are profound," McGaugh said. "It not only could redefine our understanding of dark matter, but also beckons us to explore alternative theories of gravity, challenging the very fabric of modern astrophysics."

Turning Einstein's theory on its head

The primary technique Mistele used in his research, gravitational lensing, is a phenomenon predicted by Einstein's theory of general relativity. Essentially, it occurs when a massive object, like a galaxy cluster or even a single massive star, bends the path of light coming from a distant source. This bending of light happens because the mass of the object warps the fabric of spacetime around it. This bending of light by galaxies persists over much larger scales than expected.

As part of the research, Mistele plotted out what's called Tully-Fisher relation on a chart to highlight the empirical relationship between the visible mass of a galaxy and its rotation speed.

"We knew this relationship existed," Mistele said. "But it wasn't obvious that the relationship would hold the farther you go out. How far does this behavior persist? That's the question, because it can't persist forever."

Mistele said his discovery underscores the necessity for further exploration and collaboration within the scientific community -- and the possible analysis of other data.

McGaugh noted the Herculean -- yet, so far, unsuccessful -- efforts in the international particle physics community to detect and identify dark matter particles.

"Either dark matter halos are much bigger than we expected, or the whole paradigm is wrong," McGaugh said. "The theory that predicted this behavior in advance is the modified gravity theory MOND hypothesized by Moti Milgrom as an alternative to dark matter in 1983. So, the obvious and inevitably controversial interpretation of this result is that dark matter is a chimera; perhaps the evidence for it is pointing to some new theory of gravity beyond what Einstein taught us."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240617173533.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists develop 3D printed vacuum system that aims to trap dark matter | ScienceDaily
Using a specially designed 3D printed vacuum system, scientists have developed a way to 'trap' dark matter with the aim of detecting domain walls, this will be a significant step forwards in unravelling some of the mysteries of the universe.


						
Scientists from the University of Nottingham's' School of Physics have created a 3D printed vacuum system that they will use in a new experiment to reduce the density of gas, then and add in ultra-cold lithium atoms to try to detect dark walls. The research has been published in Physical Review D.

Professor Clare Burrage from the School of Physics is one of the lead authors on the study and explains: "Ordinary matter that the world is made from is only a tiny fraction of the contents of the universe, around 5%, the rest is either dark matter or dark energy -- we can see their effects on how the universe behaves but we don't know what they are. One way people try to measure dark matter is to introduce a particle called a scalar field.

"Dark matter is the missing mass in galaxies, dark energy can explain the acceleration of the expansion of the universe. The scalar fields that we are looking for could be either dark matter, or dark energy. By introducing the ultra-cold atoms and examining the effects it produces we may be able to explain why the expansion of the universe is accelerating and whether this has any effects on earth."

The researchers based the construction of the 3D vessels on the theory that light scalar fields, with double well potentials and direct matter couplings, undergo density driven phase transitions, leading to the formation of domain walls.

Professor Burrage continues: "As density is lowered defects form -- this is similar to when water freezes into ice, water molecules are random and when they freeze you get a crystal structure with molecules lined up at random, with some lined up one way and some another and this creates fault lines. Something similar happens in scalar fields as the density gets lower. You can't see these fault lines by eye but if particles pass across them it might change their trajectory These defects are dark walls and can prove the theory of scalar fields -- either that these fields exist or don't."

To detect these defects or dark walls the team have created a specially designed vacuum that they will use in a new experiment that will mimic moving from a dense environment to less dense environment. Using the new set-up they will cool lithium atoms with laser photons to -273 which is close to absolute zero, at this temperature they take on quantum properties which makes analysis more precise and predictable.

Lucia Hackermueller, Associate Professor in the School of Physics has led the design of the laboratory experiment, she explains, "The 3D printed vessels we are using as the vacuum chamber have been constructed using theoretical calculations of Dark Walls, this has created what we believed to be the ideal shape, structure and texture to trap the dark matter. To successfully demonstrate that dark walls have been trapped, we will let a cold atom cloud pass through those walls. The cloud is then deflected. To cool those atoms we fire laser photons at the atoms, which reduces the energy in the atom -- this is like slowing down an elephant using snowballs!"

The system took the team three years to build and they expect to have results within a year.

Dr Hackermueller adds: "Whether we prove dark walls exist or not it will be an important step forwards in our understanding of dark energy and dark matter, and an excellent example of how a well controlled lab experiment can be designed to directly measure effects that are relevant for the Universe and otherwise cannot be observed."
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Molecular sponge for the electronics of the future | ScienceDaily


						Porous covalent organic frameworks (COFs) are a class of highly ordered, porous materials consisting of organic molecules that are linked by covalent bonds to form a network. They enable the construction of functional materials with molecular precision. Similar to metal organic frameworks (MOFs), which were discovered around 25 years ago and have already reached market maturity, COFs possess highly promising structural, optical and electronic properties for numerous applications, for example in gas and liquid storage, catalysis, sensor technology and energy applications.


						
Previous research on COFs has generally focussed on the construction of rigid frameworks with static material properties. Dr Florian Auras and his team at the Chair of Molecular Functional Materials at TUD have now developed a design strategy for dynamic two-dimensional COFs that can open and close their pores in a controlled manner, similar to a sponge. "The main aim of the study was to equip these frameworks, which are normally very precisely ordered but rigid, with exactly the right degree of flexibility so that their structure can be switched from compact to porous. By adding solvent to the molecular sponge, we can now temporarily and reversibly change the local geometry as well as optical properties such as colour or fluorescence," says Florian Auras, explaining his research approach.

The ability to switch the structural and optoelectronic properties of the materials back and forth in a targeted manner makes the materials particularly interesting for future applications in electronics and information technology. "Our research results form the basis for our further research into stimuli-responsive polymers, particularly with the aim of realising switchable quantum states. When working on COFs, I am always fascinated by how precisely their properties can be manipulated by controlling the molecular structure," adds Auras.
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Breakthrough approach enables bidirectional BCI functionality | ScienceDaily
Brain-computer interfaces or BCIs hold immense potential for individuals with a wide range of neurological conditions, but the road to implementation is long and nuanced for both the invasive and noninvasive versions of the technology. Bin He of Carnegie Mellon University is highly driven to improve noninvasive BCIs, and his lab uses an innovative electroencephalogram (EEG) wearable to push the boundaries of what's possible. For the first time on record, the group successfully integrated a novel focused ultrasound stimulation to realize bidirectional BCI that both encodes and decodes brain waves using machine learning in a study with 25 human subjects. This work opens up a new avenue to significantly enhance not only the signal quality, but also, overall nonivasive BCI performance by stimulating targeted neural circuits.


						
Noninvasive BCI is lauded for its merits of being cheap, safe and virtually applicable to everyone, but because signals are recorded over the scalp versus inside the brain, low signal quality presents some limitations. The He group is exploring ways to improve the effectiveness of noninvasive BCIs and over time, has used deep learning approaches to decode what an individual was thinking and then facilitate control of a cursor or robotic arm.

In their latest research, published in Nature Communications, the He group demonstrated that through precision noninvasive neuromodulation using focused ultrasound, the performance of a BCI could be improved for communication.

"This paper reports a breakthrough in noninvasive BCIs by integrating a novel focused ultrasound stimulation to realize bidirectional BCI functionality," explained Bin He, professor of biomedical engineering at Carnegie Mellon University. "Using a communication prosthetic, 25 human subjects spelled out phrases like "Carnegie Mellon" using a BCI speller. Our findings showed that the addition of focused ultrasound neuromodulation significantly boosted the performance of EEG-based BCI. It also elevated theta neural oscillation that enhanced attention and led to enhanced BCI performance."

For context, a BCI speller is a 6x6 visual motion aide containing the entire alpabet that is commonly used by nonspeakers to communicate. In He's study, subjects donned an EEG cap and just by looking at the letters, were able to generate EEG signals to spell the desired words. When a focused ultrasound beam was applied externally to the V5 area (part of the visual cortex) of the brain, the performance of the noninvasive BCI greatly improved among subjects. The neuromodulation-integrated BCI actively altered the engagement of neural circuits to maximize the BCI performance, compared to previous uses, which consisted of pure processing and decoding recorded signals.

"The BRAIN Initiative has supported more than 60 ultrasound projects since its inception. This unique application of noninvasive recording and modulation technologies expands the toolkit, with a potentially scalable impact on assisting people living with communication disabilities," said Dr. Grace Hwang, program director at the Brain Research Through Advancing Innovative Neurotechnologies(r) initiative (The BRAIN Initiative(r)) at the National Institutes of Health (NIH).

Following this discovery, the He lab is further investigating the merits and applications of focused ultrasound neuromodulation to the brain, beyond the visual system, to enhance noninvasive BCIs. They also aim to develop more compact-focused ultrasound neuromodulation device for better integration with EEG-based BCIs, and to integrate AI to continue to enhance the overall system performance.

"This is my lifelong interest, and I will never give up," emphasized He. "Working to improve noninvasive technology is difficult, but I strongly believe that if we can find a way to make it work, everyone will benefit. I will keep working, and someday, noninvasive lifesaving technology will be available for every household."
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Pair of merging quasars at cosmic dawn | ScienceDaily
Since the very first instant after the Big Bang the Universe has been expanding. This means that the early Universe was considerably smaller and early-formed galaxies were more likely to interact and merge. Galaxy mergers fuel the formation of quasars -- extremely luminous galactic cores where gas and dust falling into a central supermassive black hole emit enormous amounts of light. So when looking back at the early Universe astronomers would expect to find numerous pairs of quasars in close proximity to each other as their host galaxies undergo mergers. However, they have been surprised to find exactly none -- until now.


						
With the aid of the Gemini North telescope, one half of the International Gemini Observatory, which is supported in part by the U.S. National Science Foundation and operated by NSF NOIRLab, a team of astronomers have discovered a pair of merging quasars seen only 900 million years after the Big Bang. Not only is this the most distant pair of merging quasars ever found, but also the first confirmed pair in the period of the Universe's history known as Cosmic Dawn.

Cosmic Dawn spanned from about 50 million years to one billion years after the Big Bang. During this period the first stars and galaxies began appearing, filling the dark Universe with light for the first time. The arrival of the first stars and galaxies kicked off a new era in the formation of the cosmos known as the Epoch of Reionization.

The Epoch of Reionization, which took place within Cosmic Dawn, was a period of cosmological transition. Beginning roughly 400 million years after the Big Bang, ultraviolet light from the first stars, galaxies and quasars spread throughout the cosmos, interacting with the intergalactic medium and stripping the Universe's primordial hydrogen atoms of their electrons in a process known as ionization. The Epoch of Reionization was a critical epoch in the history of the Universe that marked the end of the cosmic dark ages and seeded the large structures we observe in our local Universe today.

To understand the exact role that quasars played during the Epoch of Reionization, astronomers are interested in finding and studying quasars populating this early and distant era. "The statistical properties of quasars in the Epoch of Reionization tell us many things, such as the progress and origin of the reionization, the formation of supermassive black holes during Cosmic Dawn, and the earliest evolution of the quasar host galaxies," said Yoshiki Matsuoka, an astronomer at Ehime University in Japan and lead author of the paper describing these results, published in the Astrophysical Journal Letters.

About 300 quasars have been discovered in the Epoch of Reionization, but none of them have been found in a pair. That is until Matsuoka and their team were reviewing images taken with the Hyper Suprime-Cam on the Subaru Telescope and a faint patch of red caught their eye. "While screening images of quasar candidates I noticed two similarly and extremely red sources next to each other," said Matsuoka. "The discovery was purely serendipitous."

The team was not sure that they were a quasar pair since distant quasar candidates are contaminated by numerous other sources, such as foreground stars and galaxies and the effects of gravitational lensing. To confirm the nature of these objects the team conducted follow-up spectroscopy using the Faint Object Camera and Spectrograph (FOCAS) on the Subaru Telescope and the Gemini Near-Infrared Spectrograph (GNIRS) on Gemini North. The spectra, which break down the emitted light from a source into its component wavelengths, obtained with GNIRS were crucial to characterizing the nature of the quasar pair and their host galaxies.




"What we learned from the GNIRS observations was that the quasars are too faint to detect in near-infrared, even with one of the largest telescopes on the ground," said Matsuoka. This allowed the team to estimate that a portion of the light detected in the optical wavelength range is not coming from the quasars themselves, but from ongoing star formation taking place in their host galaxies. The team also found that the two black holes are whoppers, each being 100 million times the mass of the Sun. This, coupled with the presence of a bridge of gas stretching between the two quasars, suggests that they and their host galaxies are undergoing a major-scale merger [1].

"The existence of merging quasars in the Epoch of Reionization has been anticipated for a long time. It has now been confirmed for the first time," said Matsuoka [2].

The Epoch of Reionization connects the earliest formation of cosmic structure to the complex Universe that we observe billions of years later. By studying distant objects from this period astronomers gain valuable insight into the process of reionization and the formation of the first objects in the Universe. More discoveries like this may be on the horizon with NSF-DOE Vera C. Rubin Observatory's decade-long Legacy Survey of Space and Time (LSST), beginning in 2025, which is poised to detect millions of quasars using its deep imaging capabilities.

Notes

[1] A companion paper accepted for publication in AAS Journals presents further analysis of the quasar pair, the gas bridge between them and their host galaxies using observations taken with the Atacama Large Millimeter/submillimeter Array (ALMA).

[2] There have been candidates, but it is difficult to separate them from possibly gravitationally-lensed images of a single quasar. There are also some candidates for being dual active galactic nuclei embedded in individual Epoch of Reionization galaxies, but these have much lower luminosity (black hole activity) than quasars and are two components within a single galaxy, which are qualitatively different from what is described here.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240617173419.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Investigating the origins of the crab nebula | ScienceDaily
A team of scientists used NASA's James Webb Space Telescope to parse the composition of the Crab Nebula, a supernova remnant located 6,500 light-years away in the constellation Taurus. With the telescope's MIRI (Mid-Infrared Instrument) and NIRCam (Near-Infrared Camera), the team gathered data that is helping to clarify the Crab Nebula's history.


						
The Crab Nebula is the result of a core-collapse supernova from the death of a massive star. The supernova explosion itself was seen on Earth in 1054 CE and was bright enough to view during the daytime. The much fainter remnant observed today is an expanding shell of gas and dust, and outflowing wind powered by a pulsar, a rapidly spinning and highly magnetized neutron star.

The Crab Nebula is also highly unusual. Its atypical composition and very low explosion energy previously have been explained by an electron-capture supernova -- a rare type of explosion that arises from a star with a less-evolved core made of oxygen, neon, and magnesium, rather than a more typical iron core.

"Now the Webb data widen the possible interpretations," said Tea Temim, lead author of the study at Princeton University in New Jersey. "The composition of the gas no longer requires an electron-capture explosion, but could also be explained by a weak iron core-collapse supernova."

Studying the Present to Understand the Past

Past research efforts have calculated the total kinetic energy of the explosion based on the quantity and velocities of the present-day ejecta. Astronomers deduced that the nature of the explosion was one of relatively low energy (less than one-tenth that of a normal supernova), and the progenitor star's mass was in the range of eight to 10 solar masses -- teetering on the thin line between stars that experience a violent supernova death and those that do not.

However, inconsistencies exist between the electron-capture supernova theory and observations of the Crab, particularly the observed rapid motion of the pulsar. In recent years, astronomers have also improved their understanding of iron core-collapse supernovae and now think that this type can also produce low-energy explosions, providing that the stellar mass is adequately low.




Webb Measurements Reconcile Historic Results

To lower the level of uncertainty surrounding the Crab's progenitor star and nature of the explosion, the team led by Temim used Webb's spectroscopic capabilities to hone in on two areas located within the Crab's inner filaments.

Theories predict that because of the different chemical composition of the core in an electron-capture supernova, the nickel to iron (Ni/Fe) abundance ratio should be much higher than the ratio measured in our Sun (which contains these elements from previous generations of stars). Studies in the late 1980s and early 1990s measured the Ni/Fe ratio within the Crab using optical and near-infrared data and noted a high Ni/Fe abundance ratio that seemed to favor the electron-capture supernova scenario.

The Webb telescope, with its sensitive infrared capabilities, is now advancing Crab Nebula research. The team used MIRI's spectroscopic abilities to measure the nickel and iron emission lines, resulting in a more reliable estimate of the Ni/Fe abundance ratio. They found that the ratio was still elevated compared to the Sun, but only modestly and much lower in comparison to prior estimates.

The revised values are consistent with electron-capture, but do not rule out an iron core-collapse explosion from a similarly low-mass star. (Higher-energy explosions from higher-mass stars are expected to produce ratios closer to solar abundances.) Further observational and theoretical work will be needed to distinguish between these two possibilities.

"At present, the spectral data from Webb covers two small regions of the Crab, so it's important to study much more of the remnant and identify any spatial variations," said Martin Laming of the Naval Research Laboratory in Washington and a co-author of the paper. "It would be interesting to see if we could identify emission lines from other elements, like cobalt or germanium."

Mapping the Crab's Current State




Besides pulling spectral data from two small regions of the Crab Nebula's interior to measure the abundance ratio, the telescope also observed the remnant's broader environment to understand details of the synchrotron emission and the dust distribution.

The images and data collected by MIRI enabled the team to isolate the dust emission within the Crab and map it in high resolution for the first time. By mapping the warm dust emission with Webb, and even combining it with the Herschel Space Observatory's data on cooler dust grains, the team created a well-rounded picture of the dust distribution: The outermost filaments contain relatively warmer dust, while cooler grains are prevalent near the center.

"Where dust is seen in the Crab is interesting because it differs from other supernova remnants, like Cassiopeia A and Supernova 1987A," said Nathan Smith of the Steward Observatory at the University of Arizona and a co-author of the paper. "In those objects, the dust is in the very center. In the Crab, the dust is found in the dense filaments of the outer shell. The Crab Nebula lives up to a tradition in astronomy: The nearest, brightest, and best-studied objects tend to be bizarre."

These findings have been accepted for publication in The Astrophysical Journal Letters.

The observations were taken as part of General Observer program 1714.
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Some CRISPR screens may be missing cancer drug targets | ScienceDaily
CRISPR/Cas9 gene editing has made possible a multitude of biomedical experiments including studies that systematically turn off genes in cancer cells to look for ones that the cancer cells heavily depend on to survive and grow. These genes, or "cancer dependencies," are often promising drug targets. But new research shows that many of these CRISPR screening experiments rely on components, called CRISPR/Cas9 guides, that do not perform equally well in cells from people of all ancestries, which can cause CRISPR screens to miss cancer dependencies.


						
These CRISPR guides are short sequences of RNA that steer the CRISPR Cas9 enzyme to a specific site in the genome to cut DNA and deactivate a targeted gene. The new findings, from scientists at the Broad Institute of MIT and Harvard, show about 2 percent of these guides miss their target. This means that Cas9 won't make a cut and disable a specific gene, thereby obscuring a potential role of that gene in cancer growth. The team found that this happens disproportionately in cells from people of African ancestry, because CRISPR guides were designed using reference genomes from people who are largely of European ancestry and do not fully represent global genetic diversity.

"These inaccuracies exist in places we might not recognize and in ways that we wouldn't have predicted," said Rameen Beroukhim, an associate member at the Broad and a co-senior author on the paper, which appeared recently in Nature Communications. "This work shows that it's really worthwhile to conduct a systematic assessment of all the tools and datasets that we're using so that we can fix these hidden biases before they become an issue."

"CRISPR is used ubiquitously in preclinical research, but only a minority of researchers are thinking carefully about the specific germline and ancestries that relate to their model systems," added Jesse Boehm, an associated scientist at the Broad and a co-senior author on the paper. "This is a warning call for the community that functional genomics is not immune to ancestry bias, and a source of opportunity to look more closely at this kind of data."

In their study, the team analyzed data from the Broad's Cancer Dependency Map (DepMap), the largest cancer dependency resource, which currently includes genome-wide screens in more than 1,000 cancer cell lines, about 90 percent of which are from people of European or East Asian descent.

Francisca Vazquez, director of the DepMap at the Broad, said that less than 1 percent of cell line-guide pairs in the DepMap are affected by the ancestry bias shown by this study, but that these biases are important to recognize and fix in future libraries. After these results were first posted as a preprint in 2022, the DepMap team removed from their library all guide RNAs that didn't work, so that instead of falsely returning no dependencies for the affected genes, the database indicates that there is not sufficient data to draw conclusions.

A new kind of dependency search

Previously, the search for cancer dependencies focused on genetic changes that arise in some cells during a person's life, called somatic mutations. But when postdoctoral researcher and study first author Sean Misek joined Boehm's and Beroukhim's labs in 2020, he wanted to know how germline genetic variants -- which are inherited and in all cells throughout the body -- influence how tumors respond to treatment.




Misek found many strong associations between ancestry and genetic dependencies, and that most of those associations came from artifacts related to germline variants. In particular, he saw these effects in CRISPR guides. The sequence of the guide RNAs didn't sufficiently match the target genetic sequence because that target sequence varied depending on ancestry.

The scientists found that 89 percent of guides in genome-scale libraries have a mismatch in at least one cell line. They also found that mismatches occur to a greater degree in cells from people of African ancestry.

"These sorts of experimental biases are probably everywhere in preclinical research," Misek said. "We hope that this paper is part of a larger conversation."

Understanding the extent of this bias in a research project can be challenging for a scientist because it can take several days to download all the necessary data to do so. To address this, Boehm, Beroukhim, and the Pattern team at the Broad built Ancestry Garden, a website based on data from the Genome Aggregation Database (gnomAD) that can help researchers determine the effect of ancestry on a guide of their choosing.

"A lot of labs use CRISPR in some sense, and they should have a mechanism to check their reagents," Misek said. "Our goal is to make it a little bit easier for people to mitigate this issue in their own hands."

Library lessons

Boehm said that genetic variation due to ancestry affects research far beyond the search for cancer dependencies, and that the extent to which the team's findings will impact individual studies will vary. Although the effect of this bias was relatively modest in the DepMap, it may be much larger in experiments that study only one or a small number of cell lines, Boehm said.

Going forward, the study team and DepMap researchers say that an important way to address this bias is to increase the genetic diversity in large-scale cell line libraries. "We encourage the community to send us cell lines from under-represented populations if they have them," Vazquez said. "This is a very important issue to address."
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New study offers a better way to make AI fairer for everyone | ScienceDaily
In a new paper, researchers from Carnegie Mellon University and Stevens Institute of Technology show a new way of thinking about the fair impacts of AI decisions.


						
They draw on a well-established tradition known as social welfare optimization, which aims to make decisions fairer by focusing on the overall benefits and harms to individuals. This method can be used to evaluate the industry standard assessment tools for AI fairness, which look at approval rates across protected groups.

"In assessing fairness, the AI community tries to ensure equitable treatment for groups that differ in economic level, race, ethnic background, gender, and other categories," explained John Hooker, professor of operations research at the Tepper School of Business at Carnegie Mellon, who coauthored the study and presented the paper at the International Conference on the Integration of Constraint Programming, Artificial Intelligence, and Operations Research (CPAIOR) on May 29 in Uppsala, Sweden. The paper received the Best Paper Award.

Imagine a situation where an AI system decides who gets approved for a mortgage or who gets a job interview. Traditional fairness methods might only ensure that the same percentage of people from different groups get approved.

But what if being denied a mortgage has a much bigger negative impact on someone from a disadvantaged group than on someone from an advantaged group? By employing a social welfare optimization method, AI systems can make decisions that lead to better outcomes for everyone, especially for those in disadvantaged groups.

The study focuses on "alpha fairness," a method of finding a balance between being fair and getting the most benefit for everyone. Alpha fairness can be adjusted to balance fairness and efficiency more or less, depending on the situation.

Hooker and his co-authors show how social welfare optimization can be used to compare different assessments for group fairness currently used in AI. By using this method, we can understand the benefits of applying different group fairness tools in different contexts. It also ties these group fairness assessment tools to the larger world of fairness-efficiency standards used in economics and engineering.




Derek Leben, associate teaching professor of business ethics at the Tepper School, and Violet Chen, assistant professor at Stevens Institute of Technology, who received her Ph.D. from the Tepper School, coauthored the study.

"Common group fairness criteria in AI typically compare statistical metrics of AI-supported decisions across different groups, ignoring the actual benefits or harms of being selected or rejected," said Chen. "We propose a direct, welfare-centric approach to assess group fairness by optimizing decision social welfare. Our findings offer new perspectives on selecting and justifying group fairness criteria."

"Our findings suggest that social welfare optimization can shed light on the intensely discussed question of how to achieve group fairness in AI," Leben said.

The study is important for both AI system developers and policymakers. Developers can create more equitable and effective AI models by adopting a broader approach to fairness and understanding the limitations of fairness measures. It also highlights the importance of considering social justice in AI development, ensuring that technology promotes equity across diverse groups in society.

The paper is published in CPAIOR 2024 Proceedings.
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Quantum entanglement measures Earth rotation | ScienceDaily
A team of researchers led by Philip Walther at the University of Vienna carried out a pioneering experiment where they measured the effect of the rotation of Earth on quantum entangled photons. The work, just published in Science Advances, represents a significant achievement that pushes the boundaries of rotation sensitivity in entanglement-based sensors, potentially setting the stage for further exploration at the intersection between quantum mechanics and general relativity.


						
Optical Sagnac interferometers are the most sensitive devices to rotations. They have been pivotal in our understanding of fundamental physics since the early years of the last century, contributing to establish Einstein's special theory of relativity. Today, their unparalleled precision makes them the ultimate tool for measuring rotational speeds, limited only by the boundaries of classical physics.

Interferometers employing quantum entanglement have the potential to break those bounds. If two or more particles are entangled, only the overall state is known, while the state of the individual particle remains undetermined until measurement. This can be used to obtain more information per measurement than would be possible without it. However, the promised quantum leap in sensitivity has been hindered by the extremely delicate nature of entanglement. Here is where the Vienna experiment made the difference. They built a giant optical fiber Sagnac interferometer and kept the noise low and stable for several hours. This enabled the detection of enough high-quality entangled photon pairs such to outperform the rotation precision of previous quantum optical Sagnac interferometers by a thousand times.

In a Sagnac interferometer, two particles travelling in opposite directions of a rotating closed path reach the starting point at different times. With two entangled particles, it becomes spooky: they behave like a single particle testing both directions simultaneously while accumulating twice the time delay compared to the scenario where no entanglement is present. This unique property is known as super-resolution. In the actual experiment, two entangled photons were propagating inside a 2-kilometer-long optical fiber wounded onto a huge coil, realizing an interferometer with an effective area of more than 700 square meters.

A significant hurdle the researchers faced was isolating and extracting Earth's steady rotation signal. "The core of the matter," explains lead author Raffaele Silvestri, "lays in establishing a reference point for our measurement, where light remains unaffected by Earth's rotational effect. Given our inability to halt Earth's from spinning, we devised a workaround: splitting the optical fiber into two equal-length coils and connecting them via an optical switch." By toggling the switch on and off the researchers could effectively cancel the rotation signal at will, which also allowed them to extend the stability of their large apparatus. "We have basically tricked the light into thinking it's in a non-rotating universe," says Silvestri.

The experiment, which was conducted as part of the research network TURIS hosted by the University of Vienna and the Austrian Academy of Sciences, has successfully observed the effect of the rotation of Earth on a maximally entangled two-photon state. This confirms the interaction between rotating reference systems and quantum entanglement, as described in Einstein's special theory of relativity and quantum mechanics, with a thousand-fold precision improvement compared to previous experiments. "That represents a significant milestone since, a century after the first observation of Earth's rotation with light, the entanglement of individual quanta of light has finally entered the same sensitivity regimes," says Haocun Yu, who worked on this experiment as a Marie-Curie Postdoctoral Fellow. "I believe our result and methodology will set the ground to further improvements in the rotation sensitivity of entanglement-based sensors. This could open the way for future experiments testing the behavior of quantum entanglement through the curves of spacetime," adds Philip Walther.
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Nano-immunotherapy developed to improve lung cancer treatment | ScienceDaily
Researchers at Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, have developed a new nanomedicine therapy that delivers anticancer drugs to lung cancer cells and enhances the immune system's ability to fight cancer. The team showed promising results for the new therapy in cancer cells in the lab and in mouse lung tumor models, with potential applications for improving care and outcomes for patients with tumors that have failed to respond to traditional immunotherapy. Their findings are published in Science Advances.


						
"Nanoparticles have been used for years to deliver targeted medication to tumor cells, while immunotherapy has also had a paradigm-shifting impact on how we treat cancer, by stopping cancer cells from evading our immune system," said lead author Tanmoy Saha, PhD, an instructor of medicine and researcher in the Division of Engineering in Medicine at the Brigham. "Here, we've essentially connected these two approaches in one drug delivery system to treat non-small cell lung cancer."

Lung cancer is the leading cause of cancer death globally, accounting for over a quarter of all cancer-related deaths. Non-small cell lung cancer (NSCLC) is the most common form, making up roughly 85 percent of all lung cancer cases. One of the popular treatment methods for NSCLC is to use immune checkpoint inhibitors, a class of drugs that block certain proteins that stop the immune system from killing cancer cells. However, most patients with NSCLC do not respond to these drugs, primarily because the treatment only targets one protein (most commonly PD-L1), and that is not abundantly expressed in most lung cancer tumors. As a result, many patients must undergo a combination of chemo and immunotherapies, resulting in enduring side effects and toxicities.

This new therapy works by bringing a nanoparticle filled with a cancer-fighting drug straight to the tumor site, while antibodies attached to the nanoparticle bind to two different proteins (CD47 and PD-L1) on cancer cells. This dual approach allows both the innate and adaptive immune systems to locate and destroy cancer cells while minimizing the toxicities commonly associated with existing cancer treatments.

"This system operates with a kind of Velcro effect. Rather than just looking for one protein on a cancer cell that the antibody can grab onto, these nanoparticles have two," said senior author Shiladitya Sengupta, PhD, an associate professor of medicine and bioengineer in the Division of Engineering in Medicine at the Brigham. "So, if a cancer cell does not express one of the proteins that our nanoparticle targets, it can still attach to the other one, and deliver the drug loaded into the nanoparticle straight to the cancerous tissue."

The researchers set out to find which proteins were expressed by lung tumors. They screened more than 80 human lung cancer patients' tissue. Once the proteins were identified, they selected antibodies to target them. Next, they functionalized the antibodies with a nanoparticle that was already loaded with an anticancer drug.

Saha and his colleagues then tested the nanoparticle's efficacy by first visualizing how well the antibodies bound to cancerous cells in the lab. They performed a series of experiments to assess and visualize the nanoparticle's binding and drug delivery capabilities. Subsequently, they tested the complex's efficacy in mouse models of two forms of lung cancer. They found that the mice's cancer cells internalized the drug, leading to a decrease in tumor size without any major side effects or toxicities.

The study's limitations include that, so far, the therapy has only been tested on human tissue in the lab and in mouse models. It must undergo much more exhaustive toxicology studies before moving on to clinical testing. Looking ahead, the researchers hope to adapt this technology to treat other types of cancer by exploring additional antibodies and treatments that could work with this nanomedicine approach.

"While we are seeing some success with this drug delivery platform in preclinical testing, it's important to remember that mouse and human physiology are quite different. We need more studies before we can bring this concept to clinical trials, but we're excited to see how this approach could transform cancer care," said Saha.
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Researchers use large language models to help robots navigate | ScienceDaily
Someday, you may want your home robot to carry a load of dirty clothes downstairs and deposit them in the washing machine in the far-left corner of the basement. The robot will need to combine your instructions with its visual observations to determine the steps it should take to complete this task.


						
For an AI agent, this is easier said than done. Current approaches often utilize multiple hand-crafted machine-learning models to tackle different parts of the task, which require a great deal of human effort and expertise to build. These methods, which use visual representations to directly make navigation decisions, demand massive amounts of visual data for training, which are often hard to come by.

To overcome these challenges, researchers from MIT and the MIT-IBM Watson AI Lab devised a navigation method that converts visual representations into pieces of language, which are then fed into one large language model that achieves all parts of the multistep navigation task.

Rather than encoding visual features from images of a robot's surroundings as visual representations, which is computationally intensive, their method creates text captions that describe the robot's point-of-view. A large language model uses the captions to predict the actions a robot should take to fulfill a user's language-based instructions.

Because their method utilizes purely language-based representations, they can use a large language model to efficiently generate a huge amount of synthetic training data.

While this approach does not outperform techniques that use visual features, it performs well in situations that lack enough visual data for training. The researchers found that combining their language-based inputs with visual signals leads to better navigation performance.

"By purely using language as the perceptual representation, ours is a more straightforward approach. Since all the inputs can be encoded as language, we can generate a human-understandable trajectory," says Bowen Pan, an electrical engineering and computer science (EECS) graduate student and lead author of a paper on this approach.




Pan's co-authors include his advisor, Aude Oliva, director of strategic industry engagement at the MIT Schwarzman College of Computing, MIT director of the MIT-IBM Watson AI Lab, and a senior research scientist in the Computer Science and Artificial Intelligence Laboratory (CSAIL); Philip Isola, an associate professor of EECS and a member of CSAIL; senior author Yoon Kim, an assistant professor of EECS and a member of CSAIL; and others at the MIT-IBM Watson AI Lab and Dartmouth College. The research will be presented at the Conference of the North American Chapter of the Association for Computational Linguistics.

Solving a vision problem with language

Since large language models are the most powerful machine-learning models available, the researchers sought to incorporate them into the complex task known as vision-and-language navigation, Pan says.

But such models take text-based inputs and can't process visual data from a robot's camera. So, the team needed to find a way to use language instead.

Their technique utilizes a simple captioning model to obtain text descriptions of a robot's visual observations. These captions are combined with language-based instructions and fed into a large language model, which decides what navigation step the robot should take next.

The large language model outputs a caption of the scene the robot should see after completing that step. This is used to update the trajectory history so the robot can keep track of where it has been.




The model repeats these processes to generate a trajectory that guides the robot to its goal, one step at a time.

To streamline the process, the researchers designed templates so observation information is presented to the model in a standard form -- as a series of choices the robot can make based on its surroundings.

For instance, a caption might say "to your 30-degree left is a door with a potted plant beside it, to your back is a small office with a desk and a computer," etc. The model chooses whether the robot should move toward the door or the office.

"One of the biggest challenges was figuring out how to encode this kind of information into language in a proper way to make the agent understand what the task is and how they should respond," Pan says.

Advantages of language

When they tested this approach, while it could not outperform vision-based techniques, they found that it offered several advantages.

First, because text requires fewer computational resources to synthesize than complex image data, their method can be used to rapidly generate synthetic training data. In one test, they generated 10,000 synthetic trajectories based on 10 real-world, visual trajectories.

The technique can also bridge the gap that can prevent an agent trained with a simulated environment from performing well in the real world. This gap often occurs because computer-generated images can appear quite different from real-world scenes due to elements like lighting or color. But language that describes a synthetic versus a real image would be much harder to tell apart, Pan says.

Also, the representations their model uses are easier for a human to understand because they are written in natural language.

"If the agent fails to reach its goal, we can more easily determine where it failed and why it failed. Maybe the history information is not clear enough or the observation ignores some important details," Pan says.

In addition, their method could be applied more easily to varied tasks and environments because it uses only one type of input. As long as data can be encoded as language, they can use the same model without making any modifications.

But one disadvantage is that their method naturally loses some information that would be captured by vision-based models, such as depth information.

However, the researchers were surprised to see that combining language-based representations with vision-based methods improves an agent's ability to navigate.

"Maybe this means that language can capture some higher-level information than cannot be captured with pure vision features," he says.

This is one area the researchers want to continue exploring. They also want to develop a navigation-oriented captioner that could boost the method's performance. In addition, they want to probe the ability of large language models to exhibit spatial awareness and see how this could aid language-based navigation.

This research is funded, in part, by the MIT-IBM Watson AI Lab.
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New approach to identifying altermagnetic materials | ScienceDaily
Magnetic materials have traditionally been classified as either ferromagnetic, like the decorative magnets on iron refrigerator doors that are seemingly always magnetic, or antiferromagnetic, like two bar magnets placed end-to-end with opposite poles facing each other, canceling each other out so that the material has no net magnetism. However, there appears to be a third class of magnetic materials exhibiting what in 2022 was dubbed altermagnetism.


						
Microscopically, magnetism arises from a collection of tiny magnets associated with electrons, called spin. In ferromagnetic materials, all the electron spins point in the same direction, while in antiferromagnetic materials, the electron spins are aligned in opposite directions, half pointing one way and half the other, canceling out the net magnetism. Altermagnetic materials are proposed in theory to possess properties combining those of both antiferromagnetic and ferromagnetic materials. One potential application of altermagnetic materials is in spintronics technology, which aims to utilize the spin of electrons effectively in electronic devices such as next-generation magnetic memories. However, identifying altermagnets has been a challenge.

An international research group led by Associate Professor Atsushi Hariki from the Graduate School of Engineering at Osaka Metropolitan University pioneered a new method to identify altermagnets, using manganese telluride (a-MnTe) as a testbed.

With the aid of a supercomputer, the researchers theoretically predicted a fingerprint of altermagnetism in X-ray magnetic circular dichroism (XMCD), which measures the absorption difference between left- and right-circularly polarized light. Then, using the Diamond Light Source synchrotron in England, they experimentally demonstrated the XMCD spectrum for altermagnetic a-MnTe for the first time in the world.

"Our results show that XMCD is an effective method for the simple identification of altermagnetic materials," Professor Hariki said. "Also, it can be expected to further accelerate the application of altermagnets in spintronics."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240614141921.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



High-precision measurements challenge our understanding of Cepheids | ScienceDaily
"Classical Cepheids" are a type of pulsating star that rhythmically brightens and dims over time. These pulsations help astronomers measure vast distances across space, which makes Cepheids crucial "standard candles" that help us understand the size and scale of our universe.


						
Despite their importance, studying Cepheids is challenging. Their pulsations and potential interactions with companion stars create complex patterns that are difficult to measure accurately. Different instruments and methods used over the years have led to inconsistent data, complicating our understanding of these stars.

"Tracing Cepheid pulsations with high-definition velocimetry gives us insights into the structure of these stars and how they evolve," says Richard I. Anderson, an astrophysicist at EPFL. "In particular, measurements of the speed at which the stars expand and contract along the line of sight -- so-called radial velocities -- provide a crucial counterpart to precise brightness measurements from space. However, there has been an urgent need for high-quality radial velocities because they are expensive to collect and because few instruments are capable of collecting them."

The VELOCE Project

Anderson has now led a team of scientists to do exactly that with the VELOcities of CEpheids (VELOCE) project, a large collaboration that, over 12 years, has collected more than 18,000 high-precision measurements of 258 Cepheid radial velocities using advanced spectrographs between 2010 and 2022. "This dataset will serve as an anchor to link Cepheid observations from different telescopes across time and hopefully inspire further study by the community."

VELOCE is the fruit of a collaboration between EPFL, the University of Geneva, and the KU Leuven. It is based on observations from the Swiss Euler telescope in Chile and the Flemish Mercator telescope on La Palma. Anderson began the VELOCE project during his PhD at the University of Geneva, continued it as a postdoc in the US and Germany, and has now completed it at EPFL. Anderson's PhD student, Giordano Viviani, was instrumental in making the VELOCE data release possible.

Unraveling Cepheid mysteries with cutting-edge precision

"The wonderful precision and long-term stability of the measurements have enabled interesting new insights into how Cepheids pulsate," says Viviani. "The pulsations lead to changes in the line-of-sight velocity of up to 70 km/s, or about 250,000 km/h. We have measured these variations with a typical precision of 130 km/h (37 m/s), and in some cases as good as 7 km/h (2 m/s), which is roughly the speed of a fast walking human."




To get such precise measurements, the VELOCE researchers used two high-resolution spectrographs, which separate and measure wavelengths in electromagnetic radiation: HERMES in the northern hemisphere and CORALIE in the southern hemisphere. Outside of VELOCE, CORALIE is famous for finding exoplanets and HERMES is a workhorse of stellar astrophysics.

The two spectrographs detected tiny shifts in the Cepheids' light, indicating their movements. The researchers used advanced techniques to ensure their measurements were stable and accurate, correcting for any instrumental drifts and atmospheric changes. "We measure radial velocities using the Doppler effect," explains Anderson. "That's the same effect that the police use to measure your speed, and also the effect you know from the change in tone when an ambulance approaches or recedes from you."

The strange dance of Cepheids

The VELOCE project uncovered several fascinating details about Cepheid stars. For example, VELOCE data provide the most detailed look yet at the Hertzsprung progression -- a pattern in the stars' pulsations -- showing double-peaked bumps that were not previously known and will provide clues to better understanding the structure of Cepheids when compared to theoretical models of pulsating stars.

The team found that several Cepheids exhibit complex, modulated variability in their movements. This means that the stars' radial velocities change in ways that cannot be explained by simple, regular pulsation patterns. In other words, while we would expect Cepheids to pulsate with a predictable rhythm, the VELOCE data reveal additional, unexpected variations in these movements.

These variations are not consistent with theoretical pulsation models traditionally used to describe Cepheids. "This suggests that there are more intricate processes occurring within these stars, such as interactions between different layers of the star, or additional (non-radial) pulsation signals that may present an opportunity to determine the structure of Cepheid stars by asteroseismology," says Anderson's postdoc Henryka Netzel. First detections of such signals based on VELOCE are reported in a companion paper (Netzel et al. in press).




Binary systems

The study also identified 77 Cepheid stars that are part of binary systems (two stars orbiting each other) and found 14 more candidates. A companion paper led by Anderson's former postdoc, Shreeya Shetye, describes these systems in detail, adding to our understanding of how these stars evolve and interact with each other. "We see that about one in three Cepheids has an unseen companion whose presence we can determine by the Doppler effect," says Shetye.

"Understanding the nature and physics of Cepheids is important because they tell us about how stars evolve in general, and because we rely on them for determining distances and the expansion rate of the Universe," says Anderson. "Additionally, VELOCE provides the best available cross-checks for similar, but less precise, measurements from the ESA mission Gaia, which will eventually conduct the largest survey of Cepheid radial velocity measurements."
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A liquid crystal source of photon pairs | ScienceDaily
Spontaneous parametric down-conversion (SPDC), as a source of entangled photons, is of great interest for quantum physics and quantum technology, but so far it could be only implemented in solids. Researchers at the Max Planck Institute for the Science of Light (MPL) and Jozef Stefan Institute in Ljubljana, Slovenia, have demonstrated, for the first time, SPDC in a liquid crystal. The results, recently published in Nature, open a path to a new generation of quantum sources: efficient and electric-field tunable.


						
The splitting of a single photon in two is one of the most useful tools in quantum photonics. It can create entangled photon pairs, single photons, squeezed light, and even more complicated states of light which are essential for optical quantum technologies. This process is known as spontaneous parametric down-conversion (SPDC).

SPDC is deeply linked to central symmetry. This is the symmetry with respect to a point -- for instance, a square is centrally symmetric but a triangle is not. In its very essence -- a splitting of one photon in two -- SPDC breaks the central symmetry. Therefore, it is only possible in crystals whose elementary cell is centrally asymmetric. SPDC cannot happen in ordinary liquids or gases, because these materials are isotropic.

Recently, however, researchers have discovered liquid crystals that have a different structure, the so-called ferroelectric nematic liquid crystals. Despite being fluidic, these materials feature strong central symmetry breaking. Their molecules are elongated, asymmetric and, most importantly, they can be re-oriented by external electric field. Re-orientation of molecules changes the polarization of the generated photon pairs, as well as the generation rate. Given a proper packaging, a sample of such material can be a very useful device because it produces photon pairs efficiently, can be easily tuned with electric field, and can be integrated into more complex devices.

Using the samples prepared in Jozef Stefan Institute (Ljubljana, Slovenia) from a ferroelectric nematic liquid crystal synthesized by Merck Electronics KGaA, researchers at the Max-Planck Institute for the Science of Light have implemented SPDC, for the first time, in a liquid crystal. The efficiency of entangled photons generation is as high as in the best nonlinear crystals, such as lithium niobate, of similar thickness. By applying an electric field of just a few Volts, they were able to switch the generation of photon pairs on and off, as well as to change the polarization properties of these pairs. This discovery starts a new generation of quantum light sources: flexible, tunable, and efficient.
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Strengthener for graphene | ScienceDaily
Layers of carbon atoms in a honeycomb array are a true supermaterial: their unusually high conductivity and favorable mechanical properties could further the development of bendable electronics, new batteries, and innovative composite materials for aeronautics and space flight. However, the development of elastic and tough films remains a challenge. In the journal Angewandte Chemie, a research team has now introduced a method to overcome this hurdle: they linked graphene nanolayers via "extendable" bridging structures.


						
The special capabilities of microscopic graphene nanolayers often drop off when the layers are assembled into foils, because they are only held together by relatively weak interactions -- primarily hydrogen bonds. Approaches that attempt to improve the mechanical properties of graphene foils by introducing stronger interactions have only been partially successful, leaving particular room for improvement in the stretchability and toughness of the materials.

A team led by Xuzhou Yan at Shanghai Jiao Tong University (China) took a new approach: they cross-linked graphene nanolayers with mechanically interlocked molecules whose building blocks are not chemically linked, but rather inseparably spatially entangled. The researchers chose to use rotaxanes as their links. A rotaxane is a "wheel" (a large ring-shaped molecule) that is "threaded" onto an "axle" (a molecular chain). Bulky groups cap the axles to prevent the wheels from coming unthreaded. The team built their axle with a charged group (ammonium) that holds the wheel in a specific position. A molecular "anchor" (OH group) was attached to both the axle and wheel by a linker. The graphene was oxidized to make graphene oxide, which forms a variety of oxygen-containing groups on both sides of the graphene layer. These include carboxyl groups, which can bind to the OH groups (esterification). This reaction allows the wheel and axle to cross-link the layers, after which the graphene oxide is reduced back to graphene.

When these films are stretched or bent, the attractive forces between the wheel and the ammonium group on the axle must be overcome, which increases the tensile strength. Increased stress eventually causes the axle to be pulled through the wheel until it "strikes" the end cap. This motion lengthens the rotaxane-bridges, allowing the layers to slide across each other, which significantly increases the stretchability of the film.

Flexible electrodes made from this graphene-rotaxane foil could be stretched up to 20 % or bent repeatedly without being damaged. They also retained their high electric conductivity. Only stretching by over 23 % led to fracture. The new foils were considerable stronger than foils without rotaxanes (247.3 vs 74.8 MPa), as well as more elastic (23.6 vs 10.2 %), and tougher (23.9 vs 4.0 MJ/m3). The team also built a simple "grasping tool" with mechanical joints that were equipped with and actuated by the new foils.
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Self-assembling and disassembling swarm molecular robots via DNA molecular controller | ScienceDaily
Researchers from Tohoku University and Kyoto University have successfully developed a DNA-based molecular controller that autonomously directs the assembly and disassembly of molecular robots. This pioneering technology marks a significant step towards advanced autonomous molecular systems with potential applications in medicine and nanotechnology.


						
"Our newly developed molecular controller, composed of artificially designed DNA molecules and enzymes, coexists with molecular robots and controls them by outputting specific DNA molecules," points out Shin-ichiro M. Nomura, an associate professor at Tohoku University's Graduate School of Engineering and co-author of the study. "This allows the molecular robots to self-assemble and disassemble automatically, without the need for external manipulation."

Such autonomous operation is a crucial advancement, as it enables the molecular robots to perform tasks in environments where external signals cannot reach.

In addition to Nomura, the research team included Ibuki Kawamata (an associate professor at Kyoto University's Graduate School of Science), Kohei Nishiyama (a graduate student at Johannes Gutenberg University Mainz), and Akira Kakugo (a professor at Kyoto University's Graduate School of Science).

Research on molecular robots, which are designed to aid in disease treatment and diagnosis by functioning both inside and outside the body, is gaining significant attention. Previous research by Kakugo and colleagues had developed swarm-type molecular robots that move individually. These robots could be assembled and disassembled as a group through external manipulation. But thanks to the constructed molecular controller, the robots can self-assemble and disassemble according to a programmed sequence.

The molecular controller initiates the process by outputting a specific DNA signal equivalent to the "assemble" command. The microtubules in the same solution, modified with DNA and propelled by kinesin molecular motors, receive the DNA signal, align their movement direction, and automatically assemble into a bundled structure. Subsequently, the controller outputs a "disassemble" signal, causing the microtubule bundles to disassemble automatically. This dynamic change was achieved through precise control by the molecular circuit, which functions like a highly sophisticated signal processor. Moreover, the molecular controller coexists with molecular robots, eliminating the need for external manipulation.

Advancing this technology is expected to contribute to the development of more complex and advanced autonomous molecular systems. As a result, molecular robots might perform tasks that cannot be accomplished alone by assembling according to commands and then dispersing to explore targets. Additionally, this research expanded the activity conditions of molecular robots by integrating different molecular groups, such as the DNA circuit system and the motor protein operating system.

"By developing the molecular controller and combining it with increasingly sophisticated and precise DNA circuits, molecular information amplification devices, and biomolecular design technologies, we expect swarm molecular robots to process a more diverse range of biomolecular information automatically," adds Nomura. " This advancement may lead to the realization of innovative technologies in nanotechnology and the medical field, such as nanomachines for in-situ molecular recognition and diagnosis or smart drug delivery systems."
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Concrete-nitrogen mix may provide major health and environment benefits | ScienceDaily
Adding nitrogen to concrete could significantly reduce global levels of potentially harmful nitrogen oxides (NOx) created by the construction industry in developing towns and cities, a new study reveals.


						
Researchers believe that concrete nitrogenation could contribute to a reduction in NOx emissions by 3.4-6.9 megatonnes (Mt) -- representing 6-13% of industry-related emissions in 2021.

By 2050 the process could reduce NOx by a total of 131-384 Mt. It could represent the equivalent to 75-260 years potentially lost to premature death and reduced quality of life, estimated in terms of disability-adjusted life years (DALY).

NOx are highly reactive toxic air pollutants which can contribute to acid rain, ozone layer depletion and pose significant health threats -- particularly in relation to respiratory disease -- contributing to air pollution-related mortality.

Publishing their findings today in Nature Cities, an international group of researchers note that commercialising nitrogenation is likely to provides better economic and environmental prospects than similar processes relating to carbon dioxide (CO2).

Co-author Dr Yuli Shan, from the University of Birmingham, commented "Cities around the world, particularly those in the global south, are experiencing extensive urban renewal, expansion, and modernisation -- all inevitably creating atmospheric pollution.

"Between 1970 and 2018, global NOx emissions nearly doubled from 70 Mt to 120 Mt. Addressing and managing these emissions is crucial for enhancing urban health, fostering sustainable industrial growth, and ensuring environmental well-being.




The first author, Ms. Ning Zhang from the Leibniz Institute of Ecological Urban & Regional Development added "There is significant potential for concrete in capturing NOx. Applying this technology holds promise for rapidly urbanising and emerging industrial regions, as it can generate substantial economic value and curtail industrial NOx pollution in these areas.

"The proposed nitrogenated concrete material presents a promising integrated solution for mitigating air pollution and managing construction waste in industrialised regions."

The researchers note that China, Europe, and the United States are key players with the greatest capacity to contribute in this area -- representing a mix of emerging and established industrial nations promoting circular economies and addressing atmospheric environmental concerns.

They also recommend setting up an emissions trading system like the one already created for CO2 -- creating a more precise and widely accepted quantification of the advantages associated with NOx sequestration.

Although significant environmental and economic benefits are possible, practical application of the processes faces challenges related to transporting large volumes of materials and gases. The experts recommend using established industrial and commercial concrete carbonation systems to help optimise the logistics network and enhance feasibility of concrete nitrogenation.
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Synthetic data holds the key to determining best statewide transit investments | ScienceDaily
Synthetically generated population data can reveal the equity impacts of distributing transportation resources and funding across diverse regions, according to new research from NYU's Tandon School of Engineering that uses New York State as a case study.


						
Relying on an artificial dataset representing 19.5 million New York residents and over 120,000 modeled origin-destination trips, researchers from NYU Tandon's C2SMARTER, a Tier 1 U.S U.S. Department of Transportation-funded University Transportation Center, determined how best to invest in transportation services when equitable benefits are an objective.

They presented the findings in a paper published in Transportation Research Part D: Transport and Environment.

"Policymakers often use surveys to allocate transportation resources, but these surveys frequently underrepresent low-income and marginalized communities," said Joseph Chow, Institute Associate Professor of Civil and Urban Engineering, who led the study. "We developed a completely new approach for transportation planning, showing that synthetic data can consistently assess equity impacts across large regions like New York State. Our statewide model parameters are available to any agency to study the multiple effects of new service designs, something previously impossible."

The research team developed what they call an "equity-aware choice-based decision support tool."

Given a budget level, the proposed tool selects optimal service regions for one or two new mobility services considering four objectives: (1) maximizing total revenue, (2) maximizing total increased consumer surplus, meaning delivering consumers cost savings (3) minimizing consumer surplus disparity, meaning making the benefits fair between different groups and (4) minimizing consumer surplus insufficiency, meaning ensuring baseline benefits even in areas that are less profitable.

The first two objectives focus on making the transportation system more efficient and profitable overall. The last two objectives emphasize making sure the benefits are distributed more equitably among different consumer groups and regions.




Using the tool with New York State synthetic data, researchers focused on two hypothetical mobility services: ride-hailing services that offer shorter travel times but higher trip fares, and on-demand microtransit services that provide longer travel times with lower trip fares. The results showed that:
    	Investing mostly in ride-hailing services, focusing on longer trips in metropolitan areas like New York City, maximized revenue.
    	Also prioritizing ride-hailing services but covering shorter trips in metropolitan areas maximized consumer surplus.
    	Investing mainly in on-demand microtransit service, targeting disadvantaged communities, minimized consumer surplus disparity,
    	Splitting the budget between ride-hailing and microtransit services, covering both urban and rural areas, balanced equity and efficiency,

"Microtransit played an outsized role boosting equity, proving more viable in disadvantaged areas. But it needed subsidies to offset lower productivity than ride-hailing," said Chow, who is also Deputy Director of C2SMARTER. "We hope this study is a step towards creating a way to analyze and allocate transportation resources nationally, to produce equitable outcomes throughout the U.S.

Replica, a transportation data and analytics firm, provided the synthetic data for the study. The dataset combines real mobility, demographic, and built environment information with mathematical models, providing details like travel demand patterns, transportation network characteristics, and mode choices for a given region.

"The work Dr. Chow and the team at NYU Tandon are doing is precisely what we had in mind when making Replica data available," said Robert Regue, Director of Research and Development at Replica. "We believe synthetic data is the key to taking a more data driven approach to creating more equitable, sustainable, and economically resilient cities, while protecting personal privacy. We are always excited to see our data contribute to such thoughtful, impactful research."

Along with Chow, the paper's authors are NYU Tandon PhD candidate Xiyuan Ren and ChengHe Guan, Assistant Professor of Urban Science and Policy at NYU Shanghai and Global Network Assistant Professor at NYU. The researchers received funding support from C2SMARTER (U.S. Department of Transportation).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240614141834.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Novel insights into fluorescent 'dark states' illuminate ways forward for improved imaging | ScienceDaily
Scientists at St. Jude Children's Research Hospital today announced a way to improve molecular scale distance measurements using single-molecule fluorescence resonance energy transfer (smFRET). smFRET quantifies the excitation and emission properties of chemicals called fluorophores.


						
When an excited electron in the fluorophore relaxes, it emits light after a delay, causing the molecule to glow (fluoresce). However, fluorophores don't always fluoresce after excitation. Instead, through quantum mechanical processes related to the excited electron's "spin" state, they can enter long-lived triplet dark states that do not fluoresce. This reduces the sensitivity and accuracy of smFRET measurements. By controlling the duration of dark states through "self-healing" technologies, St. Jude scientists now show that triplet dark states can be strongly mitigated. This advance significantly increases the method's resolution to advance the field of molecular imaging. The findings were published today in Nature Methods.

smFRET captures fleeting molecular moments

Capturing the flap of a hummingbird's wings requires specialized cameras with a high frame rate and lighting that avoids the blur of fast motion. Visualizing a hummingbird's flight pales in comparison to the challenges of capturing the functions of biomolecules in our body. Biomolecules are smaller than the wavelength of light (on the order of one billionth of an inch), and their functions are tied to their motion, changing positions or shape (conformation) hundreds to thousands of times per second. Measuring these fleeting dynamics is vital to truly understand how molecules perform their functions, how these functions are perturbed in disease and how drug therapies modify their activities. smFRET, a molecular imaging technique, is a powerful way to directly visualize how biomolecules move in real-time and at the single-molecule scale.

At St. Jude, Scott Blanchard, PhD, Departments of Structural Biology and Chemical Biology & Therapeutics, is advancing the field of smFRET imaging. Efforts in the Blanchard lab, through the St. Jude Single-Molecule Imaging Center, have been critical to the design and development of fluorophores that enable measurements on the molecular scale.

"The most common and widely employed fluorescent molecules are generally not up to the task of quantifying events at the molecular scale. This led us to take on the challenge of synthesizing our own fluorophores," Blanchard said. "In the process of doing so, we realized that the fundamental photophysics of fluorescence needed to be altered."

To conduct smFRET experiments, researchers place fluorophores on two points of a biomolecule. When a laser is directed at the first of these fluorophores (the donor), an electron within it gains that energy, becoming excited. When the electron relaxes, this energy is transferred through space to the second fluorophore (the acceptor), but only if it is close to the donor. By recording and quantifying fluorescent bursts from both donor and acceptor fluorophores, distances can be measured on the order of one billionth of an inch. Each piece of information is vital to understanding biological function and malfunction. However, correct use of the technique requires careful navigation of the fundamental properties of fluorescence.




Electron spin flip locks in triplet state

The rules governing a fluorophore's emission of light revolve around electron spin. When an excited electron relaxes, it should go back to its original state, maintaining its spin state or spin quantum number. This does not always happen, however.

"Every time an electron is excited, there's a probability that it will lose memory of its spin and adopt an inverted spin state," said Blanchard, corresponding author of the Nature Methods study. "While this process is relatively rare, with an approximate 1 in 100 probability, if it does change its spin state, then it ends up in this 100,000 times longer-lived triplet state that does not fluoresce. Consequently, the fluorophore becomes much dimmer than it otherwise could be.

"The field of fluorescence has been struggling with this for years," Blanchard added. "In the context of FRET, we've noticed that triplet state accumulations change with illumination intensity and vary for different fluorophores."

FRET requires the donor and the acceptor fluorophores to behave the same way. But, because the technique requires exciting one directly and not the other, when you turn up the laser, the triplet states of the donor and the acceptor become occupied at different rates.

"You end up with a sea-sickening process where the donor and the acceptor plateau at different levels, so they're losing performance at different extents," explained Blanchard. "Experimental readouts become varied, leading to reductions in the quality and reliability of the imaging data. This fundamentally restricts both the spatial and temporal resolution limits of smFRET measurements."

A key goal of fluorophore engineering studies is, therefore, to reduce the lifetime of triplet states to the extent that is possible. This is the foundational goal of 'self-healing' technologies.




"To ensure accurate distance measurements in smFRET data, the field currently relies on calibration steps that do not explicitly consider triplet states," explained co-first author Zeliha Kilic, PhD, St. Jude Department of Structural Biology. "Self-healing technologies move the field closer to optimal conditions where triplet states are absent, ensuring that the calibration steps employed yield more accurate results and thus distance measurements."

Self-healing fluorophores guide the way

Chemicals called triplet state quenchers, such as cyclooctatetraene, counteract this phenomenon but also tend to gum up the works. "Cyclooctatetraene is greasy, exhibits varied and low solubilities, and is challenging to control," said Blanchard.

Previous publications from Blanchard's team reported the development of fluorophores with cyclooctatetraene directly attached. This approach solved the solubility issue and created "self-healing" fluorophores in which triplet state occupation was reduced by up to 1000-fold. In the new study, the researchers demonstrated that using self-healing fluorophores as donors and acceptors in smFRET experiments improves data quality and reliability and prevents loss in imaging quality as laser intensity increases. These improvements push forward the frontiers of smFRET, and self-healing fluorophore technologies are finding increasingly diverse applications worldwide.

"The enhanced brightness and photostability of self-healing fluorophores make it possible to improve the spatiotemporal resolution of smFRET imaging dramatically," said co-first author Avik Pati, PhD, formerly of St. Jude Department of Structural Biology, now of Birla Institute of Technology and Science. "We can now robustly quantify nanometer-scale conformational dynamics within single biomolecules at sub-milliseconds and at physiological oxygen concentrations."

Blanchard is confident these findings will help St. Jude researchers and the broader scientific community. "Pushing the frontiers of imaging innovations at St. Jude is part of the institution's strategic plan, and we are confident that self-healing fluorophores will play an important role in meeting our goals," he said. "Moreover, many are likely to benefit from these advancements as the self-healing approach has shown potential to improve most fluorescence applications."
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AI can help doctors make better decisions and save lives | ScienceDaily
Deploying and evaluating a machine learning intervention to improve clinical care and patient outcomes is a key step in moving clinical deterioration models from byte to bedside, according to a June 13 editorial in Critical Care Medicine that comments on a Mount Sinai study published in the same issue. The main study found that hospitalized patients were 43 percent more likely to have their care escalated and significantly less likely to die if their care team received AI-generated alerts signaling adverse changes in their health.


						
"We wanted to see if quick alerts made by AI and machine learning, trained on many different types of patient data, could help reduce both how often patients need intensive care and their chances of dying in the hospital," says lead study author Matthew A. Levin, MD, Professor of Anesthesiology, Perioperative and Pain Medicine, and Genetics and Genomic Sciences, at Icahn Mount Sinai, and Director of Clinical Data Science at The Mount Sinai Hospital. "Traditionally, we have relied on older manual methods such as the Modified Early Warning Score (MEWS) to predict clinical deterioration. However, our study shows automated machine learning algorithm scores that trigger evaluation by the provider can outperform these earlier methods in accurately predicting this decline. Importantly, it allows for earlier intervention, which could save more lives."

The non-randomized, prospective study looked at 2,740 adult patients who were admitted to four medical-surgical units at The Mount Sinai Hospital in New York. The patients were split into two groups: one that received real-time alerts based on the predicted likelihood of deterioration, sent directly to their nurses and physicians or a "rapid response team" of intensive care physicians, and another group where alerts were created but not sent. In the units where the alerts were suppressed, patients who met standard deterioration criteria received urgent interventions from the rapid response team.

Additional findings in the intervention group demonstrated that patients:
    	were more likely to get medications to support the heart and circulation, indicating that doctors were taking early action; and
    	were less likely to die within 30 days

"Our research shows that real-time alerts using machine learning can substantially improve patient outcomes," says senior study author David L. Reich, MD, President of The Mount Sinai Hospital and Mount Sinai Queens, the Horace W. Goldsmith Professor of Anesthesiology, and Professor of Artificial Intelligence and Human Health at Icahn Mount Sinai. "These models are accurate and timely aids to clinical decision-making that help us bring the right team to the right patient at the right time. We think of these as 'augmented intelligence' tools that speed in-person clinical evaluations by our physicians and nurses and prompt the treatments that keep our patients safer. These are key steps toward the goal of becoming a learning health system."

The study was terminated early due to the COVID-19 pandemic. The algorithm has been deployed on all stepdown units within The Mount Sinai Hospital, using a simplified workflow. A stepdown unit is a specialized area in the hospital where patients who are stable but still require close monitoring and care are placed. It's a step between the intensive care unit (ICU) and a general hospital area, ensuring that patients receive the right level of attention as they recover.

A team of intensive care physicians visits the 15 patients with the highest prediction scores every day and makes treatment recommendations to the doctors and nurses caring for the patient. As the algorithm is continually retrained on larger numbers of patients over time, the assessments by the intensive care physicians serve as the gold standard of correctness, and the algorithm becomes more accurate through reinforcement learning.

In addition to this clinical deterioration algorithm, the researchers have developed and deployed 15 additional AI-based clinical decision support tools throughout the Mount Sinai Health System.

The Mount Sinai paper is titled "Real-Time Machine Learning Alerts to Prevent Escalation of Care: A Nonrandomized Clustered Pragmatic Clinical Trial." The remaining authors of the paper, all with Icahn Mount Sinai except where indicated, are Arash Kia, MD, MSc; Prem Timsina, PhD; Fu-yuan Cheng, MS; Kim-Anh-Nhi Nguyen, MS; Roopa Kohli-Seth, MD; Hung-Mo Lin, ScD (Yale University); Yuxia Ouyang, PhD; and Robert Freeman, RN, MSN, NE-BC.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        First conclusive evidence that a terrestrial leech species can jump
        A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century.

      

      
        Climate models underestimate carbon cycling through plants
        The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.

      

      
        Hurricane changed 'rules of the game' in monkey society
        A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.

      

      
        At least one in four US residential yards exceed new EPA lead soil level guideline
        Roughly one in four U.S. households have soil exceeding the new U.S. Environmental Protection Agency's lead screening levels of 200 parts per million (ppm), halved from the previous level of 400 ppm, a new study found. For households with exposure from multiple sources, the EPA lowered the guidance to 100 ppm; nearly 40% of households exceed that level, the study also found.

      

      
        Wooden surfaces may have natural antiviral properties
        Viruses, including the coronavirus that causes COVID-19, can get passed from person to person via contaminated surfaces. But can some surfaces reduce the risk of this type of transmission without the help of household disinfectants? Wood has natural antiviral properties that can reduce the time viruses persist on its surface -- and some species of wood are more effective than others at reducing infectivity.

      

      
        Non-native plants and animals expanding ranges 100 times faster than native species
        An international team of scientists has recently found that non-native species are expanding their ranges many orders of magnitude faster than native ones, in large part due to inadvertent human help. Even seemingly sedentary non-native plants are moving at three times the speed of their native counterparts in a race where, because of the rapid pace of climate change and its effect on habitat, speed matters. To survive, plants and animals need to be shifting their ranges by 3.25 kilometers per ye...

      

      
        Blessing in disguise: Mycoviruses enhance fungicide effectiveness against plant pathogens
        Researchers discovered that mycoviruses, or oomycete viruses, can increase the sensitivity of plant pathogenic oomycete to fungicides like metalaxyl. Their findings suggest greater potential for mycoviruses in biocontrol and contributing to sustainable agriculture.

      

      
        Interaction with insects accelerates plant evolution
        Researchers have discovered that plants benefit from a greater variety of interactions with pollinators and herbivores. Plants that are pollinated by insects and have to defend themselves against herbivores have evolved to be better adapted to different types of soil.

      

      
        Much of the Nord Stream gas remained in the sea
        Much of the methane released into the southern Baltic Sea from the Nord Stream gas pipeline has remained in the water. This is shown by measurements taken by researchers from the University of Gothenburg.

      

      
        When in drought: Researchers map which parts of the Amazon are most vulnerable to climate change
        Some areas of the Amazon rainforest are more resilient to drought than others, new research shows. But if not managed carefully, we could 'threaten the integrity of the whole system,' researchers say.

      

      
        Is coffee good for you or bad for you?
        The effects of coffee consumption on human health is a knotty question, but one thing is sure: coffee is a psychoactive substance.

      

      
        Odors are encoded in rings in the brain of migratory locusts
        Researchers describe how odors are encoded in the antennal lobe, the olfactory center in the brain of migratory locusts. Using transgenic locusts and imaging techniques, the researchers were able to show a ring-shaped representation of odors in the brain. The pattern of olfactory coding in the antennal lobe is the same at all stages of locust development. A better understanding of olfactory coding in the locust brain should help to learn more about how the behavior of these insects is controlled,...

      

      
        The declining diet of Japan's youth
        Researchers performed a study to quantify highly processed food consumption and to investigate its association with diet quality among Japanese children and adolescents. Highly processed foods (HPFs) accounted for over one-fourth of the total energy intake amongst youths. Consumption was negatively associated with the intake of healthy foods, such as fruits, vegetables and pulses, and positively associated with the consumption of confectioneries.

      

      
        How targeted nutrients can fight cancer
        An international research team has discovered a new way to effectively treat cancer, by using nutrients to reactivate suppressed metabolic pathways in cancer cells.

      

      
        Fishy parenting? Punishing offspring encourages cooperation
        Scientists discovered that Neolamprologus savoryi fish use punishment to encourage offspring to cooperate in brood care, revealing advanced cognitive abilities previously thought unique to higher vertebrates. This study highlights that punishment for promoting cooperation exists beyond human societies, prompting a reevaluation of animal intelligence.

      

      
        Tight-knit communities can prevent environmental progress
        New research indicates that strong community bonds could hinder rather than help environmental initiatives.

      

      
        The world's oldest wine discovered
        A white wine over 2,000 years old, of Andalusian origin, is the oldest wine ever discovered.

      

      
        Natural hazards threaten over three thousand species
        Natural hazards can speed up the extinction process of land animals that have limited distribution and/or small populations. But there is hope to turn the negative development around, says researchers behind new study.

      

      
        Restored rat-free islands could support hundreds of thousands more breeding seabirds
        Archipelago case-study shows that removing invasive rats and restoring native vegetation could help bring back hundreds of thousands of breeding pairs of seabirds lost to tropical islands. Calculating that there are enough fish to sustain restored seabird populations should be an important consideration for restoration projects, scientists say. Restored seabird populations also provide huge boost to the health of surrounding coral reef ecosystems through restored nutrient cycles.

      

      
        Large wildfires create weather that favors more fire
        A new study shows soot from large wildfires in California traps sunlight, making days warmer and drier than they ought to be.

      

      
        Where to put head and tail?
        Formation of the body axes is a critical part of embryonic development. They guarantee that all body parts end up where they belong and that no ears grow on our backs. The head-tail axis, for example, determines the orientation of the two ends of the body. It was previously assumed that this axis is largely determined by the interplay between the Nodal and BMP signals. However, there appears to be another player in this system, as researchers have now discovered by using an embryo-like model syst...

      

      
        Advanced artificial intelligence: A revolution for sustainable agriculture
        The rise of advanced artificial intelligence (edge AI) could well mark the beginning of a new era for sustainable agriculture. A recent study proposes a roadmap for integrating this technology into farming practices. The aim? To improve the efficiency, quality and safety of agricultural production, while addressing a range of environmental, social and economic challenges.

      

      
        Origins of cumulative culture in human evolution
        Cumulative culture -- the accumulation of technological modifications and improvements over generations -- allowed humans to adapt to a diversity of environments and challenges. But, it is unclear when cumulative culture first developed during hominin evolution. A new study concludes that humans began to rapidly accumulate technological knowledge through social learning around 600,000 years ago.

      

      
        Effective hurricane risk messaging
        Forecasters can use images in social media to better communicate weather related hazards of hurricanes, according to a pair of new studies.

      

      
        How the ketogenic diet improves healthspan and memory in aging mice
        The ketogenic diet has its fanatics and detractors among dieters, but either way, the diet has a scientifically documented impact on memory in mice. While uncovering how the high fat, low carbohydrate diet boosts memory in older mice, scientists identified a new molecular signaling pathway that improves synapse function and helps explain the diet's benefit on brain health and aging.

      

      
        Treating the gut-brain connection with B vitamins to treat Parkinson's Disease
        A study has revealed a link between gut microbiota and Parkinson's disease. The researchers discovered a decrease in bacterial genes related to the synthesis of vitamins B2 and B7. The lack of these genes was associated with reduced intestinal short-chain fatty acids and polyamines, agents that maintain the intestinal barrier and prevent the leakage of toxins into the blood that can then access the brain. Using B vitamin therapy to address these deficiencies may restore the barrier and treat Park...

      

      
        Nile perch invasion triggered genetic bottlenecks in Lake Victoria's endemic cichlids
        Newfound evidence reveals that the upsurge of the exotic Nile perch in Lake Victoria had long-lasting effects on the genetic diversity of various local cichlid species, report scientists. Through large-scale comparative genomic analyses, the researchers found concrete proof in the collective genome of multiple species that this artificially introduced perch decimated many local fish populations, causing a 'bottleneck effect.'

      

      
        Climate change: rising temperatures may impact groundwater quality
        As the world's largest unfrozen freshwater resource, groundwater is crucial for life on Earth. Researchers have investigated how global warming is affecting groundwater temperatures and what that means for humanity and the environment. Their study indicates that by 2100, more than 75 million people are likely to be living in regions where the groundwater temperature exceeds the highest threshold set for drinking water by any country.

      

      
        Understanding the Green Sahara's collapse
        Abrupt shifts within complex systems such as the Earth's climate system are extremely hard to predict. Researchers have now succeeded in developing a new method to anticipate such tipping points in advance. They successfully tested the reliability of their method using one of the most severe abrupt climate changes of the past: the shift of the once-green Sahara into a desert.

      

      
        An earthquake changed the course of the Ganges: Could it happen again?
        A major earthquake 2,500 years ago caused one of the largest rivers on Earth to abruptly change course, according to a new study. The previously undocumented quake rerouted the main channel of the Ganges River in what is now densely populated Bangladesh, which remains vulnerable to big quakes.

      

      
        Direct evidence found for dairy consumption in the Pyrenees in the earliest stages of the Neolithic
        A study on the remains of the Chaves and Puyascada caves, both located in the province of Huesca, Spain, yields the first direct proof of the consumption and processing of dairy products in the Pyrenees already at the start of the Neolithic period, approximately 7,500 years ago, as well as the consumption of pig. The results lead to doubts about the belief that these products were first used much later in the Pyrenean mountain range.

      

      
        A high-fat diet may fuel anxiety
        New research shows when animals are fed a diet high in saturated fat for nine weeks, their gut bacteria change in ways that influence brain chemicals and fuel anxiety.

      

      
        Novel method for measuring nano/microplastic concentrations in soil using spectroscopy
        Current techniques for measuring nano/microplastic (N/MP) concentrations in soil require the soil organic matter content to be separated and have limited resolution for analyzing N/MPs sized <1 m. Therefore, researchers have developed a novel yet simple method to measure N/MP concentration in different soil types using spectroscopy at two wavelengths. This method does not require the soil to be separated in order to detect the N/MPs and can accurately quantify N/MPs regardless of their size.

      

      
        Wear it, then recycle: Designers make dissolvable textiles from gelatin
        Researchers hope their DIY machine will help designers around the world experiment with making their own, sustainable fashion and other textiles from a range of natural ingredients -- maybe even the chitin in crab shells or agar-agar from algae.

      

      
        Previously uncharacterized parasite uncovered in fish worldwide
        Using genome reconstruction, scientists unveiled a once 'invisible' fish parasite present in many marine fish world-wide that belongs to the apicomplexans, one of the most important groups of parasites at a clinical level. However, it had gone unnoticed in previous studies. The parasite is geographically and taxonomically widespread in fish species around the planet, with implications for commercial fishing and oceanic food webs.

      

      
        'Lost' birds list will aid in protecting species
        A group of scientists has released the first comprehensive list of birds that haven't been documented with sound or video in more than a decade.

      

      
        Ancient polar sea reptile fossil is oldest ever found in Southern Hemisphere
        An international team of scientists has identified the oldest fossil of a sea-going reptile from the Southern Hemisphere -- a nothosaur vertebra found on New Zealand's South Island. 246 million years ago, at the beginning of the Age of Dinosaurs, New Zealand was located on the southern polar coast of a vast super-ocean called Panthalassa. 'The nothosaur found in New Zealand is over 40 million years older than the previously oldest known sauropterygian fossils from the Southern Hemisphere.

      

      
        Gonadal function in male mice disrupted by prenatal risk factors
        Researchers have consistently shown that prenatal exposure to Di (2-ethyhexyl) phthalate harms the reproductive system in male mice and causes fertility defects. In a new study, scientists have shown that the combination of DEHP and a high-fat diet in pregnant mice can cause more damage to pups than each factor alone.

      

      
        Quantum entanglement measures Earth rotation
        Researchers carried out a pioneering experiment where they measured the effect of the rotation of Earth on quantum entangled photons. The work represents a significant achievement that pushes the boundaries of rotation sensitivity in entanglement-based sensors, potentially setting the stage for further exploration at the intersection between quantum mechanics and general relativity.

      

      
        Is magnesium the sleeping potion that enables sandhoppers to survive cold winters?
        A new study has shown for the first time that when sandhoppers want to enter a period of deep sleep each winter they have the means through which to increase the magnesium levels in their bodies -- in some instances more than doubling them. Essentially acting as a natural narcotic, the magnesium puts the sandhopper into a torpid state and this enforced rest means that the creatures can stay hidden in burrows up to 30cm beneath the beach surface, to some extent buffered from wintry conditions.

      

      
        A new weapon in the battle against antibiotic resistance: Temperature
        Scientists have shown in laboratory experiments that an increase in temperature from 37 to 40 degrees Celsius increased the resistance rate for two antimicrobials, while for a third antimicrobial, the higher temperature reduced the resistance rate. If these results can be replicated in human patients, fever control could be a new way to mitigate the emergence of antibiotic resistance.

      

      
        Vitamin B6: New compound delays degradation
        A low vitamin B6 level has negative effects on brain performance. A research team has now found a way to delay the degradation of the vitamin.

      

      
        The genetic 'switches' of bone growth
        In mammals, only 3% of the genome consists of coding genes which, when transcribed into proteins, ensure the biological functions of the organism and the in-utero development of future individuals. But genes do not function alone. They are controlled by other sequences in the genome, called enhancers, which, like switches, activate or deactivate them as required. A team has now identified and located 2700 enhancers -- among millions of non-coding genetic sequences -- that precisely regulate the g...

      

      
        Early Homo sapiens facilitated the establishment of the Bonelli's eagle in the Mediterranean 50,000 years ago
        Scientists have unraveled the ancestral history of one of the most iconic birds of prey in the current Iberian fauna: the Bonelli's eagle (Aquila fasciata). The study combines evidence from several disciplines, including palaeontology, genetics and ecology, to answer questions about when and why the Bonelli's eagle, a species primarily found in tropical and subtropical areas, colonized the Mediterranean Basin.

      

      
        Study on architecture of heart offers new understanding of human evolution
        An international research team has uncovered a new insight into human evolution by comparing humans' hearts with those of other great apes.

      

      
        Tiny New Zealand bird delivers a lesson in birdsong evolution
        Scientists are rethinking the evolution of vocal learning in birds. New Zealand's smallest bird, the rifleman or titipounamu, may have a rudimentary version of the talent possessed by parrots, hummingbirds and songbirds.

      

      
        Concrete-nitrogen mix may provide major health and environment benefits
        Adding nitrogen to concrete could significantly reduce the amount of greenhouse gases created by the construction industry.

      

      
        Synthetic data holds the key to determining best statewide transit investments
        Synthetically generated population data can reveal the equity impacts of distributing transportation resources and funding across diverse regions, according to new research.

      

      
        Fasting primes the immune system's natural killer cells to better fight cancer, new study in mice finds
        A team of researchers has shown for the first time that fasting can reprogram the metabolism of natural killer cells, helping them to survive in the harsh environment in and around tumors, while also improving their cancer-fighting ability.

      

      
        Sharks have depleted functional diversity compared to the last 66 million years
        New research has found that sharks retained high levels of functional diversity for most of the last 66 million years, before steadily declining over the last 10 million years to its lowest value in the present day.
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First conclusive evidence that a terrestrial leech species can jump | ScienceDaily
A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century. Researchers from the American Museum of Natural History, Fordham University, and City University of New York (CUNY)'s Medgar Evers College published the footage and corresponding analysis today in the journal Biotropica.


						
"We believe this is the first convincing evidence that leeches can jump and do so with visible energy expenditure," said lead author Mai Fahmy, a visiting scientist at the Museum and a postdoctoral researcher at Fordham University. "There have been previous accounts of leeches jumping, including onto people, but those reports were often explained away as leeches just attaching to passerby as they brushed against shrubs or dropping from a branch above. This study dispels that argument."

During two separate expeditions to Madagascar in 2017 and in 2023, Fahmy recorded footage of leeches from the genus Chtonobdella coiling back on a leaf and then taking off. Fahmy and coauthor Michael Tessler, an assistant professor at CUNY's Medgar Evans College and a research associate at the Museum, compare this motion to a "backbending cobra," or to a spring being pulled back. In both cases, the leech keeps its body extended as it soars through the air to the ground, in a notable departure from their usual inchworm-like movements.

"Essentially, it executes a graceful jump but with a seemingly hard landing," Tessler said.

Several other worm-like invertebrates can jump, including the legless larvae of gall midges (Asphondylia sp.), which assume a loop posture before propelling themselves into the air, the larvae of Mediterranean fruit flies (Ceratitis capitata), "skipper flies" (Prochyliza xanthostoma), and several caterpillars, including Lymantria monacha and Orgyia leucostigma. While naturalists and leech biologists have long argued about the ability of terrestrial leeches in the family Haemadipsidae to jump, with some making observations of leeches leaping in their travel notes, there has been little concrete evidence until now.

Fahmy collected the jumping leech she observed on the 2023 trip, and the researchers identified it as Chtonobdella fallax, a common species in Madagascar. The larger Chtonobdella group of leeches to which C. fallax belongs can be found across Madagascar, the Seychelles, the Malay Archipelago, and the South Pacific Islands.

"We do not know how often this may happen or whether these leeches use this ability to seek out hosts, but, given that we caught multiple jumps in two short recordings, this behavior may be common for this species," said Tessler, who studied leeches extensively as a graduate student in the comparative biology Ph.D. program at the Museum's Richard Gilder Graduate School.

Understanding overall leech behavior is also important to conservation efforts because leeches -- and more specifically, their blood meals -- are increasingly being collected to survey vertebrate biodiversity.

"If we can identify how leeches find and attach to hosts, we can better understand the results of their gut content analyses," Fahmy said. "Leeches are also often overlooked and understudied, and, as a natural part of the ecosystem, leeches themselves may be in need of conservation protection."
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Climate models underestimate carbon cycling through plants | ScienceDaily
The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.


						
The findings have implications for our understanding of the role of nature in mitigating climate change, including the potential for nature-based carbon removal projects such as mass tree-planting.

The research, carried out by an international team led by Dr Heather Graven at Imperial College London and published today in Science, reveals that existing climate models underestimate the amount of carbon dioxide (CO2) that is taken up by vegetation globally each year, while overestimating how long that carbon remains there.

Dr Graven, Reader in Climate Physics in Imperial's Department of Physics, said: "Plants across the world are actually more productive than we thought they were."

The findings also mean that while carbon is taken up by plants quicker than thought, the carbon is also locked up for a shorter time, meaning carbon from human activities will be released back into the atmosphere sooner than previously predicted.

Dr Graven added: "Many of the strategies being developed by governments and corporations to address climate change rely on plants and forests to draw down planet-warming CO2 and lock it away in the ecosystem.

"But our study suggests that carbon stored in living plants does not stay there as long as we thought. It emphasises that the potential for such nature-based carbon removal projects is limited, and fossil fuel emissions need to be ramped down quickly to minimise the impact of climate change."

Using carbon




Until now, the rate at which plants use CO2 to produce new tissues and other parts globally -- a measure known as Net Primary Productivity -- has been approximated by scaling up data from individual sites. But the sparsity of sites with comprehensive measurements means it has not been possible to accurately calculate Net Primary Productivity globally.

Plants' productivity has been increasing since the early 1900s and more CO2 is currently taken up by plants than is released back to the air. Researchers know that approximately 30% of CO2 emissions by human activities are therefore stored in plants and soils each year, reducing climate change and its impacts.

However, the details of how this storage happens, and its stability into the future, are not yet well understood.

In this study, radiocarbon (14C) -- a radioactive isotope of carbon -- was combined with model simulations to understand how plants use CO2 at a global scale, unlocking valuable insights into the interaction between the atmosphere and the biosphere.

Tracking carbon from bomb tests 

Radiocarbon is produced naturally, but nuclear bomb testing in the 1950s and 1960s increased the level of 14C in the atmosphere. This extra 14C was available to plants globally, giving researchers a good tool to measure how fast they could take it up.




By examining the accumulation of 14C in plants between 1963 and 1967 -- a period when there were no significant nuclear detonations and the total 14C in the Earth system was relatively constant -- the authors could assess how quickly carbon moves from the atmosphere to vegetation and what happens to it once it's there.

The results show that current, widely used models that simulate how land and vegetation interact with the atmosphere underestimate the Net Primary Productivity of plants globally. The results also show that the models overestimate the storage time of carbon in plants.

Role of the biosphere

Co-author Dr Charles Koven, from Lawrence Berkeley National Laboratory, USA, said: "These observations are from a unique moment in history, just after the peak of atomic weapons testing in the atmosphere in the 1960s.

"The observations show that the growth of plants at the time was faster than current climate models estimate that it was. The significance is that it implies that carbon cycles more rapidly between the atmosphere and biosphere than we have thought, and that we need to better understand and account for this more rapid cycling in climate models."

The authors say the research demonstrates the need to improve theories about how plants grow and interact with their ecosystems, and to adjust global climate models accordingly, to better understand how the biosphere is mitigating climate change.

Co-author Dr Will Wieder, from the National Center for Atmospheric Research, USA, said: "Scientists and policymakers need improved estimates of historical land carbon uptake to inform projections of this critical ecosystem service in future decades. Our study provides critical insights into terrestrial carbon cycle dynamics, which can inform models that are used for climate change projections."

The work highlights the usefulness of radiocarbon measurements in helping to unpick the complexities of the biosphere. The study's authors include German physicist Ingeborg Levin, a pioneer in radiocarbon and atmospheric research, who sadly died in February.
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Hurricane changed 'rules of the game' in monkey society | ScienceDaily
A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.


						
Hurricane Maria hit Puerto Rico in 2017, killing more than 3,000 people. It also destroyed 63% of vegetation on Cayo Santiago (also known as Monkey Island), which is home to a population of rhesus macaques.

Even now, tree cover remains far below pre-hurricane levels and -- in this hot part of the world -- that makes shade a scarce and precious resource for the macaques.

The new study, led by the universities of Pennsylvania and Exeter and published in the journal Science, shows the storm damage altered the evolutionary benefits of tolerating others and sharing shade -- giving a survival advantage to tolerant macaques.

With many ecosystems changing rapidly due to human activity, this study is an example of a species adapting its social strategy to survive.

"In response to the drastic changes caused by the hurricane, macaques persistently increased tolerance and decreased aggression towards each other," said Dr Camille Testard, from the University of Pennsylvania.

"This enabled more macaques to access scarce shade, which is critical for survival."

Dr Testard added: "We examined 10 years of data on the strength and number of macaques' social ties, before and after the hurricane.




"Before the hurricane, tolerating others had no impact on risk of death.

"Afterwards, macaques that displayed more than average social tolerance -- and were therefore better able to share shade -- were 42% less likely to die than those that were less tolerant."

This represents a sudden change in "selection pressure" -- the evolutionary benefits or costs of different traits or behaviours.

Social behaviour was assessed by recording aggression and how often individuals were seen sitting together.

"Macaques aren't the best at sharing resources -- be they food or shade. They are well known to live in an aggressive, highly competitive society," said Professor Lauren Brent, from the University of Exeter.

"But in the heat caused by ecological changes, often around 40C, the macaques had to share space or die."

Dr Testard added: "To access shade, they need to tolerate -- and be tolerated by -- others, and we found that this tolerance spills over into other daily interactions.




"Macaques that began sharing shade also spend time together in the mornings, before the day's heat forces them to seek shade.

"In effect, the hurricane changed the rules of the game in the monkeys' society."

Professor Brent added: "For group-living animals, social relationships may allow them to cope with disturbances in the environment, including human-induced climate change.

"We were surprised the macaques' social behaviour was so flexible, making them resilient to this environmental change, but some species may not display this same flexibility."

The research team included Arizona State University and New York University.

Funders included the National Institutes of Health, the European Research Council, the National Science Foundation and the Royal Society.

The paper is entitled: "Ecological disturbance alters the adaptive benefits of social ties."
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At least one in four US residential yards exceed new EPA lead soil level guideline | ScienceDaily
Roughly one in four U.S. households have soil exceeding the new U.S. Environmental Protection Agency's lead screening levels of 200 parts per million (ppm), halved from the previous level of 400 ppm, a new study found. For households with exposure from multiple sources, the EPA lowered the guidance to 100 ppm; nearly 40% of households exceed that level, the study also found.


						
"I was shocked at how many households were above the new 200 ppm guideline," said Gabriel Filippelli, a biochemist at Indiana University who led the new study. "I assumed it was going to be a more modest number. And results for the 100 ppm guideline are even worse."

Remediating the roughly 29 million affected households using traditional "dig and dump" soil removal methods could cost upward of $1 trillion, the study calculated. The study was published in GeoHealth, an open-access AGU journal that publishes research investigating the intersection of human and planetary health for a sustainable future. Filippelli is the former editor-in-chief of GeoHealth.

National lead problem "nowhere near over"

Lead is a heavy metal that can accumulate in the human body, with toxic effects. In children, exposure to lead is associated with lower educational outcomes. In the United States, the burden of lead exposure has historically fallen on lower-income communities and communities of color because of redlining and other discriminatory practices. Lead pollution can come from aging water pipes, old paint, and remnant gasoline and industrial pollution, but today, most lead exposure are from contaminated soils and dust, even after lead-containing infrastructure was removed.

The Centers for Disease Control and Prevention first set a limit on the concentration of lead in blood in 1991 at 10 micrograms per deciliter, and it lowered that limit several times until reaching the current limit of 3.5 micrograms per deciliter. But the EPA's soil lead screening level remained unchanged for more than 30 years until the January announcement. Some states had established their own lower guidelines; California has the lowest screening level, at 80 ppm.

The lag is likely due to "the immensity and ubiquity of the problem," the study authors wrote. "The scale is astounding, and the nation's lead and remediation efforts just became substantially more complicated." That's because once the EPA lowers a screening limit, they need to tell people what to do if their soils exceed it.




When the EPA lowered the screening level, Filippelli and his co-authors decided to make use of the database of 15,595 residential soil samples from the contiguous United States that they'd collected over the years to find out how many exceeded the new guideline.

Household health hazard

About 25% of the residential soil samples, collected from yards, gardens, alleys, and other residential spots, exceeded the new 200 ppm level, the study found. (Only 12% of samples had exceeded the older, 400 ppm level.) Extrapolating across the country, that equates to roughly 29 million households.

The EPA issued separate guidance for households with multiple sources of exposure, such as both lead-contaminated soil and lead pipes, setting the level in those situations at 100 ppm. In practice, that's most urban households, Filippelli said. Forty percent of households exceed that limit, increasing the number of affected households to nearly 50 million, the study found.

Typically, contaminated soils are remediated with removal -- colloquially, "dig and dump." But the practice is costly and typically only used after an area is placed on the National Priority List for remediation, a process that can take years. To remediate all contaminated households with "dig and dump" would cost between $290 billion and $1.2 trillion, the authors calculated.

A cheaper option is "capping": burying the contaminated soil with about a foot of soil or mulch. A geotechnical fabric barrier can also be installed. Most lead contamination is in the top 10 to 12 inches of soil, Filippelli said, so this simple method either covers up the problem or dilutes it to an acceptable level.




"Urban gardeners have been doing this forever anyway, with raised beds, because they're intuitively concerned about the history of land use at their house," Filippelli said.

And capping is quicker.

"A huge advantage of capping is speed. It immediately reduces exposure," Filippelli said. "You're not waiting two years on a list to have your yard remediated while your child is getting poisoned. It's done in a weekend."

Capping still requires time and effort; residents must find clean soil, transport it to their home and spread it out. But the health benefits likely outweigh those costs, Filippelli said.

Because capping has been done more informally, there's still a lot to be learned about its lifespan and sustainability, Filippelli said. That's where the research will go next.

Despite the "staggering" scale of the problem, "I'm really optimistic," Filippelli said. "Lead is the most easily solvable problem that we have. We know where it is, and we know how to avoid it. It's just a matter of taking action."

Maps: https://www.mapmyenvironment.com/
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Wooden surfaces may have natural antiviral properties | ScienceDaily
Viruses, including the coronavirus that causes COVID-19, can get passed from person to person via contaminated surfaces. But can some surfaces reduce the risk of this type of transmission without the help of household disinfectants? As reported in ACS Applied Materials & Interfaces, wood has natural antiviral properties that can reduce the time viruses persist on its surface -- and some species of wood are more effective than others at reducing infectivity.


						
Enveloped viruses, like the coronavirus, can live up to five days on surfaces; nonenveloped viruses, including enteroviruses linked to the common cold, can live for weeks, in some cases even if the surfaces are disinfected. Previous studies have shown that wood has antibacterial and antifungal properties, making it an ideal material for cutting boards. However, wood's ability to inactivate viruses has yet to be explored, which is what Varpu Marjomaki and colleagues set out to study.

The researchers looked at how long enveloped and nonenveloped viruses remained infectious on the surface of six types of wood: Scots pine, silver birch, gray alder, eucalyptus, pedunculate oak and Norway spruce. To determine viral activity, they flushed a wood sample's surface with a liquid solution at different time points and then placed that solution in a petri dish that contained cultured cells. After incubating the cells with the solution, they measured the number (if any) infected with the virus.

Results from their demonstrations with an enveloped coronavirus showed that pine, spruce, birch and alder need one hour to completely reduce the virus' ability to infect cells, with eucalyptus and oak needing two hours. Pine had the fastest onset of antiviral activity, beginning after five minutes. Spruce came in second, showing a sharp drop in infectivity after 10 minutes.

For a nonenveloped enterovirus, the researchers found that incubation on oak and spruce surfaces resulted in a loss of infectivity within about an hour, with oak having an onset time of 7.5 minutes and spruce after 60 minutes. Pine, birch and eucalyptus reduced the virus' infectivity after four hours, and alder showed no antiviral effect.

Based on their study data, the researchers concluded that the chemical composition of a wood's surface is primarily responsible for its antiviral functionality. While determining the exact chemical mechanisms responsible for viral inactivation will require further study, they say these findings point to wood as a promising potential candidate for sustainable, natural antiviral materials.

The authors acknowledge funding from the Research Council of Finland and the Jane and Aatos Erkko Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240619143702.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Non-native plants and animals expanding ranges 100 times faster than native species | ScienceDaily
An international team of scientists has recently found that non-native species are expanding their ranges many orders of magnitude faster than native ones, in large part due to inadvertent human help. Even seemingly sedentary non-native plants are moving at three times the speed of their native counterparts in a race where, because of the rapid pace of climate change and its effect on habitat, speed matters. To survive, plants and animals need to be shifting their ranges by 3.25 kilometers per year just to keep up with the increasing temperatures and associated climactic shifts -- a speed that native species cannot manage without human help. Led by scientists at the University of Massachusetts Amherst, the team includes researchers from New Jersey, Michigan, Colorado and Hawaii in the U.S., as well as Sevilla and Zaragoza in Spain and was published in Annual Reviews of Ecology, Evolution and Systematics.


						
"We know that the numbers of invasive plant species are increasing exponentially worldwide," says Bethany Bradley, professor of environmental conservation at UMass Amherst and the paper's lead author. "We also know that plant nurseries are exacerbating the climate-driven spread of invasives and that confronting invasives is one of the best ways to prepare for climate change. What we wanted to find out is how fast both native and non-native species are moving right now, and how far could they go."

To figure out how fast species are moving, Bradley and her colleagues comprehensively surveyed a vast trove of previously published papers and publicly available datasets on how far and how fast both native and non-native species, representing different taxa and various ecosystems, have been moving. An important subset of this search was to compile data showing how humans are helping to accelerate the spread of non-native species, either accidentally, such as when a particular species finds itself in a shipping container that travels between continents, or intentionally, when a gardener buys an invasive ornamental from a nursery and drives it back to their home.

The conclusion that Bradley and colleagues reached is that land-based species -- including plants -- need to be moving at more than 3.25 kilometers per year if they want to stay ahead of climate change, while marine species need to be moving at 2.75 kilometers per year. Unfortunately, native species are only managing to move an average of 1.74 kilometers per year.

Non-native species, however, are spreading at about 35 kilometers per year on their own. When the human role in spreading non-native species is taken into account, then the rate jumps to an astronomical 1,883 kilometers per year -- 1,000 times faster than the rate at which native species are spreading.

"Essentially," says Bradley, "there's no chance for native species to keep up with climate change without human help."

For the second part of their research, Bradley and colleagues wanted to understand how far both native and non-native species might spread in a warming world, since not every ecosystem is suitable habitat.

While there were fewer case studies for the team to synthesize and analyze, their research indicates that it is likely that non-native species will find more territory to their liking than native species. "However," says Bradley, "while this means that non-native species might have more territory to gain with climate change, it also means that they've got more territory to lose as some range margins become increasingly unsuitable."

What does this mean, then, for the future?

"It's really clear that people are very good at moving species, and this is one of the biggest advantages that non-native species have," says Bradley. "We need to seriously consider and begin implementing assisted migration" -- the practice of deliberately helping native species move to more suitable locations -- "if our native plants and animals are to stand a chance."
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Blessing in disguise: Mycoviruses enhance fungicide effectiveness against plant pathogens | ScienceDaily
As detrimental as viruses may sound, they can be helping hands for farmers when it comes to dealing with plant pathogens.


						
Osaka Metropolitan University scientists have discovered that a mycovirus that infects plant pathogenic oomycete Globisporangium ultimum can increase the latter's sensitivity to specific fungicides. Their findings could lead to innovative approaches for controlling plant diseases, reducing reliance on chemical treatments, and minimizing agricultural loss.

Their results were published in Microbiological Research on May 3.

Mycoviruses, or fungal viruses, infect fungi as well as fungus-like organisms such as oomycetes. More commonly known as water molds, oomycetes include some of the most devastating plant pathogens and pose severe threats to global food security. When these oomycetes are infected by certain mycoviruses, however, their ability to cause disease can be weakened -- a phenomenon known as hypovirulence -- making mycoviruses potential biocontrol agents.

Mycoviral infections are multifaceted; they can reduce or increase virulence or remain hidden without obvious symptoms. Despite the growing number of mycoviruses identified recently, their effects on host oomycetes have remained largely unexplored.

"Since mycoviruses may significantly impact the ecology of oomycetes, we found it crucial to study their effects at both the phenotypic and gene expression levels," said Tomofumi Mochizuki, an associate professor at the Graduate School of Agriculture of Osaka Metropolitan University and corresponding author of this study.

The research team zeroed in on Globisporangium ultimum, a major soil-borne oomycete responsible for damping-off and root rot in many plant species. They first created a virus-free isogenic strain of G. ultimum through high-temperature cultivation and then compared its characteristics and gene expression to the virus-infected isogenic strain.




The results show that compared to the virus-free isogenic strain, the virus-infected isogenic strain was more sensitive to metalaxyl, one of the four tested fungicides. No significant differences in growth rate and structure were observed between these isogenic strains in the absence of metalaxyl. Using a high throughput screening technique called RNA-seq to analyze gene expression profile, the researchers found that the virus-infected isogenic strain had lower expression of certain genes known as ABC-type transporters, which are known to contribute to fungicide resistance.

"Our results indicate that mycoviral infections alter the sensitivity of the host oomycete to fungicides," said Aika Higuchi, a master's student and this study's first author.

These findings advance the current understanding of the roles that mycoviruses play and their potential for sustainable agriculture. The team plans to further explore the promise of mycoviruses as a biological control tool across different species and environmental conditions.

"Our research shows that the effects of viral infection on host oomycete can only be seen under certain conditions," Mochizuki said. "Even if it seems that viral infection has no effect at first glance, it is necessary to analyze it from various perspectives."
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Interaction with insects accelerates plant evolution | ScienceDaily
A team of researchers at the University of Zurich has discovered that plants benefit from a greater variety of interactions with pollinators and herbivores. Plants that are pollinated by insects and have to defend themselves against herbivores have evolved to be better adapted to different types of soil.


						
Plants obtain nutrients and water from the soil. Since different soil types differ in their chemical and physical composition, plants need to adapt their physiology to optimize this process on different soil types.

This evolutionary process leads to the formation of ecotypes, i.e., locally adapted "plant breeds" that differ slightly in appearance and may no longer be easily crossbred. The latter effect is considered to be the first step toward the formation of separate species. The adaptation of crops to local soil types is also crucial for agricultural productivity.

Experiment with bumblebees and aphids

A team of researchers led by biologist Florian Schiestl of the Department of Systematic and Evolutionary Botany at the University of Zurich has now discovered that the interaction of plants with pollinators and herbivorous insects influences their adaptation to soil types and thus the formation of ecotypes. In a two-year experiment, about 800 swede plants were grown over 10 generations on different soil types in a greenhouse. One group was pollinated by bumblebees, another by hand; in addition, the plants were cultivated with and without aphids (as herbivores).

At the end of the evolutionary experiment, the researchers investigated the extent to which the plants on the two soil types differed in shape and composition and how well they had adapted to the soil. In terms of shape, it was found that only the plants pollinated by bumblebees showed clear differences between the soil types, while the hand-pollinated plant groups remained largely the same.

Plants pollinated by bumblebees adapt best

When it comes to adaptation to soil types, the researchers even found significant adaptation only in bumblebee-pollinated plants with aphids after the two years of experimental evolution, while no significant adaptation to soil types was observed in the other groups.

The study also identified several genes that may play a critical role in this adaptation process. The results show that biotic interactions can have a strong influence on plants' ability to adapt to abiotic factors and that adaptation is most efficient when plants are exposed to a variety of interactions.
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Much of the Nord Stream gas remained in the sea | ScienceDaily
Much of the methane released into the southern Baltic Sea from the Nord Stream gas pipeline has remained in the water. This is shown by measurements taken by researchers from the University of Gothenburg.


						
At the end of September 2022, the Nord Stream gas pipeline on the bottom of the Baltic Sea exploded east of Bornholm and one of the largest unnatural methane gas emissions ever was a fact. The methane gas from the pipeline created large bubbles at the water surface and measurements showed elevated levels of methane in the atmosphere.

Expedition within a week

But much of the methane never reached the surface and dissolved in the water instead. This is according to a scientific study published in Scientific Reports.

"Thanks to fortunate circumstances, we were able to organise an expedition to the area of the leak in less than a week. Based on what we measured, we estimate that between 10,000 and 50,000 tonnes of methane remained in the sea in dissolved form," says Katarina Abrahamsson, professor of marine chemistry at the University of Gothenburg.

The methane was spread over large areas and has dissolved in the water, where some is taken care of by bacteria. Methane is also normally present in the water, formed during the decomposition of organic material in the bottom sediments.

Different isotopes

"In our study, we have been able to distinguish the methane coming from the Nord Stream leak from that naturally present in the water, thanks to the fact that the methane from the gas pipeline has a different isotopic composition than that which seeps up from the bottom sediments. This is a strength of our study," says Katarina Abrahamsson.




The water in the sea normally lies in different layers due to differences in temperature and salinity. Despite the fact that the methane leaked out of the gas pipeline at great speed and in large quantities, the researchers could not observe any major mixing in the water masses. The stratification that normally occurs at the end of September was stable. The levels of the leaked methane therefore varied greatly in the water. The researchers assume that the methane was diluted in a larger body of water later in the autumn when the water was remixed due to falling water temperature.

Unclear biological impact

It is too early to say what impact the increased methane levels will have on biological life in the southern Baltic Sea.

"The expedition also included researchers who took plankton samples in the affected area, the analyses of which are not yet complete," says Katarina Abrahamsson.

Three months after the first expedition, a return visit was made to the area and new measurements were taken. Preliminary results show that bacterial activity has been high during these three months. The researchers do not yet know how the phytoplankton and zooplankton have been affected by this.
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When in drought: Researchers map which parts of the Amazon are most vulnerable to climate change | ScienceDaily
In the late 2000s, Scott Saleska noticed something strange going on in the Amazon rainforest.


						
In 2005, a massive drought struck the region. Two years later, Saleska -- a University of Arizona professor in the Department of Ecology and Evolutionary Biology -- published surprising research that used satellite images to find that the drought resulted in more green growth in large swaths of the Amazon. On the other hand, field researchers saw plants brown and some die in response to the drought.

Research published today in the journal Nature reveals what caused the scientific mismatch. Shuli Chen, a doctoral degree candidate in ecology and evolutionary biology who works with Saleska, is the lead author.

Chen and Saleska teamed up with Antonio Nobre, an Earth scientist at Brazil's National Institute for Space Research, who was using satellites to detect how landscape topography and groundwater tables interact with forests.

The trio and their co-authors from Brazil, the U.S. and the United Kingdom used 20 years of data -- from 2000 to 2020, which includes drought data from 2005, 2010 and a more widespread drought in 2015 and 2016 -- to tease out how drought impacts the most biodiverse forest on Earth, which spans an area twice the size of India, and is one of the world's largest carbon sinks.

They found that different regions of the Amazon rainforest respond to drought differently because of differences in local forest environments and differences in the properties of trees themselves. This work goes beyond wide-scale climate factors and homes in on how local environments drive drought response, Chen said. The team created maps to illustrate their findings.

In the southern reaches of the Amazon rainforest, mostly over rock formations that geologists call the Brazilian Shield -- with relatively fertile soil and forests with shorter trees -- drought response was controlled by access to groundwater. Trees with access to shallow water tables "greened up" during drought, the researchers found, while trees over deeper water tables experienced more foliage browning and tree death. In contrast, the northern Amazon, dominated by what geologists call the Guiana Shield -- home to tall trees with deep roots and less fertile soil -- was more drought resilient regardless of water table depth.




This new understanding of regional differences provides a framework for conservation decisions and improved predictions of forest responses to future climate changes, according to the researchers. It also warns that the Amazon's most productive forests are also at the greatest risk.

"It's like we brought a blurry image into focus," Chen said. "When we talk about the Amazon being at risk, we talk about it as if it were all one thing. This research shows that the Amazon is a rich mosaic in which some parts are more vulnerable to change than others, and it explains why. This is key to understanding the system and ultimately protecting it."

Building the mosaic

The research team used remote sensing satellite data -- which relayed forest canopy health by measuring greenness and photosynthetic activity -- to track how variations in non-climatic factors including water table depth, soil fertility and overall forest height affect forest resilience in the face of drought.

For trees with access to shallow water tables in the fertile soils of the southern Amazon, droughts result in more growth and healthier canopies for a few reasons.

First, during typical conditions, their roots are submerged in water, which limits access to oxygen. During drought, water recedes a bit, but doesn't go away, exposing more root and allowing an increase in oxygen uptake. At the same time, trees get a photosynthetic boost from the additional sunlight.




Trees in the same region that grow over deeper water tables, on the other hand, have come to rely on rainwater. They are more vulnerable to drought.

The slow-growing trees in the northern Amazon -- with their tall canopies, deep roots and relatively infertile soil -- have adapted to harsh conditions, Chen said, making them hardy in the face of drought.

The Guiana Shield in the northern Amazon contains less fertile soil and deeper water tables than the Brazilian Shield in the south. These conditions led to slow-growing tall trees with deeper rooting systems able to access the water, making them hardier in the face of drought, Chen said.

"Our results are not just important for the Amazon, it's important for the whole world, because the rainforest has a significant stock of our carbon. If that carbon is lost -- because trees burn or are deforested, that adds to carbon dioxide in the atmosphere, which in makes global warming even worse," Saleska said.

Beyond the Amazon

The Amazon rainforest also plays a vitally important role in the Earth's hydrologic cycle.

While the Amazon River is the biggest on Earth -- discharging more water to the ocean than the next seven largest rivers combined -- an "atmospheric river" of water vapor flows in the opposite direction through the air above Amazon rainforests, carrying up to twice as much water than its terrestrial twin.

Water evaporates from the Atlantic Ocean surface and wind carries it over the eastern Amazon rainforest. When that water falls as rain, it's absorbed by the trees, which then move it up their stems, trunks and vines before emitting it back into the air as water vapor, like slow-motion geysers.

This is happening on a grand scale, with a hundred billion Amazonian trees feeding the atmospheric river that carries water from east to west across the rainforest. Trees in the western Amazon receive about 50% of their water from trees upwind, Saleska said.

"If you imagine either cutting down or losing those trees, because they're vulnerable, and you're getting more droughts, that doesn't just affect those trees, that affects the trees downstream of the atmospheric river too," said study co-author Nobre. "You basically threaten the integrity of the whole system."

This water recycling capability also supplies water to agriculture in other parts of South America, beyond the Amazon, he said.

Saleska, who also serves on the science steering committee of the Science Panel for the Amazon, an international initiative by scientists dedicated to the Amazon, said that the new research will be invaluable for that work.

"If we care about preserving biodiversity, conserving valuable ecosystems, conserving valuable forests, knowing this kind of information is really critically helpful," Saleska said.
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Is coffee good for you or bad for you? | ScienceDaily
Coffee drinking is a heritable habit, and one that carries a certain amount of genetic baggage.


						
Caffeinated coffee is a psychoactive substance, notes Sandra Sanchez-Roige, Ph.D., an associate professor in the University of California San Diego School of Medicine Department of Psychiatry. She is one of an international group of researchers that compared coffee-consumption characteristics from a 23andMe database with an even larger set of records in the United Kingdom. She is the corresponding author of a study recently published in the journal Neuropsychopharmacology.

Hayley H. A. Thorpe, Ph.D., is the lead author on the paper. Thorpe, of the Department of Anatomy and Cell Biology, Schulich School of Medicine and Dentistry at Western University in Ontario, explained that the team collected genetic data as well as self-reported coffee-consumption numbers to assemble a genome-wide association study (GWAS). The idea was to make connections between the genes that were known to be associated with coffee consumption and the traits or conditions related to health.

"We used this data to identify regions on the genome associated with whether somebody is more or less likely to consume coffee," Thorpe explained. "And then identify the genes and biology that could underlie coffee intake."

Abraham Palmer, Ph.D., is also a lead researcher on the paper and a professor in the UC San Diego School of Medicine Department of Psychiatry. He said that most people are surprised that there is a genetic influence on coffee consumption. "We had good reason to suspect from earlier papers that there were genes that influence how much coffee someone consumes," he said. "And so, we weren't surprised to find that in both of the cohorts we examined there was statistical evidence that this is a heritable trait. In other words, the particular gene variants that you inherit from your parents influence how much coffee you're likely to consume."

Sanchez-Roige said the genetic influence on coffee consumption was the first of two questions the researchers wanted to address.

"The second is something that coffee lovers are really keen on learning," Sanchez-Roige said. "Is drinking coffee good or bad? Is it associated with positive health outcomes or not?"

The answer is not definitive. The group's genome-wide association study of 130,153 U.S.-based 23andMe research participants was compared with a similar UK Biobank database of 334,649 Britons, revealing consistent positive genetic associations between coffee and harmful health outcomes such as obesity and substance use. A positive genetic association is a connection between a specific gene variant (the genotype) and a specific condition (the phenotype). Conversely, a negative genetic association is an apparent protective quality discouraging the development of a condition. The findings get more complicated when it comes to psychiatric conditions.




"Look at the genetics of anxiety, for instance, or bipolar and depression: In the 23andMe data set, they tend to be positively genetically correlated with coffee intake genetics," Thorpe said. "But then, in the UK Biobank, you see the opposite pattern, where they're negatively genetically correlated. This is not what we expected."

She said there were other instances in which the 23andMe set didn't align with the UK Biobank, but the greatest disagreement was in psychiatric conditions.

"It's common to combine similar datasets in this field to increase study power. This information paints a fairly clear picture that combining these two datasets was really not a wise idea. And we didn't end up doing that," Thorpe said. She explained that melding the databases might mask effects, leading researchers toward incorrect conclusions -- or even cancelling each other out.

Sanchez-Roige says the researchers have some ideas about how the differences in results arose. To begin with, there was an apples-and-oranges aspect to the surveys. For instance, the 23andMe survey asked, "How many 5-ounce (cup-sized) servings of caffeinated coffee do you consume each day?" Compare it to the UK Biobank's "How many cups of coffee do you drink each day? (Include decaffeinated coffee)"

Beyond serving size and the caffeinated/decaf divide, the surveys made no accommodation for the various ways coffee is served. "We know that in the U.K., they have generally higher preference for instant coffee, whereas ground coffee is more preferred in the U.S.," Thorpe said.

"And then there's the frappuccinos," Sanchez-Roige added, citing the American trend of taking coffee loaded with sugary additives. Palmer mentioned other caffeinated drinks and especially in the context of the UK Biobank, tea, none of which were included in the GWAS, which addressed only coffee. Palmer added that the GWAS demonstrates the relationship between genotype and phenotype is more different than the relationship between coffee and tea.




"Genetics influences lots of things. For instance, it influences how tall you might be," he said. "And those kinds of things probably would play out very similarly, whether you lived in the U.S. or the U.K. But coffee is a decision that people make."

Sanchez-Roige pointed out that coffee comes in a variety of forms, from instant to frappuccino, and is consumed amid cultural norms that differ from place to place. A person with a given genotype might end up having quite a different phenotype living in the U.K. versus the U.S.

"And that's really what the data are telling us," she said. "Because unlike height, where your behavior doesn't really have much to do with it, your behavior and the choices you're making in your environment play out in various ways. So the interaction between genotype and environment complicates the picture."

The collaborators stressed the need for more investigation to unravel the relationships between genetics and the environment, focusing not only on coffee/caffeine intake but also other substance-use issues.

In addition to the researchers noted above, co-authors on the paper from UC San Diego are: Benjamin K. Pham, John J. Meredith, Mariela V. Jennings, Natasia S. Courchesne-Krak and Sevim B. Bianchi, all of the Department of Psychiatry. Other co-authors are Pierre Fontanillas, of 23andMe, Inc.; Laura Vilar-Ribo, of the Universitat Autonoma de Barcelona, Spain; Julian Mutz, of King's College London, U.K.; Sarah L. Elson and Jibran Y. Khokhar, of the University of Guelph, Canada; Abdel Abdellaoui, of the University of Amsterdam, The Netherlands; Lea K. Davis, of Vanderbilt University Medical Center; and the 23andMe Research Team.

Mariela V. Jennings, Sevim B. Bianchi and Sandra Sanchez-Roige are supported by funds from the California Tobacco-Related Disease Research Program (TRDRP; Grant Number T29KT0526 and T32IR5226). Sevim B. Bianchi and Abraham Palmer were also supported by P50DA037844. BKP, Julian Mutz, and Sandra Sanchez-Roige are supported by NIH/NIDA DP1DA054394. Hayley H. A .Thorpe is funded through a Natural Science and Engineering Research Council PGS-D scholarship and Canadian Institutes of Health Research (CIHR) Fellowship. Jibran Y. Khokhar is supported by a CIHR Canada Research Chair in Translational Neuropsychopharmacology. Lea K. Davis is supported by R01 MH113362. Natasia S. Courchesne-Krak is funded through an Interdisciplinary Research Fellowship in NeuroAIDs (Grant Number R25MH081482). Julian Mutz is funded by the National Institute for Health and Care Research (NIHR) Maudsley Biomedical Research Centre at South London and Maudsley NHS Foundation Trust and King's College London.
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Odors are encoded in rings in the brain of migratory locusts | ScienceDaily

Migratory locusts differ from other insects in the anatomical structure of their olfactory brain, the antennal lobe, which receives and processes olfactory information from the antenna. The locust antennal lobe has a unique and unconventional neuronal architecture with more than 2000 spherical functional olfactory units, the glomeruli, whereas most other insects have only between 20 and 300 glomeruli in the antennal lobe.

Scientists at the Max Planck Institute for Chemical Ecology are interested in how insects perceive odors and process them in their brains. Above all, however, they want to know how odor perception affects their behavior.

"Our goal was to solve the long-standing puzzle of how odors are encoded in the extremely large population of glomeruli, the structural and functional units in the antennal lobe of migratory locusts. This highly complex architecture of the locust antennal lobe has been observed for decades, but the underlying mechanisms of odor coding have remained a mystery due to the lack of suitable methods," says Xingcong Jiang, first author of the study.

The introduction of the CRISPR/Cas9 method represented a methodological breakthrough for the researchers, as it enabled the establishment of the first transgenic migratory locusts expressing the genetically encoded calcium sensor GCaMP in olfactory sensory neurons. GCaMP is a protein that fluoresces when it binds calcium, which is released into cells when they are active. Using functional 2-photon calcium imaging, the scientists were able to measure and map the spatial activation patterns for a broad spectrum of ecologically relevant odors in all six developmental stages of the migratory locust.

"Our results reveal an unusual functional ring-shaped organization of the antennal lobe consisting of specific glomerular clusters. This glomerular arrangement, which we could confirm by targeted genetic expression of a well-characterized olfactory receptor, is present throughout development, and the pattern of olfactory coding within the glomerular population is consistent at all developmental stages, from the first nymph stage to the adult locust," summarizes Silke Sachse, head of the Olfactory Coding Research Group at the Max Planck Institute, one of the study leaders.

The migratory locust is not a model organism like the vinegar fly Drosophila melanogaster. Gene transformation was therefore a major challenge for the researchers. Many parameters have to be studied, which makes the process very time-consuming. The unusually large brain volume of the locust also makes it difficult to capture and analyze image data. "We are the first group in the world to successfully apply the site-specific knock-in method to locusts. We know from the literature that the success rate for this type of transgenesis is very low, but we have succeeded," says Xingcong Jiang.

Interestingly, the spatial coding of odors in the locust antennal lobe reflects the chemical structure of the odors rather than their valence -- whether pleasant or repulsive -- unlike in flies, for example, where the valence of odors is already represented in the antennal lobe, with pleasant odors activating different structures than unpleasant ones. "We have observed that odors of certain chemical classes evoke a certain pattern: For example, aromatic compounds with similar chemical structure but opposite behavioral significance evoke stronger responses in the peripheral regions of the antennal lobe. We conclude that the representation of odor valence is not encoded in the antennal lobe, but in higher brain centers such as the mushroom body and the lateral horn," says Bill Hansson, Director of the Department of Evolutionary Neuroethology, and one of the lead authors.

The ring structure of the olfactory code is a unique anatomical feature of the migratory locust. However, this coding mechanism is not necessarily transferable to other locust species. "We wonder whether this ring-shaped structure is a worse alternative or a better solution with advantages over the glomerular arrangement we found in flies. Future studies investigating the rules of odor coding in other insect species will show whether other locust species have developed a similar coding pattern," says Silke Sachse, who already has further studies in mind.

How insects perceive and process odors and how odor perception ultimately affects their behavior is important for a deeper understanding of the ecological interactions of insects with their environment. This can, for example, help to optimize the control of crop pests such as migratory locusts. "We believe that a better understanding of the odor coding mechanisms in the primary olfactory center of the locust brain will significantly deepen our knowledge of the neuronal modulation underlying olfaction-mediated behaviors, such as the formation of locust swarms," says Bill Hansson.
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The declining diet of Japan's youth | ScienceDaily
Researchers from the University of Tokyo performed the first study to quantify highly processed food consumption and to investigate its association with diet quality among Japanese children and adolescents. Highly processed foods (HPFs) accounted for over one-fourth of the total energy intake amongst youths. Consumption was negatively associated with the intake of healthy foods, such as fruits, vegetables and pulses, and positively associated with the consumption of confectioneries.


						
It's common knowledge that poor-quality diets are considered major risk factors for many health issues and even noncommunicable diseases such as Type 2 diabetes. Therefore, researchers seek to understand factors related to diet quality as a way to improve people's health. Research on HPFs has been rapidly increasing, highlighting their potential impact on public health. However, few studies have been conducted in Japan, with none focusing on children and adolescents, due to challenges in assessing them.

"Our previous research on HPF consumption in adults in Japan found that higher consumption was negatively associated with diet quality. This significant finding prompted us to investigate whether similar associations exist in younger generations," said Assistant Professor Nana Shinozaki from the School of Public Health. "My team and I ran a cross-sectional study, one where many people are assessed in a short space of time rather than fewer people over a long period of time, to understand the association between HPF consumption and overall diet quality among Japanese children and adolescents. We found that higher HPF consumption is associated with poorer diet quality in 1,318 participants aged 3-17 years."

This probably doesn't come as a surprise to many, but it's important to note that this is the first time hard data has been put to this specific demographic, and that fact might aid in improving public health. One of the difficulties in research on diets is that so many of the issues lack precise definitions. For this reason, Shinozaki and her team picked an existing dietary classification framework developed by researchers at the University of North Carolina at Chapel Hill (UNCCH) in the U.S. to classify the food that participants consumed, and the Healthy Eating Index-2020 and the Nutrient-Rich Food Index 9.3 to evaluate the quality of their diets. Under the UNCCH classification, HPFs are defined as "multi-ingredient, industrially formulated mixtures processed to the extent that they are no longer recognizable as their original plant/animal source."

"The biggest challenge was collecting detailed dietary data, which are essential to identify which foods are HPFs, on eight days over the course of a year from a large sample of about 1,300 individuals," said Shinozaki. "This process of assessment by researchers, and assessments by participants or parents, was highly burdensome for both participants and investigators due to the need for accurate and consistent recording of dietary intake. Our research could not have been accomplished without the support of research dietitians throughout Japan, who played a crucial role in supporting participants and collecting data."

What might surprise some readers is that the cliche of Japan's national diet being the model of healthy eating is a little inaccurate and out of date.

"Professor Kentaro Murakami (of the University of Tokyo) recently found that in a nationally representative sample of Japanese adults, the mean total score of the Healthy Eating Index-2015, a widely accepted diet quality index, was similar to that of average Americans. This finding suggests that the Japanese diet would not be as healthy as expected," said Shinozaki. "Wherever you may be, at the individual level, increasing the consumption of unprocessed or minimally processed foods, especially fresh fruits and vegetables, would be helpful. At the societal level, public awareness campaigns, policy and regulation, or food availability and market changes to promote the reduction of HPFs could be beneficial. Our findings support ongoing efforts to develop nutritional guidelines and public health strategies aimed at reducing the prevalence of diet-related diseases."
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How targeted nutrients can fight cancer | ScienceDaily
An international research team has discovered a new way to effectively treat cancer, by using nutrients to reactivate suppressed metabolic pathways in cancer cells.


						
The researchers used a common amino acid, tyrosine, packaged as a nanomedicine, to change the metabolism of melanoma, a deadly skin cancer, and prevent cancer growth.

Australia has the highest rate of skin cancer in the world. This new approach could be combined with current therapies to better treat melanoma. The technique also has the potential to treat other types of cancer.

The study, Nutrient-delivery and metabolism reactivation therapy for melanoma, was led by Professor Wenbo Bu from Fudan University and Professor Dayong Jin from the University of Technology Sydney, and recently published in the journal Nature Nanotechnology.

Tyrosine has limited bioavailability in living organisms. However, the researchers used a new nanotechnology technique to package it into tiny particles called nanomicelles, which are attracted to cancer cell membranes, and break down easily, boosting absorption.

The research team then tested the innovative treatment in mice and in human-derived melanoma cells in the lab and found that the tyrosine nanomicelles reactivated dormant metabolic pathways, triggered melanin synthesis, and inhibited tumour growth.

"Uncontrolled rapid growth is a key feature that distinguishes cancer cells from normal cells. In cancer cells some metabolic pathways are over-activated, and others are suppressed, to create the environment necessary for rapid spread," said Professor Jin.




"While a few metabolism-based drugs for cancer have been developed previously, such as aromatase inhibitors impeding estrogen synthesis in breast cancer and HK2 inhibitors targeting glycolysis in various cancers, these work by suppressing over-activate metabolic pathways," he said.

"Our research shows for the first time that cancer can be stopped by reactivating metabolic pathways that are dormant. And this can be done using simple nutrients, such as amino acids, sugars, and vitamins, which are safe, readily available and well tolerated," said Professor Bu.

Different types of cancer will respond to different nutrients. Melanoma cells develop from melanocytes -- skin cells that produce melanin. Tyrosine is needed to produce melanin and it can stimulate melanin production, hence its effectiveness with melanoma.

The reactivation of melanin synthesis forces the melanoma cell to reduce glycolysis, the process of converting sugar to energy, which is believed to be the mechanism for its anti-cancer effect.

Melanoma cells are also susceptible to heat stress. The researchers found that by combining tyrosine nanomicelle treatment with near-infrared laser treatment, they were able to eradicate melanoma in mice after six days and it did not reoccur during the study period.

The findings suggest a promising a new frontier in the use of nanomedicine for cancer therapy.
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Fishy parenting? Punishing offspring encourages cooperation | ScienceDaily
While there is an increasing consensus among humans that corporal discipline of children does more harm than good, fish may disagree.


						
Ryo Hidaka, Shumpei Sogawa, Masanori Kohda and Satoshi Awata from Osaka Metropolitan University have demonstrated that a fish species employs physical punishment to elicit helping efforts from their offspring, indicating advanced social and cognitive skills previously thought to be unique to higher vertebrates.

The results of their study were published online in Animal Behaviour on April 6.

For millennia, human societies have used punishment to promote cooperation and maintain social order. But humans are not the only species seeking better cooperative behavior. So how do other animals achieve this?

Seeking an answer, the research team from the Graduate School of Science at Osaka Metropolitan University took a look at a rather taciturn animal: fish, more specifically, Neolamprologus savoryi, a cooperatively breeding cichlid fish.

"Even though punishment in cooperatively breeding cichlid fish has been studied, there is limited evidence that they use punishment to encourage cooperative behavior," said Satoshi Awata, a professor at Osaka Metropolitan University and lead author of the study.

N. savoryi subordinates, or helpers, assist dominant breeders in, for example, defending territory against intruders or maintaining the breeding shelter. By observing the behavior of N. savoryi in a controlled laboratory setting, the researchers were able to manipulate and measure the effects of punishment on helping behavior.




Their results showed that dominant breeders physically attacked idle helpers -- including their own offspring -- to promote the latter's participation in cooperative activities. Indeed, those experiencing such aggression subsequently increased their efforts in helping behaviors. In contrast, helpers who engaged proactively in helping behaviors avoided aggression from dominant breeders.

"Our study demonstrated that nonhuman animals also use punishment to elicit cooperative behaviors in group members," Awata said.

The study's findings highlight that punishment is not exclusive to human societies but is also present in how other animals enforce cooperation and maintain social relationships. This research bridges a gap in understanding the evolution of cooperative behavior and the mechanisms animals use to sustain it.

"Our findings reveal that fish, like humans, employ advanced cognitive abilities to sustain their societies. This compels us to reconsider the notion of 'intelligence' not only in fish but across the animal kingdom," Awata said.
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Tight-knit communities can prevent environmental progress | ScienceDaily
The study, led by researchers at the University of Sydney's School of Project Management, examined communities where robust local ties lead to resistance against environmental initiatives, sustainability programs, and greenhouse gas reduction projects.


						
"Traditionally, we've always thought of strong communities as a positive force -- for locals and the environment," said the senior author of the study, Associate Professor Petr Matous, Associate Head of the School of Project Management.

"However, our study shows that's not always the case -- strong communities can sometimes be significant obstacles to environmental initiatives."

The researchers suggest this could be due to the creation of echo chambers, where beliefs are continuously reinforced with little debate, fostering a strong consensus within the group.

They compared their findings to analyses of social media communities, where like-minded individuals often reinforce each other's views on contentious issues ranging from vaccines and reproductive rights to housing and gun control.

Dr Matous noted that while cohesive communities worldwide often collaborate to combat environmental issues like pollution, invasive species, and overfishing, strong local bonds can also have drawbacks.

"We've observed entire villages mobilising against renewable energy projects. For example, here in Australia, farmers in tight-knit communities have coordinated opposition to what they perceive as sudden, forceful changes on their land."

Program leaders now identify "community pushback" as a major bottleneck in implementing projects toward Australia's net-zero goals. Sustainability transitions often require significant land areas and changes to longstanding land management practices, leading to resistance that can range from rejection of new methods to legal action and protests.




The study used quantitative analysis to examine how community networks influence outcomes in programs aimed at reducing greenhouse gas emissions from farming while maintaining productivity. Leveraging a comprehensive dataset from partner organisation Swisscontact across 70 communities in Indonesia, the researchers defined strong communities as networks with many links or relationships broadly distributed within the community, fostering high cohesion.

Why some strong communities hinder environmental progress

"This study highlights the social dynamics of farming villages as a potential reason why the same program can yield expected outcomes in some communities but not others," said Associate Professor Matous.

"In tightly knit clusters of relationships with like-minded individuals, people may become entrenched in collective positions. Strong community bonds may coincide with distrust or indifference toward outsiders. Members of tight-knit communities may also be adept at defending their collective interests, which may not always align with broader environmental or societal goals."

Dr Abner Yalu, who contributed to the study during his PhD, said: "When strong internal bonding exists within a community, farmers are more unified in their practices but less likely to adopt recommendations from sustainability programs, such as protecting trees around their farms or using organic matter to maintain soil health."

While anecdotal evidence suggests similar mechanisms operate in other countries, data remains insufficient to fully explain this phenomenon and design effective solutions to support environmental progress.

"Climate change demands urgent action, but policymakers and program leaders must strike a balance by effectively engaging communities through genuine dialogue," said Associate Professor Matous. "We must respect that local community members are best positioned to evaluate the significance of their surroundings; they often understand what works in their context and may have valid reasons for resistance."

"Within these communities, divergent messages struggle to gain traction if they conflict with collective values. This is a consideration that election strategists and campaigners in multiple countries will certainly bear in mind in 2024."
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The world's oldest wine discovered | ScienceDaily
Hispana, Senicio and the other four inhabitants (two men and two women, their names unknown) of a Roman tomb in Carmona, discovered in 2019, probably never imagined that what for them was a funerary ritual would end up being momentous 2,000 years later, for an entirely different reason. As part of that ritual, the skeletal remains of one of the men were immersed in a liquid inside a glass funerary urn. This liquid, which over time has acquired a reddish hue, has been preserved since the first century AD, and a team with the Department of Organic Chemistry at the University of Cordoba, led by Professor Jose Rafael Ruiz Arrebola, in collaboration with the City of Carmona, has identified it as the oldest wine ever discovered, thus toppingthe Speyer wine bottle discovered in 1867 and dated to the fourth century AD, preserved in the Historical Museum of Pfalz (Germany).


						
"At first we were very surprised that liquid was preserved in one of the funerary urns," explains the City of Carmona's municipal archaeologist Juan Manuel Roman. After all, 2,000 years had passed, but the tomb's conservation conditions were extraordinary;fully intact and well-sealed ever since, the tomb allowed the wine to maintain its natural state, ruling out other causes such as floods, leaks inside the chamber, or condensation processes.

The challenge was to dispel the research team's suspicions and confirm that the reddish liquid really was wine rather than a liquid that was once wine but had lost many of its essential characteristics. To do this they ran a series of chemical analyses at the UCO's Central Research Support Service (SCAI) and published them in the Journal of Archaeological Science: Reports. They studied its pH, absence of organic matter, mineral salts, the presence of certain chemical compounds that could be related to the glass of the urn, or the bones of the deceased; and compared it to current Montilla-Moriles, Jerez and Sanlucar wines. Thanks to all this they had their first evidence that the liquid was, in fact, wine.

But the key to its identification hinged on polyphenols, biomarkers present in all wines. Thanks to a technique capable of identifying these compounds in very low quantities, the team found seven specific polyphenols also present in wines from Montilla-Moriles, Jerez and Sanlucar. The absence of a specific polyphenol, syringic acid, served to identify the wine as white. Despite this, and the fact that this type of wine accords with bibliographic, archaeological and iconographic sources, the team clarifies that the fact that this acid is not present may be due to degradation over time.

Most difficult to determine was the origin of the wine, as there are no samples from the same period with which to compare it. Even so, the mineral salts present in the tomb's liquid are consistent with the white wines currently produced in the territory, which belonged to the former province of Betis, especially Montilla-Moriles wines.

A question of gender

The fact that the man's skeletal remains were immersed in the wine is no coincidence. Women in ancient Rome were long prohibited from drinking wine. It was a man's drink. And the two glass urns in the Carmona tomb are elements illustrating Roman society's gender divisions in its funerary rituals. While the bones of the man were immersed in wine, along with a gold ring and other bone remains from the funeral bed on which he had been cremated, the urn containing the remains of the woman did not contain a drop of wine, but rather three amber jewels, a bottle ofperfume with a patchouli scent, and the remains of fabrics, with initial analyses seeming to indicate that they were of silk.

The wine, as well as the rings, the perfume and the other elements were part of a funerary trousseau that was to accompany the deceased in their voyage into the afterlife. In ancient Rome, as in other societies, death had a special meaning and people wanted to be remembered so as to remain alive in some way. This tomb, actually a circular mausoleum that probably housed a wealthy family, was located next to the important road that connected Carmo with Hispalis (Seville). It was formerly marked with a tower, which has since disappeared. Two thousand years later, and after a long time in oblivion, Hispana, Senicio and their four companions have not only been remembered, but have also shed a lot of light on the funerary rituals of ancient Rome while making it possible to identify the liquid in the glass urn as the oldest wine in the world.
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Natural hazards threaten over three thousand species | ScienceDaily
Most of us are aware that climate change is altering our world. But it can also make certain natural disasters, like hurricanes, more likely in places where susceptible species reside.


						
Until recently, we had limited knowledge about which species are especially at risk due to natural hazards. Now, researchers from the Globe Institute at the University of Copenhagen have identified them, and the researchers behind the study, emphasize the urgent need for action based on their findings.

"We have identified which species are most at risk of extinction due to natural hazards, which is a new aspect of our findings. We also highlight strategies to prevent these extinctions, such as captive breeding programs to increase the population size and translocation of those species," explains postdoc Fernando Goncalves, one of two first authors behind the study. His colleague and first author of the study, postdoc Harith Farooq adds:

"In our study, by overlapping the occurrence of four types of natural hazards with species that have limited distributions or occur in small numbers, we were able to identify which species may be more susceptible to these threats," he says.

The researchers discovered that a total of 3,722 reptiles, amphibians, birds, and mammals are at risk of extinction because they live in areas where hurricanes, earthquakes, tsunamis, and volcanoes are most likely to occur.

"Half of these species is what we qualify as in 'high risk' of extinction due to natural hazards, and the majority of these are found in the tropics and especially on tropical islands, which have already experienced many extinctions since the colonization by humans," says Jonas Geldmann and Bo Dalsgaard, who are senior authors of the study.

Efforts to boost the populations of species at risk

To help species withstand natural hazards, some may be moved to safer areas and have conservation efforts like captive breeding programs established. One example is an endemic parrot only found on the Caribbean Island of Puerto Rico.




"The Puerto Rican parrot, once widespread but now endangered due to human activity and hurricanes, is being protected through captive breeding and reintroduction efforts across Puerto Rico. That is one of the steps we are highlighting in the paper that should be done to increase the number of individuals in the nature," says Fernando Goncalves.

The authors hope that the study will initiate other efforts to prevent species from extinction in the future. They also aim for their study to go beyond simply listing species at risk due to natural hazards, and to encourage studies that explore and understand the broader ecological impacts, such as the loss of interactions between these species and their environments.

"Considering that many vital aspects of ecosystems, such as pollination and seed dispersal, depend heavily on interactions among living organisms, the loss of these interactions can have significant consequences. This could result in a quicker decline in species numbers and a decrease in ecosystem functions," says Fernando Goncalves, and adds:

"We're not just losing one species; we're losing a multitude of ecosystem functions that these species provide," says Fernando Goncalves.
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Restored rat-free islands could support hundreds of thousands more breeding seabirds | ScienceDaily
Hundreds of thousands more breeding pairs of seabirds could return to remote island archipelagos if invasive rats were removed and native vegetation restored -- a new paper finds.


						
In a first of its kind study, researchers also calculated that there are enough fish in the seas surrounding the remote tropical islands that were the focus of the research within hunting range of seabirds to support these restored populations.

This is an important factor that has not been considered in previous island restoration studies and could become a vital consideration to guide future island restoration projects around the world, researchers behind the study say.

The findings by an international team of marine scientists led by researchers at Lancaster University have been published today by the journal Conservation Biology.

"We know that invasive species, such as rats, have devastating impacts on native seabird populations -- they eat the eggs, chicks and even sometimes adult birds," said Dr Ruth Dunn of Lancaster University and lead author of the study.

"It's been shown that restoration projects that remove invasive species, such as rats, are effective. However, when there are limited resources in planning island restoration projects it is also important to know if seabird populations are restored that there will be enough fish in the sea for them to hunt and eat -- especially as threats such as over-fishing and climate change make fish populations more uncertain.

"Our study was the first to factor in this important consideration and encouragingly for the remote islands we studied we found that there is enough fish in the sea for restored populations of seabirds."

The researchers calculated the energy requirements of restored seabird populations, and prey fish quantities using available data. The seas surrounding the remote Chagos Archipelago in the Indian Ocean, the focus of the study, include areas of nature reserves where fishing is restricted. These protected areas may have affected the availability of prey fish for restored seabird populations, the scientists say.




"We hope our findings will be an important case study to guide island restoration projects elsewhere, including potentially the consideration of marine protected areas that limit fishing as part of these projects," said Dr Dunn.

The research team looked at three projected scenarios where invasive rats would be eradicated from 25 islands, and natural habitat, such as native forest and savannah, were restored to different degrees.

Their modelling shows that if rats were removed from these 25 islands that could result in populations of lesser noddies, sooty terns and red-footed boobies recovering to nearly 24,000 breeding pairs -- an 18-fold increase.

If native vegetation was restored to half of the surface area of these islands then breeding pairs on these rat-eradicated islands could achieve 83,000 pairs. And if vegetation was restored to three quarters of these islands' surface area then that could lead to more than 280,000 breeding pairs of lesser noddies, sooty terns and red-footed boobies.

The benefits are not limited to what can be seen on the islands. Previous studies by the research team have shown that seabirds play a critical role in cycling nutrients from the deep ocean onto islands, and then onto adjacent coral reefs surrounding the islands.

The seabirds' droppings, known as guano, carry nitrogen and phosphorus, important nutrients that leach into the surrounding seas fertilising surrounding coral reef environments.




"Removing invasive predators is vitally important for seabirds to thrive in these tropical island environments, but we also know from previous studies that when we have more seabirds we see positive impacts for coral reefs in the seas surrounding tropical islands," said Dr Dunn.

The researchers found that the increase in seabird numbers would equate to nitrogen input from seabird droppings increasing from 78 tonnes a year to 170 tonnes a year.

This would provide a huge boost to life under the waves with a 52 per cent increase in fish biomass on the reefs -- that equates to around 50,000 tonnes more reef fish around the islands.

In addition, the scientists predict that under these restored conditions there would also be a significant increase in the number of grazing fish, such as parrotfish, doing important jobs such as eating algae and removing dead coral. These roles are critical in helping reefs recover from disturbances such as storms and bleaching events.

"These findings underscore the substantial role island restoration can have not just in bolstering vulnerable seabird populations, but also in enhancing the resilience of adjacent coral reefs to the impacts of climate change," said Professor Nick Graham of Lancaster University, a co-author of the study.

The marine scientists behind the study say their findings are an important case study to show it is important to consider the wider context when planning resources for island restoration projects. By modelling the impacts of different levels of native vegetation restoration, and available levels of food in surrounding seas, restoration projects can help ensure the best returns for nature.

The research, which was funded by the Bertarelli Foundation, is detailed in the paper 'Island restoration to rebuild seabird populations and amplify coral reef functioning'.

The paper's authors are: Dr Ruth Dunn, Dr Cassandra Benkwitt and Professor Nick Graham of Lancaster University; Dr Olivier Maury and Nicholas Barrier from the Universite de Montpellier, and Dr Peter Carr of the Chagos Conservation Trust.
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Large wildfires create weather that favors more fire | ScienceDaily
A new UC Riverside study shows soot from large wildfires in California traps sunlight, making days warmer and drier than they ought to be.


						
Many studies look at the effect of climate change on wildfires. However, this study sought to understand the reverse -- whether large fires are also changing the climate.

"I wanted to learn how the weather is affected by aerosols emitted by wildfires as they're burning," said lead study author and UCR doctoral candidate James Gomez.

To find his answers, Gomez analyzed peak fire days and emissions from every fire season over the past 20 years. Of these fire days, he examined a subset that occurred when temperatures were lower, and humidity was higher. "I looked at abnormally cool or wet days during fire season, both with and without fires. This mostly takes out the fire weather effects," Gomez said.

Published in the journal Atmospheric Chemistry and Physics, the study found that large fires did have an effect. They made it hotter and drier than usual on the days the fires burned. The extra heat and aridity may then make conditions favorable for more fire.

"It appears these fires are creating their own fire weather," Gomez said.

The most intense fires occurred in Northern California, where fire-fueling vegetation is denser than elsewhere in the state. On average, temperatures were about 1 degree Celsius warmer per day during the fires.




There are likely two reasons for this. One -- soot traps heat, and two -- the extra heat reduces humidity in the atmosphere, making it more difficult for clouds to form.

"Fires emit smoke with black carbon, or soot. Since it is very dark, the soot absorbs sunlight more readily than bright or reflective things," Gomez said.

There are two types of aerosols: reflective and absorptive. Sulfate aerosols, which are byproducts of fossil fuel burning, are reflective and can cool the environment. These particles reflect the sun's energy back into space, keeping it out of the atmosphere.

Recent UCR research points to an unfortunate byproduct of improving air quality by reducing sulfate aerosols. Since these particles have a cooling effect, removing them makes climate change more severe and leads to an increase in wildfires, especially in northern hemisphere forests.

Sulfate aerosols can also help make clouds brighter, more reflective, and more effective at cooling the planet.

The researchers note that the only way to prevent additional wildfires when cleaning up reflective sulfate air pollution is to simultaneously reduce emissions of greenhouse gases like carbon dioxide and methane.




Absorptive aerosols have the opposite effect. They trap light and heat in the atmosphere, which can raise temperatures. Black carbon, the most common aerosol emission from wildfires, is an absorbing aerosol. They not only directly make temperatures hotter, but indirectly as well by discouraging cloud formation and precipitation.

"What I found is that the black carbon emitted from these California wildfires is not increasing the number of clouds," Gomez said. "It's hydrophobic." Fewer clouds mean less precipitation, which is problematic for drought-prone states.

While some studies have shown an association between fires and brighter, more numerous clouds, this one did not.

Notably, the study found that days with fewer fire emissions had a more muted effect on the weather. "If the aerosols are coming out in smaller amounts and more slowly, the heating effect is not as pronounced," Gomez said.

Gomez is hopeful that mitigating CO2 emissions, alongside better land management practices, can help reduce the number of large wildfires.

"There is a buildup of vegetation here in California. We need to allow more frequent small fires to reduce the amount of fuel available to burn," Gomez said. "With more forest management and more prescribed burns, we could have fewer giant fires. That is in our control."
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Where to put head and tail? | ScienceDaily
Formation of the body axes is a critical part of embryonic development. They guarantee that all body parts end up where they belong and that no ears grow on our backs. The head-tail axis, for example, determines the orientation of the two ends of the body. It was previously assumed that this axis is largely determined by the interplay between the Nodal and BMP signals.


						
However, there appears to be another player in this system, as the research groups led by Christian Schroter at the Max Planck Institute of Molecular Physiology in Dortmund and Ivan Bedzhov at the Max Planck Institute of Molecular Biomedicine in Munster have now discovered by using an embryo-like model system they developed. In the absence of BMP, the signalling molecule beta-catenin takes on the role of the Nodal antagonist. This new mechanism could be a flexible solution for axis formation in embryos with different shapes.

Our basic body plan is determined early during embryonic development by the formation of three body axes. Put simply, they determine where up and down, front and back and right and left are. The head-tail axis determines the position of the two body openings, the mouth and anus. The activation of various regulatory genes along the head-tail axis and two further body axes leads to the development of certain cell types and tissues. In this way, the axes determine the blueprint for the later body shape. However, despite this important role, many questions about axis formation remain unanswered.

Mice look like cups ...

In evolutionary terms, the head-tail axis is the oldest body axis and is determined early on in embryonic development. In mice, it develops just a few days after fertilisation. At this stage, the embryo looks like a cup consisting of two layers of cells and a thick lid. At the bottom of the cup, a new cell population develops in the outer cell layer, the visceral endoderm. The cells of this so-called anterior visceral endoderm (AVE) then move towards the edge of the cup and stop approximately halfway. At this point, the head develops from the inner cell layer of the cup, the epiblast, and the tail develops on the opposite side. It was previously assumed that this process is triggered and controlled by the antagonism of two molecular signals. The epiblast emits Nodal, while the lid, the extraembryonic endoderm, releases the counterpart BMP. The bottom of the cup, which is furthest away from the lid, receives the least amount of the BMP signal. As a result, the Nodal signal predominates there and the AVE population differentiates.

... Humans like discs

In their current study, the Max Planck researchers were able to identify another key player in axis formation. To this end, they developed a novel embryo-like model system consisting of a layer of epiblast and a layer of VE cells -- a cup without a lid. They achieved this with the targeted and controlled treatment of embryonic mouse stem cells with growth factors. And despite the lack of BMP signalling from the extra-embryonic tissue, an AVE cell population was able to form from the VE cells -- the starting point for the development of the first body axis. The researchers were able to show that beta-catenin, a signalling molecule that was previously only known as a regulator of another body axis in embryonic development, is required for this. "It is quite possible that beta-catenin also plays an important role in the development of the head-tail axis in human embryos. The human embryo is more reminiscent of a disc than a cup. It is therefore quite likely that the distribution of BMP is quite different from that in the mouse embryo and that other mechanisms play a role in the formation of the first body axis," says Christian Schroter.

Stem cells on the same wavelength

"Our two-layer embryo-like aggregates were the key to our success. Other studies usually use a mixture of different stem cell lines. However, the cell populations we used come from just one stem cell line. This means that they not only have an identical genetic background, but also utilise the same communication systems. You could also say that they are on the same wavelength," says Schroter. "Aggregates of human embryonic stem cells modelled on our system could be a promising experimental tool for investigating events during embryonic development in the future."
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Advanced artificial intelligence: A revolution for sustainable agriculture | ScienceDaily
The rise of advanced artificial intelligence (edge AI) could well mark the beginning of a new era for sustainable agriculture. A recent study proposes a roadmap for integrating this technology into farming practices. The aim? To improve the efficiency, quality and safety of agricultural production, while addressing a range of environmental, social and economic challenges.


						
One of the main objectives of sustainable agricultural practices is to efficiently feed a growing world population. Digital technology, such as artificial intelligence (AI), can bring substantial benefits to agriculture by improving farming practices that can increase the efficiency, yield, quality and safety of agricultural production. Edge AI refers to the implementation of artificial intelligence in an advanced computing environment. "This technology enables calculations to be carried out close to where the data is collected, rather than in a centralized cloud computing facility or off-site datacenter," explains Moussa El Jarroudi, researcher in Crop Environment and Epidemiology at the University of Liege (Belgium). This means devices can make smarter decisions faster, without connecting to the cloud or off-site datacenters."

In a new study published in the scientific journal Nature Sustainability, a scientific team led by Moussa El Jarroudi, demonstrates how to overcome these challenges and how AI can be practically integrated into agricultural systems to meet the growing needs of sustainable food production. "Deploying AI in agriculture is not without its challenges. It requires innovative solutions and the right infrastructure. Experts like Professor Said Hamdioui of Delft University of Technology have developed low-energy systems capable of operating autonomously." Although challenges remain, particularly in the context of climate change, the prospects opened up by these advances are promising.

The University of Liege played a crucial role in this study, contributing cutting-edge resources and expertise in the fields of artificial intelligence and sustainable agriculture. ULiege researchers have developed innovative edge AI solutions and conducted in-depth analyses of their potential impact on agricultural practices.

A new era for agriculture

"The results of our study are part of a growing trend to integrate advanced technologies into agriculture to achieve sustainability goals," resumes Benoit Mercatoris, co-author of the study and agronomy researcher at ULiege. The adoption of edge AI can transform agricultural practices by increasing resource efficiency, improving crop quality and reducing environmental impacts. This technology is positioning itself as an essential pillar for the future of sustainable agriculture."

The applications are vast: improving crop management with real-time data, optimizing the use of resources such as water and fertilizers, reducing post-harvest losses and increasing food safety, or enhancing monitoring and response capabilities to changing weather conditions. This study paves the way for smarter, more environmentally-friendly agriculture, thanks to edge AI. A technological revolution that could well transform the way we produce and consume.
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Origins of cumulative culture in human evolution | ScienceDaily
Each of us individually is the accumulated product of thousands of generations that have come before us in an unbroken line. Our culture and technology today are also the result of thousands of years of accumulated and remixed cultural knowledge.


						
But when did our earliest ancestors begin to make connections and start to build on the knowledge of others, setting us apart from other primates? Cumulative culture -- the accumulation of technological modifications and improvements over generations -- allowed humans to adapt to a diversity of environments and challenges. But, it is unclear when cumulative culture first developed during hominin evolution.

A study published this week in the Proceedings of the National Academy of Sciences by Arizona State University researcher Charles Perreault and doctoral graduate Jonathan Paige, concludes that humans began to rapidly accumulate technological knowledge through social learning around 600,000 years ago.

"Our species, Homo sapiens," said Perreault, "has been successful at adapting to ecological conditions -- from tropical forests to arctic tundra -- that require different kinds of problems to be solved. Cumulative culture is key because it allows human populations to build on and recombine the solutions of prior generations and to develop new complex solutions to problems very quickly. The result is, our cultures, from technological problems and solutions to how we organize our institutions, are too complex for individuals to invent on their own." Perreault is a research scientist with the Institute of Human Origins and associate professor with the School of Human Evolution and Social Change.

To investigate when this technological turn may have begun, Paige and Perreault analyzed changes in the complexity of stone tool manufacturing techniques across the last 3.3 million years of the archaeological record to explore the origin of cumulative culture.

As a baseline for the complexity of stone tool technologies achievable without cumulative culture, the researchers analyzed technologies used by nonhuman primates -- like chimpanzees -- and stone tool manufacturing experiments involving inexperienced human flintknappers and randomized flaking.

The researchers broke down the complexity of the stone tool technologies by the number of steps (PUs or procedural units) that each tool-making sequence involved. The results suggested that from around 3.3 to 1.8 million years ago -- when australopiths and earliest Homo species were around -- stone tool manufacturing sequences remained within the range of the baselines (1 to 6 PUs). From around 1.8 million to 600,000 years ago, manufacturing sequences began to overlap with and slightly exceed the complexity baseline (4 to 7 PUs). But, after around 600,000 years ago, the complexity of manufacturing sequences rapidly increased (5 to 18 PUs).




"By 600,000 years ago or so, hominin populations started relying on unusually complex technologies, and we only see rapid increases in complexity after that time as well. Both of those findings match what we expect to see among hominins who rely on cumulative culture," said Paige, a postdoctoral researcher at the University of Missouri and ASU PhD graduate.

Tool-assisted foraging may have been the impetus for the earliest beginning of the evolution of cumulative culture. Early hominins, 3.4 to 2 million years ago, likely relied on foraging strategies that require tools, like accessing meat, marrow and organs, leading to changes in brain size, life span and biology that set the stage for cumulative culture. While other forms of social learning may have influenced tool making, it is only in the Middle Pleistocene when there is evidence for rapid increases in technological complexity and the development of other kinds of new technologies.

The Middle Pleistocene also shows consistent evidence of controlled use of fire, hearths and domestic spaces, likely essential components of the development of cumulative culture. Other kinds of complex technologies also developed in the Middle Pleistocene, including wooden structures constructed with logs hewn using hafted tools, which are stone blades affixed to wooden or bone handles.

This all suggests that cumulative culture arose near the beginning of the Middle Pleistocene epoch, possibly predating the divergence of Neanderthals and modern humans.
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Effective hurricane risk messaging | ScienceDaily
Forecasters can use images in social media to better communicate weather related hazards of hurricanes, according to a pair of new studies.


						
Scientists at the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR) analyzed 2017 Twitter (now X) data related to two hurricanes -- Harvey and Irma. The researchers found that forecast information communicated in the early stages of storm development, when the threat posed by a hurricane is uncertain, sets the stage for how people react to subsequent warning messages.

The research team also identified ways authoritative sources, such as the National Weather Service, broadcast meteorologists, and emergency managers, can better engage at-risk community members.

"When we began this research, a lot of work had been done analyzing Twitter data in the post-disaster space, and we were interested in how people were responding to weather forecast information in earlier stages, especially as predictions change," said NSF NCAR scientist Rebecca Morss, lead author of the Hurricane Harvey paper. "Twitter provided a natural laboratory for us to look at what communications people are responding to and what information they are sharing. This kind of research can help the meteorological community learn what are the most important things to communicate and how to improve that messaging."

The research was supported by NSF NCAR and funded in part by NOAA and a grant from NSF.

Risk Information Ecosystem

Harvey and Irma both occurred in 2017, but the two storms behaved very differently from one another. Harvey was an atypical hurricane that rapidly intensified and then lingered along the Texas coast for a few days, leading to devastating flooding in the Houston region. Whereas Irma was forecast well in advance of making landfall and followed a more typical movement pattern over land, leading to significant risks from strong winds and storm surge. Combined, the two storms provided complementary data about the different types of hurricane risks that need to be communicated amid varying levels of uncertainty.




Twitter offered the NSF NCAR researchers a detailed log of how people were sharing and reacting to information in real time. The research team developed a dataset of tweets that was relevant to each hurricane and focused on tweets posted by authoritative sources.

To evaluate how the tweets communicated information about the storms to those in harm's way, the researchers categorized tweets based on the type of visuals used and looked for patterns in what image types were retweeted and interacted with the most. Additionally, the researchers examined the content of replies to forecast and warning tweets to explore how people in at-risk areas make sense of and respond to a hurricane's evolving threat.

"In early stages of the threat, we could see a really clear cadence that every six hours there would be an uptick in Twitter conversation about the hurricanes," said NSF NCAR scientist Robert Prestley, lead author of the Hurricane Irma paper. "This was driven by the National Hurricane Center putting out updated forecast information. That information would then be redistributed by broadcast meteorologists, emergency managers, news media, and weather enthusiasts, and the conversation would grow from there. It really highlighted the key role of the National Weather Service in leading this communication."

Morss and Prestley also observed that the role of the national and local National Weather Service (NWS) offices shifted over the course of a hurricane. As the storm developed, NWS centers such as the National Hurricane Center played the leading role in spreading information, but as the storms began to impact communities, local NWS offices took the lead in generating locally relevant forecast and warning content.

Viral Visuals

The research identified several types of images that were commonly used to convey information about the threat of a hurricane. Of these, the "cone of uncertainty" was the most retweeted graphic.




The cone of uncertainty shows the current location of a tropical storm as well as the probable track of the storm's center with a cone shape around it that represents the uncertainty of the track based on historical errors. Previous research has shown that cone images have several limitations such as a lack of information about the risks to those outside of the cone, which can lead to people falsely believing areas outside of it are not at risk.

"There's a clear need for better uncertainty visualizations, especially in the forecast and warning period when people are looking for information, but there's not yet enough certainty to say specifically where or what the impacts will be," Prestley said. "The cone is not necessarily equipped to do that. The question is how to maintain the visibility of an image people are accustomed to while more effectively communicating hurricane risks to different populations."

The researchers also identified ways image content varied across the two hurricanes. For instance during Hurricane Harvey, tweets that included images highlighting heavy rain and flooding were highly retweeted. The high engagement with those tweets demonstrates the value of authoritative sources tweaking their communication to emphasize the different risks posed by individual storms.

The image type least interacted with was watch and warning imagery. These images include information about watches and warnings issued by NWS for hazards like flash floods, high winds, or tornadoes. Often these images are generated by automated programs and include identical or similarly formatted text and visualizations.

Many of these watches and warnings are issued for narrow geographic areas over short time-frames, which could explain why most of them have few retweets. Morss and Prestley recommend more research into how to improve communication of watch and warning information on social media, including how and when to use automated tweets to rapidly disseminate more user friendly information.

Although several things about Twitter have changed since the NSF NCAR research team conducted their studies, the research conducted by Morss, Prestley, and colleagues using the platform built a new understanding of how people respond to evolving information about natural disaster threats. Currently, the researchers are using additional research methods, including surveys before, during, and after weather events, to study the way people react to pending natural disasters. The Twitter studies helped shape the questions used in this ongoing research.

The knowledge gained can help professional weather communicators improve how they use social media networks as a vibrant resource for improving disaster communication.
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How the ketogenic diet improves healthspan and memory in aging mice | ScienceDaily
The ketogenic diet has its fanatics and detractors among dieters, but either way, the diet has a scientifically documented impact on memory in mice. Whlie uncovering how the high fat, low carbohydrate diet boosts memory in older mice, Buck scientists and a team from the University of Chile identified a new molecular signaling pathway that improves synapse function and helps explain the diet's benefit on brain health and aging. Published in the June 5, 2024 issue of Cell Reports Medicine, the findings provide new directions for targeting the memory effects on a molecular level, without requiring a ketogenic diet or even the byproducts of it.


						
"Our work indicates that the effects of the ketogenic diet benefit brain function broadly, and we provide a mechanism of action that offers a strategy for the maintenance and improvement of this function during aging," said the study's senior author, Christian Gonzalez-Billault, PhD, who is a professor at the Universidad de Chile and director of their Geroscience Center for Brain Health and Metabolism, and adjunct professor at the Buck Institute.

"Building off our previous work showing that a ketogenic diet improves healthspan and memory in aging mice, this new work indicates that we can start with older animals and still improve the health of the aging brain, and that the changes begin to happen relatively quickly," said John Newman, MD, PhD, whose laboratory at Buck collaborated with Dr. Gonzalez-Billault on the study. Newman is both an assistant professor at the Buck Institute, and a geriatrician at University of California, San Francisco. "It is the most detailed study to date of the ketogenic diet and aging brain in mice."

More than a century ago, researchers observed that rats that consumed less food lived longer. "We now know that being able to manipulate lifespan is not about specifically eating less," said Newman, but actually is related to signals inside cells that turn on and off specific pathways in response to available nutrients. Many of those pathways are related to aging, such as controlling protein turnover and metabolism.

Some of those signals are the ketone bodies, which consist of acetoacetate (AcAc), b-hydroxybutyrate (BHB) and to a much lesser extent, acetone. These molecules are routinely produced in the liver. They ramp up when glucose is in short supply, whether due to caloric restriction, intense exercise or low carbohydrate intake, such as with a ketogenic diet.

Seven years ago, Newman led a team that published the first proof of the concept that if a ketogenic diet exposes mice to increased levels of ketone bodies over much of their adult life, it helps them to live longer and age in a more healthy way. "The most striking effect on their health as they aged was that their memory was preserved; it was possibly even better than when they were younger," he said.

The current study, designed to answer what part of the ketogenic diet was having the effect and how it was affecting the brain on a molecular level to improve memory, was led by Gonzalez-Billault in a collaboration with scientists at the Buck. Mice on a ketogenic diet are fed a ratio of 90 percent calories from fat and 10 percent from protein, while mice on a control diet received the same amount of protein but only 13 percent fat. The test mice, of "advanced age" of more than two years old, received one week of the ketogenic diet, cycled with one week of the control diet, to keep the mice from overeating and becoming obese.




The benefits of the ketogenic diet, said, Gonzalez-Billault, were demonstrated through neurophysiological and behavioral experiments with the mice that test how well the mechanisms involved in memory generation, storage, and retrieval function in aged animals. When these showed that the ketogenic diet appeared to benefit how well the synapses responsible for memory worked, they took a deep dive into the protein composition at these synapses in the hippocampus, in a collaboration with Buck professor Birgit Schilling, PhD, who directs the Proteomics and Mass Spectrometry Center.

"Surprisingly, we saw that the ketogenic diet caused dramatic changes in the proteins of the synapse," said Schilling. Even more surprising, she said, was that the changes started after a relatively brief exposure to the diet (tested after only one week on the diet) and only became more pronounced over time (tested again after six weeks and a year).

Further testing indicated that in synapses, a particular signaling pathway (protein kinase A, which is critical to synapse activity) was activated by the ketogenic diet. In isolated cells, the team then showed that it appears that BHB, the main ketone body produced in a ketogenic diet, is activating this pathway. This leads to the idea, said Gonzalez-Billault, that ketone bodies (specifically BHB) play a crucial role not only as an energy source, but also as a signaling molecule.

"BHB is almost certainly not the only molecule in play, but we think this is an important part of understanding how the ketogenic diet and ketone bodies work," said Newman "This is the first study to really connect deep molecular mechanisms of ketone bodies all the way through to improving the aging brain."

Looking forward, he said, the next step would be to see if the same memory protection could be achieved by using BHB alone, or possibly going even more targeted than that by manipulating the protein kinase A signaling pathway directly. "If we could recreate some of the big-picture effects on synapse function and memory just by manipulating that signaling pathway in the right cells," he said, "we wouldn't even need to eat a ketogenic diet in the end."
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Treating the gut-brain connection with B vitamins to treat Parkinson's Disease | ScienceDaily
A study led by Nagoya University Graduate School of Medicine in Japan has revealed a link between gut microbiota and Parkinson's disease (PD). The researchers found a reduction in the gut bacteria of genes responsible for synthesizing the essential B vitamins B2 and B7. They also identified a relationship between the lack of these genes and low levels of agents that help maintain the integrity of the intestinal barrier. This barrier prevents toxins from entering the bloodstream, which causes the inflammation seen in PD. Their findings, published in npj Parkinson's Disease, suggest that treatment with B vitamins to address these deficiencies can be used to treat PD.


						
PD is characterized by a variety of physical symptoms that hinder daily activities and mobility, such as shaking, slow movement, stiffness, and balance problems. While the frequency of PD may vary between different populations, it is estimated to affect approximately 1-2% of individuals aged 55 years or older.

Various physiological processes are heavily influenced by the microorganisms found in the gut, which are collectively known as gut microbiota. In ideal conditions, gut microbiota produce SCFAs and polyamines, which maintain the intestinal barrier that prevents toxins entering the bloodstream. Toxins in the blood can be carried to the brain where they cause inflammation and affect neurotransmission processes that are critical for maintaining mental health.

To better understand the relationship between the microbial characteristics of the gut in PD, Hiroshi Nishiwaki and Jun Ueyama from the Nagoya University Graduate School of Medicine conducted a metanalysis of stool samples from patients with PD from Japan, the United States, Germany, China, and Taiwan. They used shotgun sequencing, a technique that sequences all genetic material in a sample. This is an invaluable tool because it offers researchers a better understanding of the microbial community and genetic makeup of the sample.

They observed a decrease in the bacterial genes responsible for the synthesizing of riboflavin (vitamin B2) and biotin (vitamin B7) in patients diagnosed with PD. Riboflavin and biotin, derived from both food and gut microbiota, have anti-inflammatory properties, which may counteract the neuroinflammation seen in diseases like PD.

B vitamins play crucial roles in the metabolic processes that influence the production and functions of short-chain fatty acids (SCFAs) and polyamines, two agents that help maintain the integrity of the intestinal barrier, preventing toxins entering the bloodstream. An examination of fecal metabolites revealed decreases of both in patients with PD.

The findings indicate a potential explanation for the progression of PD. "Deficiencies in polyamines and SCFAs could lead to thinning of the intestinal mucus layer, increasing intestinal permeability, both of which have been observed in PD," Nishiwaki explained. "This higher permeability exposes nerves to toxins, contributing to abnormal aggregation of alpha-synuclein, activating the immune cells in the brain, and leading to long-term inflammation."

He added, "Supplementation therapy targeting riboflavin and biotin holds promise as a potential therapeutic avenue for alleviating PD symptoms and slowing disease progression."

The results of the study highlight the importance of understanding the complex relationship among gut microbiota, metabolic pathways, and neurodegeneration. In the coming years, therapy could potentially be customized based on the unique microbiome profile of each patient. By altering bacterial levels in the microbiome, doctors can potentially delay the onset of symptoms associated with diseases like PD.

"We could perform gut microbiota analysis on patients or conduct fecal metabolite analysis," Nishiwaki said. "Using these findings, we could identify individuals with specific deficiencies and administer oral riboflavin and biotin supplements to those with decreased levels, potentially creating an effective treatment."
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Nile perch invasion triggered genetic bottlenecks in Lake Victoria's endemic cichlids | ScienceDaily
Newfound evidence reveals that the upsurge of the exotic Nile perch in Lake Victoria had long-lasting effects on the genetic diversity of various local cichlid species, report scientists from Tokyo Tech. Through large-scale comparative genomic analyses, the researchers found concrete proof in the collective genome of multiple species that this artificially introduced perch decimated many local fish populations, causing a 'bottleneck effect.'


						
The careless introduction of exotic species by humans into ecosystems can lead to truly catastrophic results, as has been proven time and time again. One tragic example is the introduction of the Nile perch, a large freshwater fish found in waterbodies in Africa, into Africa's largest lake -- Lake Victoria.

Brought to Lake Victoria in the 1950s to meet commercial demand for its meat, the Nile perch devastated native populations of fish known as haplochromine cichlids. By the 1990s, experts estimated that more than 200 species of endemic cichlids had been driven to extinction by this fierce predator. Interestingly, the remaining species could also have been deeply affected by the severe population loss caused by the Nile perch, since such events tend to reduce the genetic diversity of surviving groups. However, how much the genetic structure of cichlids was affected by the introduction of the Nile perch remains unclear.

Against this backdrop, a research team from Tokyo Institute of Technology (Tokyo Tech), The Graduate University for Advanced Studies, SOKENDAI in Japan and Tanzania Fisheries Research Institute in Tanzania decided to shed some light on the issue. In their latest study, which was published in Molecular Biology and Evolution, the researchers conducted large-scale comparative genomics analyses on multiple species of cichlids endemic to Lake Victoria, which provided detailed insights into the effects of the invasive Nile perch since its introduction to this environment. The team included Associate Professor Masato Nikaido and doctoral student Minami Imamoto from Tokyo Tech.

Through a genomic analysis that included 137 haplochromine species, the researchers discovered that four species from the Mwanza Gulf (located in the southern part of the lake) experienced what is known as a 'bottleneck event.' In simple terms, the population of these species was reduced so much that the genetic diversity within the population had significantly decreased.

Further investigation by the researchers painted the Nile perch as the culprit for the observed changes in the genetic structure of these four species. "The timing of the bottleneck, which began during the 1970s-1980s and ended by the 1990s-2000s, corresponded to the historical records of these endemic haplochromines' disappearance and later resurgence," explains Nikaido. "This is likely associated with the introduction of Nile perch by commercial demand to Lake Victoria in the 1950s" he further adds.

Out of the four species, the researchers noted that the egg-eating cichlids Haplochromis sp. 'matumbi hunter' and Haplochromis microdon had experienced particularly severe bottleneck effects. For matumbi hunter, this effect was so pronounced that its genome had diverged significantly even from those of closely related species. "Our findings support the previously existing hypothesis that carnivorous fishes, including egg-eaters, should have experienced a stronger bottleneck," remarks Nikaido, "This study presents, for the first time, the impacts of the Nile perch upsurge on the genetic structure of Lake Victoria haplochromines" he further adds.

Worth noting, the loss of genetic diversity due to short-term bottleneck effects can seriously hamper a species' fitness and adaptability in the long-term. Thus, taken together, these newfound insights tell a cautionary tale of just how bad the introduction of exotic species can be, even for species that survive extinction.

Researchers identified species that suffered severe damage due to the introduction of Nile perch, providing new insights into conservational biology. Genetic evaluations can offer practical solutions for protecting local fauna, such as discovering species needing urgent protection and establishing no-fishing zones. Notably, some cichlid species, previously thought extinct, are gradually being rediscovered. Furthermore, developing conservational strategies based on comparative genomics may facilitate the resurgence of the ecosystem.
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Climate change: rising temperatures may impact groundwater quality | ScienceDaily
As the world's largest unfrozen freshwater resource, groundwater is crucial for life on Earth. Researchers at the Karlsruhe Institute of Technology (KIT) have investigated how global warming is affecting groundwater temperatures and what that means for humanity and the environment. Their study indicates that by 2100, more than 75 million people are likely to be living in regions where the groundwater temperature exceeds the highest threshold set for drinking water by any country. Their results have been published in Nature Geoscience.


						
Earth's climate system is heating up due to the atmosphere's increased concentration of greenhouse gases, which limits the amount of heat that can be radiated away. The oceans absorb a substantial fraction of this heat, but soil and groundwater also act as heat sinks. However, little is known thus far about the effects Earth's surface warming has on groundwater over space and time. "To close this gap, we have simulated the projected changes in global groundwater temperatures through 2100," said Dr. Susanne Benz from the Institute of Photogrammetry and Remote Sensing at KIT, which prepared the study in cooperation with Dr. Kathrin Menberg and Professor Philipp Blum from the Institute of Applied Geosciences at KIT. "We can provide maps showing global groundwater temperatures at various depths beneath Earth's surface. The maps show that the world's highest groundwater warming rates can be expected at locations with a shallow groundwater table and/or high atmospheric warming."

The researchers based their projections on the SSP 2-4.5 and SSP 5-8.5 climate scenarios. These scenarios reflect different socioeconomic development pathways and different trends in the concentration of atmospheric greenhouse gases in the future. SSP 2-4.5 is in the middle range of possible future greenhouse gas concentration trends; SSP 5-8.5 is at the upper extreme.

Millions of People Affected by Overly Warm Drinking Water

The study indicates that by 2100, groundwater temperatures will rise by 2.1 degrees Celsius in the SSP 2-4.5 scenario and by 3.5 degrees Celsius in the SSP 5-8.5 scenario. "There are already about 30 million people living in regions where the groundwater is warmer than stipulated in the strictest drinking water guidelines. That means it may not be safe to drink the water there without treatment. It may need to be boiled first, for example. The drinking water also gets warmed up in water pipes by heat in the ground," Benz noted. "Depending on the scenario, as many as several hundred million people could be affected by 2100." According to the study, the figure would be 77 to 188 million people for SSP 2-4.5 and 59 to 588 million for SSP 5-8.5. The broad ranges are due to spatial variations in climate change and population trends. The researchers projected the lowest warming rates in mountainous regions with deep water tables, such as the Andes and the Rocky Mountains.

Temperature Changes Affect Ecosystems

The temperature of groundwater plays a crucial role in water quality by influencing a number of chemical, biological and physical processes. "Under certain conditions, rising groundwater temperatures can lead to increasing concentrations of harmful substances like arsenic or manganese. These higher concentrations can have a negative impact on human health, especially when groundwater is used as drinking water," Benz said, adding that warmer groundwater also affects groundwater-dependent ecosystems, aquatic biogeochemical processes, geothermal energy potential, and thermal regimes in rivers. It can also pose a challenge to biodiversity and a risk to carbon and nutrient cycles.

A further effect of increased near-surface and groundwater temperatures is that critical thresholds can be exceeded in water distribution networks. This could have human health implications, e.g. by promoting the growth of pathogens such as Legionella spp. Fish species, especially salmon, are also affected by the changing conditions. Their reproduction could be endangered if groundwater-dependent spawning grounds in rivers become too warm. "Our results show how important it is to take action to protect groundwater and find lasting solutions to counteract the negative impact of climate change on groundwater," Benz said.
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Understanding the Green Sahara's collapse | ScienceDaily
From the last ice age until around 6000 years ago, the region now known as the Sahara Desert was a lush, green landscape teeming with life. This "African Humid Period" ended abruptly, transforming this thriving region into the arid terrain seen today. Scientists have long puzzled over how the slow changes in solar radiation due to variations in Earth's orbit could lead to such an abrupt large-scale climate transition. This mystery highlights the broader challenge of understanding and predicting abrupt shifts in natural systems -- commonly linked to tipping points.


						
New study by Andreas Morr and Prof. Niklas Boers, researchers at TUM and PIK, introduces an advanced early detection method that provides more accurate and reliable early warnings, particularly under more realistic external conditions. Traditional methods assume that random disturbances in a system are uncorrelated in time. However, this is not realistic for climate systems, because it assumes each day's weather would be independent of the previous day. In reality, tomorrow's weather heavily depends on today's. This mismatch reduces the reliability of conventional methods for early warning signals. The new method by Morr and Boers addresses this limitation by developing estimators of system stability designed specifically for more realistic climate conditions.

When applying their methods to the desertification of the West Sahara, they found a clear early warning before the loss of vegetation, consistent with the crossing of a tipping point. "Our findings suggest that the abrupt end of the African Humid Period was likely caused by a weakening of the system's stability as the orbital configuration of the Earth changed, gradually pushing the system toward a tipping point," says Andreas Morr. Niklas Boers adds: "The advanced detection method that we developed enhances our ability to monitor and respond to potential tipping points in various natural systems. Our results suggest that large-scale climate tipping events such as this can in principle be anticipated, hopefully enabling timely interventions."

By improving the accuracy of early warning signals, the research supports better preparedness and response strategies, ultimately helping to protect ecosystems and human societies from severe impacts of potential climate tipping points that might be crossed due to anthropogenic climate change.
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An earthquake changed the course of the Ganges: Could it happen again? | ScienceDaily
A major earthquake 2,500 years ago caused one of the largest rivers on Earth to abruptly change course, according to a new study. The previously undocumented quake rerouted the main channel of the Ganges River in what is now densely populated Bangladesh, which remains vulnerable to big quakes. The study was just published in the journal Nature Communications.


						
Scientists have documented many river-course changes, called avulsions, including some in response to earthquakes. However, "I don't think we have ever seen such a big one anywhere," said study coauthor Michael Steckler, a geophysicist at Lamont-Doherty Earth Observatory, which is part of the Columbia Climate School. It could have easily inundated anyone and anything in the wrong place at the wrong time, he said.

Lead author Liz Chamberlain, an assistant professor at the Netherlands' Wageningen University, said, "It was not previously confirmed that earthquakes could drive avulsion in deltas, especially for an immense river like the Ganges."

The Ganges rises in the Himalayas and flows for some 1,600 miles, eventually combining with other major rivers including the Brahmaputra and the Meghna to form a labyrinth of waterways that empty into a wide stretch of the Bay of Bengal spanning Bangladesh and India. Together, they form the world's second-largest river system as measured by discharge. (The Amazon is first.)

Like other rivers that run through major deltas, the Ganges periodically undergoes minor or major course changes without any help from earthquakes. Sediments washed from upstream settle and build up in the channel, until eventually the river bed grows subtly higher than the surrounding flood plain. At some point, the water breaks through and begins constructing a new path for itself. But this does not generally happen all at once -- it may take successive floods over years or decades. An earthquake-related avulsion, on the other hand, can occur more or less instantaneously, said Steckler.

In satellite imagery, the authors of the new study spotted what they say was probably the former main channel of the river, some 100 kilometers south of the Bangladeshi capital of Dhaka. This is a low-lying area about 1.5 kilometers wide that can be found intermittently for some 100 kilometers more or less parallel to the current river course. Filled with mud, it frequently floods, and is used mainly for rice cultivation.

Chamberlain and other researchers were exploring this area in 2018 when they came across a freshly dug excavation for a pond that had not yet been filled with water. On one flank, they spotted distinct vertical dikes of light-colored sand cutting up through horizontal layers of mud. This is a well-known feature created by earthquakes: In such watery areas, sustained shaking can pressurize buried layers of sand and inject them upward through overlying mud. The result: literal sand volcanoes, which can erupt at the surface. Called seismites, here, they were 30 or 40 centimeters wide, cutting up through 3 or 4 meters of mud.




Further investigation showed the seismites were oriented in a systematic pattern, suggesting they were all created at the same time. Chemical analyses of sand grains and particles of mud showed that the eruptions and the abandonment and infilling of the channel both took place about 2,500 years ago. Furthermore, there was a similar site some 85 kilometers downstream in the old channel that had filled in with mud at the same time. The authors' conclusion: This was a big, sudden avulsion triggered by an earthquake, estimated to be magnitude 7 or 8.

The quake could have had one of two possible sources, they say. One is a subduction zone to the south and east, where a huge plate of oceanic crust is shoving itself under Bangladesh, Myanmar and northeastern India. Or it could have come from giant splay faults at the foot of the Himalayas to the north, which are slowly rising because the Indian subcontinent is slowly colliding with the rest of Asia. A 2016 study led by Steckler shows that these zones are now building stress, and could produce earthquakes comparable to the one 2,500 years ago. The last one of this size occurred in 1762, producing a deadly tsunami that traveled up the river to Dhaka. Another may have occurred around 1140 CE.

The 2016 study estimates that a modern recurrence of such a quake could affect 140 million people. "Large earthquakes impact large areas and can have long-lasting economic, social and political effects," said Syed Humayun Akhter, vice-chancellor of Bangladesh Open University and a coauthor on both studies.

The Ganges is not the only river facing such hazards. Others cradled in tectonically active deltas include China's Yellow River; Myanmar's Irrawaddy; the Klamath, San Joaquin and Santa Clara rivers, which flow off the U.S. West Coast; and the Jordan, spanning the borders of Syria, Jordan, the Palestinian West Bank and Israel.

Other coauthors of the new study are at the University of Cologne, Germany; the University of Dhaka; Bangladesh University of Professionals; Noakhali Science and Technology University, Bangladesh; and the University of Salzburg, Austria. The research was funded by the U.S. National Science Foundation.
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Direct evidence found for dairy consumption in the Pyrenees in the earliest stages of the Neolithic | ScienceDaily
A joint study conducted by the Universitat Autonoma de Barcelona, the University of Zaragoza and the University of Strasbourg on the remains of the Chaves and Puyascada caves, both located in the province of Huesca, Spain, yields the first direct proof of the consumption and processing of dairy products in the Pyrenees already at the start of the Neolithic period, approximately 7,500 years ago, as well as the consumption of pig. The results lead to doubts about the belief that these products were first used much later in the Pyrenean mountain range.


						
The analysis of the content and use of prehistoric vessels has become a valuable source of information on the food patterns and subsistence practices of past societies. A research conducted on the materials found at the Huescan sites of Cueva de Chaves (Bastaras), at 640 metres above sea level, and at Espluga de la Puyascada (La Fueva), at 1,300 metres above sea level, in a strictly Pyrenean mountain region, now has yielded the first direct evidence of dairy product consumption and processing in the Pyrenees during the earliest stages of the Neolithic.

The study was conducted by prehistorians from the Universitat Autonoma de Barcelona (UAB) and the University of Zaragoza, and chemists from the University of Strasbourg, France, on materials on display at the Huesca Museum. The findings have now been published in the journal Archaeological and Anthropological Sciences.

The research was conducted through a combination of techniques used to identify organic residues and the isotopic characterisation of fatty acids to determine animal origin, as well as data obtained of the morphology and functionality of ceramics and the archaeozoological studies of both sites.

The analysis of organic residues preserved in the argillaceous matrix of the interior of 36 ceramic vessels indicates that 7,500 years ago dairy products were already processed and consumed in the Central Pyrenees. The correlation between the residues of dairy fats and the different forms of the pottery suggests, moreover, that all the processes (preparation, consumption and storage) were carried out in both settlements.

This "questions previous considerations in which dairy consumption in the Pyrenees was thought to have begun much later," points out Nadia Tarifa, researcher from the University of Strasbourg when this study was conducted, and lead autor of the paper. "It was always thought that prehistoric social dynamics in mountainous regions were slower or 'less evolved' than in coastal regions. Our study adds solid proof to previous faunistic studies conducted in both sites, which had pointed to dairy farming in these mountainous regions at the very early stages of the Neolithic period," Tarifa states.

The study also shows how pig-derived products may have been processed or stored in ceramic vessels at both sites, which would indicate the importance of this species for the early mountain farming economies. In contrast to the results for milk, researchers also observed variations between the two sites in terms of the exploitation of meat from ruminants and pigs, with a predominance of the former in Espluga de la Puyascada and the latter in Cueva de Chaves. These differences could be related to the characteristics of the settlements and their surroundings, and to the methods of meat processing.

The researchers also identified residues from processed vegetables, as well as from pine resin. The latter substance would have been used to waterproof the inside of the vessels.

The results support the idea that in the early Neolithic period in the Pyrenean area there was a mixed economy based on integrated agriculture and livestock farming (in which one supported the other), with sheep herds as the main source of meat and milk.

"Our findings provide a better understanding of consumption habits and the technological use of resources in the early Neolithic period in the Pyrenees and open up new avenues of research to deepen our understanding of the social and economic dynamics of ancient societies, especially in mountainous areas," says Alejandro Sierra, researcher at the UAB and co-author of the study.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240617173552.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A high-fat diet may fuel anxiety | ScienceDaily
When stressed out, many of us turn to junk food for solace. But new University of Colorado Boulder research suggests this strategy may backfire.


						
The study found that in animals, a high-fat diet disrupts resident gut bacteria, alters behavior and, through a complex pathway connecting the gut to the brain, influences brain chemicals in ways that fuel anxiety.

"Everyone knows that these are not healthy foods, but we tend to think about them strictly in terms of a little weight gain," said lead author Christopher Lowry, a professor of integrative physiology at CU Boulder. "If you understand that they also impact your brain in a way that can promote anxiety, that makes the stakes even higher."

Lowry's team divided adolescent rats into two groups: Half got a standard diet of about 11% fat for nine weeks; the others got a high-fat diet of 45% fat, consisting mostly of saturated fat from animal products.

The typical American diet is about 36% fat, according to the Centers for Disease Control and Prevention.

Throughout the study, the researchers collected fecal samples and assessed the animals' microbiome, or gut bacteria. After nine weeks, the animals underwent behavioral tests.

When compared to the control group, the group eating a high-fat diet, not surprisingly, gained weight. But the animals also showed significantly less diversity of gut bacteria. Generally speaking, more bacterial diversity is associated with better health, Lowry explained. They also hosted far more of a category of bacteria called Firmicutes and less of a category called Bacteroidetes. A higher Firmicutes to Bacteroidetes ratio has been associated with the typical industrialized diet and with obesity.




The high-fat diet group also showed higher expression of three genes (tph2, htr1a, and slc6a4) involved in production and signaling of the neurotransmitter serotonin -- particularly in a region of the brainstem known as the dorsal raphe nucleus cDRD, which is associated with stress and anxiety.

While serotonin is often billed as a "feel-good brain chemical," Lowry notes that certain subsets of serotonin neurons can, when activated, prompt anxiety-like responses in animals. Notably, heightened expression of tph2, or tryptophan hydroxylase, in the cDRD has been associated with mood disorders and suicide risk in humans.

"To think that just a high-fat diet could alter expression of these genes in the brain is extraordinary," said Lowry. "The high-fat group essentially had the molecular signature of a high anxiety state in their brain."

Lowry suspects that an unhealthy microbiome compromises the gut lining, enabling bacteria to slip into the body's circulation and communicate with the brain via the vagus nerve, a pathway from the gastrointestinal tract to the brain.

"If you think about human evolution, it makes sense," Lowry said. "We are hard-wired to really notice things that make us sick so we can avoid those things in the future."

Lowry stresses that not all fats are bad, and that healthy fats like those found in fish, olive oil, nuts and seeds can be anti-inflammatory and good for the brain.

His advice: Eat as many different kinds of fruits and vegetables as possible, add fermented foods to your diet to support a healthy microbiome and lay off the pizza and fries. Also, if you do have a hamburger, add a slice of avocado. Some research shows that good fat can counteract some of the bad.
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Novel method for measuring nano/microplastic concentrations in soil using spectroscopy | ScienceDaily
Nano and microplastics are a well-known menace, found practically everywhere in nature, including soil, oceans, drinking water, air, and even the human body. Studies show that soils in particular hold a significant portion of N/MPs. The problem with these N/MPs is their microscopic size, which allows them to easily migrate through soil into the ground or freshwater bodies due to rainwater leaching. From there, they enter the human body. Hence, it is imperative to understand the distribution and movement of the soil's N/MPs to gauge their threat and mitigate it.


						
Current techniques for measuring N/MP concentrations in soil require separating the soil organic mattercontent through chemical and physical processes. Subsequently, the isolated N/MPs are analyzed using a microscope, Fourier-transform infrared spectroscopy, Pyrolysis-gas chromatography/mass spectrometry, or Raman spectrometry. However, these techniques require advanced skills and have limited resolution for analyzing N/MPs smaller than 1 mm. Moreover, often some of the N/MPs in the soil are lost during the separation process, leading to inaccurate measurements. Therefore, it is necessary to develop a simple yet accurate method to detect and measure N/MPs [?]1 mm in soil.

To this end, a team of researchers led by Mr. Kyouhei Tsuchida from Waseda University and National Institute of Advanced Industrial Science and Technology, along with Dr. Yukari Imoto, Dr. Takeshi Saito, and Dr. Junko Hara from the National Institute of Advanced Industrial Science and Technology and Dr. Yoshishige Kawabe, also from Waseda University, devised a novel and simple method to measure N/MP concentrations in soil using spectroscopy without separating the soil organic matter. Spectroscopy can determine the concentration of N/MPs in soils based on how much light of a particular wavelength passes through the sample and how much gets absorbed. In this way, spectroscopy can potentially detect N/MPs regardless of size, provided the correct wavelengths are used to distinguish between the N/MPs and soil. Accordingly, the researchers developed a method to use the difference between the absorbance spectra of N/MPs and soil particles to quantify the N/MPs. Their findings were published in Ecotoxicology and Environmental Safetyjournal on 28 May 2024.

Six soil suspensions were created from soil samples with different characteristics, such as particle size distribution and organic content, and were mixed with polystyrene nanoparticles sized 203 nm. This created six different simulated N/MP-contaminated soil suspensions, with the N/MP concentration maintained at 5 mg/L. "We measured the absorbance of these soil suspensions at various wavelengths ranging from 200 to 500 nm using a spectrophotometer and based on this, determined the N/MP concentrations in the soil. Then the best combination of two wavelengths was identified for measuring N/MPs, which helped negate the interference from soil particles and leached components in the suspension," explains Tsuchida.

The researchers found that a wavelength combination of 220-260 nm and 280-340 nm had the lowest error level for the six samples and was thus found to be suitable for measuring N/MP concentrations in different soil types. They also created a calibration curve between the concentration of N/MPs in the soil suspensions and N/MP content added to the dry soil samples. The calibration curve showed a linear relationship between the two variables and took into account the adsorption of N/MPs on soil particles. This enabled accurate estimation of the concentration of N/MPs in the soil.

These results demonstrate the efficacy of this simple spectroscopy-based method to correctly measure the concentration of N/MPs in soil, without any cumbersome separation process. "Our novel measurement approach can quantify different N/MPs, including polyethylene and polyethylene terephthalate, in a variety of soils and can easily be used as an initial assessment tool. Moreover, it can help further our understanding of the distribution and migration behavior of N/MPs in the geosphere environment," concludes Tsuchida.
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Wear it, then recycle: Designers make dissolvable textiles from gelatin | ScienceDaily
Introducing the fashion of the future: A T-shirt that you can wear a few times, then, when you get bored with it, dissolve and recycle to make a new shirt.


						
Researchers at the ATLAS Institute at the University of Colorado Boulder are now one step closer to that goal. In a new study, the team of engineers and designers developed a DIY machine that spins textile fibers made of materials like sustainably sourced gelatin. The group's "biofibers" feel a bit like flax fiber and dissolve in hot water in minutes to an hour.

The team, led by Eldy Lazaro Vasquez, a doctoral student in the ATLAS Institute, presented its findings in May at the CHI Conference on Human Factors in Computing Systems in Honolulu.

"When you don't want these textiles anymore, you can dissolve them and recycle the gelatin to make more fibers," said Michael Rivera, a co-author of the new research and assistant professor in the ATLAS Institute and Department of Computer Science.

The study tackles a growing problem around the world: In 2018 alone, people in the United States added more than 11 million tons of textiles to landfills, according to the Environmental Protection Agency -- nearly 8% of all municipal solid waste produced that year.

The researchers envision a different path for fashion.

Their machine is small enough to fit on a desk and cost just $560 to build. Lazaro Vasquez hopes the device will help designers around the world experiment with making their own biofibers.




"You could customize fibers with the strength and elasticity you want, the color you want," she said. "With this kind of prototyping machine, anyone can make fibers. You don't need the big machines that are only in university chemistry departments."

Spinning threads

The study arrives as fashionistas, roboticists and more are embracing a trend known as "smart textiles." Levi's Trucker Jacket with Jacquard by Google, for example, looks like a denim coat but includes sensors that can connect to your smartphone.

But such clothing of the future comes with a downside, Rivera said:

"That jacket isn't really recyclable. It's difficult to separate the denim from the copper yarns and the electronics."

To imagine a new way of making clothes, the team started with gelatin. This springy protein is common in the bones and hooves of many animals, including pigs and cows. Every year, meat producers throw away large volumes of gelatin that doesn't meet requirements for cosmetics or food products like Jell-O. (Lazaro Vasquez bought her own gelatin, which comes as a powder, from a local butcher shop).




She and her colleagues decided to turn that waste into wearable treasure.

The group's machine uses a plastic syringe to heat up and squeeze out droplets of a liquid gelatin mixture. Two sets of rollers in the machine then tug on the gelatin, stretching it out into long, skinny fibers -- not unlike a spider spinning a web from silk. In the process, the fibers also pass through liquid baths where the researchers can introduce bio-based dyes or other additives to the material. Adding a little bit of genipin, an extract from fruit, for example, makes the fibers stronger.

Dissolving duds

Lazaro Vasquez said designers may be able to do anything they can imagine with these sorts of textiles.

As a proof of concept, the researchers made small sensors out of gelatin fibers and cotton and conductive yarns, similar to the makeup of a Jacquard jacket. The team then submerged these patches in warm water. The gelatin dissolved, releasing the yarns for easy recycling and reuse.

Designers could tweak the chemistry of the fibers to make them a little more resilient, Lazaro Vasquez said -- you wouldn't want your jacket to disappear in the rain. They could also play around with spinning similar fibers from other natural ingredients. Those materials include chitin, a component of crab shells, or agar-agar, which comes from algae.

"We're trying to think about the whole lifecycle of our textiles," Lazaro Vasquez said. "That begins with where the material is coming from. Can we get it from something that normally goes to waste?"
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Previously uncharacterized parasite uncovered in fish worldwide | ScienceDaily
Using genome reconstruction, scientists unveiled a once "invisible" fish parasite present in many marine fish world-wide that belongs to the apicomplexans, one of the most important groups of parasites at a clinical level. However, it had gone unnoticed in previous studies. The parasite is geographically and taxonomically widespread in fish species around the planet, with implications for commercial fishing and oceanic food webs.


						
An international research study led by scientists at the Rosenstiel School of Marine, Atmospheric, and Earth Science of the University of Miami, the Institute of Evolutionary Biology (IBE), a joint centre of the Spanish National Research Council (CSIC)and the Pompeu Fabra University (UPF) has characterized a new parasite in the red-lipped blenny, a fish that lives in tropical reefs. The international team has also revealed its presence in fish around the world.

Published by Current Biology, the research used an innovative method to reconstruct part of the parasite's genome from sequencing data obtained from its host, and be able to detect its presence in other fish using genetic "barcodes" (DNA barcoding).

An "invisible" parasite has been unveiled

Despite its presence in fish worldwide, the parasite had not been properly characterized until now. The genomic data of the study reveals that this parasite belongs to a group of organisms previously uncharacterized and have been named ichthyocolids, from the Latin "fish dweller."

"Although it had been previously identified by microscopy, we had not been able to separate the genomic signal from the host fish and the parasite until now. For the first time, we have been able to identify them through their DNA, and place them within the well-known group of apicomplexan parasites," said Javier del Campo, lead of the study and principal investigator at IBE in the Microbial Ecology and Evolution group and at the Rosenstiel School in Miami.

The parasite is present in fish around the world

Beyond allowing the description of an entirely new group of apicomplexans, the genome reconstruction has allowed researchers to identify a series of genes that can be used to detect the presence of this organism in other genomic or microbiome samples as if it was a "barcode."




"Once we found ichthyocolids in the red-lipped blenny, a tropical fish, we wondered if it would also be part of the microbiota of other fish," says Anthony Bonacolta, a PhD candidate in marine biology and ecology at the Rosenstiel School and first author of the study.

The team compared the DNA of these apicomplexans with public databases of the microbiomes of hundreds of species of freshwater and marine fish. The results showed that these parasites appear associated with the majority of marine fish species analyzed and are present in all oceans. It would therefore be one of the most widespread parasites among marine fish, with potential implications for commercial fishing and oceanic food webs.

"Future studies could help us better understand the impact of parasites as prevalent as ichthyocolids in marine ecosystems," del Campo says.

A new member of apicomplexan parasites

The Ichthyocolids belong to Apicomplexa, a large group of parasites including the ones that causes malaria and toxoplasmosis. However, these parasites do not pose direct risk to human health, but are important to study for the health of the oceanic ecosystems and for more context on the evolution of those human parasites.

The discovery of the ichthyocolids adds more context to this evolution. For the first time, they are placed as a sister group to well-known coral inhabitants, the corallicolids, also recently described as apicomplexans.

"Studying ichthyocollids not only reveals more about the evolution of major parasites, but also the other basic traits of apicomplexans which may be important in a clinical sense. They may use similar infection mechanisms (as they are also a blood parasite) or have other similar biology which can enlighten our understanding of other apicomplexans." said Bonacolta.
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'Lost' birds list will aid in protecting species | ScienceDaily
A group of scientists has released the first comprehensive list of birds that haven't been seen in more than a decade, with the help of Macaulay Library at the Cornell Lab of Ornithology.


						
Their methods, and the global list of "lost" birds, have been published in the journal Frontiers in Ecology and the Environment.

"We started with the Macaulay Library because it is the richest depository of bird media, and we quicky found documentation for the vast majority of the world's birds," said lead author Cameron Rutt, a bird biologist with the American Bird Conservancy at the time of the research. "We also used data from iNaturalist and xeno-canto. We looked for species not represented at all with a recent image, video, or sound recording. A species would be considered 'lost' to science if there was no media of the bird within the past 10 years or more."

The list was generated on behalf of the Search for Lost Birds at the American Bird Conservancy. This project is a global partnership among the American Bird Conservancy, Re:wild and BirdLife International. Repeating this data exercise every year or two will help capture new species approaching the 10-year benchmark without searchable media.

The study's authors collated 42 million photos, videos and audio records -- with more than 33 million from the Macaulay Library alone. Out of all the records, 144 species, 1.2% of all known bird species, qualified as lost.

Since this study was initiated, other lost birds have been rediscovered, including the black-naped pheasant-pigeon, which hadn't been documented on a remote island of Papua New Guinea in more than 100 years. Currently the list stands at 126 species, the majority of which are threatened with extinction.

"We had several goals in mind here," said study co-author Eliot Miller, then a postdoctoral researcher at the Cornell Lab. "We wanted to see if well-vetted public media databases would be comprehensive and trustworthy enough to document the presence or absence of species. Once absent species are identified, we can look for them and see if they need some kind of protection -- this method helps identify research priorities for possible conservation action."

Most of the undocumented species are concentrated in Asia, Africa and the scattered islands of Oceania. In some cases, species may be considered lost simply because their habitat is so remote that nobody has returned since the initial sightings. Only three species made the lost list in the continental United States: Eskimo curlew, Bachman's warbler, and the ivory-billed woodpecker. Six native species are on the list from Hawaii.




"One of the things I learned from doing this is how many whimbrel and curlew relatives have likely gone extinct or seem to be heading in that direction," Miller said. "It seems to be a group of birds that does not do well with people."

A vital element of the project is tapping into local knowledge with on-site partners and helping fund expeditions to find the birds and assess their conservation needs. This knowledge will be crucial to the success of efforts to find species such as the Himalayan quail, Itombwe nightjar, Jerdon's courser or the Bates's weaver in Cameroon.

"A narrow slice of the world's birds has fallen through the cracks," said Rutt. "The coming years and decades will be critical if these birds are going to persist."

This work was supported by the Constable Foundation and the American Bird Conservancy. It was conducted by scientists from the Cornell Lab of Ornithology, American Bird Conservancy, BirdLife International, and Re:wild.
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Ancient polar sea reptile fossil is oldest ever found in Southern Hemisphere | ScienceDaily
An international team of scientists has identified the oldest fossil of a sea-going reptile from the Southern Hemisphere -- a nothosaur vertebra found on New Zealand's South Island. 246 million years ago, at the beginning of the Age of Dinosaurs, New Zealand was located on the southern polar coast of a vast super-ocean called Panthalassa.


						
Reptiles first invaded the seas after a catastrophic mass extinction that devastated marine ecosystems and paved the way for the dawn of the Age of Dinosaurs almost 252 million years ago. Evidence for this evolutionary milestone has only been discovered in a few places around the world: on the Arctic island of Spitsbergen, northwestern North America and southwestern China. Although represented by just a single vertebra that was excavated from a boulder in a stream bed at the foot of Mount Harper on the South Island of New Zealand -- this discovery has shed new light on the previously unknown record of early sea reptiles from the Southern Hemisphere.

Reptiles ruled the seas for millions of years before dinosaurs dominated the land. The most diverse and geologically longest surviving group were the sauropterygians, with an evolutionary history spanning over 180 million years. The group included the long-necked plesiosaurs, which resembled the popular image of the Loch Ness Monster. Nothosaurs were distant predecessors of the Plesiosaurs. They could grow up to seven metres long and swam using four paddle-like limbs. Nothosaurs had flattened skulls with a meshwork of slender conical teeth that were used to catch fish and squid.

The New Zealand nothosaur was discovered during a geological survey in 1978, but its importance was not fully recognised until palaeontologists from Sweden, Norway, New Zealand, Australia and East Timor joined their expertise to examine and analyse the vertebra and other associated fossils.

"The nothosaur found in New Zealand is over 40 million years older than the previously oldest known sauropterygian fossils from the Southern Hemisphere. We show that these ancient sea reptiles lived in a shallow coastal environment teeming with marine creatures within what was then the southern polar circle," explains Dr Benjamin Kear from The Museum of Evolution at Uppsala University, lead author on the study.

The oldest nothosaur fossils are around 248 million years old and have been found along an ancient northern low-latitude belt that stretched from the remote northeastern to northwestern margins of the Panthalassa super-ocean. The origin, distribution and timing of when nothosaurs reached these distant areas are still debated. Some theories suggest that they either migrated along northern polar coastlines, or swam through inland seaways, or used currents to cross the Panthalassa super-ocean.

The new nothosaur fossil from New Zealand has now upended these long-standing hypotheses.

"Using a time-calibrated evolutionary model of sauropterygian global distributions, we show that nothosaurs originated near the equator, then rapidly spread both northwards and southwards at the same time as complex marine ecosystems became re-established after the cataclysmic mass extinction that marked the beginning of the Age of Dinosaurs" says Kear.

"The beginning of the Age of Dinosaurs was characterised by extreme global warming, which allowed these marine reptiles to thrive at the South Pole. This also suggests that the ancient polar regions were a likely route for their earliest global migrations, much like the epic trans-oceanic journeys undertaken by whales today. Undoubtedly, there are more fossil remains of long-extinct sea monsters waiting to be discovered in New Zealand and elsewhere in the Southern Hemisphere," says Kear.

The New Zealand nothosaur fossil is held in the National Palaeontological Collection at GNS Science in New Zealand.
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Gonadal function in male mice disrupted by prenatal risk factors | ScienceDaily
Researchers have consistently shown that prenatal exposure to Di (2-ethyhexyl) phthalate harms the reproductive system in male mice and causes fertility defects. In a new study, scientists from the University of Illinois Urbana-Champaign have shown that the combination of DEHP and a high-fat diet in pregnant mice can cause more damage to pups than each factor alone.


						
Male reproductive disorders are a growing issue due to the global decrease in sperm count and quality. Concerningly, chemicals like DEHP, which can be found in food storage containers, pharmaceuticals, and building materials, have been found to be one of the contributing factors. The toxicity of DEHP is due to its ability to mimic the hormones in our bodies, leading to long-term effects on health.

"The scientific community is aware of the fact that the current generation of men produce half as much sperm compared to the previous one," said CheMyong Jay Ko (EIRH), a professor of veterinary medicine. "Although it is shocking, not much attention is paid to understanding the causes."

The researchers used the Barker hypothesis as a guiding principle for their study. Proposed by the British physician and epidemiologist David Barker, the hypothesis argued that the nine months in utero are one of the most critical periods in a person's life and can shape their future health trajectories.

"The Barker hypothesis primarily focuses on nutrition and we wanted to test whether the mother's diet could change the health of the next generation," Ko said. "Additionally, unlike the previous generation, we are constantly exposed to chemicals like DEHP, which can alter how our bodies function. We wanted to ask whether the exposure to both these factors can cause growing babies to have lesser functioning reproductive systems."

In the past, both the Ko lab and other research groups have shown that prenatal exposure to DEHP decreases testosterone levels and causes fertility defects in male mice. Additionally, scientists have shown that maternal high-fat diet can also decrease sperm counts in male offspring. However, the effects of both together had not been studied.

The researchers used four groups of pregnant mice; one was a control and the other three were either exposed to DEHP, or a high-fat diet, or a combination of the two. They then followed each litter, which contained an average of 6 male and 6 female pups.

"Surprisingly, we found that a high-fat diet had a more damaging effect on the male reproductive systems compared to DEHP alone and the pups born from mothers who had been treated with both had the worst outcomes," Ko said.

The researchers measured the weight of the body and different reproductive organs in pups during different stages of growth and puberty. They found that although the body weight of pups born from moms on a high-fat diet alone or in combination with DEHP was higher than the other pups, the weight of the reproductive organs was lower. They also found that these mice produced less sperm and had lower testosterone levels. By staining the tissues, the researchers found that the reproductive organs had abnormal cells, which were contributing to the gonadal dysfunction.

"In our studies, we used these mice as a model. Although we need to confirm these results in humans, this study should serve as a warning to our generation that we need to be careful about our environment and diet during pregnancy," Ko said.
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Quantum entanglement measures Earth rotation | ScienceDaily
A team of researchers led by Philip Walther at the University of Vienna carried out a pioneering experiment where they measured the effect of the rotation of Earth on quantum entangled photons. The work, just published in Science Advances, represents a significant achievement that pushes the boundaries of rotation sensitivity in entanglement-based sensors, potentially setting the stage for further exploration at the intersection between quantum mechanics and general relativity.


						
Optical Sagnac interferometers are the most sensitive devices to rotations. They have been pivotal in our understanding of fundamental physics since the early years of the last century, contributing to establish Einstein's special theory of relativity. Today, their unparalleled precision makes them the ultimate tool for measuring rotational speeds, limited only by the boundaries of classical physics.

Interferometers employing quantum entanglement have the potential to break those bounds. If two or more particles are entangled, only the overall state is known, while the state of the individual particle remains undetermined until measurement. This can be used to obtain more information per measurement than would be possible without it. However, the promised quantum leap in sensitivity has been hindered by the extremely delicate nature of entanglement. Here is where the Vienna experiment made the difference. They built a giant optical fiber Sagnac interferometer and kept the noise low and stable for several hours. This enabled the detection of enough high-quality entangled photon pairs such to outperform the rotation precision of previous quantum optical Sagnac interferometers by a thousand times.

In a Sagnac interferometer, two particles travelling in opposite directions of a rotating closed path reach the starting point at different times. With two entangled particles, it becomes spooky: they behave like a single particle testing both directions simultaneously while accumulating twice the time delay compared to the scenario where no entanglement is present. This unique property is known as super-resolution. In the actual experiment, two entangled photons were propagating inside a 2-kilometer-long optical fiber wounded onto a huge coil, realizing an interferometer with an effective area of more than 700 square meters.

A significant hurdle the researchers faced was isolating and extracting Earth's steady rotation signal. "The core of the matter," explains lead author Raffaele Silvestri, "lays in establishing a reference point for our measurement, where light remains unaffected by Earth's rotational effect. Given our inability to halt Earth's from spinning, we devised a workaround: splitting the optical fiber into two equal-length coils and connecting them via an optical switch." By toggling the switch on and off the researchers could effectively cancel the rotation signal at will, which also allowed them to extend the stability of their large apparatus. "We have basically tricked the light into thinking it's in a non-rotating universe," says Silvestri.

The experiment, which was conducted as part of the research network TURIS hosted by the University of Vienna and the Austrian Academy of Sciences, has successfully observed the effect of the rotation of Earth on a maximally entangled two-photon state. This confirms the interaction between rotating reference systems and quantum entanglement, as described in Einstein's special theory of relativity and quantum mechanics, with a thousand-fold precision improvement compared to previous experiments. "That represents a significant milestone since, a century after the first observation of Earth's rotation with light, the entanglement of individual quanta of light has finally entered the same sensitivity regimes," says Haocun Yu, who worked on this experiment as a Marie-Curie Postdoctoral Fellow. "I believe our result and methodology will set the ground to further improvements in the rotation sensitivity of entanglement-based sensors. This could open the way for future experiments testing the behavior of quantum entanglement through the curves of spacetime," adds Philip Walther.
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Is magnesium the sleeping potion that enables sandhoppers to survive cold winters? | ScienceDaily
Magnesium compounds are a common ingredient of many remedies designed to help people wind down and escape the stresses of modern life.


						
However, a new study has shown it is not only humans that are using forms of the chemical as a way to help them survive challenging conditions.

In tests conducted on beaches in Cornwall, and in the laboratory at the University of Plymouth, scientists confirmed the findings of previous studies which showed large sandhoppers (Talitrus saltator) increase the levels of magnesium ions in their bodies as temperatures fall. This slows them down so they are less active than they would be during the warmer months.

However, the new study has shown for the first time that when they want to enter a period of deep sleep the creatures have the means through which to increase their magnesium levels even further -- in some instances more than doubling them.

Essentially acting as a natural narcotic, the magnesium puts the sandhopper into a torpid state. This enforced rest means that the creatures stay hidden in burrows up to 30cm beneath the beach surface, without the need to come up for food or water, and to some extent buffered from the wintery conditions at the surface of the sand.

The study -- which focused on the sandhopper population at Portwrinkle, in South East Cornwall -- was carried out by Professor of Marine Zoology John Spicer and BSc (Hons) Marine Biology graduate Jack Bush.

Writing in the Journal of Experimental Marine Biology and Ecology, they say it sheds further light on why large sandhoppers seem to disappear from sandy beaches during cold winter weather.




Professor Spicer has spent decades studying the impact of temperature on marine and coastal species, including a number of studies on sandhoppers in Scotland.

He said: "It has been known for over a century that large sandhoppers, relatives of shrimp and crabs, can overwinter buried deep in the sand at the top of beaches away from the reach of the tide. What our study shows is that they may help themselves 'go to sleep' by allowing a natural narcotising agent, magnesium ions, to build up in their body fluids.

"Fluids containing magnesium, like Epsom salts, are routinely used by humans to relax but also when aquatic animals are being examined as part of scientific investigations. Our study shows nature has also found a way to do that without outside involvement.

"That said, as it's a temperature dependent process it does raise questions over what will happen as our world warms. Will sandhoppers no longer sleep and just eat decomposing wrack all day long? Or will they change their sleeping habits by adapting the way they manage the magnesium in their body fluids?"
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A new weapon in the battle against antibiotic resistance: Temperature | ScienceDaily
Scientists from the University of Groningen (the Netherlands), together with colleagues from the University of Montpellier (France) and the University of Oldenburg (Germany), have tested how a fever could affect the development of antimicrobial resistance. In laboratory experiments, they found that a small increase in temperature from 37 to 40 degrees Celsius drastically changed the mutation frequency in E. coli bacteria, which facilitates the development of resistance. If these results can be replicated in human patients, fever control could be a new way to mitigate the emergence of antibiotic resistance. The results were published in the journal JAC-Antimicrobial Resistance. 


						
Antimicrobial resistance of pathogens is a worldwide problem, and recognized by the WHO as one of the top global public health and development threats. There are two ways to fight this: by developing new drugs, or by preventing the development of resistance. 'We know that temperature affects the mutation rate in bacteria', explains Timo van Eldijk, co-first author of the paper. 'What we wanted to find out was how the increase in temperature associated with fever influences the mutation rate towards antibiotic resistance.'

Three antibiotics

'Most studies on resistance mutations were done by lowering the ambient temperature, and none, as far as we know, used a moderate increase above normal body temperature,' Van Eldijk reports. Together with Master's student Eleanor Sheridan, Van Eldijk cultured E. coli bacteria at 37 or 40 degrees Celsius, and subsequently exposed them to three different antibiotics to assess the effect. 'Again, some previous human trials have looked at temperature and antibiotics, but in these studies the type of drug was not controlled.' In their laboratory study, the team used three different antibiotics with different modes of action: ciprofloxacin, rifampicin, and ampicillin.

The results showed that for two of the drugs, ciprofloxacin and rifampicin, increased temperature led to an increase in the mutation rate towards resistance. However, the third drug, ampicillin, caused a decrease in the mutation rate towards resistance at fever temperatures. 'To be certain of this result, we actually replicated the study with ampicillin in two different labs, at the University of Groningen and the University of Montpellier, and got the same result,' says Van Eldijk.

Fever-suppressing drugs

The researchers hypothesized that a temperature dependence of the efficacy of ampicillin could explain this result, and confirmed this in an experiment. This explains why ampicillin resistance is less likely to arise at 40 degrees Celsius. 'Our study shows that a very mild change in temperature can drastically change the mutation rate towards resistance to antimicrobials,' concludes Van Eldijk. 'This is interesting, as other parameters such as the growth rate do not seem to change.'

If the results are replicated in humans, this could open the way to tackling antimicrobial resistance by lowering the temperature with fever-suppressing drugs, or by giving patients with a fever antimicrobial drugs with higher efficacy at higher temperatures. The team concludes in the paper: 'An optimized combination of antibiotics and fever suppression strategies may be a new weapon in the battle against antibiotic resistance.'
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Vitamin B6: New compound delays degradation | ScienceDaily
Vitamin B6 is important for brain metabolism. Accordingly, in various mental illnesses, a low vitamin B6 level is associated with impaired memory and learning abilities, with a depressive mood, and even with genuine depression. In older people, too little vitamin B6 is linked to memory loss and dementia.


						
Although some of these observations were made decades ago, the exact role of vitamin B6 in mental illness is still largely unclear. What is clear, however, is that an increased intake of vitamin B6 alone, for example in the form of dietary supplements, is insufficient to prevent or treat disorders of brain function.

Publication in eLife

A research team from Wurzburg University Medicine has now discovered another way to increase vitamin B6 levels in cells more effectively: namely by specifically inhibiting its intracellular degradation. Antje Gohla, Professor of Biochemical Pharmacology at the Department of Pharmacology and Toxicology at Julius-Maximilians-Universitat Wurzburg (JMU), is responsible for this.

Other participants come from the Rudolf Virchow Center for Integrative and Translational Bioimaging at JMU, the Leibniz-Forschungsinstitut fur Molekulare Pharmakologie-FMP Berlin and the Institute for Clinical Neurobiology at Wurzburg University Hospital. The team has now published the results of their investigations in the scientific journal eLife.

Enzyme Blockade Improves Learning Ability

"We were already able to show in earlier studies that genetically switching off the vitamin B6-degrading enzyme pyridoxal phosphatase in mice improves the animals' spatial learning and memory capacity," explains Antje Gohla. In order to investigate whether such effects can also be achieved by pharmacological agents, the scientists have now looked for substances that bind and inhibit pyridoxal phosphatase.




With success: "In our experiments, we identified a natural substance that can inhibit pyridoxal phosphatase and thus slow down the degradation of vitamin B6," explains the pharmacologist. The working group was actually able to increase vitamin B6 levels in nerve cells that are involved in learning and memory processes. The name of this natural substance: 7,8-Dihydroxyflavone.

New Approach for Drug Therapy

7,8-Dihydroxyflavone has already been described in numerous other scientific papers as a molecule that can improve learning and memory processes in disease models for mental disorders. The new knowledge of its effect as an inhibitor of pyridoxal phosphatase now opens up new explanations for the effectiveness of this substance. This could improve the mechanistic understanding of mental disorders and represent a new drug approach for the treatment of brain disorders, the scientists write in their study.

The team also considers it a great success that 7,8-Dihydroxyflavone has been identified as an inhibitor of pyridoxal phosphatase for the first time -- after all, this class of enzymes is considered to be particularly challenging for drug development.

A Long Way to a Drug

When will people benefit from this discovery? "It's too early to say," explains Marian Brenner, a first author of the study. However, there is much to suggest that it could be beneficial to use vitamin B6 in combination with inhibitors of pyridoxal phosphatase for various mental disorders and neurodegenerative diseases.

In a next step, Gohla and her team now want to develop improved substances that inhibit this enzyme precisely and highly effectively. Such inhibitors could then be used to specifically test whether increasing cellular vitamin B6 levels is helpful in mental or neurodegenerative diseases.
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The genetic 'switches' of bone growth | ScienceDaily
In mammals, only 3% of the genome consists of coding genes which, when transcribed into proteins, ensure the biological functions of the organism and the in-utero development of future individuals. But genes do not function alone. They are controlled by other sequences in the genome, called enhancers, which, like switches, activate or deactivate them as required. A team from the University of Geneva (UNIGE) has identified and located 2700 enhancers -- among millions of non-coding genetic sequences -- that precisely regulate the genes responsible for bone growth. This discovery sheds light on one of the major factors influencing the size of individuals in adulthood, and explains why their failure could be the cause of certain bone malformations. These results can be read in Nature Communications.


						
Tall or short, our height is largely inherited from our parents. Furthermore, many genetic diseases affect bone growth, the exact cause of which often remains unknown. What if an explanation could be found not in the genes themselves, but in other parts of the genome responsible for activating them? Guillaume Andrey, assistant professor in the Department of Genetic Medicine and Development at the UNIGE Faculty of Medicine and at the Geneva Institute of Genetics and Genomics (IGE3), who led this research, explains: ''Short DNA sequences -- known as enhancers -- give the signal for transcription of DNA into RNA, which is then translated into proteins. While the genes that regulate bone formation and their location in the genome are already well known, it is not the case for the switches that control them."

Fluorescent bones 

Guillaume Andrey and his team have developed an innovative experimental technique, rewarded in 2023 with the Swiss 3R Competence Centre Prize, which makes it possible to obtain mouse embryos carrying a precise genetic configuration from murine stem cells. ''In this case, our mouse embryos have fluorescent bones that are visible by imaging, enabling us to isolate the cells of interest to us and analyse how the enhancers work during bone development,'' explains Fabrice Darbellay, a post-doctoral researcher in Professor Andrey's laboratory and first author of this work.

The team monitored the activity of chromatin, the structure in which DNA is packaged, specifically in fluorescent bone cells. Using markers of gene activation, the scientists were able to identify precisely which regulatory sequences came into action to control the genes responsible for building bone. They then confirmed their discovery by selectively deactivating the enhancers without affecting the coding gene. ''We then observed a loss of activation of the genes in question, which indicates both that we had identified the right switches and that their role is indeed crucial to the proper functioning of the gene,'' explains Fabrice Darbellay.

Three-dimensional mapping 

Of the 2700 switches identified in mice, 2400 are found in humans. ''Each chromosome is a long strand of DNA. Like pearls on a necklace, the enhancers and the genes they control form little balls of DNA on the same chromosomal thread. It is this physical proximity that enables them to interact in such a controlled way,'' explains Guillaume Andrey. Variations in the activity of these regions could also explain the differences in size between human beings: the activity of bone cells is indeed linked to the size of bones and therefore of individuals.

Moreover, many bone diseases cannot be explained by a mutation affecting the sequence of a known gene. The answer could be found elsewhere, and more precisely in the non-coding but regulatory regions of the genome. ''There are already a few documented cases where a mutation in the switches rather than in the genes themselves is the cause of bone disease. It is therefore very likely that the number of cases is underestimated, especially when the patients' genes appear normal,'' the authors explain. And beyond bone disease, failures of these various, as yet little-understood genetic switches could be the cause of many other developmental pathologies.
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Early Homo sapiens facilitated the establishment of the Bonelli's eagle in the Mediterranean 50,000 years ago | ScienceDaily
A team of Spanish and Portuguese scientists led by the UGR have unravelled the ancestral history of one of the most iconic birds of prey in the current Iberian fauna: the Bonelli's eagle (Aquila fasciata).


						
The study, published in the scientific journal People and Nature, combines evidence from several disciplines, including palaeontology, genetics and ecology, to answer questions about when and why the Bonelli's eagle, a species primarily found in tropical and subtropical areas, colonised the Mediterranean Basin.

As Marcos Moleon Paiz, a Senior Lecturer at the UGR's Department of Zoology and lead author of the paper, explains: "The Bonelli's eagle is a 'newcomer' to Europe. This species probably began to establish itself in the Mediterranean Basin no more than 50,000 years ago, while others, such as the golden eagle (Aquila chrysaetos), have been here much longer, as evidenced by the fossil record."

The spatial analysis carried out in the study showed that cold climatic periods are largely unfavourable for the Bonelli's eagle, but not for the golden eagle. "During the last glacial period, the Bonelli's eagle could only find refuge in warm coastal areas, which is precisely where the oldest fossils of this species have been found," says Moleon. Genetic analysis confirmed that around the Last Glacial Maximum, the Mediterranean population of Bonelli's eagles consisted of only a few individuals. This ancestral population of Bonelli's eagles thrived as the temperature in the Mediterranean Basin rose and the human population grew and became sedentary.

However, as Moleon points out: "Once the question of 'when' was resolved, the inevitable question arose: Why did the Bonelli's eagle begin to colonise the Mediterranean in such a complex climatic period? And why did it establish itself during the last glacial cycle and not before?"

The role of our ancestors

According to Moleon, "after testing several alternative hypotheses, all of the pieces of the puzzle indicated that the first settlers of our species (Homo sapiens) in Europe played a fundamental role."

The study collected and analysed the most comprehensive information currently available on the competitive interactions between Bonelli's eagles and golden eagles. This enabled the scientists to confirm that the golden eagle is the dominant species and the Bonelli's eagle is the subordinate species in this relationship. Thus, the results showed that Bonelli's eagles can only survive in places where golden eagles are rare, which is mainly in areas that are densely populated by humans.




Moleon continues: "In addition, our mathematical models showed that if we were able to eliminate all the existing golden eagle pairs in climatically favourable areas, we would expect to see a significant increase in the number of Bonelli's eagle pairs, but not the other way round. We also know that golden eagles can kill Bonelli's eagles and take over their territories, but not vice versa."

It is worth noting that golden eagles are less tolerant of human presence than Bonelli's eagles. The authors hypothesise that with the arrival of the first anatomically modern humans in Europe, some of the golden eagle territories closest to human settlements were abandoned and these "vacant" territories were then occupied by Bonelli's eagles from the Middle East. "In short, Bonelli's eagles could not have established themselves in the Mediterranean before the arrival of the first Homo sapiens because the competitive pressure from golden eagles and other species would have been too overwhelming," the UGR researcher adds.

Living near or far from humans

Knowledge of the ability of humans to influence species distribution is nothing new. The novelty of this study lies in revealing a mechanism called "human-mediated competitive release," by which our species, including our ancestors, could indirectly affect the distribution of other species, including long-lived species. "In order to understand what we observe in nature today, we often have to look to the past," says Moleon.

However, the advantage that living close to humans once gave Bonelli's eagles has now turned against them. "Paradoxically, the future of the Bonelli's eagle in the Mediterranean region is currently being threatened by the relentless intensification of human activities in the environment, which is reflected, among other factors, in the deaths caused by power lines, the lack of prey, and the disturbance of nesting sites," the authors conclude.
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Study on architecture of heart offers new understanding of human evolution | ScienceDaily
An international research team from Swansea University and UBC Okanagan (UBCO) has uncovered a new insight into human evolution by comparing humans' hearts with those of other great apes.


						
Despite humans and non-human great apes having a common ancestor, the former has evolved larger brains and the ability to walk or run upright on two feet to travel long distances, likely to hunt.

Now, through a new comparative study of the form and function of the heart, published in Communications Biology, researchers believe they have discovered another piece of the evolutionary puzzle.

The team compared the human heart with those of our closest evolutionary relatives, including chimpanzees, orangutans, gorillas, and bonobos cared for at wildlife sanctuaries in Africa and zoos throughout Europe.

During these great apes' routine veterinary procedures, the team used echocardiography -- a cardiac ultrasound -- to produce images of the left ventricle, the chamber of the heart that pumps blood around the body. Within the non-human great ape's left ventricle, bundles of muscle extend into the chamber, called trabeculations.

Bryony Curry, a PhD student in the School of Health and Exercise Sciences at UBCO, said: "The left ventricle of a healthy human is relatively smooth, with predominantly compact muscle compared to the more trabeculated, mesh-like network in the non-human great apes.

"The difference is most pronounced at the apex, the bottom of the heart, where we found approximately four times the trabeculation in non-human great apes compared to humans."

The team also measured the heart's movement and velocities using speckle-tracking echocardiography, an imaging technique that traces the pattern of the cardiac muscle as it contracts and relaxes.




Bryony said: "We found that the degree of trabeculation in the heart was related to the amount of deformation, rotation and twist. In other words, in humans, who have the least trabeculation, we observed comparatively greater cardiac function. This finding supports our hypothesis that the human heart may have evolved away from the structure of other non-human great apes to meet the higher demands of humans' unique ecological niche."

A human's larger brain and greater physical activity compared to other great apes can also be linked to higher metabolic demand, which requires a heart that can pump a greater volume of blood to the body.

Similarly, Higher blood flow contributes to humans' ability to cool down, as blood vessels close to the skin dilate -- observed as flushing of the skin -- and lose heat to the air.

Dr Aimee Drane, Senior Lecturer from the Faculty of Medicine, Health & Life Sciences at Swansea University, said: "In evolutionary terms, our findings may suggest selective pressure was placed on the human heart to adapt to meet the demands of walking upright and managing thermal stress.

"What remains unclear is how the more trabeculated hearts of non-human great apes may be adaptive to their own ecological niches. Perhaps it's a remaining structure of the ancestral heart, though, in nature, form most often serves a function."

The research team is grateful to the staff and volunteers who care for the animals in the study, including the teams at Tchimpounga Wildlife Sanctuary (Congo), Chimfunshi Wildlife Sanctuary (Zambia), Tacugama Chimpanzee Sanctuary (Sierra Leone), Nyaru Menteng Orangutan Rescue and Rehabilitation Center (Borneo), the Zoological Society of London (UK), Paignton Zoo (UK), Bristol Zoo Gardens (UK), Burgers' Zoo (Netherlands) and Wilhelma Zoo (Germany).
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Tiny New Zealand bird delivers a lesson in birdsong evolution | ScienceDaily
Parrots, songbirds, and hummingbirds can learn to make new sounds. No-one knew, but New Zealand's smallest bird, the rifleman or titipounamu, may have a rudimentary version of the same talent.


						
University of Auckland research into the bird is part of a rethinking of how and when vocal learning evolved in birds.

Scientists traditionally assumed birds were split into two groups -- those which can learn sounds (parrots, songbirds, and hummingbirds) and those which can't -- but the study published in the scientific journal Communications Biology adds to evidence challenging that assumption.

Vocal signatures of distantly related titipounamu had strong similarities if they lived near each other, the Waipapa Taumata Rau, University of Auckland research showed. Close relatives living far apart didn't sound similar.

That suggests the birds' sounds may not be innate and may be learned from each other, according to Dr Kristal Cain, the senior author of the study, and Dr Ines G. Moran, the lead author.

Weighing the same as five or six paper clips, titipounamu live in high-altitude mature native forest, feed on insects and make high-pitched sounds inaudible to some people.

The bird is one of the country's two surviving native wren species and a sort of evolutionary missing link between two of the most impressive learners, songbirds and parrots. Relics of Gondwana, the wrens likely existed in Aotearoa since before the islands broke away from the super continent, roughly 80 million years ago.




"If New Zealand wrens are vocal learners, then it is likely that the common ancestor of parrots and songbirds was also capable of rudimentary learning," says Cain. "This ability in birds could have evolved millions of years earlier than we previously thought."

Vocal learning in songbirds evolved 30-50 million years ago, scientists have estimated. But the songbirds and parrots diverged long before that -- closer to 80 million years ago.

Vocal convergence

The scientists went to all sorts of lengths to gather evidence of vocal copying, such as "vocal convergence," where animals' calls become acoustically similar.

First, they closely monitored the nests of titipounamu at Boundary Stream Mainland Island in the Hawke's Bay, identifying and banding individuals and then recording more than 6,800 of the feeding calls routinely made by adult birds (parents and the parents' helpers) bringing food to the young nestlings over three summers.

While the differences in the birds' calls can't be detected by most people, detailed analysis of spectrograms -- "voiceprints" -- revealed unique individual vocal signatures.




The researchers then acquired genetic information on the population at large.

Finally, they used advanced genetic methods to estimate how much and which aspects of the vocal signature came from genetics as opposed to the social environment. For some parameters, social environment was more important than genetics; there were similarities with a known vocal learner, the zebra finch.

The evidence from the scientists' study isn't conclusive but it's strongly suggestive of "rudimentary vocal learning abilities."

"A growing body of evidence suggests we may need to stop classifying birds as either vocal learners or vocal non-learners," says Cain. "The ability may be much more widespread and likely exists along a spectrum."

Humans, whales, bats

Most animals communicate with unlearned, innate vocalisations, while vocal learners include humans, whales and dolphins, elephants and bats.

"The vocal behaviour that we were unravelling in this study is very similar to what is known as vocal accommodation in human linguistics," says Moran. "It's similar to our ability to adjust our ways of speaking in different social, dialectic, or hierarchical settings -- modulating our voices to better fit in certain social groups."

Artificial intelligence, custom engineered nest RFID (radio frequency identification) readers, and custom-made computer analysis tools were all part of the study, which spanned bioacoustics, genetics, behavioural ecology, and field biology.

The scientists thanked the mana whenua of the Maungaharuru region, the University's engineering team, the Department of Conservation, AgResearch, and the Centre for eResearch.
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Concrete-nitrogen mix may provide major health and environment benefits | ScienceDaily
Adding nitrogen to concrete could significantly reduce global levels of potentially harmful nitrogen oxides (NOx) created by the construction industry in developing towns and cities, a new study reveals.


						
Researchers believe that concrete nitrogenation could contribute to a reduction in NOx emissions by 3.4-6.9 megatonnes (Mt) -- representing 6-13% of industry-related emissions in 2021.

By 2050 the process could reduce NOx by a total of 131-384 Mt. It could represent the equivalent to 75-260 years potentially lost to premature death and reduced quality of life, estimated in terms of disability-adjusted life years (DALY).

NOx are highly reactive toxic air pollutants which can contribute to acid rain, ozone layer depletion and pose significant health threats -- particularly in relation to respiratory disease -- contributing to air pollution-related mortality.

Publishing their findings today in Nature Cities, an international group of researchers note that commercialising nitrogenation is likely to provides better economic and environmental prospects than similar processes relating to carbon dioxide (CO2).

Co-author Dr Yuli Shan, from the University of Birmingham, commented "Cities around the world, particularly those in the global south, are experiencing extensive urban renewal, expansion, and modernisation -- all inevitably creating atmospheric pollution.

"Between 1970 and 2018, global NOx emissions nearly doubled from 70 Mt to 120 Mt. Addressing and managing these emissions is crucial for enhancing urban health, fostering sustainable industrial growth, and ensuring environmental well-being.




The first author, Ms. Ning Zhang from the Leibniz Institute of Ecological Urban & Regional Development added "There is significant potential for concrete in capturing NOx. Applying this technology holds promise for rapidly urbanising and emerging industrial regions, as it can generate substantial economic value and curtail industrial NOx pollution in these areas.

"The proposed nitrogenated concrete material presents a promising integrated solution for mitigating air pollution and managing construction waste in industrialised regions."

The researchers note that China, Europe, and the United States are key players with the greatest capacity to contribute in this area -- representing a mix of emerging and established industrial nations promoting circular economies and addressing atmospheric environmental concerns.

They also recommend setting up an emissions trading system like the one already created for CO2 -- creating a more precise and widely accepted quantification of the advantages associated with NOx sequestration.

Although significant environmental and economic benefits are possible, practical application of the processes faces challenges related to transporting large volumes of materials and gases. The experts recommend using established industrial and commercial concrete carbonation systems to help optimise the logistics network and enhance feasibility of concrete nitrogenation.
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Synthetic data holds the key to determining best statewide transit investments | ScienceDaily
Synthetically generated population data can reveal the equity impacts of distributing transportation resources and funding across diverse regions, according to new research from NYU's Tandon School of Engineering that uses New York State as a case study.


						
Relying on an artificial dataset representing 19.5 million New York residents and over 120,000 modeled origin-destination trips, researchers from NYU Tandon's C2SMARTER, a Tier 1 U.S U.S. Department of Transportation-funded University Transportation Center, determined how best to invest in transportation services when equitable benefits are an objective.

They presented the findings in a paper published in Transportation Research Part D: Transport and Environment.

"Policymakers often use surveys to allocate transportation resources, but these surveys frequently underrepresent low-income and marginalized communities," said Joseph Chow, Institute Associate Professor of Civil and Urban Engineering, who led the study. "We developed a completely new approach for transportation planning, showing that synthetic data can consistently assess equity impacts across large regions like New York State. Our statewide model parameters are available to any agency to study the multiple effects of new service designs, something previously impossible."

The research team developed what they call an "equity-aware choice-based decision support tool."

Given a budget level, the proposed tool selects optimal service regions for one or two new mobility services considering four objectives: (1) maximizing total revenue, (2) maximizing total increased consumer surplus, meaning delivering consumers cost savings (3) minimizing consumer surplus disparity, meaning making the benefits fair between different groups and (4) minimizing consumer surplus insufficiency, meaning ensuring baseline benefits even in areas that are less profitable.

The first two objectives focus on making the transportation system more efficient and profitable overall. The last two objectives emphasize making sure the benefits are distributed more equitably among different consumer groups and regions.




Using the tool with New York State synthetic data, researchers focused on two hypothetical mobility services: ride-hailing services that offer shorter travel times but higher trip fares, and on-demand microtransit services that provide longer travel times with lower trip fares. The results showed that:
    	Investing mostly in ride-hailing services, focusing on longer trips in metropolitan areas like New York City, maximized revenue.
    	Also prioritizing ride-hailing services but covering shorter trips in metropolitan areas maximized consumer surplus.
    	Investing mainly in on-demand microtransit service, targeting disadvantaged communities, minimized consumer surplus disparity,
    	Splitting the budget between ride-hailing and microtransit services, covering both urban and rural areas, balanced equity and efficiency,

"Microtransit played an outsized role boosting equity, proving more viable in disadvantaged areas. But it needed subsidies to offset lower productivity than ride-hailing," said Chow, who is also Deputy Director of C2SMARTER. "We hope this study is a step towards creating a way to analyze and allocate transportation resources nationally, to produce equitable outcomes throughout the U.S.

Replica, a transportation data and analytics firm, provided the synthetic data for the study. The dataset combines real mobility, demographic, and built environment information with mathematical models, providing details like travel demand patterns, transportation network characteristics, and mode choices for a given region.

"The work Dr. Chow and the team at NYU Tandon are doing is precisely what we had in mind when making Replica data available," said Robert Regue, Director of Research and Development at Replica. "We believe synthetic data is the key to taking a more data driven approach to creating more equitable, sustainable, and economically resilient cities, while protecting personal privacy. We are always excited to see our data contribute to such thoughtful, impactful research."

Along with Chow, the paper's authors are NYU Tandon PhD candidate Xiyuan Ren and ChengHe Guan, Assistant Professor of Urban Science and Policy at NYU Shanghai and Global Network Assistant Professor at NYU. The researchers received funding support from C2SMARTER (U.S. Department of Transportation).
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Fasting primes the immune system's natural killer cells to better fight cancer, new study in mice finds | ScienceDaily
Periods of fasting reprogram the immune system's natural killer cells to better fight cancer, according to a new study in mice from researchers at Memorial Sloan Kettering Cancer Center (MSK).


						
Fasting and other dietary regimens are increasingly being explored as ways to starve cancer cells of the nutrients they need to grow and to make cancer treatments more effective.

Now a team of researchers from MSK's Sloan Kettering Institute and their collaborators have shown for the first time that fasting can reprogram the metabolism of natural killer cells, helping them to survive in the harsh environment in and around tumors, while also improving their cancer-fighting ability. The study, led by postdoctoral fellow Rebecca Delconte, PhD, was published June 14 in Immunity.

The findings could help explain one of the mechanisms by which fasting may help the body defend against cancer -- along with more generally reducing fat and improving metabolism. And while more research is needed, the results also suggest fasting could be a strategy to improve immune responses to make immunotherapy more effective, the study authors note.

"Tumors are very hungry," says immunologist Joseph Sun, PhD, the study's senior author. "They take up essential nutrients, creating a hostile environment often rich in lipids that are detrimental to most immune cells. What we show here is that fasting reprograms these natural killer cells to better survive in this suppressive environment."

What are Natural Killer Cells?

Natural killer cells, or NK cells for short, are a type of white blood cell that can kill abnormal or damaged cells, like cancer cells or cells infected with a virus. They get their name because they can destroy a threat without ever having encountered it before -- unlike T cells, which require prior exposure to a specific enemy to mount a targeted response.




In general, the more NK cells that are present within a tumor, the better the prognosis is for the patient.

For the study, mice with cancer were denied food for 24 hours twice a week, and then allowed to eat freely in between fasts. This approach prevented the mice from losing weight overall, the authors note.

But these periods of fasting had a profound effect on NK cells.

Just as happens in humans, the mice saw a drop in their glucose levels and a rise in free fatty acids, which are lipids released by fat cells that can serve as an alternative energy source when other nutrients aren't present, Dr. Delconte says.

"During each of these fasting cycles, NK cells learned to use these fatty acids as an alternative fuel source to glucose," she says. "This really optimizes their anti-cancer response because the tumor microenvironment contains a high concentration of lipids, and now they're able enter the tumor and survive better because of this metabolic training."

Fasting Reprograms NK Cells

The fasting also led to a redistribution of NK cells within the body, the researchers observed.




Many of the NK cells traveled into the bone marrow, where, thanks to the fasting, they were exposed to high levels of a key signaling protein called Interleukin-12. This primed the NK cells to produce more Interferon-gamma -- a cytokine that plays an important role in anti-tumor responses.

Meanwhile, NK cells in the spleen were undergoing a separate reprogramming, making them better at using lipids as a fuel source.

"With both of these mechanisms put together, we find that NK cells are pre-primed to produce more cytokines within the tumor," Dr. Delconte says. "And with the metabolic reprogramming, they're more able to survive in the tumor environment, and specialized to have improved anti-cancer properties."

It's unclear yet whether there are two separate populations of NK cells that get trained differently in different parts of the body, or whether the cells end up passing through both sites during their weeks-long life cycle.

"That's the million-dollar question," Dr. Sun says. "And one that we have only begun to answer using the cell-labeling techniques we used in this study."

While human bone marrow samples weren't studied as part of the project, the researchers note that blood samples from cancer patients show that fasting causes a reduction of freely circulating NK cells in people, just as they observed in mice.

Potential to Improve Cancer Treatments

There are several potential opportunities to advance the mouse-model research toward the clinic, the researchers say. First, clinical trials are already beginning to study the safety and effectiveness of fasting in combination with standard existing treatments. Another avenue would be to identify drugs that could target the underlying mechanisms without requiring patients to fast. Third, NK cells might be able to be put into a fasted state outside of the body, and then be administered to improve treatment effects.

At present, however, more clinical data is still needed about the effects of fasting for people with cancer, says Neil Iyengar, MD, an MSK breast medical oncologist and leading researcher on diet, metabolism, and cancer, who was not directly involved in the study.

"There are many different types of fasting, and some might be helpful while others might be harmful," he says. "Patients should speak with their doctors about what's safe and healthy for their individual situation."
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Sharks have depleted functional diversity compared to the last 66 million years | ScienceDaily
New research by Swansea University and the University of Zurich has found that sharks retained high levels of functional diversity for most of the last 66 million years, before steadily declining over the last 10 million years to its lowest value in the present day.


						
Modern sharks are among the ocean's most threatened species; yet have notably survived numerous environmental changes in their 250-million-year history. Today, their more than 500 species play many different ecological roles, from apex predators to nutrient transporters.

Ecological roles are determined by species' traits such as body size, and what and how they eat. As such, measuring the diversity of these traits allows scientists to quantify the range of ecological roles in a community, also known as functional diversity.

Since sharks possess soft cartilaginous skeletons unlikely to fossilise, these traits are difficult to measure directly in extinct species. However, measurements from their teeth, which are hard and therefore, well-preserved in the fossil record, can act as trait proxies, which can in turn be used to quantify functional diversity in the geological past.

Lead author Jack Cooper, a PhD student at Swansea University, said: "Measurements like tooth size, shape, and types of edges broadly reflect a shark's functional traits such as body size and diet, allowing us to assess their functional diversity through time."

The researchers measured more than 9,000 fossil and living shark teeth from around 500 species, gathered from museum collections and literature, and quantified functional diversity over the Cenozoic era, from 66 million years ago to the present day.

They found that sharks maintained high levels of functional diversity -- meaning a wide range of ecological roles -- for most of the Cenozoic era. This diversity peaked about 20 million years ago in the Miocene epoch. However, they also found that after this peak, the extent of shark ecological functions has been steadily declining for the last 10 million years, with present-day shark functional diversity being lower than at any point in the last 66 million years.




By quantifying ecological contributions of individual species, the researchers determined that the observed decline was driven by the loss of ecologically unique and specialised species. Such losses included the extinction of the megalodon, the largest shark that ever lived, which was an apex superpredator, an ecological role not played by any shark living today.

He added: "Not only did we see a clear decline in functional diversity, but we also found that extinct sharks as a whole contributed a wider range of ecological roles than living sharks."

The results ultimately warn that human threats like overfishing, which is driving today's sharks towards extinction, are likely further eroding the already diminished ecological contributions of sharks to ecosystem functioning.

Senior author Dr Catalina Pimiento, Professor at the University of Zurich and senior lecturer at Swansea University, said: "By identifying the modern species holding some of the Cenozoic functional space, our study could potentially complement conservation priorities for the preservation of shark functional diversity in our changing world. says

The study is published in Global Ecology and Biogeography.
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Embryo and organoid models do not threaten the definition of personhood, bioethicist says | ScienceDaily
Advances in organoids and embryonic models of human development have the potential to prompt social and existential questions -- e.g., what defines human individuality? However, bioethicist Insoo Hyun of Harvard Medical School and the Museum of Science in Boston says that these models have the potential to strengthen rather than weaken the concept of human individuality when considered within the philosophical frameworks of "personhood" and sentience. In a commentary publishing June 20 in the journal Cell, Hyun argues that despite huge advances, we are a long way off from developing technologies that would enable embryo models or organoids to achieve personhood.


						
"In the process of illuminating these biological mysteries, human stem-cell-based modeling could recast much of what we take to be special about ourselves as simply a reproducible series of physical events," writes Hyun. "Could these new technologies change our view of ourselves? What does it mean for individuality, for example, if the early embryonic history of each cell line donor can be replayed again and again through the artificial generation of identical human embryo models?"

To answer these questions, Hyun dives into the philosophical concepts of personhood and sentience.

To be a person rather than simply an individual, one must possess the ability to make rational decisions and act thoughtfully on desires. Hyun notes that it is the embryo's potential to become a person, not its current personhood, that matters to most human embryo advocates, and similar issues surround patients at the end of life. However, this potential hinges not only on the embryo's or end-of-life patient's biology, but also on their technological and circumstantial situation.

"Ex corporeal embryos, for example, must not only be genetically and morphologically robust to have a biological chance at becoming a human person, but, just as crucially, they must also be chosen -- normally by those for whom they were created -- to be implanted into a woman's uterus and carried to term," writes Hyun. "Likewise for patients at the end of life. Not only must they have the biological potential for their brains to recover functioning, but they must also be cared for in a hospital setting by decision makers who have the right technologies at their disposal."

For embryos used in research rather than for assisted reproductive purposes, the circumstantial potential for them to become a person is non-existent. Similarly, though organoids can self-assemble and carry out many of the functions of human organs on a small scale, there is no possibility that they could self-assemble into an independently functioning and conscious individual.

"Since the cognitive bar is set so high for personhood, it seems premature to worry about whether brain organoids, neurological chimeras, or embryo models deserve the ethical protections normally afforded to persons," Hyun writes. "The science simply is not there to support these concerns now and would have to depend on major technical innovations to get there in the future. Not even the most extreme forms of human-to-nonhuman neurological chimerism that one could imagine would support fears about personhood emerging in acutely altered animals."

Likewise, current in vitro embryo and organoid models are far from reaching sentience -- the ability to have sensory experiences like pleasure and pain -- which is thought to arise in human fetuses after 24 gestational weeks. The only case in which organoids are likely to experience sentience is when they are transplanted into a living animal model, for example the recent study by Stanford researchers that transplanted human brain organoids into rats -- but rats are already considered sentient, and the ethics of such studies are already scrutinized as such.

"In response to the question of whether new technologies for human developmental modeling could destabilize our view of ourselves, the answer is no, not if we remain mindful of the bedrock distinctions between biological individuals and persons, biological and circumstantial potentiality, and sentient and non-sentient biological individuals," writes Hyun. "Rather than weakening the grounds for which we value human life, perhaps an increased familiarity with developmental models could strengthen our beliefs by reminding us of what really matters-the wellbeing of actual persons and sentient individuals."
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Rigorous new study debunks misconceptions about anemia, education | ScienceDaily
In low- and middle-income countries, anemia reduction efforts are often touted as a way to improve educational outcomes and reduce poverty. A new study, co-authored by a global health economics expert from the University of Notre Dame, evaluates the relationship between anemia and school attendance in India, debunking earlier research that could have misguided policy interventions.


						
Santosh Kumar, associate professor of development and global health economics at Notre Dame's Keough School of Global Affairs, is co-author of the study, published in Communications Medicine. Kumar's research explores the intersection of global health and poverty reduction. His latest work evaluates the relationship between anemia and school attendance in India.

The study investigated whether there was a link between anemia and school attendance in more than 250,000 adolescents ages 15 to 18. Earlier observational studies have shown a link between anemia and attendance, even after accounting for variables such as gender and household wealth, according to Kumar. But the new study, which applied more rigorous econometric statistical analysis, did not find such a link, he said.

"Most previous research on this topic has used conventional study designs or focused on small geographical areas, which limits its policy relevance," Kumar said. "Earlier estimates may have been distorted by unobserved household factors related to both anemia and school attendance. So in this study, we focused on the relationship between anemia and attendance among adolescents who were living in the same household.

"Ultimately," Kumar said, "we found that the link between anemia and schooling is more muted than previously suggested by studies that did not consider household-level factors."

The findings have important implications for policymakers seeking to improve education in low- and middle-income countries like India, Kumar said. India has widespread school attendance issues and struggles with health conditions such as anemia caused by iron deficiency, particularly in children and adolescents. The country has pushed to improve educational outcomes, in keeping with the United Nations' Sustainable Development Goals, Kumar said. But to achieve that, he said, more research is needed to pinpoint an evidence-based intervention.

This study is part of an ongoing project to do that work and was co-authored with Jan-Walter De Neve of the University of Heidelberg, Omar Karlsson of Lund University in Sweden, Rajesh Kumar Rai of Harvard University and Sebastian Vollmer of the University of Gottingen. The project received funding from the Alexander von Humboldt Foundation, the Swedish Research Council and the West Bengal State Department of Health and Family Welfare in India.

The latest study builds on an earlier one in which Kumar and fellow researchers helped evaluate the results of an iron fortification school lunch program for students ages 7 and 8 in India. That study showed that fortification reduced anemia but did not affect students' performance in school. A forthcoming study, set to launch in summer 2024, will look at iron fortification for children ages 3 to 5. The research hypothesis is that an early-age nutritional intervention among preschoolers would make a significant impact on physical and cognitive development.

"Our findings have implications for policymakers who want to improve educational outcomes and reduce poverty," Kumar said. "Effective policies are based on evidence. We need more rigorous statistical analysis to examine the causal relationship between anemia and education.

"This work ties into my larger research agenda, which explores the intersection of global health and poverty reduction. I want to use my academic research to support human dignity by helping to identify evidence-based health policies that will make a tangible difference in people's lives."
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Tight-knit communities can prevent environmental progress | ScienceDaily
The study, led by researchers at the University of Sydney's School of Project Management, examined communities where robust local ties lead to resistance against environmental initiatives, sustainability programs, and greenhouse gas reduction projects.


						
"Traditionally, we've always thought of strong communities as a positive force -- for locals and the environment," said the senior author of the study, Associate Professor Petr Matous, Associate Head of the School of Project Management.

"However, our study shows that's not always the case -- strong communities can sometimes be significant obstacles to environmental initiatives."

The researchers suggest this could be due to the creation of echo chambers, where beliefs are continuously reinforced with little debate, fostering a strong consensus within the group.

They compared their findings to analyses of social media communities, where like-minded individuals often reinforce each other's views on contentious issues ranging from vaccines and reproductive rights to housing and gun control.

Dr Matous noted that while cohesive communities worldwide often collaborate to combat environmental issues like pollution, invasive species, and overfishing, strong local bonds can also have drawbacks.

"We've observed entire villages mobilising against renewable energy projects. For example, here in Australia, farmers in tight-knit communities have coordinated opposition to what they perceive as sudden, forceful changes on their land."

Program leaders now identify "community pushback" as a major bottleneck in implementing projects toward Australia's net-zero goals. Sustainability transitions often require significant land areas and changes to longstanding land management practices, leading to resistance that can range from rejection of new methods to legal action and protests.




The study used quantitative analysis to examine how community networks influence outcomes in programs aimed at reducing greenhouse gas emissions from farming while maintaining productivity. Leveraging a comprehensive dataset from partner organisation Swisscontact across 70 communities in Indonesia, the researchers defined strong communities as networks with many links or relationships broadly distributed within the community, fostering high cohesion.

Why some strong communities hinder environmental progress

"This study highlights the social dynamics of farming villages as a potential reason why the same program can yield expected outcomes in some communities but not others," said Associate Professor Matous.

"In tightly knit clusters of relationships with like-minded individuals, people may become entrenched in collective positions. Strong community bonds may coincide with distrust or indifference toward outsiders. Members of tight-knit communities may also be adept at defending their collective interests, which may not always align with broader environmental or societal goals."

Dr Abner Yalu, who contributed to the study during his PhD, said: "When strong internal bonding exists within a community, farmers are more unified in their practices but less likely to adopt recommendations from sustainability programs, such as protecting trees around their farms or using organic matter to maintain soil health."

While anecdotal evidence suggests similar mechanisms operate in other countries, data remains insufficient to fully explain this phenomenon and design effective solutions to support environmental progress.

"Climate change demands urgent action, but policymakers and program leaders must strike a balance by effectively engaging communities through genuine dialogue," said Associate Professor Matous. "We must respect that local community members are best positioned to evaluate the significance of their surroundings; they often understand what works in their context and may have valid reasons for resistance."

"Within these communities, divergent messages struggle to gain traction if they conflict with collective values. This is a consideration that election strategists and campaigners in multiple countries will certainly bear in mind in 2024."
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At-camera gaze can increase scores in simulated interviews | ScienceDaily
Eye-contact has a significant impact on interpersonal evaluation, and online job interviews are no exception. In addition to the quality of a resume, the direction of the interviewee's gaze might help (or hinder) their chances of securing the job.


						
Researchers published their results in Scientific Reports on May 31.

The study simulated online job interviews. Twelve students who participated in the study as a role of interviewees presented themselves twice, once looking directly at a web camera, and the other looking towards the screen. After recording the students' presentation, three stimuli were created to be evaluated by 38 full-time workers. These three stimuli include the recording of the interviewee looking directly at the camera (CAM), one with the interviewee's eye skewing downwards towards the screen (SKW) and one where only the interviewee's voice is played without camera recordings (VO). The evaluator's rubric has six criteria to consider when determining the scores of the interview: intimacy, social desirability, general job abilities, decisiveness, cooperativeness and overall hireability.

The results indicate interviewers evaluate candidates more positively when their gaze is directed at the camera (i.e., CAM stimulus) compared to when the candidates look at the screen (SKW stimulus). The skewed-gaze stimulus received worse evaluation scores than voice-only presentation (VO stimulus). Throughout an online interview, it is challenging to maintain "genuine" eye contact -- making direct and meaningful visual connection with another person, but gazing into the camera can accomplish a similar feeling online as direct eye contact does in person.

While the evaluators overall preferred interviewees who maintained eye contact with the camera, an unconscious gender bias appeared. Female evaluators judged those with skewed downward gazes more harshly than male evaluators, and the difference in the evaluation of the CAM and SKW stimuli for female interviewees was larger than the male interviewees. This gender bias within the study could be prevalent under non-experimental conditions. Making both interviewers and interviewees aware of this potentially systematic gender bias could help curtail this issue.

"The key takeaway from our study is the negative impact of skewed gaze on evaluation in the context of online job interviewing: do NOT keep your eyes on the screen," said Masahiro Shinya, researcher at Hiroshima University and one of the co-first authors of the study.

Simply starting with the optimal direction of gaze can increase the favorability of the interviewee significantly compared to having a downward skewed gaze. Using the "mutual gaze" effect can aid in establishing a level of trustworthiness and credibility with the evaluator. These two factors can be just the leg up an interviewer needs to move forward in the interview process. However, it's still important to consider the other criteria the evaluators were basing their choices on, as well as potential biases that, while not ideal, can still factor into the decision-making process.




"The ultimate goal is to develop guidelines and tools that enhance understanding and management of visual attention in video conferencing, thereby improving interaction quality and evaluation fairness in remote settings," said Noriko Yamane, researcher and co-first author of the study.

Although it's easy to downplay the importance of eye contact and the impacts a lack of genuine eye contact can have on digital interactions, it's unlikely the role it plays won't factor into the overall impression of how hireable an interviewee is. In a time where digital communication is almost the new standard, uncovering subtle, non-verbal cues can significantly affect how an individual is perceived in a professional setting when interfacing through a computer screen.

Masahiro Shinya and Noriko Yamane of the Graduate School of Humanities and Social Sciences at Hiroshima University, Yuki Mori of the School of Integrated Arts and Sciences at Hiroshima University, and Brian Teaman of the Department of International and English Interdisciplinary Studies at Osaka Jogakuin University contributed to this research.

JSPS Kakenhi Grant-in-Aid (22K00621) supported this research.
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Origins of cumulative culture in human evolution | ScienceDaily
Each of us individually is the accumulated product of thousands of generations that have come before us in an unbroken line. Our culture and technology today are also the result of thousands of years of accumulated and remixed cultural knowledge.


						
But when did our earliest ancestors begin to make connections and start to build on the knowledge of others, setting us apart from other primates? Cumulative culture -- the accumulation of technological modifications and improvements over generations -- allowed humans to adapt to a diversity of environments and challenges. But, it is unclear when cumulative culture first developed during hominin evolution.

A study published this week in the Proceedings of the National Academy of Sciences by Arizona State University researcher Charles Perreault and doctoral graduate Jonathan Paige, concludes that humans began to rapidly accumulate technological knowledge through social learning around 600,000 years ago.

"Our species, Homo sapiens," said Perreault, "has been successful at adapting to ecological conditions -- from tropical forests to arctic tundra -- that require different kinds of problems to be solved. Cumulative culture is key because it allows human populations to build on and recombine the solutions of prior generations and to develop new complex solutions to problems very quickly. The result is, our cultures, from technological problems and solutions to how we organize our institutions, are too complex for individuals to invent on their own." Perreault is a research scientist with the Institute of Human Origins and associate professor with the School of Human Evolution and Social Change.

To investigate when this technological turn may have begun, Paige and Perreault analyzed changes in the complexity of stone tool manufacturing techniques across the last 3.3 million years of the archaeological record to explore the origin of cumulative culture.

As a baseline for the complexity of stone tool technologies achievable without cumulative culture, the researchers analyzed technologies used by nonhuman primates -- like chimpanzees -- and stone tool manufacturing experiments involving inexperienced human flintknappers and randomized flaking.

The researchers broke down the complexity of the stone tool technologies by the number of steps (PUs or procedural units) that each tool-making sequence involved. The results suggested that from around 3.3 to 1.8 million years ago -- when australopiths and earliest Homo species were around -- stone tool manufacturing sequences remained within the range of the baselines (1 to 6 PUs). From around 1.8 million to 600,000 years ago, manufacturing sequences began to overlap with and slightly exceed the complexity baseline (4 to 7 PUs). But, after around 600,000 years ago, the complexity of manufacturing sequences rapidly increased (5 to 18 PUs).




"By 600,000 years ago or so, hominin populations started relying on unusually complex technologies, and we only see rapid increases in complexity after that time as well. Both of those findings match what we expect to see among hominins who rely on cumulative culture," said Paige, a postdoctoral researcher at the University of Missouri and ASU PhD graduate.

Tool-assisted foraging may have been the impetus for the earliest beginning of the evolution of cumulative culture. Early hominins, 3.4 to 2 million years ago, likely relied on foraging strategies that require tools, like accessing meat, marrow and organs, leading to changes in brain size, life span and biology that set the stage for cumulative culture. While other forms of social learning may have influenced tool making, it is only in the Middle Pleistocene when there is evidence for rapid increases in technological complexity and the development of other kinds of new technologies.

The Middle Pleistocene also shows consistent evidence of controlled use of fire, hearths and domestic spaces, likely essential components of the development of cumulative culture. Other kinds of complex technologies also developed in the Middle Pleistocene, including wooden structures constructed with logs hewn using hafted tools, which are stone blades affixed to wooden or bone handles.

This all suggests that cumulative culture arose near the beginning of the Middle Pleistocene epoch, possibly predating the divergence of Neanderthals and modern humans.
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Effective hurricane risk messaging | ScienceDaily
Forecasters can use images in social media to better communicate weather related hazards of hurricanes, according to a pair of new studies.


						
Scientists at the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR) analyzed 2017 Twitter (now X) data related to two hurricanes -- Harvey and Irma. The researchers found that forecast information communicated in the early stages of storm development, when the threat posed by a hurricane is uncertain, sets the stage for how people react to subsequent warning messages.

The research team also identified ways authoritative sources, such as the National Weather Service, broadcast meteorologists, and emergency managers, can better engage at-risk community members.

"When we began this research, a lot of work had been done analyzing Twitter data in the post-disaster space, and we were interested in how people were responding to weather forecast information in earlier stages, especially as predictions change," said NSF NCAR scientist Rebecca Morss, lead author of the Hurricane Harvey paper. "Twitter provided a natural laboratory for us to look at what communications people are responding to and what information they are sharing. This kind of research can help the meteorological community learn what are the most important things to communicate and how to improve that messaging."

The research was supported by NSF NCAR and funded in part by NOAA and a grant from NSF.

Risk Information Ecosystem

Harvey and Irma both occurred in 2017, but the two storms behaved very differently from one another. Harvey was an atypical hurricane that rapidly intensified and then lingered along the Texas coast for a few days, leading to devastating flooding in the Houston region. Whereas Irma was forecast well in advance of making landfall and followed a more typical movement pattern over land, leading to significant risks from strong winds and storm surge. Combined, the two storms provided complementary data about the different types of hurricane risks that need to be communicated amid varying levels of uncertainty.




Twitter offered the NSF NCAR researchers a detailed log of how people were sharing and reacting to information in real time. The research team developed a dataset of tweets that was relevant to each hurricane and focused on tweets posted by authoritative sources.

To evaluate how the tweets communicated information about the storms to those in harm's way, the researchers categorized tweets based on the type of visuals used and looked for patterns in what image types were retweeted and interacted with the most. Additionally, the researchers examined the content of replies to forecast and warning tweets to explore how people in at-risk areas make sense of and respond to a hurricane's evolving threat.

"In early stages of the threat, we could see a really clear cadence that every six hours there would be an uptick in Twitter conversation about the hurricanes," said NSF NCAR scientist Robert Prestley, lead author of the Hurricane Irma paper. "This was driven by the National Hurricane Center putting out updated forecast information. That information would then be redistributed by broadcast meteorologists, emergency managers, news media, and weather enthusiasts, and the conversation would grow from there. It really highlighted the key role of the National Weather Service in leading this communication."

Morss and Prestley also observed that the role of the national and local National Weather Service (NWS) offices shifted over the course of a hurricane. As the storm developed, NWS centers such as the National Hurricane Center played the leading role in spreading information, but as the storms began to impact communities, local NWS offices took the lead in generating locally relevant forecast and warning content.

Viral Visuals

The research identified several types of images that were commonly used to convey information about the threat of a hurricane. Of these, the "cone of uncertainty" was the most retweeted graphic.




The cone of uncertainty shows the current location of a tropical storm as well as the probable track of the storm's center with a cone shape around it that represents the uncertainty of the track based on historical errors. Previous research has shown that cone images have several limitations such as a lack of information about the risks to those outside of the cone, which can lead to people falsely believing areas outside of it are not at risk.

"There's a clear need for better uncertainty visualizations, especially in the forecast and warning period when people are looking for information, but there's not yet enough certainty to say specifically where or what the impacts will be," Prestley said. "The cone is not necessarily equipped to do that. The question is how to maintain the visibility of an image people are accustomed to while more effectively communicating hurricane risks to different populations."

The researchers also identified ways image content varied across the two hurricanes. For instance during Hurricane Harvey, tweets that included images highlighting heavy rain and flooding were highly retweeted. The high engagement with those tweets demonstrates the value of authoritative sources tweaking their communication to emphasize the different risks posed by individual storms.

The image type least interacted with was watch and warning imagery. These images include information about watches and warnings issued by NWS for hazards like flash floods, high winds, or tornadoes. Often these images are generated by automated programs and include identical or similarly formatted text and visualizations.

Many of these watches and warnings are issued for narrow geographic areas over short time-frames, which could explain why most of them have few retweets. Morss and Prestley recommend more research into how to improve communication of watch and warning information on social media, including how and when to use automated tweets to rapidly disseminate more user friendly information.

Although several things about Twitter have changed since the NSF NCAR research team conducted their studies, the research conducted by Morss, Prestley, and colleagues using the platform built a new understanding of how people respond to evolving information about natural disaster threats. Currently, the researchers are using additional research methods, including surveys before, during, and after weather events, to study the way people react to pending natural disasters. The Twitter studies helped shape the questions used in this ongoing research.

The knowledge gained can help professional weather communicators improve how they use social media networks as a vibrant resource for improving disaster communication.
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A new approach to neuroimaging analysis | ScienceDaily
A group of neuroscientists based at University of California San Diego School of Medicine has applied an approach to neuroimaging that they believe will reinvigorate the work of many of their fellow brain researchers.


						
Their work, published in the journal Cerebral Cortex, outlines a method for the use of neuroimaging data to predict elements of cognition and behavioral variables. The technique involves examining widely used magnetic resonance images (MRIs) of brains to find associations to various behaviors, and then applying predictions from those associations to an independent unseen sample.

Carolina Makowski, Ph.D., a postdoctoral fellow in the Department of Radiology at UC San Diego School of Medicine, explains that researchers commonly use MRIs to examine specific structures of the brain to determine their role in behaviors or abilities including short-term memory, problem-solving ability or a wide range of cognitive functions.

Makowski, the first and corresponding author on the paper, said the group's work shows a way around a commonly held belief that neuroimaging studies couldn't yield meaningful results unless the study included thousands of participants.

"It's not always possible to have thousands of individuals," said Makowski. "There are so many studies and grants that are based on smaller datasets."

The study team found that the proper use of multivariate methods yielded satisfactory results with studies involving as few as a couple dozen participants. According to Makowski, typical neuroimaging studies operate from univariate analyses, which test a correlation or association between one point in the brain and one behavior. "In that case, yes, you may need thousands of participants in the study."

She explains that multivariate studies take in a pattern of associations. Additionally, Makowski said the group saw the largest effects of correlation and association by focusing on the task-based functional MRI data. "This was particularly strong for a task that taps into working memory processes," she said. "Those task-activation patterns were predictive of general cognition, but also of relevant behavior that is actually part of the task."

Co-author Terry L. Jernigan, Ph.D., professor of cognitive science, psychiatry and radiology at UC San Diego and the director of the Center for Human Development, added that the team was able to get good results from smaller data sets by "training and tuning" large data sets using multivariate analysis methods. For training, the team used the Adolescent Brain Cognitive Development (ABCD) study database, a compendium of MRIs from some 12,000 nine- and ten-year olds.




"When there are a lot of especially well-structured data that are relevant to complex outcomes that we hope to predict, we can use multivariate methods -- which are often referred to as AI by the way -- to 'train' a large dataset," Jernigan said. She added that "tuning" of select relationships in a large dataset sharpens the predictive power when applied to smaller studies.

Makowski added that in general, the larger the training sample, the smaller the actual study can be, but even the training sample does not necessarily need to include thousands of individuals if you are working with strong effects to begin with.

"So, in predicting general cognition, if you have 5,000 children in the training sample, you can predict cognition from working-memory related brain activation with just 40 kids in the replication. Even at 100 kids in the training sample, we were still able to predict cognition pretty well with just 60 kids in the replication using these same brain activation patterns," she said.

Senior and co-corresponding author Anders M. Dale, Ph.D., professor of neurosciences, psychiatry, and cognitive science and data science at UC San Diego, said the group's method will help scientists tap the full potential of the ABCD database by enabling them to focus on smaller segments of the mammoth study relevant for different health outcomes.

"There is a reason the ABCD was so large in the first place," he said. "It was really because you wanted to be able to look at effects in a subset of individuals. We want to look at things like substance use outcomes, psychiatric outcomes, dementia. That's why it was designed that way."

Dale added that the predictive power of the small-sample approach can be amplified when it's supplemented by other types of analyses, such as genetics studies or other types of imaging.




Co-author Tim Brown, Ph.D., a researcher in the Department of Neurosciences, said the group's publication is important in that it reopens doors that brain researchers around the world believed had been slammed shut by a 2022 paper that asserted only very large databases could generate valuable results.

"You have a whole bunch of grant holders who don't have thousands of individuals in their studies," he said. "And they're suddenly being told: 'You can't do reproducible work.' What we're showing here is that reproducible brain-wide association studies do not require thousands of individuals."

Other than those listed above are: Weiqi Zhao, Center for Multimodal Imaging and Genetics and the Department of Cognitive Science, UC San Diego; Donald J. Hagler Jr., Center for Multimodal Imaging and Genetics, and Department of Radiology, UC San Diego; Pravesh Parekh, Division of Mental Health and Addiction, Oslo University Hospital & Institute of Clinical Medicine, University of Oslo, Norway; Hugh Garavan, Department of Psychiatry, University of Vermont; and Thomas E. Nichols, Nuffield Department of Clinical Neurosciences, University of Oxford.

The Adolescent Brain Cognitive Development (ABCD) Study is supported by the National Institutes of Health (NIH) and additional federal partners under award numbers U01DA041048, U01DA050989, U01DA051016, U01DA041022, U01DA051018, U01DA051037, U01DA050987, U01DA041174, U01DA041106, U01DA041117, U01DA041028, U01DA041134, U01DA050988, U01DA051039, U01DA041156, U01DA041025, U01DA041120, U01DA051038, U01DA041148, U01DA041093, U01DA041089, U24DA041123, and U24DA041147. Additionally, this work was supported by the National Institutes of Mental Health, award number (K99MH132886 to Carolina Makowski) the European Union's Horizon 2020 research and innovation programme under the Marie Sk?odowska-Curie grant agreement (number 801133 to Pravesh Parekh), and the Research Council of Norway (grant number 324252 to Pravesh Parekh).
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New study offers a better way to make AI fairer for everyone | ScienceDaily
In a new paper, researchers from Carnegie Mellon University and Stevens Institute of Technology show a new way of thinking about the fair impacts of AI decisions.


						
They draw on a well-established tradition known as social welfare optimization, which aims to make decisions fairer by focusing on the overall benefits and harms to individuals. This method can be used to evaluate the industry standard assessment tools for AI fairness, which look at approval rates across protected groups.

"In assessing fairness, the AI community tries to ensure equitable treatment for groups that differ in economic level, race, ethnic background, gender, and other categories," explained John Hooker, professor of operations research at the Tepper School of Business at Carnegie Mellon, who coauthored the study and presented the paper at the International Conference on the Integration of Constraint Programming, Artificial Intelligence, and Operations Research (CPAIOR) on May 29 in Uppsala, Sweden. The paper received the Best Paper Award.

Imagine a situation where an AI system decides who gets approved for a mortgage or who gets a job interview. Traditional fairness methods might only ensure that the same percentage of people from different groups get approved.

But what if being denied a mortgage has a much bigger negative impact on someone from a disadvantaged group than on someone from an advantaged group? By employing a social welfare optimization method, AI systems can make decisions that lead to better outcomes for everyone, especially for those in disadvantaged groups.

The study focuses on "alpha fairness," a method of finding a balance between being fair and getting the most benefit for everyone. Alpha fairness can be adjusted to balance fairness and efficiency more or less, depending on the situation.

Hooker and his co-authors show how social welfare optimization can be used to compare different assessments for group fairness currently used in AI. By using this method, we can understand the benefits of applying different group fairness tools in different contexts. It also ties these group fairness assessment tools to the larger world of fairness-efficiency standards used in economics and engineering.




Derek Leben, associate teaching professor of business ethics at the Tepper School, and Violet Chen, assistant professor at Stevens Institute of Technology, who received her Ph.D. from the Tepper School, coauthored the study.

"Common group fairness criteria in AI typically compare statistical metrics of AI-supported decisions across different groups, ignoring the actual benefits or harms of being selected or rejected," said Chen. "We propose a direct, welfare-centric approach to assess group fairness by optimizing decision social welfare. Our findings offer new perspectives on selecting and justifying group fairness criteria."

"Our findings suggest that social welfare optimization can shed light on the intensely discussed question of how to achieve group fairness in AI," Leben said.

The study is important for both AI system developers and policymakers. Developers can create more equitable and effective AI models by adopting a broader approach to fairness and understanding the limitations of fairness measures. It also highlights the importance of considering social justice in AI development, ensuring that technology promotes equity across diverse groups in society.

The paper is published in CPAIOR 2024 Proceedings.
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Synthetic data holds the key to determining best statewide transit investments | ScienceDaily
Synthetically generated population data can reveal the equity impacts of distributing transportation resources and funding across diverse regions, according to new research from NYU's Tandon School of Engineering that uses New York State as a case study.


						
Relying on an artificial dataset representing 19.5 million New York residents and over 120,000 modeled origin-destination trips, researchers from NYU Tandon's C2SMARTER, a Tier 1 U.S U.S. Department of Transportation-funded University Transportation Center, determined how best to invest in transportation services when equitable benefits are an objective.

They presented the findings in a paper published in Transportation Research Part D: Transport and Environment.

"Policymakers often use surveys to allocate transportation resources, but these surveys frequently underrepresent low-income and marginalized communities," said Joseph Chow, Institute Associate Professor of Civil and Urban Engineering, who led the study. "We developed a completely new approach for transportation planning, showing that synthetic data can consistently assess equity impacts across large regions like New York State. Our statewide model parameters are available to any agency to study the multiple effects of new service designs, something previously impossible."

The research team developed what they call an "equity-aware choice-based decision support tool."

Given a budget level, the proposed tool selects optimal service regions for one or two new mobility services considering four objectives: (1) maximizing total revenue, (2) maximizing total increased consumer surplus, meaning delivering consumers cost savings (3) minimizing consumer surplus disparity, meaning making the benefits fair between different groups and (4) minimizing consumer surplus insufficiency, meaning ensuring baseline benefits even in areas that are less profitable.

The first two objectives focus on making the transportation system more efficient and profitable overall. The last two objectives emphasize making sure the benefits are distributed more equitably among different consumer groups and regions.




Using the tool with New York State synthetic data, researchers focused on two hypothetical mobility services: ride-hailing services that offer shorter travel times but higher trip fares, and on-demand microtransit services that provide longer travel times with lower trip fares. The results showed that:
    	Investing mostly in ride-hailing services, focusing on longer trips in metropolitan areas like New York City, maximized revenue.
    	Also prioritizing ride-hailing services but covering shorter trips in metropolitan areas maximized consumer surplus.
    	Investing mainly in on-demand microtransit service, targeting disadvantaged communities, minimized consumer surplus disparity,
    	Splitting the budget between ride-hailing and microtransit services, covering both urban and rural areas, balanced equity and efficiency,

"Microtransit played an outsized role boosting equity, proving more viable in disadvantaged areas. But it needed subsidies to offset lower productivity than ride-hailing," said Chow, who is also Deputy Director of C2SMARTER. "We hope this study is a step towards creating a way to analyze and allocate transportation resources nationally, to produce equitable outcomes throughout the U.S.

Replica, a transportation data and analytics firm, provided the synthetic data for the study. The dataset combines real mobility, demographic, and built environment information with mathematical models, providing details like travel demand patterns, transportation network characteristics, and mode choices for a given region.

"The work Dr. Chow and the team at NYU Tandon are doing is precisely what we had in mind when making Replica data available," said Robert Regue, Director of Research and Development at Replica. "We believe synthetic data is the key to taking a more data driven approach to creating more equitable, sustainable, and economically resilient cities, while protecting personal privacy. We are always excited to see our data contribute to such thoughtful, impactful research."

Along with Chow, the paper's authors are NYU Tandon PhD candidate Xiyuan Ren and ChengHe Guan, Assistant Professor of Urban Science and Policy at NYU Shanghai and Global Network Assistant Professor at NYU. The researchers received funding support from C2SMARTER (U.S. Department of Transportation).
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Low-sodium alternatives can lead to major health gains in Indonesia | ScienceDaily
Excess sodium intake and a lack of potassium are major contributing factors towards high blood pressure in Indonesia, prompting calls for low-sodium potassium-rich salt substitutes (LSSS) to be readily available to improve health and curb health costs.


						
New Griffith University research has looked at the impact of switching out current table salt (100 per cent sodium chloride) with a low-sodium alternative in Indonesia.

Lead author Dr Leopold Aminde from the School of Medicine and Dentistry said the World Health Organisation has recommended a population-wide reduction in sodium consumption to tackle the burden of high blood pressure and non-communicable diseases.

"LSSS look similar to table salt and research shows they have a similar taste with some consumers unable to differentiate between the two options," Dr Aminde said.

"The research shows that making LSSS available would have a positive impact on the Indonesian health system by reducing blood pressure, and preventing heart attacks, strokes, and kidney disease.

"Ultimately it would reduce health expenditure by up to US$2 billion [IDR 27.7 trillion] over 10 years, providing a much-needed cost-saving measure."

Dr. Wahyu Nugraheni, co-author and Head of the Research Centre for Public Health and Nutrition at the National Research and Innovation Agency in Jakarta said: "Indonesians consume more sodium than is physiologically required."

"LSSS are an excellent option to help people effortlessly reduce the sodium in their diet," Dr Nugraheni said.




Over the first 10 years of implementation, LSSS could prevent up to 1.5 million non-fatal cardiovascular disease events and more than 640,000 new cases of chronic kidney disease.

"The greatest health benefits will likely be seen in the low-income bracket of the population," Dr Aminde said.

The research team is hoping the findings will prompt the government in Indonesia, and other countries globally, to consider reformulation of regular salt to LSSS alternatives, or facilitate supply chains to expand their availability and affordability.

The research findings will inform the upcoming WHO guidelines on the evidence gaps related to implementation costs, cost-effectiveness, and the possible impacts on health inequalities.

The paper 'Cost-effectiveness analysis of low-sodium potassium-rich salt substitutes in Indonesia: an equity modelling study' has been published in The Lancet Regional Health -- Southeast Asia.
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AI can help doctors make better decisions and save lives | ScienceDaily
Deploying and evaluating a machine learning intervention to improve clinical care and patient outcomes is a key step in moving clinical deterioration models from byte to bedside, according to a June 13 editorial in Critical Care Medicine that comments on a Mount Sinai study published in the same issue. The main study found that hospitalized patients were 43 percent more likely to have their care escalated and significantly less likely to die if their care team received AI-generated alerts signaling adverse changes in their health.


						
"We wanted to see if quick alerts made by AI and machine learning, trained on many different types of patient data, could help reduce both how often patients need intensive care and their chances of dying in the hospital," says lead study author Matthew A. Levin, MD, Professor of Anesthesiology, Perioperative and Pain Medicine, and Genetics and Genomic Sciences, at Icahn Mount Sinai, and Director of Clinical Data Science at The Mount Sinai Hospital. "Traditionally, we have relied on older manual methods such as the Modified Early Warning Score (MEWS) to predict clinical deterioration. However, our study shows automated machine learning algorithm scores that trigger evaluation by the provider can outperform these earlier methods in accurately predicting this decline. Importantly, it allows for earlier intervention, which could save more lives."

The non-randomized, prospective study looked at 2,740 adult patients who were admitted to four medical-surgical units at The Mount Sinai Hospital in New York. The patients were split into two groups: one that received real-time alerts based on the predicted likelihood of deterioration, sent directly to their nurses and physicians or a "rapid response team" of intensive care physicians, and another group where alerts were created but not sent. In the units where the alerts were suppressed, patients who met standard deterioration criteria received urgent interventions from the rapid response team.

Additional findings in the intervention group demonstrated that patients:
    	were more likely to get medications to support the heart and circulation, indicating that doctors were taking early action; and
    	were less likely to die within 30 days

"Our research shows that real-time alerts using machine learning can substantially improve patient outcomes," says senior study author David L. Reich, MD, President of The Mount Sinai Hospital and Mount Sinai Queens, the Horace W. Goldsmith Professor of Anesthesiology, and Professor of Artificial Intelligence and Human Health at Icahn Mount Sinai. "These models are accurate and timely aids to clinical decision-making that help us bring the right team to the right patient at the right time. We think of these as 'augmented intelligence' tools that speed in-person clinical evaluations by our physicians and nurses and prompt the treatments that keep our patients safer. These are key steps toward the goal of becoming a learning health system."

The study was terminated early due to the COVID-19 pandemic. The algorithm has been deployed on all stepdown units within The Mount Sinai Hospital, using a simplified workflow. A stepdown unit is a specialized area in the hospital where patients who are stable but still require close monitoring and care are placed. It's a step between the intensive care unit (ICU) and a general hospital area, ensuring that patients receive the right level of attention as they recover.

A team of intensive care physicians visits the 15 patients with the highest prediction scores every day and makes treatment recommendations to the doctors and nurses caring for the patient. As the algorithm is continually retrained on larger numbers of patients over time, the assessments by the intensive care physicians serve as the gold standard of correctness, and the algorithm becomes more accurate through reinforcement learning.

In addition to this clinical deterioration algorithm, the researchers have developed and deployed 15 additional AI-based clinical decision support tools throughout the Mount Sinai Health System.

The Mount Sinai paper is titled "Real-Time Machine Learning Alerts to Prevent Escalation of Care: A Nonrandomized Clustered Pragmatic Clinical Trial." The remaining authors of the paper, all with Icahn Mount Sinai except where indicated, are Arash Kia, MD, MSc; Prem Timsina, PhD; Fu-yuan Cheng, MS; Kim-Anh-Nhi Nguyen, MS; Roopa Kohli-Seth, MD; Hung-Mo Lin, ScD (Yale University); Yuxia Ouyang, PhD; and Robert Freeman, RN, MSN, NE-BC.
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Does exercise in greenspace boost the individual health benefits of each? | ScienceDaily
Health practitioners and fitness buffs have long known that regular physical activity offers numerous health benefits, including the prevention of chronic conditions such as cardiovascular disease, diabetes, some cancers and osteoporosis.


						
In addition, exercise enhances immune function and pain control, reduces fall risk and extends life expectancy. Mental health benefits include improved mood, reduced anxiety and decreased risk of dementia and depression.

Despite all these benefits, more than three out of four adults in the United States get far less exercise than the recommended 150 to 300 minutes a week of moderate physical activity or 75 to 150 minutes a week of vigorous physical activity.

Studies have also found that outdoor places such as parks and trails are effective settings for physical activity. The COVID-19 pandemic made this especially clear. Moreover, being in nature provides physical and mental health benefits similar to those of physical activity.

To date, little has been known about any potential additive benefits of engaging in physical activity in natural settings. Could being outdoors increase the effects of exercise while also encouraging more people to exercise? And if so, how could health professionals promote this behavior?

To answer these questions and more, Jay Maddock, Regents Professor with the School of Public Health at Texas A&M University and director of the university-led, collaborative Center for Health & Nature, along with Howard Frumkin, Hagler Fellow and senior vice president and director of the Land and People Lab, assessed the current scientific evidence regarding physical activity in natural settings and developed strategies for promoting these activities.

Their study, published in the American Journal of Lifestyle Medicine, identified several factors that affect how often people visit parks and natural settings, the extent to which they engage in physical activities once there and the benefits they get from this activity.




Maddock and Frumkin found that research suggests exercising in a park or other natural setting is more beneficial than exercising indoors. These studies focused on short-term outcomes of less than one year, however, and whether these benefits occur over the long term remains to be seen.

"Despite this, the research is clear that natural settings could be an effective venue for promoting physical activity," Maddock said. "People generally enjoy being outdoors, with parks, trails and community gardens being the most popular venues."

Factors that make these venues more attractive to visitors include physical features such as community centers, playgrounds, lighting and clear signage, as well natural features such as tree canopy and bodies of water that are well maintained. Activities such as classes and festivals also contribute to their popularity, as do a welcoming environment, a perception of safety, and visitors' strong feeling of connectedness to nature and belief that spending time in these spaces is important.

"Parks and trails are particularly important due to their accessibility and widespread availability, but access varies significantly by geography, and rural areas often have less access to natural spaces because they have more privately held land," Maddock said. "For example, nearly 98 percent of Illinois residents live within half a mile of a park, compared to only 29 percent in Mississippi."

Maddock and Frumkin also found that use of parks and greenspaces for physical activity varies across demographic groups, with men more likely than women to use these spaces for physical activity. In addition, a study of parks in Los Angeles found that Black adults are less likely than white adults to engage in physical activity in parks, while English-speaking Latinos are equally likely and Asian/Pacific Islanders are more likely.

"Some groups -- Black, Indigenous, and other people of color and immigrant and refugee populations, for example -- often have experienced historic or current discrimination that hinders their use of natural spaces, and they routinely have less access to high-quality parks," Frumkin said. "In addition, children, the elderly and people with disabilities face challenges in accessing natural spaces. Ensuring that these spaces are safe and easy to navigate, with appropriate programming, could help increase their use of parks and other natural settings."

With these complexities in mind, Maddock and Frumkin offer four options that health care professionals could implement to encourage the use of parks and other natural settings by their patients.




One is simply to "prescribe" nature contact to patients.

"Recommending that patients spend more time in these settings is known as nature prescriptions or 'ParkRx,' and while more research is needed, the studies to date suggest that this approach is effective," Maddock said.

Another is for health professionals to model this behavior by engaging in it themselves. This modeling has been found to be effective in promoting healthy behaviors while also enhancing the well-being of the health professionals.

A third approach is for health professionals to engage in community efforts that promote the use of outdoor spaces, such as Houston's Be Well Communities initiative, which is supported by the M.D. Anderson Cancer Center.

Finally, health professionals could help create and maintain parks and greenspaces by steering funds into these efforts through Community Health Needs Assessments, Medicaid funds and funds from health care conversion foundations.

"It is clear that the use of parks and natural settings for physical activities could be a potentially powerful tool for promoting two important health behaviors simultaneously," Maddock said. "This could be especially important given that the majority of Americans do not get enough exercise or spend enough time outdoors."
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        First conclusive evidence that a terrestrial leech species can jump
        A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century.

      

      
        Titan's lakes may be shaped by waves
        Geologists studied Titan's shorelines and showed through simulations that coastlines of the moon's methane- and ethane-filled seas have likely been shaped by waves. Until now, scientists have found indirect and conflicting signs of wave activity, based on Cassini images of Titan's surface.

      

      
        Jupiter's great red spot is not the same one Cassini observed in 1600s
        Jupiter's iconic Great Red Spot has persisted for at least 190 years and is likely a different spot from the one observed by the astronomer Giovanni Domenico Cassini in 1665, a new study reports. The Great Red Spot we see today likely formed because of an instability in the planet's intense atmospheric winds, producing a long, persistent atmospheric cell, the study also finds.

      

      
        Researchers create new class of materials called 'glassy gels'
        Researchers have created a new class of materials called 'glassy gels' that are very hard and difficult to break despite containing more than 50% liquid. Coupled with the fact that glassy gels are simple to produce, the material holds promise for a variety of applications.

      

      
        Researchers leverage shadows to model 3D scenes, including objects blocked from view
        A new technique can model an entire 3D scene, including areas hidden from view, from just one camera image. The method relies on image shadows, which provide information about the geometry and location of hidden objects.

      

      
        What happens when neutron stars collide?
        New simulations show that hot neutrinos created at the interface of merging binary neutron stars are briefy trapped and remain out of equilibrium with the cold cores of the stars for 2 to 3 milliseconds.

      

      
        Fishy parenting? Punishing offspring encourages cooperation
        Scientists discovered that Neolamprologus savoryi fish use punishment to encourage offspring to cooperate in brood care, revealing advanced cognitive abilities previously thought unique to higher vertebrates. This study highlights that punishment for promoting cooperation exists beyond human societies, prompting a reevaluation of animal intelligence.

      

      
        The world's oldest wine discovered
        A white wine over 2,000 years old, of Andalusian origin, is the oldest wine ever discovered.

      

      
        Breakthrough may clear major hurdle for quantum computers
        The potential of quantum computers is currently thwarted by a trade-off problem. Quantum systems that can carry out complex operations are less tolerant to errors and noise, while systems that are more protected against noise are harder and slower to compute with. Now a research team has created a unique system that combats the dilemma, thus paving the way for longer computation time and more robust quantum computers.

      

      
        Where to put head and tail?
        Formation of the body axes is a critical part of embryonic development. They guarantee that all body parts end up where they belong and that no ears grow on our backs. The head-tail axis, for example, determines the orientation of the two ends of the body. It was previously assumed that this axis is largely determined by the interplay between the Nodal and BMP signals. However, there appears to be another player in this system, as researchers have now discovered by using an embryo-like model syst...

      

      
        Astronomers see a massive black hole awaken in real time
        In late 2019 the previously unremarkable galaxy SDSS1335+0728 suddenly started shining brighter than ever before. To understand why, astronomers have used data from several space and ground-based observatories, including the European Southern Observatory's Very Large Telescope (ESO's VLT), to track how the galaxy's brightness has varied. In a study out today, they conclude that they are witnessing changes never seen before in a galaxy -- likely the result of the sudden awakening of the massive bl...

      

      
        Researchers teach AI to spot what you're sketching
        A new way to teach artificial intelligence (AI) to understand human line drawings -- even from non-artists -- has been developed.

      

      
        Modified gravity theory: A million light years and still going
        In a breakthrough discovery that challenges the conventional understanding of cosmology, scientists have unearthed new evidence that could reshape our perception of the cosmos. New research shows that rotation curves of galaxies stay flat indefinitely far out, corroborating predictions of modified gravity theory as an alternative to dark matter.

      

      
        Wear it, then recycle: Designers make dissolvable textiles from gelatin
        Researchers hope their DIY machine will help designers around the world experiment with making their own, sustainable fashion and other textiles from a range of natural ingredients -- maybe even the chitin in crab shells or agar-agar from algae.

      

      
        Scientists develop 3D printed vacuum system that aims to trap dark matter
        Using a specially designed 3D printed vacuum system, scientists have developed a way to 'trap' dark matter with the aim of detecting domain walls, this will be a significant step forwards in unravelling some of the mysteries of the universe.

      

      
        Ancient polar sea reptile fossil is oldest ever found in Southern Hemisphere
        An international team of scientists has identified the oldest fossil of a sea-going reptile from the Southern Hemisphere -- a nothosaur vertebra found on New Zealand's South Island. 246 million years ago, at the beginning of the Age of Dinosaurs, New Zealand was located on the southern polar coast of a vast super-ocean called Panthalassa. 'The nothosaur found in New Zealand is over 40 million years older than the previously oldest known sauropterygian fossils from the Southern Hemisphere.

      

      
        Pair of merging quasars at cosmic dawn
        Astronomers have discovered a double-record-breaking pair of quasars. Not only are they the most distant pair of merging quasars ever found, but also the only pair confirmed in the bygone era of the Universe's earliest formation.

      

      
        Investigating the origins of the crab nebula
        A team of scientists used NASA's James Webb Space Telescope to parse the composition of the Crab Nebula, a supernova remnant located 6,500 light-years away in the constellation Taurus.

      

      
        High-precision measurements challenge our understanding of Cepheids
        Scientists have clocked the speed of Cepheid stars -- 'standard candles' that help us measure the size of the universe -- with unprecedented precision, offering exciting new insights about them.

      

      
        Sharks have depleted functional diversity compared to the last 66 million years
        New research has found that sharks retained high levels of functional diversity for most of the last 66 million years, before steadily declining over the last 10 million years to its lowest value in the present day.

      

      
        Sweaty cattle may boost food security in a warming world
        Climate change is making it more difficult to raise cattle -- growth and reproduction are affected by heat -- so it's critical to breed cattle better adapted to a hotter and longer summer. A new study shows it's possible to identify the genes within breeds of cattle that would lead to the sweatiest, heat-tolerant offspring.
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First conclusive evidence that a terrestrial leech species can jump | ScienceDaily
A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century. Researchers from the American Museum of Natural History, Fordham University, and City University of New York (CUNY)'s Medgar Evers College published the footage and corresponding analysis today in the journal Biotropica.


						
"We believe this is the first convincing evidence that leeches can jump and do so with visible energy expenditure," said lead author Mai Fahmy, a visiting scientist at the Museum and a postdoctoral researcher at Fordham University. "There have been previous accounts of leeches jumping, including onto people, but those reports were often explained away as leeches just attaching to passerby as they brushed against shrubs or dropping from a branch above. This study dispels that argument."

During two separate expeditions to Madagascar in 2017 and in 2023, Fahmy recorded footage of leeches from the genus Chtonobdella coiling back on a leaf and then taking off. Fahmy and coauthor Michael Tessler, an assistant professor at CUNY's Medgar Evans College and a research associate at the Museum, compare this motion to a "backbending cobra," or to a spring being pulled back. In both cases, the leech keeps its body extended as it soars through the air to the ground, in a notable departure from their usual inchworm-like movements.

"Essentially, it executes a graceful jump but with a seemingly hard landing," Tessler said.

Several other worm-like invertebrates can jump, including the legless larvae of gall midges (Asphondylia sp.), which assume a loop posture before propelling themselves into the air, the larvae of Mediterranean fruit flies (Ceratitis capitata), "skipper flies" (Prochyliza xanthostoma), and several caterpillars, including Lymantria monacha and Orgyia leucostigma. While naturalists and leech biologists have long argued about the ability of terrestrial leeches in the family Haemadipsidae to jump, with some making observations of leeches leaping in their travel notes, there has been little concrete evidence until now.

Fahmy collected the jumping leech she observed on the 2023 trip, and the researchers identified it as Chtonobdella fallax, a common species in Madagascar. The larger Chtonobdella group of leeches to which C. fallax belongs can be found across Madagascar, the Seychelles, the Malay Archipelago, and the South Pacific Islands.

"We do not know how often this may happen or whether these leeches use this ability to seek out hosts, but, given that we caught multiple jumps in two short recordings, this behavior may be common for this species," said Tessler, who studied leeches extensively as a graduate student in the comparative biology Ph.D. program at the Museum's Richard Gilder Graduate School.

Understanding overall leech behavior is also important to conservation efforts because leeches -- and more specifically, their blood meals -- are increasingly being collected to survey vertebrate biodiversity.

"If we can identify how leeches find and attach to hosts, we can better understand the results of their gut content analyses," Fahmy said. "Leeches are also often overlooked and understudied, and, as a natural part of the ecosystem, leeches themselves may be in need of conservation protection."
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Titan's lakes may be shaped by waves | ScienceDaily
Titan, Saturn's largest moon, is the only other planetary body in the solar system that currently hosts active rivers, lakes, and seas. These otherworldly river systems are thought to be filled with liquid methane and ethane that flows into wide lakes and seas, some as large as the Great Lakes on Earth.


						
The existence of Titan's large seas and smaller lakes was confirmed in 2007, with images taken by NASA's Cassini spacecraft. Since then, scientists have pored over those and other images for clues to the moon's mysterious liquid environment.

Now, MIT geologists have studied Titan's shorelines and shown through simulations that the moon's large seas have likely been shaped by waves. Until now, scientists have found indirect and conflicting signs of wave activity, based on remote images of Titan's surface.

The MIT team took a different approach to investigate the presence of waves on Titan, by first modeling the ways in which a lake can erode on Earth. They then applied their modeling to Titan's seas to determine what form of erosion could have produced the shorelines in Cassini's images. Waves, they found, were the most likely explanation.

The researchers emphasize that their results are not definitive; to confirm that there are waves on Titan will require direct observations of wave activity on the moon's surface.

"We can say, based on our results, that if the coastlines of Titan's seas have eroded, waves are the most likely culprit," says Taylor Perron, the Cecil and Ida Green Professor of Earth, Atmospheric and Planetary Sciences at MIT. "If we could stand at the edge of one of Titan's seas, we might see waves of liquid methane and ethane lapping on the shore and crashing on the coasts during storms. And they would be capable of eroding the material that the coast is made of."

Perron and his colleagues, including first author Rose Palermo, a former MIT-WHOI Joint Program graduate student and a research geologist at the U.S. Geological Survey, will publish their study in a forthcoming issue of Science Advances. Their co-authors include MIT research scientist Jason Soderblom, former MIT postdoc Sam Birch, now an assistant professor at Brown University, Andrew Ashton at the Woods Hole Oceanographic Institution, and Alexander Hayes of Cornell University.




"Taking a different tack"

The presence of waves on Titan has been a somewhat controversial topic ever since Cassini spotted bodies of liquid on the moon's surface.

"Some people who tried to see evidence for waves didn't see any, and said, 'These seas are mirror-smooth,'" Palermo says. "Others said they did see some roughness on the liquid surface but weren't sure if waves caused it."

Knowing whether Titan's seas host wave activity could give scientists information about the moon's climate, such as the strength of the winds that could whip up such waves. Wave information could also help scientists predict how the shape of Titan's seas might evolve over time.

Rather than look for direct signs of wave-like features in images of Titan, Perron says the team had to "take a different tack, and see, just by looking at the shape of the shoreline, if we could tell what's been eroding the coasts."

Titan's seas are thought to have formed as rising levels of liquid flooded a landscape crisscrossed by river valleys. The researchers zeroed in on three scenarios for what could have happened next: no coastal erosion; erosion driven by waves; and "uniform erosion," driven either by "dissolution," in which liquid passively dissolves a coast's material, or a mechanism in which the coast gradually sloughs off under its own weight.




The researchers simulated how various shoreline shapes would evolve under each of the three scenarios. To simulate wave-driven erosion, they took into account a variable known as "fetch," which describes the physical distance from one point on a shoreline to the opposite side of a lake or sea.

"Wave erosion is driven by the height and angle of the wave," Palermo explains. "We used fetch to approximate wave height because the bigger the fetch, the longer the distance over which wind can blow and waves can grow."

To test how shoreline shapes would differ between the three scenarios, the researchers started with a simulated sea with flooded river valleys around its edges. For wave-driven erosion, they calculated the fetch distance from every single point along the shoreline to every other point, and converted these distances to wave heights. Then, they ran their simulation to see how waves would erode the starting shoreline over time. They compared this to how the same shoreline would evolve under erosion driven by uniform erosion. The team repeated this comparative modeling for hundreds of different starting shoreline shapes.

They found that the end shapes were very different depending on the underlying mechanism. Most notably, uniform erosion produced inflated shorelines that widened evenly all around, even in the flooded river valleys, whereas wave erosion mainly smoothed the parts of the shorelines exposed to long fetch distances, leaving the flooded valleys narrow and rough.

"We had the same starting shorelines, and we saw that you get a really different final shape under uniform erosion versus wave erosion," Perron says. "They all kind of look like the flying spaghetti monster because of the flooded river valleys, but the two types of erosion produce very different endpoints."

The team checked their results by comparing their simulations to actual lakes on Earth. They found the same difference in shape between Earth lakes known to have been eroded by waves and lakes affected by uniform erosion, such as dissolving limestone.

A shore's shape

Their modeling revealed clear, characteristic shoreline shapes, depending on the mechanism by which they evolved. The team then wondered: Where would Titan's shorelines fit, within these characteristic shapes?

In particular, they focused on four of Titan's largest, most well-mapped seas: Kraken Mare, which is comparable in size to the Caspian Sea; Ligeia Mare, which is larger than Lake Superior; Punga Mare, which is longer than Lake Victoria; and Ontario Lacus, which is about 20 percent the size of its terrestrial namesake.

The team mapped the shorelines of each Titan sea using Cassini's radar images, and then applied their modeling to each of the sea's shorelines to see which erosion mechanism best explained their shape. They found that all four seas fit solidly in the wave-driven erosion model, meaning that waves produced shorelines that most closely resembled Titan's four seas.

"We found that if the coastlines have eroded, their shapes are more consistent with erosion by waves than by uniform erosion or no erosion at all," Perron says.

The researchers are working to determine how strong Titan's winds must be in order to stir up waves that could repeatedly chip away at the coasts. They also hope to decipher, from the shape of Titan's shorelines, from which directions the wind is predominantly blowing.

"Titan presents this case of a completely untouched system," Palermo says. "It could help us learn more fundamental things about how coasts erode without the influence of people, and maybe that can help us better manage our coastlines on Earth in the future."

This work was supported in part by NASA, the National Science Foundation, the USGS, and the Heising-Simons Foundation.
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Jupiter's great red spot is not the same one Cassini observed in 1600s | ScienceDaily
Jupiter's iconic Great Red Spot has persisted for at least 190 years and is likely a different spot from the one observed by the astronomer Giovanni Domenico Cassini in 1665, a new study reports. The Great Red Spot we see today likely formed because of an instability in the planet's intense atmospheric winds, producing a long, persistent atmospheric cell, the study also finds.


						
The Great Red Spot is the largest known planetary vortex within the solar system, but its age has long been debated, and the mechanism that led to its formation has remained obscure. The new study used historical observations from the 17th century onward and numerical models to explain the longevity and nature of this spectacular phenomenon.

"From the measurements of sizes and movements, we deduced that it is highly unlikely that the current Great Red Spot was the 'Permanent Spot' observed by Cassini," said Agustin Sanchez-Lavega, a planetary scientist at the University of the Basque Country in Bilbao, Spain, who led this research. "The 'Permanent Spot' probably disappeared sometime between the mid-18th and 19th centuries, in which case we can now say that the longevity of the Red Spot exceeds 190 years."

The study was published in Geophysical Research Letters, which is an open-access AGU journal that publishes high-impact, short-format reports with immediate implications spanning all Earth and space sciences.

A spotty history

Jupiter's Great Red Spot is a massive atmospheric vortex, with a diameter approximately that of Earth's. At its outer periphery, winds whip by at 450 kilometers per hour (280 miles per hour). Its red hue, which is due to atmospheric chemical reactions, stands in stark contrast with the gas giant's other pale clouds.

The spot has intrigued scientists for centuries, in part because its large size makes it visible using even small telescopes. In 1665, Cassini discovered a dark oval at the same latitude as today's Great Red Spot and named it the "Permanent Spot," as he and other astronomers observed it until 1713, when they lost track of it. It was not until 1831 and later years that scientists once more observed a clear, oval structure at the same latitude as the Great Red Spot. Given the intermittent historical observations of Jupiter's spots, scientists have long debated whether today's Great Red Spot is the same one 17th-century scientists saw.




In the study, the authors used historical sources dating from the mid-1600s to analyze the evolution of the spot's size, structure and location over time.

"It has been very motivating and inspiring to turn to the notes and drawings of Jupiter and its Permanent Spot made by the great astronomer Jean Dominique Cassini, and to his articles of the second half of the 17th century describing the phenomenon," Sanchez-Lavega said. "Others before us had explored these observations, and now we have quantified the results."

How the spot was formed

The Red Spot, which in 1879 was 39,000 kilometers (about 24,200 miles) at its longest axis, has been shrinking to about the current 14,000 kilometers (8,700 miles) and simultaneously becoming more rounded, the study reported. Since the 1970s, several space missions have studied this meteorological phenomenon; most recently, observations from instruments aboard Juno have revealed that the Great Red Spot is shallow and thin -- useful information for scientists looking to explore the spot's formation.

To explore how this immense vortex could have formed, the researchers carried out numerical simulations on supercomputers using two models of the behavior of thin vortices in Jupiter's atmosphere. The spot could have formed as a result of a gigantic superstorm, similar to those occasionally observed on Jupiter's twin planet Saturn; from the merging of multiple smaller vortices produced by wind shear from the intense wind currents that flow parallel to each other, but alternating in direction with latitude; or from an instability in the winds that could produce an elongated atmospheric cell, similar in shape to the Spot.

The results indicate that, although an anticyclone forms in the first two cases, it differs in terms of shape and dynamic properties from those of the present Great Red Spot. The cell-producing wind instability, on the other hand, could have produced a "proto-Great Red Spot" that then shrank over time, giving rise to the compact and rapidly rotating Great Red Spot observed in the late 19th century.

The formation mechanism is supported by observations of large, elongated cells in the genesis of other major vortices on Jupiter.

Future research will aim to reproduce the Great Red Spot's shrinking over time to elucidate the physical mechanisms underlying the Spot's relative stability. Researchers also aim to predict whether the Great Red Spot will disintegrate and disappear when it reaches a size limit, as might have occurred to Cassini's Permanent Spot, or whether it will stabilize at a size limit at which it may last for many more years.
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Researchers create new class of materials called 'glassy gels' | ScienceDaily
Researchers have created a new class of materials called "glassy gels" that are very hard and difficult to break despite containing more than 50% liquid. Coupled with the fact that glassy gels are simple to produce, the material holds promise for a variety of applications.


						
Gels and glassy polymers are classes of materials that have historically been viewed as distinct from one another. Glassy polymers are hard, stiff and often brittle. They're used to make things like water bottles or airplane windows. Gels -- such as contact lenses -- contain liquid and are soft and stretchy.

"We've created a class of materials that we've termed glassy gels, which are as hard as glassy polymers, but -- if you apply enough force -- can stretch up to five times their original length, rather than breaking," says Michael Dickey, corresponding author of a paper on the work and the Camille and Henry Dreyfus Professor of Chemical and Biomolecular Engineering at North Carolina State University. "What's more, once the material has been stretched, you can get it to return to its original shape by applying heat. In addition, the surface of the glassy gels is highly adhesive, which is unusual for hard materials."

"A key thing that distinguishes glassy gels is that they are more than 50% liquid, which makes them more efficient conductors of electricity than common plastics that have comparable physical characteristics," says Meixiang Wang, co-lead author of the paper and a postdoctoral researcher at NC State.

"Considering the number of unique properties they possess, we're optimistic that these materials will be useful," Wang says.

Glassy gels, as the name suggests, are effectively a material that combines some of the most attractive properties of both glassy polymers and gels. To make them, the researchers start with the liquid precursors of glassy polymers and mix them with an ionic liquid. This combined liquid is poured into a mold and exposed to ultraviolet light, which "cures" the material. The mold is then removed, leaving behind the glassy gel.

"The ionic liquid is a solvent, like water, but is made entirely of ions," says Dickey. "Normally when you add a solvent to a polymer, the solvent pushes apart the polymer chains, making the polymer soft and stretchable. That's why a wet contact lens is pliable, and a dry contact lens isn't. In glassy gels, the solvent pushes the molecular chains in the polymer apart, which allows it to be stretchable like a gel. However, the ions in the solvent are strongly attracted to the polymer, which prevents the polymer chains from moving. The inability of chains to move is what makes it glassy. The end result is that the material is hard due to the attractive forces, but is still capable of stretching due to the extra spacing."

The researchers found that glassy gels could be made with a variety of different polymers and ionic liquids, though not all classes of polymers can be used to create glassy gels.




"Polymers that are charged or polar hold promise for glassy gels, because they're attracted to the ionic liquid," Dickey says.

In testing, the researchers found that the glassy gels don't evaporate or dry out, even though they consist of 50-60% liquid.

"Maybe the most intriguing characteristic of the glassy gels is how adhesive they are," says Dickey. "Because while we understand what makes them hard and stretchable, we can only speculate about what makes them so sticky."

The researchers also think glassy gels hold promise for practical applications because they're easy to make.

"Creating glassy gels is a simple process that can be done by curing it in any type of mold or by 3D printing it," says Dickey. "Most plastics with similar mechanical properties require manufacturers to create polymer as a feedstock and then transport that polymer to another facility where the polymer is melted and formed into the end product.

"We're excited to see how glassy gels can be used and are open to working with collaborators on identifying applications for these materials."

The paper, "Glassy Gels Toughened by Solvent," will be published June 19 in the journal Nature. Co-lead author of the paper is Xun Xiao of the University of North Carolina at Chapel Hill. The paper was co-authored by Salma Siddika, a Ph.D. student at NC State; Mohammad Shamsi, a former Ph.D. student at NC State; Ethan Frey, a former undergrad at NC state; Brendan O'Connor, a professor of mechanical and aerospace engineering at NC State; Wubin Bai, a professor of applied physical sciences at UNC; and Wen Qian, a research associate professor of mechanical and materials engineering at the University of Nebraska-Lincoln.

The work was partially supported by funding from the Coastal Studies Institute.
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Researchers leverage shadows to model 3D scenes, including objects blocked from view | ScienceDaily
Imagine driving through a tunnel in an autonomous vehicle, but unbeknownst to you, a crash has stopped traffic up ahead. Normally, you'd need to rely on the car in front of you to know you should start braking. But what if your vehicle could see around the car ahead and apply the brakes even sooner?


						
Researchers from MIT and Meta have developed a computer vision technique that could someday enable an autonomous vehicle to do just that.

They have introduced a method that creates physically accurate, 3D models of an entire scene, including areas blocked from view, using images from a single camera position. Their technique uses shadows to determine what lies in obstructed portions of the scene.

They call their approach PlatoNeRF, based on Plato's allegory of the cave, a passage from the Greek philosopher's "Republic"in which prisoners chained in a cave discern the reality of the outside world based on shadows cast on the cave wall.

By combining lidar (light detection and ranging) technology with machine learning, PlatoNeRF can generate more accurate reconstructions of 3D geometry than some existing AI techniques. Additionally, PlatoNeRF is better at smoothly reconstructing scenes where shadows are hard to see, such as those with high ambient light or dark backgrounds.

In addition to improving the safety of autonomous vehicles, PlatoNeRF could make AR/VR headsets more efficient by enabling a user to model the geometry of a room without the need to walk around taking measurements. It could also help warehouse robots find items in cluttered environments faster.

"Our key idea was taking these two things that have been done in different disciplines before and pulling them together -- multibounce lidar and machine learning. It turns out that when you bring these two together, that is when you find a lot of new opportunities to explore and get the best of both worlds," says Tzofi Klinghoffer, an MIT graduate student in media arts and sciences, affiliate of the MIT Media Lab, and lead author of a paper on PlatoNeRF.




Klinghoffer wrote the paper with his advisor, Ramesh Raskar, associate professor of media arts and sciences and leader of the Camera Culture Group at MIT; senior author Rakesh Ranjan, a director of AI research at Meta Reality Labs; as well as Siddharth Somasundaram at MIT, and Xiaoyu Xiang, Yuchen Fan, and Christian Richardt at Meta. The research will be presented at the Conference on Computer Vision and Pattern Recognition.

Shedding light on the problem

Reconstructing a full 3D scene from one camera viewpoint is a complex problem.

Some machine-learning approaches employ generative AI models that try to guess what lies in the occluded regions, but these models can hallucinate objects that aren't really there. Other approaches attempt to infer the shapes of hidden objects using shadows in a color image, but these methods can struggle when shadows are hard to see.

For PlatoNeRF, the MIT researchers built off these approaches using a new sensing modality called single-photon lidar. Lidars map a 3D scene by emitting pulses of light and measuring the time it takes that light to bounce back to the sensor. Because single-photon lidars can detect individual photons, they provide higher-resolution data.

The researchers use a single-photon lidar to illuminate a target point in the scene. Some light bounces off that point and returns directly to the sensor. However, most of the light scatters and bounces off other objects before returning to the sensor. PlatoNeRF relies on these second bounces of light.




By calculating how long it takes light to bounce twice and then return to the lidar sensor, PlatoNeRF captures additional information about the scene, including depth. The second bounce of light also contains information about shadows.

The system traces the secondary rays of light -- those that bounce off the target point to other points in the scene -- to determine which points lie in shadow (due to an absence of light). Based on the location of these shadows, PlatoNeRF can infer the geometry of hidden objects.

The lidar sequentially illuminates 16 points, capturing multiple images that are used to reconstruct the entire 3D scene.

"Every time we illuminate a point in the scene, we are creating new shadows. Because we have all these different illumination sources, we have a lot of light rays shooting around, so we are carving out the region that is occluded and lies beyond the visible eye," Klinghoffer says.

A winning combination

Key to PlatoNeRF is the combination of multibounce lidar with a special type of machine-learning model known as a neural radiance field (NeRF). A NeRF encodes the geometry of a scene into the weights of a neural network, which gives the model a strong ability to interpolate, or estimate, novel views of a scene.

This ability to interpolate also leads to highly accurate scene reconstructions when combined with multibounce lidar, Klinghoffer says.

"The biggest challenge was figuring out how to combine these two things. We really had to think about the physics of how light is transporting with multibounce lidar and how to model that with machine learning," he says.

They compared PlatoNeRF to two common alternative methods, one that only uses lidar and the other that only uses a NeRF with a color image.

They found that their method was able to outperform both techniques, especially when the lidar sensor had lower resolution. This would make their approach more practical to deploy in the real world, where lower resolution sensors are common in commercial devices.

"About 15 years ago, our group invented the first camera to 'see' around corners, that works by exploiting multiple bounces of light, or 'echoes of light.' Those techniques used special lasers and sensors, and used three bounces of light. Since then, lidar technology has become more mainstream, that led to our research on cameras that can see through fog. This new work uses only two bounces of light, which means the signal to noise ratio is very high, and 3D reconstruction quality is impressive," Raskar says.

In the future, the researchers want to try tracking more than two bounces of light to see how that could improve scene reconstructions. In addition, they are interested in applying more deep learning techniques and combining PlatoNeRF with color image measurements to capture texture information.

Further information: https://openaccess.thecvf.com/content/CVPR2024/html/Klinghoffer_PlatoNeRF_3D_Reconstruction_in_Platos_Cave_via_Single-View_Two-Bounce_Lidar_CVPR_2024_paper.html
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What happens when neutron stars collide? | ScienceDaily
When stars collapse, they can leave behind incredibly dense but relatively small and cold remnants called neutron stars. If two stars collapse in close proximity, the leftover binary neutron stars spiral in and eventually collide, and the interface where the two stars begin merging becomes incredibly hot. New simulations of these events show hot neutrinos -- tiny, essentially massless particles that rarely interact with other matter -- that are created during the collision can be briefly trapped at these interfaces and remain out of equilibrium with the cold cores of the merging stars for 2 to 3 milliseconds. During this time, the simulations show that the neutrinos can weakly interact with the matter of the stars, helping to drive the particles back toward equilibrium -- and lending new insight into the physics of these powerful events.


						
A paper describing the simulations, by a research team led by Penn State physicists, appeared in the journal Physical Reviews Letters.

"For the first time in 2017, we observed here on Earth signals of various kinds, including gravitational waves, from a binary neutron star merger," said Pedro Luis Espino, a postdoctoral researcher at Penn State and the University of California, Berkeley, who led the research. "This led to a huge surge of interest in binary neutron star astrophysics. There is no way to reproduce these events in a lab to study them experimentally, so the best window we have into understanding what happens during a binary neutron star merger is through simulations based on math that arises from Einstein's theory of general relativity."

Neutron stars get their name because they are thought to be composed almost entirely out of neutrons, the uncharged particles that, along with positively charged protons and negatively charged electrons, make up atoms. Their incredible density -- only black holes are smaller and denser -- is thought to squeeze protons and electrons together, fusing them into neutrons. A typical neutron star is only tens of kilometers across but has about one-and-a-half times the mass of our Sun, which is about 1.4 million kilometers across. A teaspoon of neutron star material might weigh as much as a mountain, tens or hundreds of millions of tons.

"Neutron stars before the merger are effectively cold, while they may be billions of degrees Kelvin, their incredible density means that this heat contributes very little to the energy of the system," said David Radice, assistant professor of physics and of astronomy and astrophysics in the Eberly College of Science at Penn State and a leader of the research team. "As they collide, they can become really hot, the interface of the colliding stars can be heated up to temperatures in the trillions of degrees Kelvin. However, they are so dense that photons cannot escape to dissipate the heat; instead, we think they cool down by emitting neutrinos."

According to the researchers, neutrinos are created during the collision as neutrons in the stars smash into each other and are blasted apart into protons, electrons and neutrinos. What then happens in those first moments after a collision has been an open question in astrophysics.

To try to answer that question, the research team created simulations requiring massive amounts of computing power that model the merger of binary neutron stars and all of the associated physics. The simulations showed for the first time that, however briefly, even neutrinos can be trapped by the heat and density of the merger. The hot neutrinos are out of equilibrium with the still cool cores of the stars and can interact with the matter of the stars.




"These extreme events stretch the bounds of our understanding of physics and studying them allows us to learn new things," Radice said. "The period where the merging stars are out of equilibrium is only 2 to 3 milliseconds, but like temperature, time is relative here, the orbital period of the two stars before the merge can be as little as 1 millisecond. This brief out-of-equilibrium phase is when the most interesting physics occurs, once the system returns to equilibrium, the physics is better understood."

The researchers explained that the precise physical interactions that occur during the merger can impact the types of signals that could be observed on Earth from binary star mergers.

"How the neutrinos interact with the matter of the stars and eventually are emitted can impact the oscillations of the merged remnants of the two stars, which in turn can impact what the electromagnetic and gravitation wave signals of the merger look like when they reach us here on Earth," Espino said. "Next-generation gravitation-wave detectors could be designed to look for these kinds of signal differences. In this way, these simulations play a crucial role allowing us to get insight into these extreme events while informing future experiments and observations in a kind of feedback loop."

In addition to Espino and Radice, the research team includes postdoctoral scholars Peter Hammond and Rossella Gamba at Penn State; Sebastiano Bernuzzi, Francesco Zappa and Luis Felipe Longo Micchi at Friedrich-Schiller-Universitat Jena in Germany; and Albino Perego at Universita di Trento in Italy.

Funding from the U.S. National Science Foundation; the U.S. Department of Energy (DOE), Office of Science, Division of Nuclear Physics; the Deutsche Forschungsgemeinschaft; and the European Union Horizon 2020 and Europe Horizon initiatives supported this research. Simulations were performed on Bridges2, Expanse, Frontera and Perlmutter supercomputers. The research used resources of the National Energy Research Scientific Computing Center, a DOE Office of Science User Facility supported by the Office of Science of the U.S. Department of Energy. The authors acknowledged the Gauss Centre for Supercomputing e.V. for funding this project by providing computing time on the GCS Supercomputer SuperMUC-NG at the Leibniz Supercomputing Centre.
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Fishy parenting? Punishing offspring encourages cooperation | ScienceDaily
While there is an increasing consensus among humans that corporal discipline of children does more harm than good, fish may disagree.


						
Ryo Hidaka, Shumpei Sogawa, Masanori Kohda and Satoshi Awata from Osaka Metropolitan University have demonstrated that a fish species employs physical punishment to elicit helping efforts from their offspring, indicating advanced social and cognitive skills previously thought to be unique to higher vertebrates.

The results of their study were published online in Animal Behaviour on April 6.

For millennia, human societies have used punishment to promote cooperation and maintain social order. But humans are not the only species seeking better cooperative behavior. So how do other animals achieve this?

Seeking an answer, the research team from the Graduate School of Science at Osaka Metropolitan University took a look at a rather taciturn animal: fish, more specifically, Neolamprologus savoryi, a cooperatively breeding cichlid fish.

"Even though punishment in cooperatively breeding cichlid fish has been studied, there is limited evidence that they use punishment to encourage cooperative behavior," said Satoshi Awata, a professor at Osaka Metropolitan University and lead author of the study.

N. savoryi subordinates, or helpers, assist dominant breeders in, for example, defending territory against intruders or maintaining the breeding shelter. By observing the behavior of N. savoryi in a controlled laboratory setting, the researchers were able to manipulate and measure the effects of punishment on helping behavior.




Their results showed that dominant breeders physically attacked idle helpers -- including their own offspring -- to promote the latter's participation in cooperative activities. Indeed, those experiencing such aggression subsequently increased their efforts in helping behaviors. In contrast, helpers who engaged proactively in helping behaviors avoided aggression from dominant breeders.

"Our study demonstrated that nonhuman animals also use punishment to elicit cooperative behaviors in group members," Awata said.

The study's findings highlight that punishment is not exclusive to human societies but is also present in how other animals enforce cooperation and maintain social relationships. This research bridges a gap in understanding the evolution of cooperative behavior and the mechanisms animals use to sustain it.

"Our findings reveal that fish, like humans, employ advanced cognitive abilities to sustain their societies. This compels us to reconsider the notion of 'intelligence' not only in fish but across the animal kingdom," Awata said.
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The world's oldest wine discovered | ScienceDaily
Hispana, Senicio and the other four inhabitants (two men and two women, their names unknown) of a Roman tomb in Carmona, discovered in 2019, probably never imagined that what for them was a funerary ritual would end up being momentous 2,000 years later, for an entirely different reason. As part of that ritual, the skeletal remains of one of the men were immersed in a liquid inside a glass funerary urn. This liquid, which over time has acquired a reddish hue, has been preserved since the first century AD, and a team with the Department of Organic Chemistry at the University of Cordoba, led by Professor Jose Rafael Ruiz Arrebola, in collaboration with the City of Carmona, has identified it as the oldest wine ever discovered, thus toppingthe Speyer wine bottle discovered in 1867 and dated to the fourth century AD, preserved in the Historical Museum of Pfalz (Germany).


						
"At first we were very surprised that liquid was preserved in one of the funerary urns," explains the City of Carmona's municipal archaeologist Juan Manuel Roman. After all, 2,000 years had passed, but the tomb's conservation conditions were extraordinary;fully intact and well-sealed ever since, the tomb allowed the wine to maintain its natural state, ruling out other causes such as floods, leaks inside the chamber, or condensation processes.

The challenge was to dispel the research team's suspicions and confirm that the reddish liquid really was wine rather than a liquid that was once wine but had lost many of its essential characteristics. To do this they ran a series of chemical analyses at the UCO's Central Research Support Service (SCAI) and published them in the Journal of Archaeological Science: Reports. They studied its pH, absence of organic matter, mineral salts, the presence of certain chemical compounds that could be related to the glass of the urn, or the bones of the deceased; and compared it to current Montilla-Moriles, Jerez and Sanlucar wines. Thanks to all this they had their first evidence that the liquid was, in fact, wine.

But the key to its identification hinged on polyphenols, biomarkers present in all wines. Thanks to a technique capable of identifying these compounds in very low quantities, the team found seven specific polyphenols also present in wines from Montilla-Moriles, Jerez and Sanlucar. The absence of a specific polyphenol, syringic acid, served to identify the wine as white. Despite this, and the fact that this type of wine accords with bibliographic, archaeological and iconographic sources, the team clarifies that the fact that this acid is not present may be due to degradation over time.

Most difficult to determine was the origin of the wine, as there are no samples from the same period with which to compare it. Even so, the mineral salts present in the tomb's liquid are consistent with the white wines currently produced in the territory, which belonged to the former province of Betis, especially Montilla-Moriles wines.

A question of gender

The fact that the man's skeletal remains were immersed in the wine is no coincidence. Women in ancient Rome were long prohibited from drinking wine. It was a man's drink. And the two glass urns in the Carmona tomb are elements illustrating Roman society's gender divisions in its funerary rituals. While the bones of the man were immersed in wine, along with a gold ring and other bone remains from the funeral bed on which he had been cremated, the urn containing the remains of the woman did not contain a drop of wine, but rather three amber jewels, a bottle ofperfume with a patchouli scent, and the remains of fabrics, with initial analyses seeming to indicate that they were of silk.

The wine, as well as the rings, the perfume and the other elements were part of a funerary trousseau that was to accompany the deceased in their voyage into the afterlife. In ancient Rome, as in other societies, death had a special meaning and people wanted to be remembered so as to remain alive in some way. This tomb, actually a circular mausoleum that probably housed a wealthy family, was located next to the important road that connected Carmo with Hispalis (Seville). It was formerly marked with a tower, which has since disappeared. Two thousand years later, and after a long time in oblivion, Hispana, Senicio and their four companions have not only been remembered, but have also shed a lot of light on the funerary rituals of ancient Rome while making it possible to identify the liquid in the glass urn as the oldest wine in the world.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240618115635.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Breakthrough may clear major hurdle for quantum computers | ScienceDaily
The potential of quantum computers is currently thwarted by a trade-off problem. Quantum systems that can carry out complex operations are less tolerant to errors and noise, while systems that are more protected against noise are harder and slower to compute with. Now a research team from Chalmers University of Technology, in Sweden, has created a unique system that combats the dilemma, thus paving the way for longer computation time and more robust quantum computers.


						
For the impact of quantum computers to be realised in society, quantum researchers first need to deal with some major obstacles. So far, errors and noise stemming from, for example, electromagnetic interference or magnetic fluctuations, cause the sensitive qubits to lose their quantum states -- and subsequently their ability to continue the calculation. The amount of time that a quantum computer can work on a problem is thus so far limited. Additionally, for a quantum computer to be able to tackle complex problems, quantum researchers need to find a way to control the quantum states. Like a car without a steering wheel, quantum states may be considered somewhat useless if there is no efficient control system to manipulate them.

However, the research field is facing a trade-off problem. Quantum systems that allow for efficient error correction and longer computation times are on the other hand deficient in their ability to control quantum states -- and vice versa. But now a research team at Chalmers University of Technology has managed to find a way to battle this dilemma.

"We have created a system that enables extremely complex operations on a multi-state quantum system, at an unprecedented speed." says Simone Gasparinetti, leader of the 202Q-lab at Chalmers University of Technology and senior author of the study.

Deviates from the two-quantum-state principle 

While the building blocks of a classical computer, bits, have either the value 1 or 0, the most common building blocks of quantum computers, qubits, can have the value 1 and 0 at the same time -- in any combination. The phenomenon is called superposition and is one of the key ingredients that enable a quantum computer to perform simultaneous calculations, with enormous computing potential as a result. However, qubits encoded in physical systems are extremely sensitive to errors, which has led researchers in the field to search for ways to detect and correct these errors. The system created by the Chalmers researchers is based on so called continuous-variable quantum computing and uses harmonic oscillators, a type of microscopic component, to encode information linearly. The oscillators used in the study consist of thin strips of superconducting material patterned on an insulating substrate to form microwave resonators, a technology fully compatible with the most advanced superconducting quantum computers. The method is previously known in the field and departs from the two-quantum state principle as it offers a much larger number of physical quantum states, thus making quantum computers significantly better equipped against errors and noise.

"Think of a qubit as a blue lamp that, quantum mechanically, can be both switched on and off simultaneously. In contrast, a continuous variable quantum system is like an infinite rainbow, offering a seamless gradient of colours. This illustrates its ability to access a vast number of states, providing far richer possibilities than the qubit's two states," says Axel Eriksson, researcher in quantum technology at Chalmers University of Technology and lead author of the study.




Combats trade-off problem between operation complexity and fault tolerance 

Although continuous-variable quantum computing based on harmonic oscillators enables improved error correction, its linear nature does not allow for complex operations to be carried out. Attempts to combine harmonic oscillators with control systems such as superconducting quantum systems have been made but have been hindered by the so-called Kerr-effect. The Kerr-effect in turn scrambles the many quantum states offered by the oscillator, canceling the desired effect.

By putting a control system device inside the oscillator, the Chalmers researchers were able to circumvent the Kerr-effect and combat the trade-off problem. The system presents a solution that preserves the advantages of the harmonic oscillators, such as a resource-efficient path towards fault tolerance, while enabling accurate control of quantum states at high speed. The system is described in an article published in Nature Communications and may pave the way for more robust quantum computers.

"Our community has often tried to keep superconducting elements away from quantum oscillators, not to scramble the fragile quantum states. In this work, we have challenged this paradigm. By embedding a controlling device at the heart of the oscillator we were able to avoid scrambling the many quantum states while at the same time being able to control and manipulate them. As a result, we demonstrated a novel set of gate operations performed at very high speed," says Simone Gasparinetti.
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Where to put head and tail? | ScienceDaily
Formation of the body axes is a critical part of embryonic development. They guarantee that all body parts end up where they belong and that no ears grow on our backs. The head-tail axis, for example, determines the orientation of the two ends of the body. It was previously assumed that this axis is largely determined by the interplay between the Nodal and BMP signals.


						
However, there appears to be another player in this system, as the research groups led by Christian Schroter at the Max Planck Institute of Molecular Physiology in Dortmund and Ivan Bedzhov at the Max Planck Institute of Molecular Biomedicine in Munster have now discovered by using an embryo-like model system they developed. In the absence of BMP, the signalling molecule beta-catenin takes on the role of the Nodal antagonist. This new mechanism could be a flexible solution for axis formation in embryos with different shapes.

Our basic body plan is determined early during embryonic development by the formation of three body axes. Put simply, they determine where up and down, front and back and right and left are. The head-tail axis determines the position of the two body openings, the mouth and anus. The activation of various regulatory genes along the head-tail axis and two further body axes leads to the development of certain cell types and tissues. In this way, the axes determine the blueprint for the later body shape. However, despite this important role, many questions about axis formation remain unanswered.

Mice look like cups ...

In evolutionary terms, the head-tail axis is the oldest body axis and is determined early on in embryonic development. In mice, it develops just a few days after fertilisation. At this stage, the embryo looks like a cup consisting of two layers of cells and a thick lid. At the bottom of the cup, a new cell population develops in the outer cell layer, the visceral endoderm. The cells of this so-called anterior visceral endoderm (AVE) then move towards the edge of the cup and stop approximately halfway. At this point, the head develops from the inner cell layer of the cup, the epiblast, and the tail develops on the opposite side. It was previously assumed that this process is triggered and controlled by the antagonism of two molecular signals. The epiblast emits Nodal, while the lid, the extraembryonic endoderm, releases the counterpart BMP. The bottom of the cup, which is furthest away from the lid, receives the least amount of the BMP signal. As a result, the Nodal signal predominates there and the AVE population differentiates.

... Humans like discs

In their current study, the Max Planck researchers were able to identify another key player in axis formation. To this end, they developed a novel embryo-like model system consisting of a layer of epiblast and a layer of VE cells -- a cup without a lid. They achieved this with the targeted and controlled treatment of embryonic mouse stem cells with growth factors. And despite the lack of BMP signalling from the extra-embryonic tissue, an AVE cell population was able to form from the VE cells -- the starting point for the development of the first body axis. The researchers were able to show that beta-catenin, a signalling molecule that was previously only known as a regulator of another body axis in embryonic development, is required for this. "It is quite possible that beta-catenin also plays an important role in the development of the head-tail axis in human embryos. The human embryo is more reminiscent of a disc than a cup. It is therefore quite likely that the distribution of BMP is quite different from that in the mouse embryo and that other mechanisms play a role in the formation of the first body axis," says Christian Schroter.

Stem cells on the same wavelength

"Our two-layer embryo-like aggregates were the key to our success. Other studies usually use a mixture of different stem cell lines. However, the cell populations we used come from just one stem cell line. This means that they not only have an identical genetic background, but also utilise the same communication systems. You could also say that they are on the same wavelength," says Schroter. "Aggregates of human embryonic stem cells modelled on our system could be a promising experimental tool for investigating events during embryonic development in the future."
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Astronomers see a massive black hole awaken in real time | ScienceDaily
In late 2019 the previously unremarkable galaxy SDSS1335+0728 suddenly started shining brighter than ever before. To understand why, astronomers have used data from several space and ground-based observatories, including the European Southern Observatory's Very Large Telescope (ESO's VLT), to track how the galaxy's brightness has varied. In a study out today, they conclude that they are witnessing changes never seen before in a galaxy -- likely the result of the sudden awakening of the massive black hole at its core.


						
"Imagine you've been observing a distant galaxy for years, and it always seemed calm and inactive," says Paula Sanchez Saez, an astronomer at ESO in Germany and lead author of the study accepted for publication in Astronomy & Astrophysics. "Suddenly, its [core] starts showing dramatic changes in brightness, unlike any typical events we've seen before." This is what happened to SDSS1335+0728, which is now classified as having an 'active galactic nucleus' (AGN) -- a bright compact region powered by a massive black hole -- after it brightened dramatically in December 2019 [1].

Some phenomena, like supernova explosions or tidal disruption events -- when a star gets too close to a black hole and is torn apart -- can make galaxies suddenly light up. But these brightness variations typically last only a few dozen or, at most, a few hundreds of days. SDSS1335+0728 is still growing brighter today, more than four years after it was first seen to 'switch on'. Moreover, the variations detected in the galaxy, which is located 300 million light-years away in the constellation Virgo, are unlike any seen before, pointing astronomers towards a different explanation.

The team tried to understand these brightness variations using a combination of archival data and new observations from several facilities, including the X-shooter instrument on ESO's VLT in Chile's Atacama Desert [2]. Comparing the data taken before and after December 2019, they found that SDSS1335+0728 is now radiating much more light at ultraviolet, optical, and infrared wavelengths. The galaxy also started emitting X-rays in February 2024. "This behaviour is unprecedented," says Sanchez Saez, who is also affiliated with the Millennium Institute of Astrophysics (MAS) in Chile.

"The most tangible option to explain this phenomenon is that we are seeing how the [core] of the galaxy is beginning to show (...) activity," says co-author Lorena Hernandez Garcia, from MAS and the University of Valparaiso in Chile. "If so, this would be the first time that we see the activation of a massive black hole in real time."

Massive black holes -- with masses over one hundred thousand times that of our Sun -- exist at the centre of most galaxies, including the Milky Way. "These giant monsters usually are sleeping and not directly visible," explains co-author Claudio Ricci, from the Diego Portales University, also in Chile. "In the case of SDSS1335+0728, we were able to observe the awakening of the massive black hole, [which] suddenly started to feast on gas available in its surroundings, becoming very bright."

"[This] process (...) has never been observed before," Hernandez Garcia says. Previous studies reported inactive galaxies becoming active after several years, but this is the first time the process itself -- the awakening of the black hole -- has been observed in real time. Ricci, who is also affiliated with the Kavli Institute for Astronomy and Astrophysics at Peking University, China, adds: "This is something that could happen also to our own Sgr A*, the massive black hole (...) located at the centre of our galaxy," but it is unclear how likely this is to happen.




Follow-up observations are still needed to rule out alternative explanations. Another possibility is that we are seeing an unusually slow tidal disruption event, or even a new phenomenon. If it is in fact a tidal disruption event, this would be the longest and faintest such event ever observed. "Regardless of the nature of the variations, [this galaxy] provides valuable information on how black holes grow and evolve," Sanchez Saez says. "We expect that instruments like [MUSE on the VLT or those on the upcoming Extremely Large Telescope (ELT)] will be key in understanding [why the galaxy is brightening]."

Notes

[1] The SDSS1335+0728 galaxy's unusual brightness variations were detected by the Zwicky Transient Facility (ZTF) telescope in the US. Following that, the Chilean-led Automatic Learning for the Rapid Classification of Events (ALeRCE) broker classified SDSS1335+0728 as an active galactic nucleus.

[2] The team collected archival data from NASA's Wide-field Infrared Survey Explorer (WISE) and Galaxy Evolution Explorer (GALEX), the Two Micron All Sky Survey (2MASS), the Sloan Digital Sky Survey (SDSS), and the eROSITA instrument on IKI and DLR's Spektr-RG space observatory. Besides ESO's VLT, the follow-up observations were conducted with the Southern Astrophysical Research Telescope (SOAR), the W. M. Keck Observatory, and NASA's Neil Gehrels Swift Observatory and Chandra X-ray Observatory.
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Researchers teach AI to spot what you're sketching | ScienceDaily
A new way to teach artificial intelligence (AI) to understand human line drawings -- even from non-artists -- has been developed by a team from the University of Surrey and Stanford University.


						
The new model approaches human levels of performance in recognising scene sketches.

Dr Yulia Gryaditskaya, Lecturer at Surrey's Centre for Vision, Speech and Signal Processing (CVSSP) and Surrey Institute for People-Centred AI (PAI), said:

"Sketching is a powerful language of visual communication. It is sometimes even more expressive and flexible than spoken language.

"Developing tools for understanding sketches is a step towards more powerful human-computer interaction and more efficient design workflows. Examples include being able to search for or create images by sketching something."

People of all ages and backgrounds use drawings to explore new ideas and communicate. Yet, AI systems have historically struggled to understand sketches.

AI has to be taught how to understand images. Usually, this involves a labour-intensive process of collecting labels for every pixel in the image. The AI then learns from these labels.




Instead, the team taught the AI using a combination of sketches and written descriptions. It learned to group pixels, matching them against one of the categories in a description.

The resulting AI displayed a much richer and more human-like understanding of these drawings than previous approaches. It correctly identified and labelled kites, trees, giraffes and other objects with an 85% accuracy. This outperformed other models which relied on labelled pixels.

As well as identifying objects in a complex scene, it could identify which pen strokes were intended to depict each object. The new method works well with informal sketches drawn by non-artists, as well as drawings of objects it was not explicitly trained on.

Professor Judith Fan, Assistant Professor of Psychology at Stanford University, said:

"Drawing and writing are among the most quintessentially human activities and have long been useful for capturing people's observations and ideas.

"This work represents exciting progress towards AI systems that understand the essence of the ideas people are trying to get across, regardless of whether they are using pictures or text."

The research forms part of Surrey's Institute for People-Centred AI, and in particular its SketchX programme. Using AI, SketchX seeks to understand the way we see the world by the way we draw it.




Professor Yi-Zhe Song, Co-director of the Institute for People-Centred AI, and SketchX lead, said:

"This research is a prime example of how AI can enhance fundamental human activities like sketching. By understanding rough drawings with near-human accuracy, this technology has immense potential to empower people's natural creativity, regardless of artistic ability."

The findings will be presented at the IEEE/CVF Conference on Computer Vision and Pattern Recognition 2024. It takes place in Seattle from 17-21 June 2024.
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Modified gravity theory: A million light years and still going | ScienceDaily
In a breakthrough discovery that challenges the conventional understanding of cosmology, scientists at Case Western Reserve University have unearthed new evidence that could reshape our perception of the cosmos.


						
Tobias Mistele, a post-doctoral scholar in the Department of Astronomy at Case Western Reserve's College of Arts and Sciences, pioneered a revolutionary technique using "gravitational lensing" to delve into the enigmatic realm of dark matter. He found that the rotation curves of galaxies remain flat for millions of light years with no end in sight.

Scientists have previously believed that the rotation curves of galaxies must decline the farther out you peer into space.

Traditionally, the behavior of stars within galaxies has puzzled astronomers. According to Newtonian gravity, stars on the outer edges should be slower due to diminished gravitational pull. This was not observed, leading to the inference of dark matter. But even dark matter halos should come to an end, so rotation curves should not remain flat indefinitely.

Mistele's analysis defies this expectation, providing a startling revelation: the influence of what we call dark matter extends far beyond previous estimates, , stretching at least a million light-years from the galactic center.

Such a long-range effect may indicate that dark matter -- as we understand it -- might not exist at all.

"This finding challenges existing models," he said, "suggesting there exist either vastly extended dark matter halos or that we need to fundamentally reevaluate our understanding of gravitational theory."

Stacy McGaugh, professor and director of the Department of Astronomy in the College of Arts and Sciences, said Mistele's findings, slated for publication in the Astrophysical Journal Letters, push traditional boundaries.




"The implications of this discovery are profound," McGaugh said. "It not only could redefine our understanding of dark matter, but also beckons us to explore alternative theories of gravity, challenging the very fabric of modern astrophysics."

Turning Einstein's theory on its head

The primary technique Mistele used in his research, gravitational lensing, is a phenomenon predicted by Einstein's theory of general relativity. Essentially, it occurs when a massive object, like a galaxy cluster or even a single massive star, bends the path of light coming from a distant source. This bending of light happens because the mass of the object warps the fabric of spacetime around it. This bending of light by galaxies persists over much larger scales than expected.

As part of the research, Mistele plotted out what's called Tully-Fisher relation on a chart to highlight the empirical relationship between the visible mass of a galaxy and its rotation speed.

"We knew this relationship existed," Mistele said. "But it wasn't obvious that the relationship would hold the farther you go out. How far does this behavior persist? That's the question, because it can't persist forever."

Mistele said his discovery underscores the necessity for further exploration and collaboration within the scientific community -- and the possible analysis of other data.

McGaugh noted the Herculean -- yet, so far, unsuccessful -- efforts in the international particle physics community to detect and identify dark matter particles.

"Either dark matter halos are much bigger than we expected, or the whole paradigm is wrong," McGaugh said. "The theory that predicted this behavior in advance is the modified gravity theory MOND hypothesized by Moti Milgrom as an alternative to dark matter in 1983. So, the obvious and inevitably controversial interpretation of this result is that dark matter is a chimera; perhaps the evidence for it is pointing to some new theory of gravity beyond what Einstein taught us."
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Wear it, then recycle: Designers make dissolvable textiles from gelatin | ScienceDaily
Introducing the fashion of the future: A T-shirt that you can wear a few times, then, when you get bored with it, dissolve and recycle to make a new shirt.


						
Researchers at the ATLAS Institute at the University of Colorado Boulder are now one step closer to that goal. In a new study, the team of engineers and designers developed a DIY machine that spins textile fibers made of materials like sustainably sourced gelatin. The group's "biofibers" feel a bit like flax fiber and dissolve in hot water in minutes to an hour.

The team, led by Eldy Lazaro Vasquez, a doctoral student in the ATLAS Institute, presented its findings in May at the CHI Conference on Human Factors in Computing Systems in Honolulu.

"When you don't want these textiles anymore, you can dissolve them and recycle the gelatin to make more fibers," said Michael Rivera, a co-author of the new research and assistant professor in the ATLAS Institute and Department of Computer Science.

The study tackles a growing problem around the world: In 2018 alone, people in the United States added more than 11 million tons of textiles to landfills, according to the Environmental Protection Agency -- nearly 8% of all municipal solid waste produced that year.

The researchers envision a different path for fashion.

Their machine is small enough to fit on a desk and cost just $560 to build. Lazaro Vasquez hopes the device will help designers around the world experiment with making their own biofibers.




"You could customize fibers with the strength and elasticity you want, the color you want," she said. "With this kind of prototyping machine, anyone can make fibers. You don't need the big machines that are only in university chemistry departments."

Spinning threads

The study arrives as fashionistas, roboticists and more are embracing a trend known as "smart textiles." Levi's Trucker Jacket with Jacquard by Google, for example, looks like a denim coat but includes sensors that can connect to your smartphone.

But such clothing of the future comes with a downside, Rivera said:

"That jacket isn't really recyclable. It's difficult to separate the denim from the copper yarns and the electronics."

To imagine a new way of making clothes, the team started with gelatin. This springy protein is common in the bones and hooves of many animals, including pigs and cows. Every year, meat producers throw away large volumes of gelatin that doesn't meet requirements for cosmetics or food products like Jell-O. (Lazaro Vasquez bought her own gelatin, which comes as a powder, from a local butcher shop).




She and her colleagues decided to turn that waste into wearable treasure.

The group's machine uses a plastic syringe to heat up and squeeze out droplets of a liquid gelatin mixture. Two sets of rollers in the machine then tug on the gelatin, stretching it out into long, skinny fibers -- not unlike a spider spinning a web from silk. In the process, the fibers also pass through liquid baths where the researchers can introduce bio-based dyes or other additives to the material. Adding a little bit of genipin, an extract from fruit, for example, makes the fibers stronger.

Dissolving duds

Lazaro Vasquez said designers may be able to do anything they can imagine with these sorts of textiles.

As a proof of concept, the researchers made small sensors out of gelatin fibers and cotton and conductive yarns, similar to the makeup of a Jacquard jacket. The team then submerged these patches in warm water. The gelatin dissolved, releasing the yarns for easy recycling and reuse.

Designers could tweak the chemistry of the fibers to make them a little more resilient, Lazaro Vasquez said -- you wouldn't want your jacket to disappear in the rain. They could also play around with spinning similar fibers from other natural ingredients. Those materials include chitin, a component of crab shells, or agar-agar, which comes from algae.

"We're trying to think about the whole lifecycle of our textiles," Lazaro Vasquez said. "That begins with where the material is coming from. Can we get it from something that normally goes to waste?"
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Scientists develop 3D printed vacuum system that aims to trap dark matter | ScienceDaily
Using a specially designed 3D printed vacuum system, scientists have developed a way to 'trap' dark matter with the aim of detecting domain walls, this will be a significant step forwards in unravelling some of the mysteries of the universe.


						
Scientists from the University of Nottingham's' School of Physics have created a 3D printed vacuum system that they will use in a new experiment to reduce the density of gas, then and add in ultra-cold lithium atoms to try to detect dark walls. The research has been published in Physical Review D.

Professor Clare Burrage from the School of Physics is one of the lead authors on the study and explains: "Ordinary matter that the world is made from is only a tiny fraction of the contents of the universe, around 5%, the rest is either dark matter or dark energy -- we can see their effects on how the universe behaves but we don't know what they are. One way people try to measure dark matter is to introduce a particle called a scalar field.

"Dark matter is the missing mass in galaxies, dark energy can explain the acceleration of the expansion of the universe. The scalar fields that we are looking for could be either dark matter, or dark energy. By introducing the ultra-cold atoms and examining the effects it produces we may be able to explain why the expansion of the universe is accelerating and whether this has any effects on earth."

The researchers based the construction of the 3D vessels on the theory that light scalar fields, with double well potentials and direct matter couplings, undergo density driven phase transitions, leading to the formation of domain walls.

Professor Burrage continues: "As density is lowered defects form -- this is similar to when water freezes into ice, water molecules are random and when they freeze you get a crystal structure with molecules lined up at random, with some lined up one way and some another and this creates fault lines. Something similar happens in scalar fields as the density gets lower. You can't see these fault lines by eye but if particles pass across them it might change their trajectory These defects are dark walls and can prove the theory of scalar fields -- either that these fields exist or don't."

To detect these defects or dark walls the team have created a specially designed vacuum that they will use in a new experiment that will mimic moving from a dense environment to less dense environment. Using the new set-up they will cool lithium atoms with laser photons to -273 which is close to absolute zero, at this temperature they take on quantum properties which makes analysis more precise and predictable.

Lucia Hackermueller, Associate Professor in the School of Physics has led the design of the laboratory experiment, she explains, "The 3D printed vessels we are using as the vacuum chamber have been constructed using theoretical calculations of Dark Walls, this has created what we believed to be the ideal shape, structure and texture to trap the dark matter. To successfully demonstrate that dark walls have been trapped, we will let a cold atom cloud pass through those walls. The cloud is then deflected. To cool those atoms we fire laser photons at the atoms, which reduces the energy in the atom -- this is like slowing down an elephant using snowballs!"

The system took the team three years to build and they expect to have results within a year.

Dr Hackermueller adds: "Whether we prove dark walls exist or not it will be an important step forwards in our understanding of dark energy and dark matter, and an excellent example of how a well controlled lab experiment can be designed to directly measure effects that are relevant for the Universe and otherwise cannot be observed."
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Ancient polar sea reptile fossil is oldest ever found in Southern Hemisphere | ScienceDaily
An international team of scientists has identified the oldest fossil of a sea-going reptile from the Southern Hemisphere -- a nothosaur vertebra found on New Zealand's South Island. 246 million years ago, at the beginning of the Age of Dinosaurs, New Zealand was located on the southern polar coast of a vast super-ocean called Panthalassa.


						
Reptiles first invaded the seas after a catastrophic mass extinction that devastated marine ecosystems and paved the way for the dawn of the Age of Dinosaurs almost 252 million years ago. Evidence for this evolutionary milestone has only been discovered in a few places around the world: on the Arctic island of Spitsbergen, northwestern North America and southwestern China. Although represented by just a single vertebra that was excavated from a boulder in a stream bed at the foot of Mount Harper on the South Island of New Zealand -- this discovery has shed new light on the previously unknown record of early sea reptiles from the Southern Hemisphere.

Reptiles ruled the seas for millions of years before dinosaurs dominated the land. The most diverse and geologically longest surviving group were the sauropterygians, with an evolutionary history spanning over 180 million years. The group included the long-necked plesiosaurs, which resembled the popular image of the Loch Ness Monster. Nothosaurs were distant predecessors of the Plesiosaurs. They could grow up to seven metres long and swam using four paddle-like limbs. Nothosaurs had flattened skulls with a meshwork of slender conical teeth that were used to catch fish and squid.

The New Zealand nothosaur was discovered during a geological survey in 1978, but its importance was not fully recognised until palaeontologists from Sweden, Norway, New Zealand, Australia and East Timor joined their expertise to examine and analyse the vertebra and other associated fossils.

"The nothosaur found in New Zealand is over 40 million years older than the previously oldest known sauropterygian fossils from the Southern Hemisphere. We show that these ancient sea reptiles lived in a shallow coastal environment teeming with marine creatures within what was then the southern polar circle," explains Dr Benjamin Kear from The Museum of Evolution at Uppsala University, lead author on the study.

The oldest nothosaur fossils are around 248 million years old and have been found along an ancient northern low-latitude belt that stretched from the remote northeastern to northwestern margins of the Panthalassa super-ocean. The origin, distribution and timing of when nothosaurs reached these distant areas are still debated. Some theories suggest that they either migrated along northern polar coastlines, or swam through inland seaways, or used currents to cross the Panthalassa super-ocean.

The new nothosaur fossil from New Zealand has now upended these long-standing hypotheses.

"Using a time-calibrated evolutionary model of sauropterygian global distributions, we show that nothosaurs originated near the equator, then rapidly spread both northwards and southwards at the same time as complex marine ecosystems became re-established after the cataclysmic mass extinction that marked the beginning of the Age of Dinosaurs" says Kear.

"The beginning of the Age of Dinosaurs was characterised by extreme global warming, which allowed these marine reptiles to thrive at the South Pole. This also suggests that the ancient polar regions were a likely route for their earliest global migrations, much like the epic trans-oceanic journeys undertaken by whales today. Undoubtedly, there are more fossil remains of long-extinct sea monsters waiting to be discovered in New Zealand and elsewhere in the Southern Hemisphere," says Kear.

The New Zealand nothosaur fossil is held in the National Palaeontological Collection at GNS Science in New Zealand.
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Pair of merging quasars at cosmic dawn | ScienceDaily
Since the very first instant after the Big Bang the Universe has been expanding. This means that the early Universe was considerably smaller and early-formed galaxies were more likely to interact and merge. Galaxy mergers fuel the formation of quasars -- extremely luminous galactic cores where gas and dust falling into a central supermassive black hole emit enormous amounts of light. So when looking back at the early Universe astronomers would expect to find numerous pairs of quasars in close proximity to each other as their host galaxies undergo mergers. However, they have been surprised to find exactly none -- until now.


						
With the aid of the Gemini North telescope, one half of the International Gemini Observatory, which is supported in part by the U.S. National Science Foundation and operated by NSF NOIRLab, a team of astronomers have discovered a pair of merging quasars seen only 900 million years after the Big Bang. Not only is this the most distant pair of merging quasars ever found, but also the first confirmed pair in the period of the Universe's history known as Cosmic Dawn.

Cosmic Dawn spanned from about 50 million years to one billion years after the Big Bang. During this period the first stars and galaxies began appearing, filling the dark Universe with light for the first time. The arrival of the first stars and galaxies kicked off a new era in the formation of the cosmos known as the Epoch of Reionization.

The Epoch of Reionization, which took place within Cosmic Dawn, was a period of cosmological transition. Beginning roughly 400 million years after the Big Bang, ultraviolet light from the first stars, galaxies and quasars spread throughout the cosmos, interacting with the intergalactic medium and stripping the Universe's primordial hydrogen atoms of their electrons in a process known as ionization. The Epoch of Reionization was a critical epoch in the history of the Universe that marked the end of the cosmic dark ages and seeded the large structures we observe in our local Universe today.

To understand the exact role that quasars played during the Epoch of Reionization, astronomers are interested in finding and studying quasars populating this early and distant era. "The statistical properties of quasars in the Epoch of Reionization tell us many things, such as the progress and origin of the reionization, the formation of supermassive black holes during Cosmic Dawn, and the earliest evolution of the quasar host galaxies," said Yoshiki Matsuoka, an astronomer at Ehime University in Japan and lead author of the paper describing these results, published in the Astrophysical Journal Letters.

About 300 quasars have been discovered in the Epoch of Reionization, but none of them have been found in a pair. That is until Matsuoka and their team were reviewing images taken with the Hyper Suprime-Cam on the Subaru Telescope and a faint patch of red caught their eye. "While screening images of quasar candidates I noticed two similarly and extremely red sources next to each other," said Matsuoka. "The discovery was purely serendipitous."

The team was not sure that they were a quasar pair since distant quasar candidates are contaminated by numerous other sources, such as foreground stars and galaxies and the effects of gravitational lensing. To confirm the nature of these objects the team conducted follow-up spectroscopy using the Faint Object Camera and Spectrograph (FOCAS) on the Subaru Telescope and the Gemini Near-Infrared Spectrograph (GNIRS) on Gemini North. The spectra, which break down the emitted light from a source into its component wavelengths, obtained with GNIRS were crucial to characterizing the nature of the quasar pair and their host galaxies.




"What we learned from the GNIRS observations was that the quasars are too faint to detect in near-infrared, even with one of the largest telescopes on the ground," said Matsuoka. This allowed the team to estimate that a portion of the light detected in the optical wavelength range is not coming from the quasars themselves, but from ongoing star formation taking place in their host galaxies. The team also found that the two black holes are whoppers, each being 100 million times the mass of the Sun. This, coupled with the presence of a bridge of gas stretching between the two quasars, suggests that they and their host galaxies are undergoing a major-scale merger [1].

"The existence of merging quasars in the Epoch of Reionization has been anticipated for a long time. It has now been confirmed for the first time," said Matsuoka [2].

The Epoch of Reionization connects the earliest formation of cosmic structure to the complex Universe that we observe billions of years later. By studying distant objects from this period astronomers gain valuable insight into the process of reionization and the formation of the first objects in the Universe. More discoveries like this may be on the horizon with NSF-DOE Vera C. Rubin Observatory's decade-long Legacy Survey of Space and Time (LSST), beginning in 2025, which is poised to detect millions of quasars using its deep imaging capabilities.

Notes

[1] A companion paper accepted for publication in AAS Journals presents further analysis of the quasar pair, the gas bridge between them and their host galaxies using observations taken with the Atacama Large Millimeter/submillimeter Array (ALMA).

[2] There have been candidates, but it is difficult to separate them from possibly gravitationally-lensed images of a single quasar. There are also some candidates for being dual active galactic nuclei embedded in individual Epoch of Reionization galaxies, but these have much lower luminosity (black hole activity) than quasars and are two components within a single galaxy, which are qualitatively different from what is described here.
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Investigating the origins of the crab nebula | ScienceDaily
A team of scientists used NASA's James Webb Space Telescope to parse the composition of the Crab Nebula, a supernova remnant located 6,500 light-years away in the constellation Taurus. With the telescope's MIRI (Mid-Infrared Instrument) and NIRCam (Near-Infrared Camera), the team gathered data that is helping to clarify the Crab Nebula's history.


						
The Crab Nebula is the result of a core-collapse supernova from the death of a massive star. The supernova explosion itself was seen on Earth in 1054 CE and was bright enough to view during the daytime. The much fainter remnant observed today is an expanding shell of gas and dust, and outflowing wind powered by a pulsar, a rapidly spinning and highly magnetized neutron star.

The Crab Nebula is also highly unusual. Its atypical composition and very low explosion energy previously have been explained by an electron-capture supernova -- a rare type of explosion that arises from a star with a less-evolved core made of oxygen, neon, and magnesium, rather than a more typical iron core.

"Now the Webb data widen the possible interpretations," said Tea Temim, lead author of the study at Princeton University in New Jersey. "The composition of the gas no longer requires an electron-capture explosion, but could also be explained by a weak iron core-collapse supernova."

Studying the Present to Understand the Past

Past research efforts have calculated the total kinetic energy of the explosion based on the quantity and velocities of the present-day ejecta. Astronomers deduced that the nature of the explosion was one of relatively low energy (less than one-tenth that of a normal supernova), and the progenitor star's mass was in the range of eight to 10 solar masses -- teetering on the thin line between stars that experience a violent supernova death and those that do not.

However, inconsistencies exist between the electron-capture supernova theory and observations of the Crab, particularly the observed rapid motion of the pulsar. In recent years, astronomers have also improved their understanding of iron core-collapse supernovae and now think that this type can also produce low-energy explosions, providing that the stellar mass is adequately low.




Webb Measurements Reconcile Historic Results

To lower the level of uncertainty surrounding the Crab's progenitor star and nature of the explosion, the team led by Temim used Webb's spectroscopic capabilities to hone in on two areas located within the Crab's inner filaments.

Theories predict that because of the different chemical composition of the core in an electron-capture supernova, the nickel to iron (Ni/Fe) abundance ratio should be much higher than the ratio measured in our Sun (which contains these elements from previous generations of stars). Studies in the late 1980s and early 1990s measured the Ni/Fe ratio within the Crab using optical and near-infrared data and noted a high Ni/Fe abundance ratio that seemed to favor the electron-capture supernova scenario.

The Webb telescope, with its sensitive infrared capabilities, is now advancing Crab Nebula research. The team used MIRI's spectroscopic abilities to measure the nickel and iron emission lines, resulting in a more reliable estimate of the Ni/Fe abundance ratio. They found that the ratio was still elevated compared to the Sun, but only modestly and much lower in comparison to prior estimates.

The revised values are consistent with electron-capture, but do not rule out an iron core-collapse explosion from a similarly low-mass star. (Higher-energy explosions from higher-mass stars are expected to produce ratios closer to solar abundances.) Further observational and theoretical work will be needed to distinguish between these two possibilities.

"At present, the spectral data from Webb covers two small regions of the Crab, so it's important to study much more of the remnant and identify any spatial variations," said Martin Laming of the Naval Research Laboratory in Washington and a co-author of the paper. "It would be interesting to see if we could identify emission lines from other elements, like cobalt or germanium."

Mapping the Crab's Current State




Besides pulling spectral data from two small regions of the Crab Nebula's interior to measure the abundance ratio, the telescope also observed the remnant's broader environment to understand details of the synchrotron emission and the dust distribution.

The images and data collected by MIRI enabled the team to isolate the dust emission within the Crab and map it in high resolution for the first time. By mapping the warm dust emission with Webb, and even combining it with the Herschel Space Observatory's data on cooler dust grains, the team created a well-rounded picture of the dust distribution: The outermost filaments contain relatively warmer dust, while cooler grains are prevalent near the center.

"Where dust is seen in the Crab is interesting because it differs from other supernova remnants, like Cassiopeia A and Supernova 1987A," said Nathan Smith of the Steward Observatory at the University of Arizona and a co-author of the paper. "In those objects, the dust is in the very center. In the Crab, the dust is found in the dense filaments of the outer shell. The Crab Nebula lives up to a tradition in astronomy: The nearest, brightest, and best-studied objects tend to be bizarre."

These findings have been accepted for publication in The Astrophysical Journal Letters.

The observations were taken as part of General Observer program 1714.
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High-precision measurements challenge our understanding of Cepheids | ScienceDaily
"Classical Cepheids" are a type of pulsating star that rhythmically brightens and dims over time. These pulsations help astronomers measure vast distances across space, which makes Cepheids crucial "standard candles" that help us understand the size and scale of our universe.


						
Despite their importance, studying Cepheids is challenging. Their pulsations and potential interactions with companion stars create complex patterns that are difficult to measure accurately. Different instruments and methods used over the years have led to inconsistent data, complicating our understanding of these stars.

"Tracing Cepheid pulsations with high-definition velocimetry gives us insights into the structure of these stars and how they evolve," says Richard I. Anderson, an astrophysicist at EPFL. "In particular, measurements of the speed at which the stars expand and contract along the line of sight -- so-called radial velocities -- provide a crucial counterpart to precise brightness measurements from space. However, there has been an urgent need for high-quality radial velocities because they are expensive to collect and because few instruments are capable of collecting them."

The VELOCE Project

Anderson has now led a team of scientists to do exactly that with the VELOcities of CEpheids (VELOCE) project, a large collaboration that, over 12 years, has collected more than 18,000 high-precision measurements of 258 Cepheid radial velocities using advanced spectrographs between 2010 and 2022. "This dataset will serve as an anchor to link Cepheid observations from different telescopes across time and hopefully inspire further study by the community."

VELOCE is the fruit of a collaboration between EPFL, the University of Geneva, and the KU Leuven. It is based on observations from the Swiss Euler telescope in Chile and the Flemish Mercator telescope on La Palma. Anderson began the VELOCE project during his PhD at the University of Geneva, continued it as a postdoc in the US and Germany, and has now completed it at EPFL. Anderson's PhD student, Giordano Viviani, was instrumental in making the VELOCE data release possible.

Unraveling Cepheid mysteries with cutting-edge precision

"The wonderful precision and long-term stability of the measurements have enabled interesting new insights into how Cepheids pulsate," says Viviani. "The pulsations lead to changes in the line-of-sight velocity of up to 70 km/s, or about 250,000 km/h. We have measured these variations with a typical precision of 130 km/h (37 m/s), and in some cases as good as 7 km/h (2 m/s), which is roughly the speed of a fast walking human."




To get such precise measurements, the VELOCE researchers used two high-resolution spectrographs, which separate and measure wavelengths in electromagnetic radiation: HERMES in the northern hemisphere and CORALIE in the southern hemisphere. Outside of VELOCE, CORALIE is famous for finding exoplanets and HERMES is a workhorse of stellar astrophysics.

The two spectrographs detected tiny shifts in the Cepheids' light, indicating their movements. The researchers used advanced techniques to ensure their measurements were stable and accurate, correcting for any instrumental drifts and atmospheric changes. "We measure radial velocities using the Doppler effect," explains Anderson. "That's the same effect that the police use to measure your speed, and also the effect you know from the change in tone when an ambulance approaches or recedes from you."

The strange dance of Cepheids

The VELOCE project uncovered several fascinating details about Cepheid stars. For example, VELOCE data provide the most detailed look yet at the Hertzsprung progression -- a pattern in the stars' pulsations -- showing double-peaked bumps that were not previously known and will provide clues to better understanding the structure of Cepheids when compared to theoretical models of pulsating stars.

The team found that several Cepheids exhibit complex, modulated variability in their movements. This means that the stars' radial velocities change in ways that cannot be explained by simple, regular pulsation patterns. In other words, while we would expect Cepheids to pulsate with a predictable rhythm, the VELOCE data reveal additional, unexpected variations in these movements.

These variations are not consistent with theoretical pulsation models traditionally used to describe Cepheids. "This suggests that there are more intricate processes occurring within these stars, such as interactions between different layers of the star, or additional (non-radial) pulsation signals that may present an opportunity to determine the structure of Cepheid stars by asteroseismology," says Anderson's postdoc Henryka Netzel. First detections of such signals based on VELOCE are reported in a companion paper (Netzel et al. in press).




Binary systems

The study also identified 77 Cepheid stars that are part of binary systems (two stars orbiting each other) and found 14 more candidates. A companion paper led by Anderson's former postdoc, Shreeya Shetye, describes these systems in detail, adding to our understanding of how these stars evolve and interact with each other. "We see that about one in three Cepheids has an unseen companion whose presence we can determine by the Doppler effect," says Shetye.

"Understanding the nature and physics of Cepheids is important because they tell us about how stars evolve in general, and because we rely on them for determining distances and the expansion rate of the Universe," says Anderson. "Additionally, VELOCE provides the best available cross-checks for similar, but less precise, measurements from the ESA mission Gaia, which will eventually conduct the largest survey of Cepheid radial velocity measurements."
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Sharks have depleted functional diversity compared to the last 66 million years | ScienceDaily
New research by Swansea University and the University of Zurich has found that sharks retained high levels of functional diversity for most of the last 66 million years, before steadily declining over the last 10 million years to its lowest value in the present day.


						
Modern sharks are among the ocean's most threatened species; yet have notably survived numerous environmental changes in their 250-million-year history. Today, their more than 500 species play many different ecological roles, from apex predators to nutrient transporters.

Ecological roles are determined by species' traits such as body size, and what and how they eat. As such, measuring the diversity of these traits allows scientists to quantify the range of ecological roles in a community, also known as functional diversity.

Since sharks possess soft cartilaginous skeletons unlikely to fossilise, these traits are difficult to measure directly in extinct species. However, measurements from their teeth, which are hard and therefore, well-preserved in the fossil record, can act as trait proxies, which can in turn be used to quantify functional diversity in the geological past.

Lead author Jack Cooper, a PhD student at Swansea University, said: "Measurements like tooth size, shape, and types of edges broadly reflect a shark's functional traits such as body size and diet, allowing us to assess their functional diversity through time."

The researchers measured more than 9,000 fossil and living shark teeth from around 500 species, gathered from museum collections and literature, and quantified functional diversity over the Cenozoic era, from 66 million years ago to the present day.

They found that sharks maintained high levels of functional diversity -- meaning a wide range of ecological roles -- for most of the Cenozoic era. This diversity peaked about 20 million years ago in the Miocene epoch. However, they also found that after this peak, the extent of shark ecological functions has been steadily declining for the last 10 million years, with present-day shark functional diversity being lower than at any point in the last 66 million years.




By quantifying ecological contributions of individual species, the researchers determined that the observed decline was driven by the loss of ecologically unique and specialised species. Such losses included the extinction of the megalodon, the largest shark that ever lived, which was an apex superpredator, an ecological role not played by any shark living today.

He added: "Not only did we see a clear decline in functional diversity, but we also found that extinct sharks as a whole contributed a wider range of ecological roles than living sharks."

The results ultimately warn that human threats like overfishing, which is driving today's sharks towards extinction, are likely further eroding the already diminished ecological contributions of sharks to ecosystem functioning.

Senior author Dr Catalina Pimiento, Professor at the University of Zurich and senior lecturer at Swansea University, said: "By identifying the modern species holding some of the Cenozoic functional space, our study could potentially complement conservation priorities for the preservation of shark functional diversity in our changing world. says

The study is published in Global Ecology and Biogeography.
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Sweaty cattle may boost food security in a warming world | ScienceDaily
Sweaty cows may not sound like the most exciting company, but in a warming world, researchers can't get enough of them.


						
When cattle are too hot, they tend to stop eating, said Raluca Mateescu, University of Florida Institute of Food and Agricultural Sciences (UF/IFAS) professor in the department of animal science. This affects the cattle's health and growth and threatens the longevity of the food supply coming from that herd.

Climate change is making it more difficult to raise cattle -- growth and reproduction are affected by heat -- so it's critical to breed cattle better adapted to a hotter and longer summer. Cows eliminate about 85% of their body heat via sweat, she said.

Heat stress in subtropical regions, which are the areas just north and south of the topics and generally considered the hottest in the world, is such a significant limiting factor that about $369 million of beef production is lost annually due to reduced performance nationally, she said.

"Heat stress is the main threat of food security. Under heat stress, the growth, production and reproduction of cattle are affected," Mateescu said.

A new study from Mateescu and her colleagues published in the Journal of Animal Science and Biotechnology shows it's possible to identify the genes within breeds of cattle that would lead to the sweatiest, heat-tolerant offspring.

She said the study found there is a lot of variation between cows of the same breed, in this case, Brangus -- which are a cross between Brahman and Angus. Being able to select cattle to breed based on sweating ability could lead to herds that can tolerate hotter climates and still grow and reproduce.

"Unless we're doing something to affect the ability of our cattle to thrive in heat stress conditions, they are not going to reproduce, so there's a food security concern there," she said.

The study looked at 2,401 Brangus cattle from two commercial ranches in Florida. Skin biopsies helped the researchers determine the phenotypes that contributed to the animals' ability to manage heat stress, such as sweat-gland area, depth and length. Scientists genotyped all animals and used software to estimate genetic parameters.

The study found that a moderate amount of variation in sweating ability is genetic, so farmers could select sweatier cattle based on genetic markers. It found that genetics from both the Brahman and Angus genes positively contribute to sweating ability in Brangus cattle.
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