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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        Fungus-controlled robots tap into the unique power of nature
        In creating a pair of new robots, researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling 'biohybrid' robots that can potentially react to their environment better than their purely synthetic counterparts.

      

      
        How Earth's most intense heat wave ever impacted life in Antarctica
        An atmospheric river brought warm, moist air to the coldest and driest corner of the planet in 2022, pushing temperatures 70 degrees above average. A new study reveals what happened to Antarctica's smallest animals.

      

      
        Distorted galaxy forming cosmic question mark
        It's 7 billion years ago, and the universe's heyday of star formation is beginning to slow. What might our Milky Way galaxy have looked like at that time? Astronomers have found clues in the form of a cosmic question mark, the result of a rare alignment across light-years of space.

      

      
        Agriculture accelerated human genome evolution to capture energy from starchy foods
        Scientists have suspected that modern humans have more genes to digest starch than our hunter-gatherer ancestors, but the amylase locus of the genome is hard to study. Researchers have now developed new methods to isolate the multiple amylase genes and compare the locus to ancient genomes. They found that amylase gene number has increased from an average of eight to more than 11 over the past 12,000 years.

      

      
        Scientists uncover hidden source of snow melt: Dark brown carbon
        Researchers have quantified the effect of dark brown carbon on snow melt.

      

      
        Researchers identify mechanism underlying allergic itching, and show it can be blocked
        Researchers identified a mechanism for why some people will itch from an allergen or mosquito bite exposure, while others will not in a new study, and showed this pathway can be targeted to prevent allergic responses in preclinical models.

      

      
        A new role for intelligent tutors powered by AI in brain surgery?
        Researchers are designing real-time, intelligent tutors powered by AI. These systems mimic human surgical instructors in brain surgical training. Intelligent tutors help the learner acquire excellent skills by continuously assessing hand movements during simulated brain procedures and providing personalized verbal feedback.

      

      
        At-risk butterflies more likely to survive with human help
        Some of the butterflies most in danger of fluttering out of existence fare better when their habitats are actively managed by humans, a recent study found. Scientists have long warned that insect populations worldwide are falling rapidly due to the combined effects of climate change, habitat loss and pesticides. The study analyzed data on 114 populations of 31 butterfly species in 10 U.S. states. Overall, the research team found that these at-risk butterflies are particularly vulnerable, with pop...

      

      
        Prescribing nature can improve happiness and reduce anxiety
        Green Social Prescribing is the practice of supporting people with mental health needs to engage in nature-based activities. Referrals will typically come from GPs, community mental health teams, or social workers, but people can also self-refer. Social Prescribing Link Workers, and other trusted professionals, then connect people to community groups and agencies for practical and emotional support. There are many different types of nature-based activities and therapies, including conservation, h...

      

      
        Kidney disease in cats: High-quality feline iPSCs generated without genetic footprint
        High-quality feline induced pluripotent stem cells (iPSCs) have now been generated. The feline iPSCs are also footprint- and feeder-free. Further research using these stem cells is expected to elucidate the pathogenesis of cats' chronic kidney disease and develop therapeutic agents.

      

      
        Flexible tentacle electrodes precisely record brain activity
        Researchers have developed ultra-flexible brain probes that accurately record brain activity without causing tissue damage. This opens up new avenues for the treatment of a range of neurological and neuropsychiatric disorders.

      

      
        Spurring more biofilm growth for efficient wastewater treatment
        Wastewater treatment could be more effective using foamed plastic carriers in the moving bed biofilm reactor (MBBR) process, a research team has found. Their study showed that biofilm formation increased by 44 times compared with smooth plastic carriers.

      

      
        New population model identifies phases of human dispersal across Europe
        Researchers have developed a model that captures the dynamics of human dispersal across the continent during the last Ice Age in unprecedented detail.

      

      
        A new drug target for psychiatric disorders
        Scientists have identified a molecular intermediate of a serotonin receptor that is involved in diseases such as depression and schizophrenia. The study points to a potentially new target for therapeutics.

      

      
        'Forever chemicals' influence the development and function of the brain
        Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as 'forever chemicals'. They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved.

      

      
        Scientists use magnetic nanotech to safely rewarm frozen tissues for transplant
        Every day, people die waiting for an organ transplant. Time is at a premium, not just for those awaiting organs, but also for the organs themselves, which can deteriorate rapidly during transportation. Looking to extend the viability of human tissues, researchers report on their efforts to facilitate completely freezing, rather than cooling and then thawing, potentially life-saving organs. They demonstrate a magnetic nanoparticle's successful rewarming of animal tissues.

      

      
        Levels of one 'forever chemical' are increasing in groundwater
        Rain and water in ponds and lakes slowly seeps into the soil, moving through minute cracks to refill underground aquifers. Per- and polyfluoroalkyl substances (PFAS), often described as forever chemicals, can tag along into groundwater that's later removed for drinking. Researchers analyzed water from over 100 wells in Denmark for one particularly persistent PFAS: trifluoroacetate. They report steadily increasing levels of the forever chemical in recent decades.

      

      
        Banning friendships can backfire: Moms who 'meddle' make bad behavior worse
        Bad behavior often occurs away from home, leading parents to blame and limit contact with peers. However, a new study shows that banning friendships can backfire, worsening behavior instead of improving it. When moms disapprove of their kids' friends in an effort to curb misbehavior, it often alienates the child from their peers, exacerbating the very issues they aimed to prevent. Meddling in friendships can harm a child's social standing and lead to greater adjustment difficulties.

      

      
        Newly discovered gene may influence longevity
        It turns out that a particular gene has a great influence on longevity, a new study concludes. This may pave the way for new treatment.

      

      
        Researchers reveal key LAG3 mechanisms that could transform cancer immunotherapy
        Immune checkpoint inhibitors are a type of cancer treatment that helps the immune system attack cancer cells more effectively. One of the key proteins involved in this process is Lymphocyte Activation Gene-3 (LAG3), which suppresses the antitumor immune response. Researchers have made an important discovery about LAG3, revealing how it interacts with other proteins to control immune activity. Their study could lead to better cancer treatments by enhancing the effectiveness of immune checkpoint in...

      

      
        Investigational mpox mRNA vaccine reduces disease severity in primates compared to available vaccines
        The most frequently used mpox vaccine provides partial immunity to the disease but isn't always able to prevent severe symptoms or disease transmission. A new vaccine candidate from Moderna, mRNA-1769, more effectively limits symptoms and disease duration in primates that were infected with a lethal strain of the mpox virus when compared to a currently licensed modified vaccinia Ankara (MVA) vaccine.

      

      
        A new artificial intelligence tool for cancer
        The new approach marks a major step forward in the design of AI tools to support clinical decisions in cancer diagnosis, therapy. The model uses features of a tumor's microenvironment to forecast how a patient might respond to therapy and to help inform individualized treatments. The model can expedite the identification of patients not likely to benefit from standard treatments used in some forms of cancer.

      

      
        Uncollected waste and open burning leading causes of the plastic pollution crisis
        A new study shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory. Researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

      

      
        Major leap for nuclear clock paves way for ultraprecise timekeeping
        Nuclear clocks would measure time based on changes inside an atom's nucleus, which would make them less sensitive to external disturbances and potentially more accurate than atomic clocks. These clocks could lead to improved timekeeping and navigation, faster internet speeds, and advances in fundamental physics research. Scientists have demonstrated key components of a nuclear clock, such as precise frequency measurements of an energy jump in a thorium-229 nucleus.

      

      
        High cholesterol levels at a young age significant risk factor for atherosclerosis
        Our risk of developing atherosclerosis -- 'furring' of the arteries -- can begin much earlier in life than was previously thought, highlighting the need to keep cholesterol levels low even when we are young, new research has discovered.

      

      
        Novel immunotherapy improves recovery from spinal cord injury
        Researchers have designed, in mice, an approach to minimizing the damage from a spinal cord injury through the use of engineered immune cells. Mice given the treatment had improved recovery from injuries, demonstrating potential for developing the therapy for people.

      

      
        Chemists explain why dinosaur collagen may have survived for millions of years
        Chemists offer a new explanation for how collagen in dinosaur bones may have survived millions of years: An atomic-level interaction prevents its bonds from being broken down by water.

      

      
        Epigenetic changes reprogram astrocytes into brain stem cells
        Resting brain stem cells hardly differ from normal astrocytes, which support the nerve cells in the brain. How can almost identical cells perform such different functions? The key lies in the methylation of their genetic material, which endowes these special astrocytes with stem cell properties. In mice, the researchers showed that experimentally induced lack of blood supply in the brain epigenetically reprograms astrocytes into brain stem cells, which in turn can give rise to nerve progenitor ce...

      

      
        A sensory pen which can read Braille could improve literacy amongst the visually impaired
        A pen which can transform Braille into English text has been developed.

      

      
        Adolescent glioma subtype responds to CDK4/6 inhibitor
        Researchers took a deep look at tumor samples from patients with diffuse hemispheric glioma and discovered an unexpected vulnerability to CDK4/6 inhibitors.

      

      
        New study uncovers key mechanisms responsible for the transformation of adult progenitors into brain tumors
        A new study sheds light on why certain oligodendrocyte progenitor cells (OPCs) in the adult brain transform into gliomas, the most common and incurable type of adult brain tumors.

      

      
        New species of paua (abalone) found
        Biologists have discovered a new species of paua mollusk (also known as abalone) off New Zealand.

      

      
        New tool detects fake, AI-produced scientific articles
        A team has created a machine-learning algorithm that can detect up to 94% of bogus academic papers -- nearly twice as successfully as more common data-mining techniques.

      

      
        Assorted, distinctive behavior of molten uranium salt revealed by neutrons
        New research addresses the fundamental science necessary to increase the efficiency of nuclear energy. Researchers have now documented the unique chemistry dynamics and structure of high-temperature liquid uranium trichloride salt, a potential nuclear fuel source for next-generation reactors.

      

      
        Lab develops protein assembly road map for gas vesicles
        Bioengineers developed a road map for the protein-protein interactions that give rise to gas vesicles, naturally occurring nanobubbles with potential use in biomedical applications.

      

      
        Can technology turn exercise pain into pleasure?
        Most exercisers stop 'exer-gaming' when the program gets too tough or dull -- could sensors that tune into a person's emotional state reverse low adherence?

      

      
        Reef tourism encourages climate action
        New research has revealed that informing tourists visiting the Great Barrier Reef about climate impact doesn't negatively affect their experience and can help encourage climate action.

      

      
        Discovery of glass-forming liquid electrolytes as a new liquid category
        Chemists have found a novel glass-forming liquid electrolyte that exhibits specific lithium-ion conduction. They study the speciation and dipole reorientation dynamics in the glass-forming liquid electrolyte by means of Raman and dielectric relaxation spectroscopy to understand the specific lithium-ion conduction, contributing to advancements in battery electrolyte research.

      

      
        Novel green chemistry: A safe, low-cost, and eco-friendly conversion process for the synthesis of sulfonyl fluorides
        A research group has developed a safe, cost-effective, and environmentally-friendly method to synthesize sulfonyl fluorides. By reacting thiols and disulfides with SHC5 and potassium fluoride, they achieved a green synthesis process with non-toxic by-products. This method simplifies the production of sulfonyl fluorides, making it suitable for chemical and industrial applications, aligning with Sustainable Development Goals.

      

      
        Can't stop belching? Dietary habits or disease could be the reason
        A research team conducted a web survey of 10,000 adults to examine the relationship between the rate of belching disorders, comorbidities, and lifestyles in Japan. The results showed that 1.5% had belching disorders. The team also found some factors significantly related to the development of belching disorders.

      

      
        Hundreds of new cancer driver genes predicted by algorithm
        Researchers have identified 813 possible cancer driver genes, significantly expanding the list of potential therapeutic targets for treating the disease. The genes help cancer cells grow through a non-mutational mechanism known as splicing. According to the study the number of genes affected by alterations in splicing could be as common as those affected by mutation-driven mechanisms when it comes to the development of the disease.

      

      
        Turning glycerol into gold: a new process makes biodiesel more profitable
        An electrooxidation process efficiently converts glycerol, a byproduct of biodiesel production, into high-value three-carbon compounds.

      

      
        Insulin cells don't need to team up
        Our glycaemic balance is based on the ability of the pancreatic beta cells to detect glucose and secrete insulin to maintain our blood sugar levels. If these cells malfunction, the balance is broken, and diabetes develops. Until now, the scientific community agreed that beta cells needed the other hormone-producing cells of the pancreas to function properly. A team has now demonstrated the opposite: in adult mice whose pancreas contains only beta cells, glycaemia regulation and insulin sensitivit...

      

      
        Gigantic asteroid impact shifted the axis of Solar System's biggest moon
        Around 4 billion years ago, an asteroid hit the Jupiter moon Ganymede. Now, a researcher realized that the Solar System's biggest moon's axis has shifted as a result of the impact, which confirmed that the asteroid was around 20 times larger than the one that ended the age of the dinosaurs on Earth, and caused one of the biggest impacts with clear traces in the Solar System.

      

      
        Finger wrap uses sweat to provide health monitoring at your fingertips--literally
        A sweat-powered wearable has the potential to make continuous, personalized health monitoring as effortless as wearing a Band-Aid. Engineers have developed an electronic finger wrap that monitors vital chemical levels -- such as glucose, vitamins, and even drugs -- present in the same fingertip sweat from which it derives its energy.

      

      
        Children's behavioral problems are linked to higher hair cortisol levels
        In a study involving 11-year-olds, researchers have concluded that greater behavioral problems are linked to higher hair cortisol levels. The study also concluded that exposure to certain factors that can simultaneously cause chronic stress may determine the concentration of cortisol in the hair.

      

      
        Targeted cancer therapies: Getting radioactive atoms to accumulate in tumors
        Compounds containing astatine-211 (211At) can be used in targeted radiotherapies for prostate cancer, but deastatination in the body remains a significant hurdle. Now, researchers have developed a new molecule with a neopentyl glycol structure that effectively prevents deastatination. The proposed structure can be leveraged to accumulate harmful 211At only in tumors while minimizing damage to healthy tissues, paving the way to effective prostate cancer treatment.

      

      
        Communication helps parent relationships with new college students but has limits
        When young adults first go off to college, more communication with parents generally leads to better relationships, but parents should avoid always initiating it, according to a new study. Researchers found that phone, text, video or in-person communication made first-year students feel better about the relationship with their parents. Students also felt better about the relationship when parents offered support or advice, and when they discussed important topics, such as studying and friendships...

      

      
        Mathematicians model a puzzling breakdown in cooperative behavior
        A model developed by evolutionary mathematicians shows that as conditions for cooperation improve between two species, mutually beneficial behavior can unexpectedly become unbalanced. Cooperative behavior pools in one species, the other consumes the spoils.

      

      
        How zebrafish map their environment
        Researchers are turning to zebrafish to unlock the secrets of place cells, which play a crucial role in forming mental maps of space, social networks, and abstract relationships. Until now, place cells have only been found in mammals and birds, leaving the question of how other species internally represent the external world largely unanswered.
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Fungus-controlled robots tap into the unique power of nature | ScienceDaily
Building a robot takes time, technical skill, the right materials -- and sometimes, a little fungus.


						
In creating a pair of new robots, Cornell University researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling "biohybrid" robots that can potentially react to their environment better than their purely synthetic counterparts.

The team's paper published in Science Robotics. The lead author is Anand Mishra, a research associate in the Organic Robotics Lab led by Rob Shepherd, professor of mechanical and aerospace engineering at Cornell University, and the paper's senior author.

"This paper is the first of many that will use the fungal kingdom to provide environmental sensing and command signals to robots to improve their levels of autonomy," Shepherd said. "By growing mycelium into the electronics of a robot, we were able to allow the biohybrid machine to sense and respond to the environment. In this case we used light as the input, but in the future it will be chemical. The potential for future robots could be to sense soil chemistry in row crops and decide when to add more fertilizer, for example, perhaps mitigating downstream effects of agriculture like harmful algal blooms."

Mycelia are the underground vegetative part of mushrooms. They have the ability to sense chemical and biological signals and respond to multiple inputs.

"Living systems respond to touch, they respond to light, they respond to heat, they respond to even some unknowns, like signals," Mishra said. "If you wanted to build future robots, how can they work in an unexpected environment? We can leverage these living systems, and any unknown input comes in, the robot will respond to that."

Two biohybrid robots were built: a soft robot shaped like a spider and a wheeled bot.

The robots completed three experiments. In the first, the robots walked and rolled, respectively, as a response to the natural continuous spikes in the mycelia's signal. Then the researchers stimulated the robots with ultraviolet light, which caused them to change their gaits, demonstrating mycelia's ability to react to their environment. In the third scenario, the researchers were able to override the mycelia's native signal entirely.

The research was supported by the National Science Foundation (NSF) CROPPS Science and Technology Center; the U.S. Department of Agriculture's National Institute of Food and Agriculture; and the NSF Signal in Soil program.
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How Earth's most intense heat wave ever impacted life in Antarctica | ScienceDaily
Summer 2024 is on track to be the hottest on record for hundreds of cities across the U.S. and globe. Even in Antarctica, during the peak of its winter, extreme heat pushed temperatures in parts of the continent more than 50degF above the July normal.


						
In a study published on July 31 in the journal Earth's Future, scientists, including researchers at the University of Colorado Boulder, revealed how heat waves, especially those occurring in Antarctica's cold seasons, may impact the animals living there. The research illustrates how extreme weather events intensified by climate change could have profound implications for the continent's fragile ecosystems.

In March 2022, the most intense heat wave ever recorded on Earth hit Antarctica, just as organisms in the southern region braced themselves for the long, harsh winter ahead. The extreme weather raised temperatures in parts of Antarctica to more than 70degF above average, melting glaciers and snow even in the McMurdo Dry Valleys, one of the planet's coldest and driest regions.

As part of a Long-Term Ecological Research (LTER) project in Antarctica, the research team found that the unexpected melt followed by a rapid refreeze likely disrupted the life cycles of many organisms and killed a large swath of some invertebrates in the McMurdo Dry Valleys.

"It's important that we pay attention to these signals, even if they're coming from microscopic organisms in soils in a polar desert," said Michael Gooseff, the paper's senior author and professor in the Department of Civil, Environment and Architectural Engineering at CU Boulder. "They're the early responders to changes that could cascade up to larger organisms, the landscape and even us, far away from Antarctica."

When Gooseff arrived in Antarctica in November 2021, the continent looked much like it had for the past two decades. As a fellow of the Institute of Arctic and Alpine Research (INSTAAR), Gooseff has led the LTER at the McMurdo Dry Valleys, a National Science Foundation-funded project, for the past decade. Nearly every Antarctic summer, he travels to the southern region to study its ecosystem and how organisms survive in extreme environmental conditions.

While most animals can't tolerate the region's dryness and cold, some microbes and invertebrates, including roundworms and water bears, thrive in this frozen desert. Water bears, or tardigrades, are tiny, eight-legged animals measuring 0.002 to 0.05 inches long. They can survive extreme conditions -- as cold as -328degF and as hot as 300 degF -- that would kill most other forms of life.




In 2022, all members of the polar expedition team left the continent in February, before the Antarctic summer ended. A month later, Antarctica experienced the most extreme heat wave on record, driven by an intense storm known as an atmospheric river, which transported moist air over long distances to the polar region.

The team's sensors in the McMurdo Dry Valleys recorded air temperatures, which typically hover around -4degF in March, rising above freezing and exceeding the average by 45degF.

Satellite imagery and stream discharge measurements showed that the sudden warming wetted the valleys' soil more than two months after the peak summer thaw, at a time when the land is typically dry.

In two days, after the heat wave passed, temperatures plummeted and the soil froze. This event happened during a critical transition period, when organisms hunker down and get ready for the dark, cold winter. Gooseff and his colleagues were curious about how animals in the valleys responded.

"These animals invest a significant amount of energy in preparing and shutting down for the winter," said Gooseff. "When things start to warm up the following summer, they use energy to become active again. One of our major concerns with unusual weather events like this heat wave is that these animals might start using a lot more energy, thinking it's summer, only to have to shut down again two days later. How many times can they go through that cycle before they exhaust their energy reserves?"

He and the team returned to Antarctica the following summer, in December 2022. They sampled the soil and compared organisms living in areas that became wet to those that stayed dry during the heat wave.




They observed a 50% decrease in the population of Scottnema, a common roundworm, in areas that got wet. Scottnema is adapted to extremely cold and dry climates.

"The heat wave made the environment appear warm enough for things to get wet, creating a false start to summer. Some of the biology responding to these temperatures might be seriously disrupted by this," Gooseff said.

Rapid swings between extremes in weather can disproportionately impact sensitive species like Scottnema, but they may have far less impact on other animals, such as tardigrades. These creatures have a higher tolerance for moisture, allowing them to proliferate as the environment becomes wetter.

"Changes in which species are in the soil and how big the populations are can have a major impact on the ecosystem's food web and nutrient cycling," Gooseff said.

Previous research has shown Scottnema is responsible for about 10% of the carbon processed in the Dry Valleys' soil ecosystem.

As climate change exacerbates extreme weather events in Antarctica, larger species are also being impacted. For example, in the summer of 2013, an unusual rainfall event along the Adelie Coast of East Antarctica killed all Adelie penguin chicks in the region. In July, temperatures in parts of East Antarctica climbed up to 50 degF above the usual winter average.

Gooseff and his team plan to continue documenting extreme weather events and their impacts on the Antarctic ecosystem.

What happens in Antarctica doesn't stay in Antarctica, Gooseff said.

"The loss of ice shelves has pretty dramatic impacts on the mass balance of our oceans, and it affects us even thousands of miles away."
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Distorted galaxy forming cosmic question mark | ScienceDaily
It's 7 billion years ago, and the universe's heyday of star formation is beginning to slow. What might our Milky Way galaxy have looked like at that time? Astronomers using NASA's James Webb Space Telescope have found clues in the form of a cosmic question mark, the result of a rare alignment across light-years of space.


						
"We know of only three or four occurrences of similar gravitational lens configurations in the observable universe, which makes this find exciting, as it demonstrates the power of Webb and suggests maybe now we will find more of these," said astronomer Guillaume Desprez of Saint Mary's University in Halifax, Nova Scotia, a member of the team presenting the Webb results.

While this region has been observed previously with NASA's Hubble Space Telescope, the dusty red galaxy that forms the intriguing question-mark shape only came into view with Webb. This is a result of the wavelengths of light that Hubble detects getting trapped in cosmic dust, while longer wavelengths of infrared light are able to pass through and be detected by Webb's instruments.

Astronomers used both telescopes to observe the galaxy cluster MACS-J0417.5-1154, which acts like a magnifying glass because the cluster is so massive it warps the fabric of space-time. This allows astronomers to see enhanced detail in much more distant galaxies behind the cluster. However, the same gravitational effects that magnify the galaxies also cause distortion, resulting in galaxies that appear smeared across the sky in arcs and even appear multiple times. These optical illusions in space are called gravitational lensing.

The red galaxy revealed by Webb, along with a spiral galaxy it is interacting with that was previously detected by Hubble, are being magnified and distorted in an unusual way, which requires a particular, rare alignment between the distant galaxies, the lens, and the observer -- something astronomers call a hyperbolic umbilic gravitational lens. This accounts for the five images of the galaxy pair seen in Webb's image, four of which trace the top of the question mark. The dot of the question mark is an unrelated galaxy that happens to be in the right place and space-time, from our perspective.

In addition to producing a case study of the Webb NIRISS (Near-Infrared Imager and Slitless Spectrograph) instrument's ability to detect star formation locations within a galaxy billions of light-years away, the research team also couldn't resist highlighting the question mark shape. "This is just cool looking. Amazing images like this are why I got into astronomy when I was young," said astronomer Marcin Sawicki of Saint Mary's University, one of the lead researchers on the team.

"Knowing when, where, and how star formation occurs within galaxies is crucial to understanding how galaxies have evolved over the history of the universe," said astronomer Vicente Estrada-Carpenter of Saint Mary's University, who used both Hubble's ultraviolet and Webb's infrared data to show where new stars are forming in the galaxies. The results show that star formation is widespread in both. The spectral data also confirmed that the newfound dusty galaxy is located at the same distance as the face-on spiral galaxy, and they are likely beginning to interact.

"Both galaxies in the Question Mark Pair show active star formation in several compact regions, likely a result of gas from the two galaxies colliding," said Estrada-Carpenter. "However, neither galaxy's shape appears too disrupted, so we are probably seeing the beginning of their interaction with each other."

"These galaxies, seen billions of years ago when star formation was at its peak, are similar to the mass that the Milky Way galaxy would have been at that time. Webb is allowing us to study what the teenage years of our own galaxy would have been like," said Sawicki.

The Webb images and spectra in this research came from the Canadian NIRISS Unbiased Cluster Survey (CANUCS). The research paper is published in the Monthly Notices of the Royal Astronomical Society.
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Agriculture accelerated human genome evolution to capture energy from starchy foods | ScienceDaily
Over the past 12,000 years, humans in Europe have dramatically increased their ability to digest carbohydrates, expanding the number of genes they have for enzymes that break down starch from an average of eight to more than 11, according to a new study by researchers from the U.S., Italy and United Kingdom.


						
The rise in the number of genes that code for these enzymes tracks the spread of agriculture across Europe from the Middle East, and with it, an increasingly starchy human diet rich in high-carbohydrate staples such as wheat and other grains. Having more copies of a gene usually translates to higher levels of the protein the genes code for -- in this case, the enzyme amylase, which is produced in saliva and the pancreas to break down starch into sugar to fuel the body.

The study, published today (Sept. 4) in the journal Nature, also provides a new method for identifying the causes of diseases that involve genes with multiple copies in the human genome, such as the genes for amylase.

The research was led by Peter Sudmant, assistant professor of integrative biology at the University of California, Berkeley, and Erik Garrison of the University of Tennessee Health Science Center in Memphis.

"If you take a piece of dry pasta and put it in your mouth, eventually it'll get a little bit sweet," Sudmant said. "That's your salivary amylase enzyme breaking the starches down into sugars. That happens in all humans, as well as in other primates."

Chimpanzee, bonobo and Neanderthal genomes all have a single copy of the gene on chromosome 1 that codes for the salivary amylase, referred to as AMY1. The same is true for the two pancreatic amylase genes, AMY2A and AMY2B. These three genes are located close to one another in a region of the primate genome known as the amylase locus.

Human genomes, however, harbor vastly different numbers of each amylase gene.




"Our study found that each copy of the human genome harbors one to 11 copies of AMY1, zero to three copies of AMY2A, and one to four copies of AMY2B," said UC Berkeley postdoctoral fellow Runyang Nicolas Lou, one of five first authors of the paper. "Copy number is correlated with gene expression and protein level and thus the ability to digest starch."

The researchers discovered that, while around 12,000 years ago humans across Europe had an average of about four copies of the salivary amylase gene, that number has increased to about seven. The combined number of copies of the two pancreatic amylase genes also increased by half a gene (0.5) on average over this time in Europe.

Survival advantage of multiple amylase genes

Overall, the incidence of chromosomes with multiple copies of amylase genes (that is, more total copies than chimpanzees and Neanderthals) increased sevenfold over the last 12,000 years, suggesting that this provided a survival advantage for our ancestors.

The researchers also found evidence for an increase in amylase genes in other agricultural populations around the world, and that the region of the chromosomes where these amylase genes are located looks similar in all these populations, no matter what specific starchy plant that culture domesticated. The findings demonstrate that as agriculture arose independently around the world, it seems to have rapidly altered the human genome in nearly identical ways in different populations to deal with increased carbohydrates in the diet.

In fact, the researchers found that the rate of evolution leading to changes in amylase gene copy number was 10,000 times faster than that of single DNA base pair changes in the human genome.




"It has long been hypothesized that the copy number of amylase genes had increased in Europeans since the dawn of agriculture, but we had never been able to sequence this locus fully before. It is extremely repetitive and complex," Sudmant said. "Now, we're finally able to fully capture these structurally complex regions, and with that, investigate the history of selection of the region, the timing of evolution and the diversity across worldwide populations. Now, we can start thinking about associations with human disease."

One suspected association is with tooth decay. Previous studies have suggested that having more copies of AMY1 is associated with more cavities, perhaps because the saliva does a better job of converting starch in chewed food into sugar, which feeds bacteria that eat away at teeth.

The research also provides a method for exploring other areas of the genome -- those involving the immune system, skin pigmentation and the production of mucus, for example -- that have undergone rapid gene duplication in recent human history, Garrison said.

"One of the exciting things we were able to do here is probe both modern and ancient genomes to dissect the history of structural evolution at this locus," he said.

These methods can also be applied to other species. Previous studies have shown that animals that hang out around humans -- dogs, pigs, rats and mice -- have more copies of the amylase gene than their wilder relatives, apparently to take advantage of the food we throw away.

"This is really the frontier, in my opinion," Garrison said. "We can, for the first time, look at all of these regions that we could never look at before, and not just in humans -- other species, too. Human disease studies have really struggled in identifying associations at complex loci, like amylase. Because the mutation rate is so high, traditional association methods can fail. We're really excited how far we can push our new methods to identify new genetic causes of disease."

From hunter-gatherer to agrarian

Scientists have long suspected that humans' ability to digest starch may have increased after our ancestors transitioned from a hunter-gatherer lifestyle to a settled, agricultural lifestyle. This shift was shown to be associated with more copies of the amylase genes in people from societies that domesticated plants.

But the area of the human genome where these copies reside has been difficult to study because traditional sequencing -- so-called short-read sequencing techniques that cut the genome into chunks of about 100 base pairs, sequence the millions of pieces and then reassemble them into a genome -- was unable to distinguish gene copies from one another. Complicating matters, some copies are inverted, that is, they are flipped and read from the opposite strand of DNA.

Long-read sequencing allows scientists to resolve this region, reading DNA sequences thousands of base pairs long to accurately capture repetitive stretches. At the time of the study, the Human Pangenome Reference Consortium (HPRC) had collected long-read sequences of 94 human haploid genomes, which Sudmant and colleagues used to assess the variety of contemporary amylase regions, called haplotypes. The team then assessed the same region in 519 ancient European genomes. The HPRC data helped avoid a common bias in comparative genomic studies, which have used a single, averaged human genome as a reference. The genomes from the HPRC, referred to as a pangenome, provide a more inclusive reference that more accurately captures human diversity.

Joana Rocha, a UC Berkeley postdoctoral fellow and co-first author of the paper, compared the region where amylase genes cluster to what she called "sculptures made of different Lego bricks. Those are the haplotype structures. Previous work had to take down the sculpture first and infer from a pile of bricks what the sculpture may have looked like. Long-read sequencing and pangenomic methods now allow us to directly examine the sculpture and thus offer us unprecedented power to study the evolutionary history and selective impact of different haplotype structures."

Using specially developed mathematical modeling, the researchers identified 28 different haplotype structures among the 94 long-read genomes and thousands of realigned short-read human genomes, all of which cluster into 11 groups, each with a unique combination of AMY1, AMY2A and AMY2B copy numbers.

"These remarkably complex, crazy structures -- regions of gene duplication, inversion and deletion in the human genome -- have evolved independently in different human populations over and over again, even before the rise of agriculture," Sudmant said.

Analysis of the many contemporary human genomes also pointed to an origin 280,000 years ago of an initial duplication event that added two copies of AMY1 to the human genome.

"That particular structure, which is predisposed to high mutation rates, emerged 280,000 years ago, setting the stage for later on, when we developed agriculture, for people who had more copies to have increased fitness, and then for these copy numbers to be selected for," Sudmant said. "Using our methods, for the first time we could really date the initial duplication event."

Alma Halgren, a UC Berkeley graduate student in bioengineering, and Davide Bolognini and Alessandro Raveane of Human Technopole in Milan, Italy, are also first authors of the paper. Other co-authors are Andrea Guarracino of UTHSC, Nicole Soranzo of Human Technopole and the University of Cambridge in the United Kingdom, and Jason Chin of the Foundation for Biological Data Science in Belmont, California. Sudmant's research is funded by the Institute of General Medical Sciences of the U.S. National Institutes of Health (R35GM142916).
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Scientists uncover hidden source of snow melt: Dark brown carbon | ScienceDaily
Wildfires leave potent climate heaters behind in their wake, particles that enhance the absorption of sunlight and warm the atmosphere. Dropped on snow like a wool poncho, these aerosols darken and decrease the surface reflectance of snowy places.


						
But it was not yet understood just how different types of smoke particles contribute to these effects. In a study recently published in npj Climate and Atmospheric Science, researchers at Washington University in St. Louis model how dark-brown carbon (d-BrC) -- light absorbing, water insoluble organic carbon -- from wildfires plays a much larger role as a snow-warming agent than previously recorded. It's 1.6 times as potent a warmer compared to what researchers previously thought was the main culprit, black carbon.

In the Tibetan Plateau and other midlatitude regions, deposition of water insoluble organic carbon on snow have been previously recorded, "But nobody really looked under the hood to investigate their snow melting potential," said Rajan Chakrabarty, a professor at WashU's McKelvey School of Engineering.

Chakrabarty's PhD student, Ganesh Chelluboyina, a McDonnell International Scholars Academy fellow, and Taveen Kapoor, a postdoctoral fellow, have spent the bulk of their time at WashU taking up that challenge.

The team likens d-BrC to an "evil cousin" of black carbon, and much like black carbon, wildfires deposit it upon snow caps like switching out a white t-shirt for dark brown poncho. These particles can't be washed away or bleached to the point of losing their absorptivity. And when the snow loses its reflectivity and warms up, this increases surrounding air temperatures and further notches up the warming cycle.

Without accounting for d-BrC, researchers have likely been underestimating the snow melt from wildfire smoke deposition, and this research will ensure more accurate climate models and measurements. As massive wildfires become more ubiquitous, policymakers will have to figure out how to mitigate this form of carbon to reduce anomalous snow melt. Though d-BrC absorbs slightly less light than black carbon, it makes up for it in quantity, being four times more abundant in wildfire plumes compared to BC.

The team plans to further document the real-world effects of d-BrC at work as they enter the experimental phase of research. How do you do snow-aerosol experiments without going to the field? In this case, they get a four-foot-tall snow globe for the lab.

"We'll be dropping atomized water droplets into the top of the chamber, creating snow, then deposit aerosols on it," Chelluboyina said.
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Researchers identify mechanism underlying allergic itching, and show it can be blocked | ScienceDaily
Why do some people feel itchy after a mosquito bite or exposure to an allergen like dust or pollen, while others do not? A new study has pinpointed the reason for these differences, finding the pathway by which immune and nerve cells interact and lead to itching. The researchers, led by allergy and immunology specialists at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system, then blocked this pathway in preclinical studies, suggesting a new treatment approach for allergies. The findings are published in Nature.


						
"Our research provides one explanation for why, in a world full of allergens, one person may be more likely to develop an allergic response than another," said senior and corresponding author Caroline Sokol, MD, PhD, an attending physician in the Allergy and Clinical Immunology Unit at MGH, and assistant professor of medicine at Harvard Medical School. "By establishing a pathway that controls allergen responsiveness, we have identified a new cellular and molecular circuit that can be targeted to treat and prevent allergic responses including itching. Our preclinical data suggests this may be a translatable approach for humans."

When it comes to detecting bacteria and viruses, the immune system is front and foremost at detecting pathogens and initiating long-lived immune responses against them. However, for allergens, the immune system takes a backseat to the sensory nervous system. In people who haven't been exposed to allergens before, their sensory nerves react directly to these allergens, causing itchiness and triggering local immune cells to start an allergic reaction. In those with chronic allergies, the immune system can affect these sensory nerves, leading to persistent itchiness.

Previous research from Sokol and colleagues showed that the skin's sensory nervous system -- specifically the neurons that lead to itch -- directly detect allergens with protease activity, an enzyme-driven process shared by many allergens. When thinking about why some people are more likely to develop allergies and chronic itch symptoms than others, the researchers hypothesized that innate immune cells might be able to establish a "threshold" in sensory neurons for allergen reactivity, and that the activity of these cells might define which people are more likely to develop allergies.

The researchers performed different cellular analyses and genetic sequencing to try and identify the involved mechanisms. They found that a poorly understood specific immune cell type in the skin, that they called GD3 cells, produce a molecule called IL-3 in response to environmental triggers that include the microbes that normally live on the skin. IL-3 acts directly on a subset of itch-inducing sensory neurons to prime their responsiveness to even low levels of protease allergens from common sources like house dust mites, environmental molds and mosquitos. IL-3 makes sensory nerves more reactive to allergens by priming them without directly causing itchiness. The researchers found that this process involves a signaling pathway that boosts the production of certain molecules, leading to the start of an allergic reaction.

Then, they performed additional experiments in mouse models and found removal of IL-3 or GD3 cells, as well as blocking its downstream signaling pathways, made the mice resistant to the itch and immune-activating ability of allergens.

Since the type of immune cells in the mouse model is similar to that of humans, the authors conclude these findings may explain the pathway's role in human allergies.

"Our data suggest that this pathway is also present in humans, which raises the possibility that by targeting the IL-3-mediated signaling pathway, we can generate novel therapeutics for preventing an allergy," said Sokol. "Even more importantly, if we can determine the specific factors that activate GD3 cells and create this IL-3-mediated circuit, we might be able to intervene in those factors and not only understand allergic sensitization but prevent it."

Disclosures: Sokol is a paid consultant for Bayer and Merck and receives sponsored research support from GSK. Aderhold is a current employee of Werewolf Therapeutics. McAlpine is a paid consultant of Granite Bio. Woolf is a founder of Nocion Therapeutics, QurAlis and BlackBox Bio, and is on the scientific advisory board of Lundbeck Pharma, Axonis and Tafalgie Therapeutics. Villani has a financial interest in 10X Genomics, a company that designs and manufactures gene sequencing technology for use in research, and such technology is being used in this research.

Funding: This work was supported by grant no. T32HL116275 and a National Eczema Association Catalyst Research grant, National Institutes of Health (NIH) grants K99/R00 HL151750, R01 HL158534, R01 AG082185 and the Cure Alzheimer's Fund, grant nos. R35 HL135752, NIH R35 NS105076-01 and R01 AT011447, grant nos. DP2CA247831, R01AI15116, AAAAI Foundation and D.Y.M. Leung/JACI Editors Faculty Development Award, Food Allergy Science Initiative, Massachusetts General Hospital Howard Goodman Scholarship, and the Broad Institute Next Generation Scholar and Massachusetts General Hospital Transformative Scholar Award. Sokol receives extra sponsored research support from GlaxoSmithKline.
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A new role for intelligent tutors powered by AI in brain surgery? | ScienceDaily
Neurosurgery is perhaps one of the most demanding professions in healthcare. Surgeons spend long hours performing operations where expert performance means the difference between a good and bad patient outcome. While operative injuries are rare, when they occur, they can have serious, and lifelong consequences.


						
Researchers at the Neurosurgical Simulation and Artificial Intelligence Learning Centre at The Neuro (Montreal Neurological Institute-Hospital) of McGill University are striving to improve brain surgery training by designing real-time, intelligent tutors powered by AI. These systems are designed to mimic the role of human surgical instructors in brain surgical training. Intelligent tutors help the learner acquire excellent operative skills by continuously assessing hand movements during simulated brain procedures and providing personalized verbal feedback...

Educating the next generation of neurosurgeons is a long, expensive, and complex process. AI and simulation hold the potential to make the learning process easier while maintaining or enhancing the quality of graduating neurosurgeons' skills.

Their most recent study was the first randomized controlled trial comparing AI intelligent tutor instruction with human expert human instruction during simulated surgery. They divided 97 medical trainees into three groups, either receiving real-time AI feedback, in-person expert instruction or no real-time feedback.

The trainees who received AI instruction performed significantly better than those who received expert instruction and no real-time instruction. The study found that expert instruction alone led to poorer surgical learning outcomes. By employing their extensive expertise and the new opportunities provided by AI, surgical educators can provide new possibilities for learners to reach their potential as excellent surgeons.

"This study suggests the future of instruction in the operating room may involve human educators utilizing the capacity of AI to further enhance learner surgical skills acquisition," says Dr. Rolando Del Maestro, Director, Neurosurgical Simulation and Artificial Intelligence Learning Centre
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At-risk butterflies more likely to survive with human help | ScienceDaily
Some of the butterflies most in danger of fluttering out of existence fare better when their habitats are actively managed by humans, a recent study found.


						
A team led by Washington State University researchers Cheryl Schultz and Collin Edwards analyzed data on 114 populations of 31 butterfly species in 10 U.S. states. Scientists have long warned that insect populations worldwide are falling rapidly due to the combined effects of climate change, habitat loss and pesticides. Overall, the research team found that these at-risk butterflies are particularly vulnerable, with populations declining at an estimated rate of 8% a year, which translates to about a 50% drop over a decade.

The study findings, reported in the Journal of Applied Ecology, offer hope that habitat management can slow or even potentially reverse those sharp declines.

"The strongest signal we found is that in places where people are actively engaged with ways to manage the habitat, the butterflies are doing the best. That to me is super exciting because that means that habitat management can make a difference, even in the face of stressors like climate change," said Cheryl Schultz, a WSU professor of conservation biology and co-lead author on the study.

With warmer temperatures brought by climate change, many butterflies have been shifting the timing of their seasonal activities, often by becoming active earlier in the year. It is an open question in ecology as to when shifts in timing are good, bad or relatively neutral for a species.

"We found that for these butterflies, big shifts in timing were generally bad. Populations with greater shifts were more likely to be declining," said Edwards, a recent WSU postdoctoral fellow and co-lead author on the study. "However, we were excited to discover that habitat management appeared to be dampening the effect of climate change on butterfly timing. Populations that received more frequent management had smaller shifts in their timing."

In spite of the overall negative population trends identified for these species, the links the research team found between population trends, shifts in timing and management provide a path forward for butterfly conservation.




"This might not solve the impact of climate change, but we can mediate some of the effects," said co-author Elizabeth Crone, professor at University of California, Davis. "It's within our power at the local level to do something positive for these populations."

The study included species such as the Oregon silverspot, Taylor's checkerspot, Karner blue and frosted elfin. It also included the Fender's blue, which has become poster child for recovery efforts, after it bounded back from a few thousand butterflies in the 1990s to upwards of 30,000 today with the help of researchers like Schultz as well as public land managers and private landowners including many vineyards in the Willamette Valley.

In this study, researchers found that the type of habitat intervention selected by managers was appropriate, with activities such as prescribed burns, mowing, weeding and actively planting nectar or "host" plants for butterfly caterpillars, selected based on the needs of each area.

Volunteers can help in active management of local natural areas by assisting with new plantings and weeding out invasives, Schultz said. People can also support butterflies in their own backyard.

"We really encourage people to plant an abundance of wildflowers and plants which are both hosts for caterpillars and provide nectar for butterflies," said Schultz. "These should be 'clean plantings' meaning they are pesticide free. The more we can reduce pesticides in our environment, the better it's going to be for butterflies and insects."

This research received funding from the U.S. Strategic Environmental Research and Development Program, the U.S. Fish and Wildlife Service and the U.S. Geological Survey.
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Prescribing nature can improve happiness and reduce anxiety | ScienceDaily
A PS5.77m cross-governmental funded project has shown that expanding access to Green Social Prescribing can promote wellbeing and improve mental health.


						
Researchers from the University of Exeter -- in partnership with the University of Sheffield, Sheffield Hallam University, and University of Plymouth -- have today (September 4) published a report for the Department for Environment, Food & Rural Affairs (Defra) on their findings into efforts to increase access to Green Social Prescribing, and its effectiveness in tackling and preventing mental ill health.

Green Social Prescribing is the practice of supporting people with mental health needs to engage in nature-based activities. Referrals will typically come from GPs, community mental health teams, or social workers, but people can also self-refer. Social Prescribing Link Workers, and other trusted professionals, then connect people to community groups and agencies for practical and emotional support. There are many different types of nature-based activities and therapies, including conservation, horticulture and gardening, care farming, exercise and sports, or talking therapies in the outdoors.

Professor Ruth Garside of the European Centre for Environment and Human Health at the University of Exeter said: "Our findings are significant because it provides evidence that Green Social Prescribing is an effective way of supporting people with their mental health. But this is just the beginning and further government investment is now supporting the leadership and systems change that we know Green Social Prescribing needs to be successful. However, there must be an ongoing commitment from policymakers to understand the needs of communities and enable more diverse people to connect with nature, alongside investment in those organisations that provide nature-based activities."

In total, 8,339 people with mental health needs took part in nature-based activities at seven Green Social Prescribing Project Test and Learn pilots across England. Compared to many other social prescribing initiatives the project reached a broader range of people, including children and young people aged under 18, ethnic minority populations (21-percent), and people from socio-economically deprived areas (57-percent).

Prior to accessing nature-based activities participants' happiness, anxiety, life satisfaction, and feeling that their life was worthwhile was worse than national averages. After taking part in the project wellbeing had improved, and typically happiness and anxiety was in line with the national average. Levels of life satisfaction and feeling that life was worthwhile had also improved significantly.

Participants in Green Social Prescribing said:

"After the group I feel joyful, happy, calm. I have a sense of achievement and I feel my wellbeing increasing. I look forward to attending."




"It works better than medication for me. It works better than CBT for me. Most of my stuff is related to trauma, so NICE guidelines don't recommend medication for borderline personality disorder. I have my counselling and that is really valuable, but this is on a par with that."

With an average cost of PS507 per participant, researchers also found Green Social Prescribing to be a cost-effective method of supporting people across a wide spectrum of mental health needs. That's when compared to other interventions, such as Cognitive Behavioural Therapy (CBT), behavioural activation, and early intervention for psychosis and collaborative care for depression.

Marion Steiner is a GP in Bristol and part of the Bristol, North Somerset and South Gloucestershire Test and Learn Pilot Site project board. She said: "Connecting with nature is a lifelong resource with proven benefits for mental and physical health. It can cut through generations of adverse life events. But many of the patients I treat can't currently access nature in this way due to a range of personal, social, and cultural barriers. That's why Green Social Prescribing is so important. This project has the potential to reduce a range of prescribing and treatment costs for the NHS, as well as addressing many health needs and lowering the risk of several diseases, from diabetes to depression."

Dr Annette Haywood, Head of Public Health Section Sheffield Centre for Health and Related Research (SCHARR) and Principal Investigator of the study said: "I'm thrilled to have led on this national evaluation of Green Social Prescribing. There is already a wealth of evidence to show the positive impact that nature and outdoor activities can have on mental and physical health. The findings of this report add to this evidence-base, demonstrating that nature-based activities are a relatively cost-effective way to support people with a variety of mental health needs."

Funding for the project was provided by HM Treasury's Shared Outcomes Fund and various central government departments and external agencies. Partners included: Department of Health and Social Care, Department for Environment, Food and Rural Affairs, Natural England, NHS England, NHS Improvement, Public Health England, Sport England, Department for Levelling Up, Housing & Communities and the National Academy for Social Prescribing.
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Kidney disease in cats: High-quality feline iPSCs generated without genetic footprint | ScienceDaily
A common image of cats today comes in the form of cute cat memes online, but these furry felines commonly experience kidney disease. Amid advances in medicine to improve people's quality of life, an Osaka Metropolitan University-led team has, for the first time in the world, generated high-quality feline induced pluripotent stem cells (iPSCs), which have the potential to help companion animals and humans alike.


						
Human iPSCs have been generated using just four genes known as transcription factors, but feline iPSCs have been difficult to generate. Graduate School of Veterinary Science Professor Shingo Hatoya led the team in introducing six transcription factors via the Sendai virus vector to generate feline iPSCs from the cells of cats, including those derived from the uterus that were donated when cats were sterilized.

The team reports in Regenerative Therapy that these are the first high-quality feline iPSCs. They exhibit the properties that many iPS cells do, such as the formation of teratomas, which proves that they can differentiate into a variety of cells. The stem cells generated also do not have a genetic footprint, meaning there is lower risk that they form tumors when implanted in another cat. Furthermore, they can be maintained without feeder, such as fibroblast from mice, making them safer as they do not mix cells from different species.

"Especially in cats, chronic kidney disease and diabetes are serious problems," Professor Hatoya declared. "Establishing a method to have cells form a kidney or pancreas from feline iPSCs will be a challenge for future research."

Professor Hatoya, who previously reported on advancements in feeder-free canine iPSCs, added, "High-quality feline iPSCs made possible by this research are expected to be provided to researchers around the world for use in veterinary regenerative medicine research, understanding of the pathophysiology of genetic diseases, and development of new therapeutic agents."
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Flexible tentacle electrodes precisely record brain activity | ScienceDaily
Neurostimulators, also known as brain pacemakers, send electrical impulses to specific areas of the brain via special electrodes. It is estimated that some 200,000 people worldwide are now benefiting from this technology, including those who suffer from Parkinson's disease or from pathological muscle spasms. According to Mehmet Fatih Yanik, Professor of Neurotechnology at ETH Zurich, further research will greatly expand the potential applications: instead of using them exclusively to stimulate the brain, the electrodes can also be used to precisely record brain activity and analyse it for anomalies associated with neurological or psychiatric disorders. In a second step, it would be conceivable in future to treat these anomalies and disorders using electrical impulses.


						
To this end, Yanik and his team have now developed a new type of electrode that enables more detailed and more precise recordings of brain activity over an extended period of time. These electrodes are made of bundles of extremely fine and flexible fibres of electrically conductive gold encapsulated in a polymer. Thanks to a process developed by the ETH Zurich researchers, these bundles can be inserted into the brain very slowly, which is why they do not cause any detectable damage to brain tissue.

This sets the new electrodes apart from rival technologies. Of these, perhaps the best known in the public sphere is the one from Neuralink, an Elon Musk company. In all such systems, including Neuralink's, the electrodes are considerably wider. "The wider the probe, even if it is flexible, the greater the risk of damage to brain tissue," Yanik explains. "Our electrodes are so fine that they can be threaded past the long processes that extend from the nerve cells in the brain. They are only around as thick as the nerve-cell processes themselves."

The research team tested the new electrodes on the brains of rats using four bundles, each made up of 64 fibres. In principle, as Yanik explains, up to several hundred electrode fibres could be used to investigate the activity of an even greater number of brain cells. In the study, the electrodes were connected to a small recording device attached to the head of each rat, thereby enabling them to move freely.

No influence on brain activity

In the experiments, the research team was able to confirm that the probes are biocompatible and that they do not influence brain function. Because the electrodes are very close to the nerve cells, the signal quality is very good compared to other methods.

At the same time, the probes are suitable for long-term monitoring activities, with researchers recording signals from the same cells in the brains of animals for the entire duration of a ten-month experiment. Examinations showed that no brain-tissue damage occurred during this time. A further advantage is that the bundles can branch out in different directions, meaning that they can reach multiple brain areas.




Human testing to begin soon

In the study, the researcher used the new electrodes to track and analyse nerve-cell activity in various areas of the brains of rats over a period of several months. They were able to determine that nerve cells in different regions were "co-activated." Scientists believe that this large-scale, synchronous interaction of brain cells plays a key role in the processing of complex information and memory formation. "The technology is of high interest for basic research that investigates these functions and their impairments in neurological and psychiatric disorders," Yanik explains.

The group has teamed up with fellow researchers at the University College London in order to test diagnostic use of the new electrodes in the human brain. Specifically, the project involves epilepsy sufferers who do not respond to drug therapy. In such cases, neurosurgeons may remove a small part of the brain where the seizures originate. The idea is to use the group's method to precisely localise the affected area of the brain prior to tissue removal.

Brain-machine interfaces

There are also plans to use the new electrodes to stimulate brain cells in humans. "This could aid the development of more effective therapies for people with neurological and psychiatric disorders," says Yanik. In disorders such as depression, schizophrenia or OCD, there is often impairments in specific regions of the brain, which leads to problems in evaluation of information and decision making. Using the new electrodes, it might be possible to detect the pathological signals generated by the neural networks in the brain in advance, and then stimulate the brain in a way that would alleviate such disorders. Yanik also thinks that this technology may give rise to brain-machine interfaces for people with brain injuries. In such cases, the electrodes might be used to read their intentions and thereby, for example, to control prosthetics or a voice-output system.
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Spurring more biofilm growth for efficient wastewater treatment | ScienceDaily
For the sake of the environment and our quality of life, effective treatment of wastewater plays a vital role. A biological method to treat sewage using moving, biofilm-covered plastic items known as carriers has been gaining prominence, and an Osaka Metropolitan University-led team has found ways to make the process more efficient.


						
The moving bed biofilm reactor (MBBR) process purifies wastewater by putting these carriers in motion to get the biofilm's microorganisms into greater contact with organic matter and other impurities. The more biofilm that can be attached to the plastic carriers, the more microorganisms that are available to clean the wastewater.

OMU Professor Masayuki Azuma and Associate Professor Yoshihiro Ojima of the Graduate School of Engineering worked with a team from Kansaikako Co., an Osaka-based company specializing in water treatment-related products, and found that polypropylene carriers foamed to create uneven surfaces and more surface area allowed 44 times more biofilm formation than smooth plastic carriers.

Moreover, adding waste biomass such as composted seaweed when foaming further enhanced the performance of the foamed plastic carriers, especially in terms of nitrate removal during the MBBR process.

"Since there is a wide variety of wastewater, it will be necessary to prove that these foamed carriers also have superior suitability to various wastewater," stated Professor Azuma. "It is clear that the addition of waste biomass improves the performance of the carriers, so we expect that further performance enhancement can be achieved depending on the additive."

The findings were published in Environmental Technology & Innovation.
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New population model identifies phases of human dispersal across Europe | ScienceDaily
An interdisciplinary research team from the University of Cologne's Institute of Geophysics and Meteorology and the Department of Prehistoric Archaeology has developed a new model, the "Our Way Model." They modelled the movements and population densities over time and space during the Aurignacian (approximately 43,000 to 32,000 years ago) to better understand how the first anatomically modern humans populated Europe. The model reveals four phases of the process. The first phase saw a slow expansion of human settlement from the Levant to the Balkans, followed by the second phase of rapid expansion into western Europe. The subsequent third phase was characterized by a decline in human population, and the fourth phase brought regional increases in population density and further advances into previously unsettled areas of Great Britain and the Iberian Peninsula. The results have been published under the title 'Reconstruction of human dispersal during Aurignacian on pan-European scale' in Nature Communications.


						
The interdisciplinary collaboration between climate scientists and archaeologists enabled the team to examine how climate change influenced human dispersal quantitatively. Early anatomically modern humans survived as hunter-gatherers for extremely long periods. When they started spreading across Europe, global climatic conditions were different from today: The prevailing cooler and drier climate of the late Last Glacial Period was repeatedly interrupted by warmer interglacial periods, with some changes occurring abruptly and others gradually.

Reasons for human dispersal to Europe were likely diverse, including human exploratory spirit, evolution in social structure and progress in technology. The newly developed model, however, allowed the research team to clearly demonstrate how climate change impacted human dispersal. Previous numeric models of long-term dispersals of human populations on continental scales commonly relied on so called diffusion-reaction equations, i.e., a combination of slow, continuous dispersal in all directions driven by the constant reproducing and growing population. Agent-based models focusing on individual or group motivations of humans to migrate, in turn, are more popular on smaller scales. Recent new models feature data from paleoclimate models in their calculations, but focus on Net Primary Production, an indicator for the amount of stored CO2 in plants and animals, as a proxy for food availability and human mobility. The disadvantage of this approach is that it does not consider the accessibility and availability of these food sources, as only a fraction of them were usable by humans.

The research team assumes that early habitation in Europe involved highly complex processes of advance, retreat, abandonment and resettlement, driven by climatic changes as well as humans' ability to adapt. The "Our Way Model" simulates human dispersal in two main steps: first, combining climate and archaeological data to model the Human Existence Potential (HEP), and second, modelling the human population dynamics constrained by the HEP. HEP defines the likelihood of human existence under climate and environmental conditions for a given culture. This vital quantity is estimated using an HEP model that takes into account paleoclimatic data for known archaeological sites. This machine learning approach constructs the climatic constraints for the Aurignacian culture, estimating which climate conditions humans of that culture preferred to live in. The trained model is then applied to estimate the spatial and temporal HEP patterns using data simulated by the so-called Global Climate Model as well as oxygen isotope data from Greenland ice cores.

The results showed that a first phase of relatively slow westward expansion from the Levant to the Balkans (approximately 45,000 to 43,000 years ago) was followed by a second phase of rapid expansion into western Europe (approximately 43,250 to 41,000 years ago). Although interrupted by brief setbacks, Homo sapiens populations now rapidly reached an estimated number of 60,000 people across Europe, spread across all the known archaeological sites during this period. The subsequent third phase was characterized by a decline in the human population, both in terms of its size and density as well as the area occupied by the population (41,000 to 39,000 years ago). This development resulted from a prolonged severe cold period which lasted almost 3,000 years, known as the GS9/HE4 period. However, according to the model, humans survived in the climate shadows of large topography (e.g., the Alpes), which they had just occupied in the previous phase. In the fourth phase, when HEP conditions improved again, the population quickly recovered and grew further, starting at around 38,000 years ago. Regional increases in population density and further advances into previously unsettled areas of Great Britain and the Iberian Peninsula, which the model showed, are broadly in line with the archaeological evidence.

The HEP maps indicate that at the end of this process, parts of the human population were better adapted to cold climatic conditions than others, allowing them to push the boundaries of previously settled environments. "Regional studies can hardly capture all factors at play when trying to reconstruct human dispersal, including how they work together at different scales and contribute to overall long-term trends. This is a major advantage of the new modelling approach," said Dr Isabell Schmidt at the Department of Prehistoric Archaeology.

In further research, the team will test the underlying assumptions made in the model, focusing on the role of cultural evolution in the human dispersal process. The project Human and Earth System Coupled Research (HESCOR) at the University of Cologne will integrate further aspects of Human-Earth system interactions into the model.
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A new drug target for psychiatric disorders | ScienceDaily
Misha Kudryshev's lab at the Max Delbruck Center has identified a molecular intermediate of a serotonin receptor that is involved in diseases such as depression and schizophrenia. Published in The EMBO Journal, the study points to a potentially new target for therapeutics.


						
A new study published in "The EMBO Journal" points to new potential strategies to treat psychiatric and gastrointestinal disorders that are not well addressed by current medications. Dr. Bianca Introini and her colleagues in the In Situ Structural Biology lab of Professor Misha Kudryashev have identified a stable intermediate form of the pentameric serotonin-gated 5-HT3Areceptor -- a cellular membrane protein. The researchers' ability to identify such a structure is exceptional, says Kudryashev, because intermediates of assembling membrane proteins are notoriously difficult to purify. The intermediate form could serve as a new drug target.

Serotonin is well known as a neurotransmitter that modulates neural activity and a variety of neuropsychological processes. Drugs that target serotonin receptors are used widely in psychiatry and neurology, for example. They are also given to patients to alleviate nausea and vomiting caused by chemotherapy and radiotherapy. However, these drugs often come with side effects that limit their use.

Of the seven known serotonin receptors, 5-HT3A is the only one that is an ion channel -- transmembrane pore-forming proteins that act as gatekeepers and allow the flow of selected ions across cellular membranes. Cells with 5HT3A ion channels are found in the brainstem and the gastrointestinal tract. These cells form part of a circuit that regulates the movement of food through the gut, conveys sensory information, and triggers the gag reflex.

Studying the structure of serotonin receptors

Living cells are surrounded by membranes. Many membranes contain proteins that are involved in transmitting signals and transporting substances across the membranes. Membrane proteins are thus important in maintaining the health of cells, disruptions in their function are associated with many diseases.

Membrane proteins can be multimeric, whereby several copies of the same molecule assemble to form a final functional structure. Synthesis and assembly of multimeric membrane proteins takes place deep within cells, making it challenging to study the intermediates of this process.




For several years, the Kudryashev lab has been investigating at the atomic level, how the serotonin receptor ion channel opens and closes in response to serotonin binding. To study the protein's structure, the research team uses cryo-electron microscopy, a technique that allows imaging of a thin layer of frozen proteins or cells using electrons.

Not the canonical five subunits

While studying the structure of the 5-HT3A receptor, Dr. Introini found that some molecules consisted of four subunits bound in a tetramer complex, instead of the canonical five. "This was curious," Dr. Introini says, "because Cys-loop receptors are made up of five protein subunits." Five subunits typically assemble into a pentameric complex.

To gain deeper insights into the tetramers' function, the researchers teamed up with scientists from The Research Center for Computer-aided Drug Discovery at the Institute of Biomedicine and Biotechnology in Shenzhen, China. Using computational simulations, they proposed that the tetramer was an intermediate structure that is processed to produce the final pentameric structure.

Interestingly, the tetramers exist in two distinct forms. One carries a partially open extracellular domain that, as shown by molecular dynamics simulation experiments, allows the insertion of the fifth subunit, Kudryashev explains, providing evidence that the tetramer indeed represents an intermediate molecule.

"The publication not only advances our understanding of the synthesis and assembly of these proteins and other multimeric proteins in membranes," says Kudryashev, "it also suggests a potential alternative strategy for regulating serotonin levels in cells by targeting this intermediate protein."
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'Forever chemicals' influence the development and function of the brain | ScienceDaily
Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as "forever chemicals." They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team from the Helmholtz Centre for Environmental Research (UFZ) has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved. These genes are also present in humans. The test procedure developed at the UFZ could be used for the risk assessment of other neurotoxic chemicals. The study was recently published in Environmental Health Perspectives.


						
Because of their special properties -- heat resistance, water and grease repellence, and high durability -- PFAS are used in many everyday products (e.g. cosmetics, outdoor clothing, and coated cookware). But it is precisely these properties that make them so problematic. "Because some PFAS are chemically stable, they accumulate in the environment and enter our bodies via air, drinking water, and food," says UFZ toxicologist Prof Dr Tamara Tal. Even with careful consumption, it is nearly impossible to avoid this group of substances, which has been produced since the 1950s and now includes thousands of different compounds. "There is a great need for research, especially when it comes to developing fast, reliable, and cost-effective test systems for assessing the risks of PFAS exposure," says Tal. So far, the environmental and health consequences have been difficult to assess.

In their current study, the researchers investigated how PFAS exposure affects brain development. To do this, they used the zebrafish model, which is frequently used in toxicology research. One advantage of this model is that around 70% of the genes found in zebrafish (Danio rerio) are also found in humans. The findings from the zebrafish model can therefore likely be transferred to humans. In their experiments, the researchers exposed zebrafish to two substances from the PFAS group (PFOS and PFHxS), which have a similar structure. The researchers then used molecular biological and bioinformatic methods to investigate which genes in the brains of the fish larvae exposed to PFAS were disrupted compared to the control fish, which were not exposed. "In the zebrafish exposed to PFAS, the peroxisome proliferator-activated receptor (ppar) gene group, which is also present in a slightly modified form in humans, was particularly active," says Sebastian Gutsfeld, PhD student at the UFZ and first author of the study. "Toxicity studies have shown this to be the case as a result of exposure to PFAS -- albeit in the liver. We have now also been able to demonstrate this for the brain."

But what consequences does an altered activity of the ppar genes triggered by PFAS exposure have for brain development and behaviour of zebrafish larvae? The researchers investigated this in further studies using the zebrafish model. They used the CRISPR/Cas9 method, also known as gene scissors. "Using genetic scissors, we were able to selectively cut individual or several ppar genes and prevent them from functioning normally," explains Gutsfeld. "We wanted to find out which ppar genes are directly linked to a change in larval behaviour triggered by PFAS exposure." Proof of the underlying mechanism was directly provided. In contrast to genetically unaltered zebrafish, the knockdown fish in which the gene scissors were used should not show any behavioural changes after exposure to PFAS.

The two behavioural endpoints

In one series of experiments, the researchers continuously exposed zebrafish to PFOS or PFHxS during their early developmental phase between day one and day four and in another series of experiments only on day five. On the fifth day, the researchers then observed swimming behaviour. They used two different behavioural endpoints for this purpose. In one endpoint, swimming activity was measured during a prolonged dark phase. PFAS-exposed fish swam more than fish not exposed to PFAS, whether continuously exposed to PFAS during brain development or shortly before the behaviour test. Interestingly, hyperactivity was only present when the chemical was around. When the researchers removed PFOS or PFHxS, hyperactivity subsided. In the second endpoint, the startle response after a dark stimulus was measured. "In zebrafish exposed to PFOS for four days, we observed hyperactive swimming behaviour in response to the stimulus," says Gutsfeld. In contrast, zebrafish only exposed to PFOS or PFHxS on the fifth day did not have a hyperactive startle response.

Based on these responses, the researchers conclude that PFOS exposure is associated with abnormal consequences -- particularly during sensitive developmental phases of the brain. Using knockdown zebrafish, the researchers identified two genes from the ppar group that mediate the behaviour triggered by PFOS.

"Because these genes are also present in humans, it is possible that PFAS also have corresponding effects in humans," concludes Tal. The scientists working with Tal want to investigate the neuroactive effects of other PFAS in future research projects and expand the method so that it can ultimately be used to assess the risk of chemicals in the environment, including PFAS.
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Scientists use magnetic nanotech to safely rewarm frozen tissues for transplant | ScienceDaily
Every day, people die waiting for an organ transplant. Time is at a premium, not just for those awaiting organs, but also for the organs themselves, which can deteriorate rapidly during transportation. Looking to extend the viability of human tissues, researchers report in ACS' Nano Letters their efforts to facilitate completely freezing, rather than cooling and then thawing, potentially life-saving organs. They demonstrate a magnetic nanoparticle's successful rewarming of animal tissues.


						
As of August 2024, more than 114,000 people are on the U.S. national transplant waiting list, according to the Organ Procurement and Transplantation Network, and about 6,000 annually will die before receiving an organ transplant. One reason is the loss of organs in cold storage during transportation when delays cause them to warm prematurely. Methods have been developed to quickly freeze organs for longer-term storage without risking damage from ice crystal formation, but ice crystals can also form during warming. To address this problem, Yadong Yin and colleagues advanced a technique known as nanowarming, pioneered by collaborator John Bischof, to employ magnetic nanoparticles and magnetic fields to thaw frozen tissues rapidly, evenly and safely.

Recently, Yin and a team developed magnetic nanoparticles -- effectively extremely tiny bar magnets -- that, when exposed to alternating magnetic fields, generated heat. And that heat rapidly thawed animal tissues stored at -238 degrees Fahrenheit (-150 degrees Celsius) in a solution of the nanoparticles and a cryoprotective agent. The researchers worried, however, that uneven distribution of the nanoparticles within the tissues might trigger overheating where the particles congregated, which could lead to tissue damage and toxicity from the cryoprotective agent at elevated temperatures.

To reduce these risks, the researchers have continued their investigation, working on a two-stage approach that more finely controls nanowarming rates. They describe this process in the new Nano Letters study:
    	Cultured cells or animal tissues were immersed in a solution containing magnetic nanoparticles and a cryoprotective substance and then frozen with liquid nitrogen.
    	In the first stage of thawing, as before, an alternating magnetic field initiated rapid rewarming of animal tissues.
    	As the samples approached the melting temperature of the cryoprotective agent, the researchers applied a horizontal static magnetic field.
    	The second field realigned the nanoparticles, effectively tapping the brakes on heat production.

The heating slowed fastest in areas with more nanoparticles, which dampened concerns about problematic hotspots. Applying the method to cultured human skin fibroblasts and to pig carotid arteries, the researchers noted that cell viability remained high after rewarming over a few minutes, suggesting the thawing was both rapid and safe. The ability to finely control tissue rewarming moves us one step closer to long-term organ cryopreservation and the hope of more life-saving transplants for patients, the researchers say.

The authors acknowledge funding from the U.S. National Science Foundation.
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Levels of one 'forever chemical' are increasing in groundwater | ScienceDaily
Rain and water in ponds and lakes slowly seeps into the soil, moving through minute cracks to refill underground aquifers. Per- and polyfluoroalkyl substances (PFAS), often described as forever chemicals, can tag along into groundwater that's later removed for drinking. Researchers in ACS' Environmental Science & Technology Letters analyzed water from over 100 wells in Denmark for one particularly persistent PFAS: trifluoroacetate. They report steadily increasing levels of the forever chemical in recent decades.


						
Trifluoroacetate forms when fluorinated gases, such as refrigerants, and fluorinated pesticides partially degrade in the environment. Water passing through air and soil picks up trifluoroacetate, transporting the persistent and mobile compound into groundwater aquifers. However, potable groundwater sources haven't been widely tested for trifluoroacetate because there isn't a regulatory limit for it beyond the European Environment Agency's (EEA) limit on total PFAS in drinking water of 0.5 parts per billion (ppb). So, Christian Albers and Jurgen Sultenfuss wanted to thoroughly assess groundwater in Denmark for this contaminant, looking for potential changes in the past 60 years.

The researchers collected samples from 113 groundwater monitoring wells around Denmark. They analyzed the samples for trifluoroacetate and, using an established tritium-helium isotope method, calculated how long ago the water entered the underground aquifers. Overall, their data showed a trend of increasing trifluoroacetate concentrations since the 1960s. Specifically, groundwater from:
    	Before 1960 had unmeasurable levels.
    	1960 to 1980 contained 0.06 ppb on average.
    	1980 to 2000 contained 0.24 ppb on average.
    	2000 to the 2020s contained 0.6 ppb on average, which exceeds the EEA's total PFAS limit in drinking water.

The researchers attribute concentration differences within time periods to changing atmospheric deposition, plant uptake and local pesticide application. For example, pesticides that might be precursors for trifluoroacetate have been applied to agricultural areas within Denmark since the late 1960s. On the basis of those observations, the researchers say that trifluoroacetate concentrations could be used to categorize when groundwater entered aquifers, such as after 1985 or before 2000, rather than using more sophisticated and tedious dating methods that require isotopes. Additionally, Albers says some particularly high trifluoroacetate concentrations in groundwater less than 10 years old could suggest local sources have recently become more important, such as fluorinated pesticide applications.
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Banning friendships can backfire: Moms who 'meddle' make bad behavior worse | ScienceDaily
Delinquent activities almost always occur outside of the home and away from adult supervision, so it is only natural for parents to blame peers for their child's bad behavior. Not surprisingly, many parents also assume that they can prevent future problems by limiting contact with suspicious peers.


						
However, a new study cautions parents -- especially meddling moms -- to resist the temptation to prohibit friendships because doing so only makes a bad situation worse. How can this be?

Results from a new longitudinal study of middle school youth, published in The Journal of Child Psychology and Psychiatry, indicates that maternal disapproval of friends in response to child conduct problems damages the child's standing among peers, which exacerbates the behavior problems that friend prohibition was originally intended to prevent.

Brett Laursen, Ph.D., co-author and a professor of psychology at Florida Atlantic University, in collaboration with colleagues at Mykolas Romeris University in Vilnius Lithuania, followed a community sample of 292 boys and 270 girls (ages 9 to 14) over the course of a school year. Students completed surveys at the beginning, middle and end of the year. At each time point, peer status (being liked and being disliked) and classroom disruptiveness were gauged with peer nominations. Self-reports described conduct problems and perceived maternal disapproval of friends.

Results of the studyreveal that maternal efforts to intervene in problematic peer relationships by prohibiting friendships backfired. Mothers who disapproved of their children's friends inadvertently worsened their behavior problems. Specifically, mothers who responded to behavior problems (child-reported and peer-reported) with expressions of disapproval of friends inadvertently damaged the child's relations with peers, alienating classmates. Adjustment difficulties followed.

The study compared different forms of classmate responses to maternal friendship interference. The findings suggest that maternal disapproval of friends is more likely to elicit active disliking from classmates, rather than merely reducing the number of classmates who enjoy the child's company.

"The findings are important because they speak to the mechanism that translates disapproval of friends into elevated behavior problems. Maternal friend disapproval has counterproductive consequences for behavior problems because of the deleterious impact it has on peer status," said Laursen, in FAU's Charles E. Schmidt College of Science. "Youth may report restrictions and their reasons to friends. Or mothers may express their disapproval directly to friends. Neither are likely to be welcomed by recipients. Friends may respond by spreading contempt or ridicule throughout the peer group. Social opportunities are likely to wither as peers avoid affiliating with someone who is depicted as uncool."

The researchers suggest that another possibility is that mothers actually succeed in their efforts to disrupt a friendship.




"Imagine this scenario. A friendship ends because a mother prohibits it. Now the child needs a new friend. Who wants to be friends with someone who has an unpleasant, interfering mother? Chances are good that friend options are now quite limited and the child is forced to consider someone who also is rejected by peers; someone who has a hard time making friends," said Laursen. "All too often, such children are disliked because they have behavior problems. At the end of the day, interference in peer relationships may force the child to befriend a poorly adjusted classmate because they have no other alternatives."

Befriending children with behavior problems subjects them to pressure to conform to the disruptive behavior that mothers are trying to discourage. Then, too, the loss of peer status elevates the risk of behavior problems because it increases distress and challenges coping mechanisms. Finally, rejected children may be excluded from social interactions with typically developing peers, depriving them of the opportunity to develop age-appropriate social skills.

"Parents should consider positive alternatives to friend prohibition," said Laursen. "Focus on maintaining positive relationships with children, because warmth and support can be effective buffers against troublesome peer pressure, potentially disrupting the downward spiral of peer problems and adjustment difficulties."

The researchers also suggest that parents can create opportunities for constructive peer engagement in supervised settings and encourage participation in adult-sponsored clubs and activities, which potentially limit deviant behavior.
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Newly discovered gene may influence longevity | ScienceDaily

There is an abundance of advice out there on how to live a good, long life. Researchers are working hard to determine why some people live longer than others, and how we get the most out of our increasingly long lives.

Now researchers from the Center for Healthy Aging, Department of Cellular and Molecular Medicine at the University of Copenhagen have made a breakthrough. They have discovered that a particular protein known as OSER1 has a great influence on longevity.

"We identified this protein that can extend longevity (long duration of life, red.). It is a novel pro-longevity factor, and it is a protein that exists in various animals, such as fruit flies, nematodes, silkworms, and in humans," says Professor Lene Juel Rasmussen, senior author behind the new study.

Because the protein is present in various animals, the researchers conclude that new results also apply to humans:

"We identified a protein commonly present in different animal models and humans. We screened the proteins and linked the data from the animals to the human cohort also used in the study. This allows us to understand whether it is translatable into humans or not," says Zhiquan Li, who is a first author behind the new study and adds:

"If the gene only exists in animal models, it can be hard to translate to human health, which is why we, in the beginning, screened the potential longevity proteins that exist in many organisms, including humans. Because at the end of the day we are interested in identifying human longevity genes for possible interventions and drug discoveries."

Paves the way for new treatment




The researchers discovered OSER1 when they studied a larger group of proteins regulated by the major transcription factor FOXO, known as a longevity regulatory hub.

"We found 10 genes that, when -- we manipulated their expression -- longevity changed. We decided to focus on one of these genes that affected longevity most, called the OSER1 gene," says Zhiquan Li.

When a gene is associated with shorter a life span, the risk of premature aging and age-associated diseases increases. Therefore, knowledge of how OSER1 functions in the cells and preclinical animal models is vital to our overall knowledge of human aging and human health in general.

"We are currently focused on uncovering the role of OSER1 in humans, but the lack of existing literature presents a challenge, as very little has been published on this topic to date. This study is the first to demonstrate that OSER1 is a significant regulator of aging and longevity. In the future, we hope to provide insights into the specific age-related diseases and aging processes that OSER1 influences," says Zhiquan Li.

The researchers also hope that the identification and characterization of OSER1 will provide new drug targets for age-related diseases such as metabolic diseases, cardiovascular and neuro degenerative diseases.

"Thus, the discovery of this new pro-longevity factor allows us to understand longevity in humans better," says Zhiquan Li.
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Researchers reveal key LAG3 mechanisms that could transform cancer immunotherapy | ScienceDaily
Immune checkpoint inhibitors are a type of cancer treatment that helps the immune system attack cancer cells more effectively. One of the key proteins involved in this process is Lymphocyte Activation Gene-3 (LAG3), which suppresses the antitumor immune response. Moffitt Cancer Center researchers have made an important discovery about LAG3, revealing how it interacts with other proteins to control immune activity. Their study, published in Nature Communications, could lead to better cancer treatments by enhancing the effectiveness of immune checkpoint inhibitors.


						
Led by Vince Luca, Ph.D., the Moffitt study provides a detailed blueprint of how LAG3 interacts with a molecule known as MHC class II. These interactions are critical because they help the immune system differentiate between healthy cells and cancer cells. By blocking LAG3, immune checkpoint inhibitors can allow the immune system to target and destroy cancer cells. Key findings include:
    	Visualization of a LAG3 Interaction Network: The study reveals a detailed network of interactions between MHC class II and LAG3, uncovering multiple novel drug targets and signaling mechanisms. This comprehensive "molecular blueprint" provides a deeper understanding of how LAG3 modulates immune responses and its potential impact on therapeutic interventions.
    	Mechanistic Insights: The research sheds light on how LAG3 influences T cell activation and immune tolerance. These insights are crucial for designing targeted therapies that can control LAG3 activity with greater precision.
    	Therapeutic Implications: By revealing specific interactions between LAG3 and other immune regulators, the study opens new avenues for developing inhibitors and activators. These new molecules could enhance the effectiveness of existing immunotherapies and offer new treatment options for patients with cancer and autoimmune disorders.

"This study represents a significant breakthrough in our understanding of LAG3," said Luca, associate member of the Immunology Department. "The detailed molecular structure and mechanistic insights we've uncovered will help guide the development of next-generation immunotherapies. We're excited to translate these discoveries into innovative therapies that could transform patient care."

This work is supported by the National Institutes of Health (R01AI140758, R01AI159678, P01AI120943, P30CA076292), the Florida Department of Health Bankhead Coley grant program (24B04) and the Rita Allen Foundation Scholars program.
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Investigational mpox mRNA vaccine reduces disease severity in primates compared to available vaccines | ScienceDaily
The most frequently used mpox vaccine provides partial immunity to the disease but isn't always able to prevent severe symptoms or disease transmission. A new vaccine candidate from Moderna, mRNA-1769, more effectively limits symptoms and disease duration in primates that were infected with a lethal strain of the mpox virus when compared to a currently licensed modified vaccinia Ankara (MVA) vaccine. The study publishes September 4 in the Cell Press journal Cell.


						
"This study is the first in a nonhuman primate model where we compare an investigational mRNA mpox vaccine directly to the current standard of care," says co-first author Alec Freyn, a virology researcher at Moderna. "When we put those vaccines head-to-head in primates, we saw improved responses from the mRNA vaccine in terms of not just protection from survival but also fewer lesions, shorter duration of disease, and less viral shedding in the blood and respiratory tract."

MVA vaccines, which were originally developed to combat smallpox, contain whole viruses that have been weakened so that they cannot cause disease in humans. However, this weakening also means that they provide limited protection compared to other vaccines such as the potent but potentially infectious ACAM2000. In comparison, using mRNA technology enables vaccines to be designed to include only the parts of the virus that are most likely to induce a lasting, protective immune response without exposing the person to a whole infectious virus. In this case, the investigational mpox mRNA vaccine is composed of four viral antigens that are critical for the virus to attach and enter host cells.

"With the mRNA vaccine, we're able to pick pieces of the virus that can give the most potent and most effective immune response," says senior author Galit Alter, virologist and immunologist at Moderna. "By doing that instead of being distracted by an entire virus, you're able to narrow down on the pieces of the virus that give you protection."

Though previous studies have shown that mRNA vaccines can prevent lethal mpox infections in nonhuman primates, their ability to limit disease severity hasn't previously been tested. To directly compare the investigational mRNA vaccine to MVA vaccines, the researchers vaccinated six macaques with each vaccine and then exposed them to a lethal strain of mpox virus eight weeks after their initial vaccine dose. They also exposed a control group of six unvaccinated animals to the virus. Following infection, the researchers monitored the animals' health for four weeks and collected blood samples to examine their immune response.

All 12 vaccinated animals survived the challenge, regardless of which vaccine was used, whereas five of six unvaccinated control animals succumbed to the disease. Though both vaccines reduced disease severity compared to the control group, mRNA-vaccinated animals lost less weight and had fewer lesions than MVA-vaccinated animals -- on average, animals in the control group had a maximum of 1,448 lesions, MVA-immunized animals had a maximum of 607 lesions, and mRNA-immunized animals had a maximum of 54 lesions. The mRNA vaccine also shortened disease duration (the number of days for which the animals showed lesions) by more than 10 days compared to the MVA vaccine and resulted in lower viral loads in both blood and throat swabs, suggesting that it might also be more effective at reducing transmission.

"With the mRNA technology, we're able to produce a vaccine that gives quite potent responses with a very tolerable safety profile," says senior author and virologist Jay Hooper of the United States Army Medical Research Institute for Infectious Diseases. "We've been trying to get a vaccine that will prevent spread like ACAM2000(r) but without the safety issues. This is showing that mRNA technology might be able to fill that niche."

When the researchers compared the immune response triggered by the mRNA and MVA vaccines, they found that the mRNA vaccine resulted in higher numbers of antibodies, as well as antibodies with more diverse immune functions. The team was able to identify different classes of antibodies that were associated with enhanced viral control and fewer lesions.




The mRNA vaccine also showed potential to induce cross-immunity to other Orthopoxviruses, whereas the MVA vaccine results in smaller immune responses that are not as strongly neutralizing for more remotely related Orthopoxviruses.

"We tested serum from the monkeys immunized with this vaccine against basically every Orthopoxvirus we could get our hands on," says Freyn. "It neutralized not only mpox but also vaccinia, cowpox, rabbitpox, camelpox, and ectromelia virus. We believe that this vaccine may protect from other Orthopoxvirus threats that may emerge in the future."

Moderna's mRNA-1769 vaccine is currently being assessed in a phase 1/2 clinical trial (NCT05995275) to determine the safety, tolerability, and immune response of a range of doses of mRNA-1769.
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A new artificial intelligence tool for cancer | ScienceDaily
Scientists at Harvard Medical School have designed a versatile, ChatGPT-like AI model capable of performing an array of diagnostic tasks across multiple forms of cancers.


						
The new AI system, described Sept. 4 in Nature, goes a step beyond many current AI approaches to cancer diagnosis, the researchers said. (DOI 10.1038/s41586-024-07894-z)

Current AI systems are typically trained to perform specific tasks -- such as detecting cancer presence or predicting a tumor's genetic profile -- and they tend to work only in a handful of cancer types. By contrast, the new model can perform a wide array of tasks and was tested on 19 cancer types, giving it a flexibility like that of large language models such as ChatGPT.

While other foundation AI models for medical diagnosis based on pathology images have emerged recently, this is believed to be the first to predict patient outcomes and validate them across several international patient groups.

"Our ambition was to create a nimble, versatile ChatGPT-like AI platform that can perform a broad range of cancer evaluation tasks," said study senior author Kun-Hsing Yu, assistant professor of biomedical informatics in the Blavatnik Institute at Harvard Medical School. "Our model turned out to be very useful across multiple tasks related to cancer detection, prognosis, and treatment response across multiple cancers."

The AI model, which works by reading digital slides of tumor tissues, detects cancer cells and predicts a tumor's molecular profile based on cellular features seen on the image with superior accuracy to most current AI systems. It can forecast patient survival across multiple cancer types and accurately pinpoint features in the tissue that surrounds a tumor -- also known as the tumor microenvironment -- that are related to a patient's response to standard treatments, including surgery, chemotherapy, radiation, and immunotherapy. Finally, the team said, the tool appears capable of generating novel insights -- it identified specific tumor characteristics previously not known to be linked to patient survival.

The findings, the research team said, add to growing evidence that AI-powered approaches can enhance clinicians' ability to evaluate cancers efficiently and accurately, including the identification of patients who might not respond well to standard cancer therapies.




"If validated further and deployed widely, our approach, and approaches similar to ours, could identify early on cancer patients who may benefit from experimental treatments targeting certain molecular variations, a capability that is not uniformly available across the world," Yu said.

Training and performance

The team's latest work builds on Yu's previous research in AI systems for the evaluation of colon cancer and brain tumors. These earlier studies demonstrated the feasibility of the approach within specific cancer types and specific tasks.

The new model, called CHIEF (Clinical Histopathology Imaging Evaluation Foundation), was trained on 15 million unlabeled images chunked into sections of interest. The tool was then trained further on 60,000 whole-slide images of tissues including lung, breast, prostate, colorectal, stomach, esophageal, kidney, brain, liver, thyroid, pancreatic, cervical, uterine, ovarian, testicular, skin, soft tissue, adrenal gland, and bladder. Training the model to look both at specific sections of an image and the whole image allowed it to relate specific changes in one region to the overall context. This approach, the researchers said, enabled CHIEF to interpret an image more holistically by considering a broader context, instead of just focusing on a particular region.

Following training, the team tested CHIEF's performance on more than 19,400 whole-slide images from 32 independent datasets collected from 24 hospitals and patient cohorts across the globe.

Overall, CHIEF outperformed other state-of-the-art AI methods by up to 36 percent on the following tasks: cancer cell detection, tumor origin identification, predicting patient outcomes, and identifying the presence of genes and DNA patterns related to treatment response.Because of its versatile training, CHIEF performed equally well no matter how the tumor cells were obtained -- whether via biopsy or through surgical excision. And it was just as accurate, regardless of the technique used to digitize the cancer cell samples. This adaptability, the researchers said, renders CHIEF usable across different clinical settings and represents an important step beyond current models that tend to perform well only when reading tissues obtained through specific techniques.




Cancer detection

CHIEF achieved nearly 94 percent accuracy in cancer detection and significantly outperformed current AI approaches across 15 datasets containing 11 cancer types. In five biopsy datasets collected from independent cohorts, CHIEF achieved 96 percent accuracy across multiple cancer types including esophagus, stomach, colon, and prostate. When the researchers tested CHIEF on previously unseen slides from surgically removed tumors of the colon, lung, breast, endometrium, and cervix, the model performed with more than 90 percent accuracy.

Predicting tumors' molecular profiles

A tumor's genetic makeup holds critical clues to determine its future behavior and optimal treatments. To get this information, oncologists order DNA sequencing of tumor samples, but such detailed genomic profiling of cancer tissues is not done routinely nor uniformly across the world due to the cost and time involved in sending samples to specialized DNA sequencing labs. Even in well-resourced regions, the process could take several weeks. It's a gap that AI could fill, Yu said.

Quickly identifying cellular patterns on an image suggestive of specific genomic aberrations could offer a quick and cost-effective alternative to genomic sequencing, the researchers said.

CHIEF outperformed current AI methods for predicting genomic variations in a tumor by looking at the microscopic slides. This new AI approach successfully identified features associated with several important genes related to cancer growth and suppression, and it predicted key genetic mutations related to how well a tumor might respond to various standard therapies. CHIEF also detected specific DNA patterns related to how well a colon tumor might respond to a form of immunotherapy called immune checkpoint blockade. When looking at whole-tissue images, CHIEF identified mutations in 54 commonly mutated cancer genes with an overall accuracy of more than 70 percent, outperforming the current state-of-the-art AI method for genomic cancer prediction. Its accuracy was greater for specific genes in specific cancer types.

The team also tested CHIEF on its ability to predict mutations linked with response to FDA-approved targeted therapies across 18 genes spanning 15 anatomic sites. CHIEF attained high accuracy in multiple cancer types, including 96 percent in detecting a mutation in a gene called EZH2 common in a blood cancer called diffuse large B-cell lymphoma. It achieved 89 percent for BRAF gene mutation in thyroid cancer, and 91 percent for NTRK1 gene mutation in head and neck cancers.

Predicting patient survival

CHIEF successfully predicted patient survival based on tumor histopathology images obtained at the time of initial diagnosis. In all cancer types and all patient groups under study, CHIEF distinguished patients with longer-term survival from those with shorter-term survival. CHIEF outperformed other models by 8 percent. And in patients with more advanced cancers, CHIEF outperformed other AI models by 10 percent. In all, CHIEF's ability to predict high versus low death risk was tested and confirmed across patient samples from 17 different institutions.

Extracting novel insights about tumor behavior

The model identified tell-tale patterns on images related to tumor aggressiveness and patient survival. To visualize these areas of interest, CHIEF generated heat maps on an image. When human pathologists analyzed these AI-derived hot spots, they saw intriguing signals reflecting interactions between cancer cells and surrounding tissues. One such feature was the presence of greater numbers of immune cells in areas of the tumor in longer-term survivors, compared with shorter-term survivors. That finding, Yu noted, makes sense because a greater presence of immune cells may indicate the immune system has been activated to attack the tumor.

When looking at the tumors of shorter-term survivors, CHIEF identified regions of interest marked by the abnormal size ratios between various cell components, more atypical features on the nuclei of cells, weak connections between cells, and less presence of connective tissue in the area surrounding the tumor. These tumors also had a greater presence of dying cells around them. For example, in breast tumors, CHIEF pinpointed as an area of interest the presence of necrosis -- or cell death -- inside the tissues. On the flip side, breast cancers with higher survival rates were more likely to have preserved cellular architecture resembling heathy tissues. The visual features and zones of interest related to survival varied by cancer type, the team noted.

Next steps

The researchers said they plan to refine CHIEF's performance and augment its capabilities by:
    	Conducting additional training on images of tissues from rare diseases and non-cancerous conditions
    	Including samples from pre-malignant tissues before cells become fully cancerous
    	Exposing the model to more molecular data to enhance its ability to identify cancers with different levels of aggressiveness
    	Training the model to also predict the benefits and adverse effects of novel cancer treatments in addition to standard treatments
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Uncollected waste and open burning leading causes of the plastic pollution crisis | ScienceDaily
A new study from the University shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory.


						
University of Leeds researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

Their study, published in the journal Nature, calculated a staggering 52 million tonnes of plastic products entered the environment in 2020 -- which, laid out in a line would stretch around the World over 1,500 times.

It also revealed that more than two thirds of the planet's plastic pollution comes from uncollected rubbish with almost 1.2 billion people -- 15% of the global population -- living without access to waste collection services.

The findings further show that in 2020 roughly 30 million tonnes of plastics -- amounting to 57% of all plastic pollution -- was burned without any environmental controls in place, in homes, on streets and in dumpsites. Burning plastic comes with 'substantial' threats to human health, including neurodevelopmental, reproductive and birth defects.

The researchers also identified new plastic pollution hotspots, revealing India as the biggest contributor -- rather than China as has been suggested in previous models -- followed by Nigeria and Indonesia.

Lack of rubbish collection harms health, environment and economy

The researchers believe the study shows access to waste collection should be seen as a basic necessity and a vital aspect of sanitation, alongside water and sewerage services.




While uncontrolled burning of plastic has received very little attention in the past, the new calculations show it to be at least as big a problem as rubbish thrown into the environment, even once uncertainty in the model is taken into consideration.

Dr Costas Velis, academic on Resource Efficiency Systems from the School of Civil Engineering at Leeds, led the research. He said: "We need to start focusing much, much more on tackling open burning and uncollected waste before more lives are needlessly impacted by plastic pollution. It cannot be 'out of sight, out of mind'."

First author Dr Josh Cottom, Research Fellow in Plastics Pollution at Leeds, said: "Uncollected waste is the biggest source of plastic pollution, with at least 1.2 billion people living without waste collection services forced to 'self-manage' waste, often by dumping it on land, in rivers, or burning it in open fires."

Dr Cottom added: "The health risks resulting from plastic pollution affect some of the world's poorest communities, who are powerless to do anything about it. By improving basic solid waste management, we can both massively reduce plastic pollution and improve the lives of billions."

Each year, more than 400 million tonnes of plastic is produced. Many plastic products are single-use, hard to recycle, and can stay in the environment for decades or centuries, often being fragmented into smaller items. Some plastics contain potentially harmful chemical additives which could pose a threat to human health, particularly if they are burned in the open.

New plastic pollution hotspots revealed

According to the paper's estimated global data for 2020, the worst polluting countries were: India: 9.3 million tonnes -- around a fifth of the total amount; Nigeria: 3.5 million tonnes; and Indonesia: 3.4 million tonnes.




China, previously reported to be the worst, is now ranked fourth, with 2.8 million tonnes, as a result of improvements collecting and processing waste over recent years. The UK was ranked 135, with around 4,000 tonnes per year, with littering the biggest source.

Low and middle-income countries have much lower plastic waste generation, but a large proportion of it is either uncollected or disposed of in dumpsites. India emerges as the largest contributor because it has a large population, roughly 1.4 billion, and much of its waste isn't collected.

The contrast between plastic waste emissions from the Global North and the Global South is stark. Despite high plastic consumption, macroplastic pollution -- pollution from plastic objects larger than 5 millimeters -- is a comparatively small issue in the Global North as waste management systems function comprehensively. There, littering is the main cause of macroplastic pollution.

Growing fears for sub-Saharan Africa

While many countries in Sub-Saharan Africa have generally low levels of plastic pollution, they become hotspots when looked at on a per-capita basis with an average 12 kg plastic pollution per person per year, equivalent to over 400 plastic bottles. For comparison, the United Kingdom currently has the per-capita equivalent of less than three plastic bottles per person per year.

Researchers are worried this indicates Sub-Saharan Africa could become the world's largest source of plastic pollution in the next few decades, because many of its countries have poor waste management and the population is anticipated to grow rapidly.

World needs a 'Plastics Treaty' informed by science

Researchers say this first ever global inventory of plastic pollution provides a baseline -- comparable to those for climate change emissions -- that can be used by policymakers to tackle this looming environmental disaster. They want their work to help policymakers come up with waste management, resource recovery and wider circular economy plans, and want to see a new, ambitious and legally binding, global 'Plastics Treaty' aimed at tackling the sources of plastic pollution.

Dr Velis said: "This is an urgent global human health issue -- an ongoing crisis: people whose waste is not collected have no option but to dump or burn it: setting the plastics on fire may seem to make them 'disappear', but in fact the open burning of plastic waste can lead to substantial human health damage including neurodevelopmental, reproductive and birth defects; and much wider environmental pollution dispersion."
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Major leap for nuclear clock paves way for ultraprecise timekeeping | ScienceDaily
The world keeps time with the ticks of atomic clocks, but a new type of clock under development -- a nuclear clock -- could revolutionize how we measure time and probe fundamental physics.


						
An international research team led by scientists at JILA, a joint institute of the National Institute of Standards and Technology (NIST) and the University of Colorado Boulder, has demonstrated key elements of a nuclear clock. A nuclear clock is a novel type of timekeeping device that uses signals from the core, or nucleus, of an atom. The team used a specially designed ultraviolet laser to precisely measure the frequency of an energy jump in thorium nuclei embedded in a solid crystal. They also employed an optical frequency comb, which acts like an extremely accurate light ruler, to count the number of ultraviolet wave cycles that create this energy jump. While this laboratory demonstration is not a fully developed nuclear clock, it contains all the core technology for one.

Nuclear clocks could be much more accurate than current atomic clocks, which provide official international time and play major roles in technologies such as GPS, internet synchronization, and financial transactions. For the general public, this development could ultimately mean even more precise navigation systems (with or without GPS), faster internet speeds, more reliable network connections, and more secure digital communications.

Beyond everyday technology, nuclear clocks could improve tests of fundamental theories for how the universe works, potentially leading to new discoveries in physics. They could help detect dark matter or verify if the constants of nature are truly constant, allowing for verification of theories in particle physics without the need for large-scale particle accelerator facilities.

Laser Precision in Timekeeping

Atomic clocks measure time by tuning laser light to frequencies that cause electrons to jump between energy levels. Nuclear clocks would utilize energy jumps within an atom's tiny central region, known as the nucleus, where particles called protons and neutrons cram together. These energy jumps are much like flipping a light switch. Shining laser light with the exact amount of energy needed for this jump can flip this nuclear "switch."

A nuclear clock would have major advantages for clock precision. Compared with the electrons in atomic clocks, the nucleus is much less affected by outside disturbances such as stray electromagnetic fields. The laser light needed to cause energy jumps in nuclei is much higher in frequency than that required for atomic clocks. This higher frequency -- meaning more wave cycles per second -- is directly related to a greater number of "ticks" per second and therefore leads to more precise timekeeping.




But it is very hard to create a nuclear clock. To make energy jumps, most atomic nuclei need to be hit by coherent X-rays (a high-frequency form of light) with energies much greater than those that can be produced with current technology. So scientists have focused on thorium-229, an atom whose nucleus has a smaller energy jump than any other known atom, requiring ultraviolet light (which is lower in energy than X-rays).

In 1976, scientists discovered this thorium energy jump, known as a "nuclear transition" in physics language. In 2003, scientists proposed using this transition to create a clock, and they only directly observed it in 2016. Earlier this year, two different research teams used ultraviolet lasers they created in the lab to flip the nuclear "switch" and measure the wavelength of light needed for it.

In the new work, the JILA researchers and their colleagues create all the essential parts of a clock: the thorium-229 nuclear transition to provide the clock's "ticks," a laser to create precise energy jumps between the individual quantum states of the nucleus, and a frequency comb for direct measurements of these "ticks." This effort has achieved a level of precision that is one million times higher than the previous wavelength-based measurement. In addition, they compared this ultraviolet frequency directly to the optical frequency used in one of the world's most accurate atomic clocks, which uses strontium atoms, establishing the first direct frequency link between a nuclear transition and an atomic clock. This direct frequency link and increase in precision are a crucial step in developing the nuclear clock and integrating it with existing timekeeping systems.

The research has already yielded unprecedented results, including the ability to observe details in the thorium nucleus's shape that no one had ever observed before -- it's like seeing individual blades of grass from an airplane.

The team presents its results in the Sept. 4 issue of the journal Nature as a cover story.

Toward a Nuclear Future

While this isn't yet a functioning nuclear clock, it's a crucial step towards creating such a clock that could be both portable and highly stable. The use of thorium embedded in a solid crystal, combined with the nucleus's reduced sensitivity to external disturbances, paves the way for potentially compact and robust timekeeping devices.

"Imagine a wristwatch that wouldn't lose a second even if you left it running for billions of years," said NIST and JILA physicist Jun Ye. "While we're not quite there yet, this research brings us closer to that level of precision."

The research team included researchers from JILA, a joint institute of NIST and the University of Colorado Boulder; the Vienna Center for Quantum Science and Technology; and IMRA America, Inc.
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High cholesterol levels at a young age significant risk factor for atherosclerosis | ScienceDaily
Our risk of developing atherosclerosis -- 'furring' of the arteries -- can begin much earlier in life than was previously thought, highlighting the need to keep cholesterol levels low even when we are young, new research has discovered.


						
The research also suggests that people who are taking lipid-lowering drugs such as statins to lower their cholesterol levels should remain on them, even if their cholesterol levels have fallen, as stopping treatment could increase their risk of atherosclerosis.

Atherosclerosis is one of the major causes of heart and circulatory disease. It involves the hardening and narrowing of the vessels that carry blood to and from the heart. It is caused by the build-up of abnormal material called plaques -- collections of fat, cholesterol, calcium and other substances circulating in the blood.

Atherosclerosis is largely considered a disease of the elderly and so most screening, prevention and intervention programmes primarily target those with high cholesterol levels, generally after the age of 50.

But in a study published today in Nature, a team led by scientists at the University of Cambridge shows that high cholesterol levels at a younger age -- particularly if those levels fluctuate -- can be even more damaging than high cholesterol levels that only begin in later life.

To study the mechanisms that underlie atherosclerosis, scientists often use animal modes, such as mice. The mice will typically be fed a high fat diet for several weeks as adults to see how this leads to the build up of the plaques characteristic of the condition.

Professor Ziad Mallat and colleagues at the Victor Phillip Dahdaleh Heart and Lung Research Institute at the University of Cambridge decided to explore a different approach -- to see whether giving mice the same amount of high fat food but spread over their lifetime changed their atherosclerosis risk.




"When I asked my group and a number of people who are experts in atherosclerosis, no one could tell me what the result would be," said Professor Mallat, a British Heart Foundation (BHF) Professor of Cardiovascular Medicine.

"Some people thought it would make no difference, others thought it would change the risk. In fact, what we found was that an intermittent high fat diet starting while the mice were still young -- one week on, a few weeks off, another week on, and so on -- was the worst option in terms of atherosclerosis risk."

Armed with this information, his team turned to the Cardiovascular Risk in Young Finns Study, one of the largest follow-up studies into cardiovascular risk from childhood to adulthood. Participants recruited in the 1980s returned for follow-up over the subsequent decades, and more than 2,000 of them had received ultrasound scans of their carotid arteries when they were aged around 30 years and again at around 50 years.

Analysing the data, the team found that those participants who had been exposed to high cholesterol levels as children tended to have the biggest build of plaques, confirming the findings in mice.

"What this means is that we shouldn't leave it until later in life before we start to look at our cholesterol levels," Professor Mallat said. "Atherosclerosis can potentially be prevented by lowering cholesterol levels, but we clearly need to start thinking about this much earlier on in life than we previously thought."

The mouse studies showed that fluctuating levels of cholesterol appeared to cause the most damage. Professor Mallat says this could explain why some people who are on statins but do not take them regularly remain at an increased risk of heart attack.




"If you stop and start your statin treatment, your body is being exposed to a yo-yo of cholesterol, which it doesn't like, and it seems this interferes with your body's ability to prevent the build-up of plaques," he added.

The reason why this is so damaging may come down to the effect that cholesterol has on specific types of immune cells known as 'resident arterial macrophages'. These reside in your arteries, helping them to clear damaged cells and fatty molecules known as lipids, which include cholesterol, and stopping the build-up of plaques.

When the team examined these macrophages in their mouse models, they found that high cholesterol levels -- and in particular, fluctuating cholesterol levels -- changed them physically and altered the activity of their genes. This meant that the cells were no longer protective, but were instead detrimental, accelerating atherosclerosis.

The research was funded by the British Heart Foundation.
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Novel immunotherapy improves recovery from spinal cord injury | ScienceDaily
Severe injuries to the spinal cord damage nerve cells, disrupt communication with the brain and rest of the body, and lead to lasting disabilities for millions of people worldwide. The injury itself accounts for only a fraction of the overall damage inflicted on the spinal cord, tissue that runs from the brain stem to the lower back. Most of the damage is due to subsequent degenerative processes at the wound.


						
While there is substantial research into developing interventions to repair injured tissue, scientists at Washington University School of Medicine in St. Louis focused instead on developing, in mice, an immunotherapy to minimize the damage from traumatic spinal cord injury. Their findings show that immunotherapy can lessen such damage by protecting neurons at the injury site from being attacked by immune cells.

The study, published Sept. 4 in Nature, demonstrates success in mice given the immunotherapy and presents a novel approach with potential to help improve outcomes for people recovering from spinal cord injuries.

"Immune cells in the central nervous system have a reputation for being the bad guys that can harm the brain and spinal cord," said senior author Jonathan Kipnis, PhD, the Alan A. and Edith L. Wolff Distinguished Professor of Pathology & Immunology and a BJC Investigator at WashU Medicine. "But our study shows that it's possible to take advantage of immune cells' neuroprotective function, while controlling their inherent detrimental abilities, to help in the recovery from central nervous system injury."

Shortly after injury to the nervous system, immune cells flood the site. Among them is a mixture of activated T cells -- a subset of immune cells -- that either harm or protect the surrounding neurons. Wenqing Gao, PhD, a postdoctoral research associate in the Department of Pathology & Immunology and the study's first author, analyzed T cells from the spinal cords of injured mice and performed a genetic analysis to decode their identities. Her goal was to separate the harmful from the protective T cells and create numerous copies of the beneficial cells with which to treat the injured mice.

But there was a catch, she found. The protective T cells that swoop into the injury site can mistakenly attack the body's surrounding tissues when activated for too long, causing autoimmune disease. To improve the therapy's safety, Gao modified the cells to shut off after a few days.

Mice given the modified T cells had better mobility than did the untreated mice. The researchers saw the biggest improvements when the mice were infused with T cells within a week of the injury. None of the mice receiving immunotherapy developed a destructive autoimmune reaction.




"There are no effective treatments for traumatic injuries to the central nervous system," explained Gao. "We developed immunotherapy for such injuries by taking advantage of the protective immune cells that infiltrate the injury site and found that it dramatically improved mobility in mice."

In collaboration with WashU Medicine's Wilson Zachary Ray, MD, a spinal cord surgeon and the Henry G. & Edith R. Schwartz Professor of Neurosurgery, the researchers also looked every day for a week for T cells in the cerebral spinal fluid of patients with spinal cord injuries. They found a significant expansion of the T cells, confirming the feasibility of expanding protective T cells from such patients to generate the immunotherapy.

"Our future goal is to devise a clinical trial to test the therapy in people with such injuries, while expanding this work to neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS) as well as Alzheimer's and Parkinson's diseases," Gao said.

Added Kipnis: "Although the initial trigger in neurodegenerative diseases is different, the subsequent death of neurons may very well be mediated by similar processes, opening an opportunity for adapting our engineered cells for use as a therapy in neurodegeneration."

This work was supported by the BJC Investigators Program at WashU.
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Chemists explain why dinosaur collagen may have survived for millions of years | ScienceDaily
Collagen, a protein found in bones and connective tissue, has been found in dinosaur fossils as old as 195 million years. That far exceeds the normal half-life of the peptide bonds that hold proteins together, which is about 500 years.


						
A new study from MIT offers an explanation for how collagen can survive for so much longer than expected. The research team found that a special atomic-level interaction defends collagen from attack by water molecules. This barricade prevents water from breaking the peptide bonds through a process called hydrolysis.

"We provide evidence that that interaction prevents water from attacking the peptide bonds and cleaving them. That just flies in the face of what happens with a normal peptide bond, which has a half-life of only 500 years," says Ron Raines, the Firmenich Professor of Chemistry at MIT.

Raines is the senior author of the new study, which will appear in ACS Central Science. MIT postdoc Jinyi Yang PhD '24 is the lead author of the paper. MIT postdoc Volga Kojasoy and graduate student Gerard Porter are also authors of the study.

Water-resistant

Collagen is the most abundant protein in animals, and it is found in not only bones but also skin, muscles, and ligaments. It's made from long strands of protein that intertwine to form a tough triple helix.

"Collagen is the scaffold that holds us together," Raines says. "What makes the collagen protein so stable, and such a good choice for this scaffold, is that unlike most proteins, it's fibrous."

In the past decade, paleobiologists have found evidence of collagen preserved in dinosaur fossils, including an 80-million-year-old Tyrannosaurus rex fossil, and a sauropodomorph fossil that is nearly 200 million years old.




Over the past 25 years, Raines' lab has been studying collagen and how its structure enables its function. In the new study, they revealed why the peptide bonds that hold collagen together are so resistant to being broken down by water.

Peptide bonds are formed between a carbon atom from one amino acid and a nitrogen atom of the adjacent amino acid. The carbon atom also forms a double bond with an oxygen atom, forming a molecular structure called a carbonyl group. This carbonyl oxygen has a pair of electrons that don't form bonds with any other atoms. Those electrons, the researchers found, can be shared with the carbonyl group of a neighboring peptide bond.

Because this pair of electrons is being inserted into those peptide bonds, water molecules can't also get into the structure to disrupt the bond.

To demonstrate this, Raines and his colleagues created two interconverting mimics of collagen -- the one that usually forms a triple helix, which is known as trans, and another in which the angles of the peptide bonds are rotated into a different form, known as cis. They found that the trans form of collagen did not allow water to attack and hydrolyze the bond. In the cis form, water got in and the bonds were broken.

"A peptide bond is either cis or trans, and we can change the cis to trans ratio. By doing that, we can mimic the natural state of collagen or create an unprotected peptide bond. And we saw that when it was unprotected, it was not long for the world," Raines says.

"No weak link"

This sharing of electrons has also been seen in protein structures known as alpha helices, which are found in many proteins. These helices may also be protected from water, but the helices are always connected by protein sequences that are more exposed, which are still susceptible to hydrolysis.




"Collagen is all triple helices, from one end to the other," Raines says. "There's no weak link, and that's why I think it has survived."

Previously, some scientists have suggested other explanations for why collagen might be preserved for millions of years, including the possibility that the bones were so dehydrated that no water could reach the peptide bonds.

"I can't discount the contributions from other factors, but 200 million years is a long time, and I think you need something at the molecular level, at the atomic level in order to explain it," Raines says.

The research was funded by the National Institutes of Health and the National Science Foundation.
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Epigenetic changes reprogram astrocytes into brain stem cells | ScienceDaily
Resting brain stem cells hardly differ from normal astrocytes, which support the nerve cells in the brain. How can almost identical cells perform such different functions? The key lies in the methylation of their genetic material, which endowes these special astrocytes with stem cell properties. Scientists from the German Cancer Research Center (DKFZ) and Heidelberg University have published their findings in the journal Nature. In mice, the researchers showed that experimentally induced lack of blood supply in the brain epigenetically reprograms astrocytes into brain stem cells, which in turn can give rise to nerve progenitor cells. This discovery shows that astrocytes could potentially be used in regenerative medicine to replace damaged nerve cells.


						
Many different types of cells work together in the brain. In humans, nerve cells (neurons) make up less than half of the cells. The rest are called "glia." The most common glial cells are astrocytes. They supply the neurons with nutrients, form part of the blood-brain barrier, regulate the synapses and support the immune cells.

However, a small proportion of astrocytes are able to produce nerve cells and other types of brain cells. These special astrocytes are therefore also known as brain stem cells. Brain stem cells and ordinary astrocytes hardly differ in their gene expression, i.e. in the activity of their genes. "How they can perform such different functions and what makes up the stem cell properties was previously completely unclear," explains Ana Martin-Villalba, stem cell researcher at the DKFZ.

Methylation is the key

To solve this puzzle, the teams led by Martin-Villalba and Simon Anders (University of Heidelberg) isolated both ordinary astrocytes and brain stem cells from one of the regions of the brain where young neurons still develop in adult mice, the "ventricular-subventricular zone" (vSVZ). The researchers analyzed gene expression at the level of individual cells using mRNA sequencing as well as the patterns of methylation ("methylome") in the entire genome. They used a specially developed tool to analyze the methylation data*.

DNA methylation refers to chemical "markers" with which the cell can switch off unused parts of its DNA. Methylation is therefore crucial for the identity of the cells.

During this study, the stem cell experts noticed that brain stem cells have a special DNA methylation pattern that distinguishes them from other astrocytes. "Unlike normal astrocytes, certain genes are demethylated in brain stem cells that are otherwise only used by nerve precursor cells. This allows the brain stem cells to activate these genes in order to produce nerve cells themselves," explains Lukas Kremer, first author of the current publication. Co-first author Santiago Cerrizuela adds: "This pathway is denied to ordinary astrocytes, as the required genes are blocked by DNA methylation."

Lack of blood supply triggers reprogramming of astrocytes to stem cells and increases new nerve formation




Could methylation also be used to convert astrocytes into brain stem cells in other regions of the brain, outside the vSVZ? "This would be an important step for regenerative medicine to repair damaged areas of the brain," says Ana Martin-Villalba.

Earlier studies had already shown that a lack of blood supply, such as occurs in brain injuries or stroke, increases the number of newborn nerve cells. Do altered methylation profiles play a role in this process?

To investigate this, the researchers interrupted the blood supply to the brain of mice for a short time. As a result, astrocytes with the typical stem cell methylation profile could be detected even outside the vSVZ, as well as an increased number of nerve progenitor cells.

"Our theory is that normal astrocytes in the healthy brain do not form nerve cells because their methylation pattern prevents them from doing so," explains study head Martin-Villalba. "Techniques to specifically alter the methylation profile could represent a new therapeutic approach to generate new neurons and treat nerve diseases."

"The lack of blood supply apparently causes astrocytes in certain areas of the brain to redistribute the methyl marks on their DNA in such a way that their stem cell program becomes accessible. The reprogrammed cells then begin to divide and form precursors for new neurons," summarizes Simon Anders and adds: "If we understand these processes better, we may be able to specifically stimulate the formation of new neurons in the future. For example, after a stroke, we could strengthen the brain's self-healing powers, so that the damage can be repaired."

Why studies on mice are necessary for this research

Strokes or accidents can lead to damage to the brain that is generally irreparable at present and often has dramatic consequences for those affected. As of today, there is no way to replace lost nerve cells. The aim of this work is to find ways to stimulate the regeneration of nerves in the adult brain.

This requires a profound understanding of how and under what circumstances brain stem cells can be induced to provide a supply of young nerve cells. To do this, the researchers need to study developmental processes that only take place in the brains of highly developed mammals. Epigenetic reprogramming cannot be observed in living animals using imaging techniques, but requires studies at the level of individual cells. The investigations cannot be carried out on cells from the culture dish, as the methylation profile of the astrocytes changes as soon as they are taken into culture, so that the epigenetic reprogramming can no longer be traced.
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A sensory pen which can read Braille could improve literacy amongst the visually impaired | ScienceDaily
A pen which can transform Braille into English text has been developed by experts at the University of Bristol.


						
Braille literacy is frequently reported as being in decline, this is despite visually impaired people often expressing a desire to learn it, and Braille literacy being a highly valued skill by those who are capable. This is often attributed to the lack of available learning resources, particularly away from large urban centres.

The handheld device, which includes a one-centimetre sensor with 19 channels programmed to read Braille, has demonstrated high accuracy in early trials.

Lead author Dr George Jenkinson explained: "This device, Braille-tip, was designed to aid people's ability to learn independently, and will hopefully form part of the solution to increasing Braille literacy and allow people to reap the benefits of reading and writing."

Braille-tip is a compact soft tactile sensor which can be mounted on a standard pen and is designed to dynamically assist with reading and learning Braille.

Dr Jenkinson continued: "I used the handheld device to read multiple passages of Braille, and analysed how accurately it could process the tactile cues (Braille bumps) into English text."

Fluid channels are used to transmit tactile information from 19 sensitive areas under a silicone membrane to a single camera. Its sensory response is calibrated to detect raised Braille dots on embossed cardboard designed for Braille-readers, and its functionality is demonstrated by reading Braille aloud, with an 84.5% success rate when operated by hand.




The algorithm works in real time which means it does not rely on training or deep learning. It is predictable, explainable, and portable to other tactile sensors. This results in code that is robust, and straightforward to edit.

Braille is a standardised and highly structured communication medium. A variety of techniques are used by people to read Braille, where a common advanced technique involves using both index fingers from each hand. In this, the trailing finger may be used to check and re-read certain letters and to find the beginning of the next line while the leading finger continues to read. Braille-tip may be used like the leading finger, to assist learning readers.

The team plan to extend the functionality of the device so that it is easier to operate accurately.

George added: As soon as possible, the device should be tested with participants, and prototypes should be made available to the intended end-users so that their desires and the potential use for such a device can be assessed in earnest.

"A co-design approach that involves users is much more likely to have a positive real-world impact than an approach siloed in the laboratory.

"The pattern of the errors suggest that they came from the way the device was held and operated, suggesting that the algorithm and sensor are likely to be able to reach much higher accuracy close to 100% if the design is improved."

Braille is frequently included in public spaces and devices such as transport hubs, elevators, and cash point machines to increase accessibility for users. A device capable of reading Braille letters encountered in these public spaces would enable those who are visually impaired and Braille-illiterate to engage with the space or device, and give them the ability to practice reading Braille independently.
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Adolescent glioma subtype responds to CDK4/6 inhibitor | ScienceDaily
CDK4/6 inhibitors, which are already FDA approved for the treatment of other forms of cancer, show early signs of promise in the treatment of a subtype of pediatric high-grade glioma, according to new research from Dana-Farber Cancer Institute and the Institute of Cancer Research in London. Treatment of a patient with a second relapse of this glioma subtype and no other treatment options resulted in 18 months of progression-free survival.


						
"We are finally starting to see more targeted therapies come out for different forms of brain cancer," says senior author Mariella Filbin, MD, PhD, co-director of the Brain Tumor Center of Excellence at Dana-Farber/Boston Children's Cancer and Blood Disorders Center and research director of the Pediatric Neuro-oncology Program at Dana-Farber. "Our patients really need these new treatment options."

The study is published in Cancer Cell.

High-grade gliomas are the leading cause of cancer-related deaths in children and adolescents. There are few effective targeted therapies for these cancers and only about a fifth of children diagnosed with high-grade gliomas live more than five years.

A subtype of high-grade glioma, called H3G34R/V-mutant diffuse hemispheric glioma (DHG-H3G34), typically occurs during adolescence and accounts for approximately 30% of childhood high-grade gliomas. Prior to this research, these cancers were thought to arise from glial cells, which provide a scaffold for signal transmitting neurons in the brain.

Filbin and her team discovered, surprisingly, that the tumor cells more closely resemble neurons. The team made this discovery using single cell multi-omic sequencing -- the analysis of the active genes and proteins in individual cells in the tumor samples.

"Once we knew what kinds of cells we are working with, we can start to look at therapeutic vulnerabilities," says Filbin.




To discover those vulnerabilities, Filbin's lab initiated a CRISPR screen on these neuron-like tumor cells. The screen disables genes one-by-one across the human genome to determine if any of its 20,000 genes are essential for the cells to survive. They found several vulnerabilities, many of which are specific to neuron-like cancer cells. However, most of those genes are not yet targetable by any known drugs.

The screen's results also pointed to CDK6 as a key vulnerability. CDK6 is a gene that regulates the cell division cycle and is important in cell fate decisions as cells differentiate. Several CDK4/6 inhibitors are already approved for the treatment of other cancers such as breast cancer.

Shortly after completing the screen, Filbin learned that the lab of co-senior author Chris Jones, PhD, at the Institute of Cancer Research in London, had done a similar CRISPR screen with similar results. "We joined forces and combined our data," says Filbin.

The next step was to test CDK4/6 inhibitors on patient-derived tumor models. There are no public repositories of this rare form of brain cancer, so all the samples tested came from patients who had been treated at Boston Children's Hospital and in hospitals in Vienna, London, Rome, Hamburg, and Munich.

The team first confirmed that three CDK4/6 inhibitors, ribociclib, palbociclib, and abemaciclib, could penetrate the blood brain barrier. Ribociclib, however, had several advantages, including being better tolerated at higher concentrations and more specificity to CDK6. In mouse models with patient-derived xenografts, treatment with ribociclib slowed tumor growth and extended survival.

When co-author Fernando Carseller, MD, of the Royal Marsden Hospital, learned about this work, he contacted Filbin. He had a patient, a thirteen-year-old whose cancer had relapsed twice. There were no more treatment options available. Ribociclib had been tested in clinical trials in children in the past, so the team had the dosing and safety data needed to administer the medicine safely.




When treated with ribociclib, the patient's cancer stopped progressing for 18 months. Filbin and Karen Wright, MD, MS, a clinician-scientist in the Brain Tumor Center at Dana-Farber/Boston Children's Cancer and Blood Disorders Center, are now working with the Connect Consortium, the Collaborative Network for Neuro-oncology Clinical Trials, to initiate a global clinical trial of ribociclib in patients with this subtype of high-grade glioma up front before any other treatments are provided.

"We want to see how the monotherapy works before relapse happens," says Filbin.

The treatment, however, is not likely to be enough for a cure. Filbin and Jones learned through their study that inhibiting CDK6 does not always kill the cancerous cells. Rather, it sometimes results in a pause in the cell cycle that enables the cells to continue to differentiate into neurons -- but not good ones.

"They are wonky neurons, and they are still cancer cells," says Filbin, who is focused now on finding additional medicines that could be combined with ribociclib to treat the cancer more effectively.

"We are at a time when we are starting to see positive effects with one drug," says Filbin. "Like with leukemia decades ago, where there was only little effect with one drug, we started layering on multiple drugs, and now we have a very high cure rate in kids with leukemia, that's our hope."
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New study uncovers key mechanisms responsible for the transformation of adult progenitors into brain tumors | ScienceDaily
A new study from researchers with the Advanced Science Research Center at the CUNY Graduate Center (CUNY ASRC) sheds light on why certain oligodendrocyte progenitor cells (OPCs) in the adult brain transform into gliomas, the most common and incurable type of adult brain tumors. Previous work identified OPCs -- dividing cells in the adult brain that play a crucial role in the brain's maintenance -- as one of the brain cell types that give rise to these tumors.


						
"OPCs are often described as a double-edged sword, akin to the dual nature of Dr. Jekyll and Mr. Hyde," said the study's principal investigator Patrizia Casaccia, founding director of the CUNY ASRC Neuroscience Initiative and Einstein Professor of Biology and Biochemistry at the CUNY Graduate Center. "On the one hand, these cells can promote myelin repair by differentiating into myelinating oligodendrocytes and serve a number of other interesting functions, including regulating the behavior of neurons and cooperating with several other cell types for proper brain function. On the other hand, they have the potential to transform into gliomas, making them a critical subject of study."

The research team set out to uncover the molecular mechanisms that cause some OPCs to become tumorigenic. By introducing specific genetic mutations, they discovered that a single mutation in a gene called Trp53, which normally suppresses tumor development, wasn't enough to induce tumor formation in OPCs. However, when this mutation was combined with the overproduction of a growth factor called platelet-derived growth factor BB (PDGF-BB), the OPCs exhibited growth characteristics strikingly similar to tumor cells. The study, published in the journal Neoplasia, revealed that only the OPCs with both the Trp53 mutation and PDGF-BB overproduction formed tumors when introduced into the brains of healthy mice, while those with only the Trp53 mutation did not. This finding prompted the researchers to further investigate what was driving this transformation.

"Our additional work identified that the overproduction of PDGF-BB in Trp53 mutant cells alters the growth characteristics of OPCs," said first author Dennis Huang, a Ph.D. student in the CUNY Graduate Center Biology program working in Casaccia's lab. "This alteration prevents their normal differentiation into myelin-forming oligodendrocytes by modifying certain histone tags."

Specifically, in the nuclei of OPCs with both Trp53 mutation and PDGF-BB overexpression the authors observed higher levels of H3K27me3 and lower levels of H4K20me3 histone tags, compared to cells bearing a single mutation. These results highlight the importance of specific epigenetic changes in driving the transformation of OPCs into gliomas. They also showed that decreasing the levels of the H3K27me3 histone tag, using pharmacological inhibition, decreased the ability of the OPCs to divide but was not sufficient to stop the process of transformation. Overall, these results suggest that monotherapy with a single inhibitor of H3K27me3 needs to be combined with additional therapeutic strategy in glioma management.

The important discovery suggests that targeting additional histone post-translational modifications could be a promising approach in developing combination therapies for these as yet incurable brain tumors.
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New species of paua (abalone) found | ScienceDaily
The naming of a new species of paua (abalone mollusk) further highlights the importance of biodiversity research in Aotearoa.


						
Described in a study led by the University of Otago -- Otakou Whakaihu Waka and the Museum of New Zealand Te Papa Tongarewa, the species, Haliotis pirimoana, has only been found at Manawatawhi Three Kings Islands, off the northern North Island.

Lead author Kerry Walton, an invertebrate curator at Te Papa who is undertaking his PhD in the Department of Zoology, says this is one of many species that are only found on Manawatawhi.

"We are facing a biodiversity crisis. Species around the world are going extinct faster than we can discover and describe them," he says.

"The Manawatawhi paua may not be facing any short-term threats to its survival but it is another indicator of how unique and important that region of Aotearoa is."

Haliotis pirimoana resembles other small paua from the North Island but the shell has finer sculpture across its back and a subtly different shape.

Published in the international peer-reviewed journal Molluscan Research, the study aimed to understand how many species of small paua there are in the country.




To do this, the research team, including the Otago Department of Zoology's Associate Professor Nic Rawlence and Professor Hamish Spencer, and Dr Bruce Marshall from Te Papa, applied new "ancient DNA" methods to shells from the collections at Te Papa and NIWA.

"These new methods allow short and damaged fragments of DNA to be extracted and sequenced with far greater efficiency than previous methods, unlocking the genetic secrets trapped in these precious specimens," Associate Professor Rawlence says.

People can now more confidently discuss and interpret relationships between the different forms and populations of small paua in Aotearoa, he says.

Professor Spencer says that biodiversity is critical, and effective resource and conservation management relies on having a robust underlying understanding of it.

"We need to know what species are restricted to a region and how they might respond to change. This allows decision-makers to identify vulnerabilities and best manage resourcing," he says.

Mr Walton says while most species will not yield commercial applications, such as the next big pharmaceutical, people depend on biodiversity for new materials and medicines.

"Research in these areas is underpinned by biodiversity research, and it is our responsibility to protect biodiversity for future generations."

While there is a decent level of understanding of biodiversity in Aotearoa, new species are still being discovered and more than a third of our known marine mollusc species are yet to be named.

"With paua being the cultural icon that they are, we hope this work will raise a few eyebrows and encourage people to look more closely the next time they are at the coast."
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New tool detects fake, AI-produced scientific articles | ScienceDaily
When ChatGPT and other generative artificial intelligence can produce scientific articles that look real -- especially to someone outside that field of research -- what's the best way to figure out which ones are fake?


						
Ahmed Abdeen Hamed, a visiting research fellow at Binghamton University, State University of New York, has created a machine-learning algorithm he calls xFakeSci that can detect up to 94% of bogus papers -- nearly twice as successfully as more common data-mining techniques.

"My main research is biomedical informatics, but because I work with medical publications, clinical trials, online resources and mining social media, I'm always concerned about the authenticity of the knowledge somebody is propagating," said Hamed, who is part of George J. Klir Professor of Systems Science Luis M. Rocha's Complex Adaptive Systems and Computational Intelligence Lab. "Biomedical articles in particular were hit badly during the global pandemic because some people were publicizing false research."

In a new paper published in the journal Scientific Reports, Hamed and collaborator Xindong Wu, a professor at Hefei University of Technology in China, created 50 fake articles for each of three popular medical topics -- Alzheimer's, cancer and depression -- and compared them to the same number of real articles on the same topics.

Hamed said when he asked ChatGPT for the AI-generated papers, "I tried to use exact same keywords that I used to extract the literature from the [National Institutes of Health's] PubMed database, so we would have a common basis of comparison. My intuition was that there must be a pattern exhibited in the fake world versus the actual world, but I had no idea what this pattern was."

After some experimentation, he programmed xFakeSci to analyze two major features about how the papers were written. One is the numbers of bigrams, which are two words that frequently appear together such as "climate change," "clinical trials" or "biomedical literature." The second is how those bigrams are linked to other words and concepts in the text.

"The first striking thing was that the number of bigrams were very few in the fake world, but in the real world, the bigrams were much more rich," Hamed said. "Also, in the fake world, despite the fact that were very few bigrams, they were so connected to everything else."

Hamed and Wu theorize that the writing styles are different because human researchers don't have the same goals as AIs prompted to produce a piece on a given topic.




"Because ChatGPT is still limited in its knowledge, it tries to convince you by using the most significant words," Hamed said. "It is not the job of a scientist to make a convincing argument to you. A real research paper reports honestly about what happened during an experiment and the method used. ChatGPT is about depth on a single point, while real science is about breadth."

To further develop xFakeSci, Hamed plans to expand the range of topics to see if the telltale word patterns hold for other research areas, going beyond medicine to include engineering, other scientific topics and the humanities. He also foresees AIs becoming increasingly sophisticated, so determining what is and isn't real will get increasingly difficult.

"We are always going to be playing catchup if we don't design something comprehensive," he said. "We have a lot of work ahead of us to look for a general pattern or universal algorithm that does not depend on which version of generative AI is used."

Because even though their algorithm catches 94% of AI-generated papers, he added, that means six out of 100 fakes are still getting through: "We need to be humble about what we've accomplished. We've done something very important by raising awareness."
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Assorted, distinctive behavior of molten uranium salt revealed by neutrons | ScienceDaily
The Department of Energy's Oak Ridge National Laboratory is a world leader in molten salt reactor technology development -- and its researchers additionally perform the fundamental science necessary to enable a future where nuclear energy becomes more efficient. In a recent paper published in the Journal of the American Chemical Society, researchers have documented for the first time the unique chemistry dynamics and structure of high-temperature liquid uranium trichloride (UCl3) salt, a potential nuclear fuel source for next-generation reactors.


						
"This is a first critical step in enabling good predictive models for the design of future reactors," said ORNL's Santanu Roy, who co-led the study. "A better ability to predict and calculate the microscopic behaviors is critical to design, and reliable data help develop better models."

For decades, molten salt reactors have been expected to possess the capacity to produce safe and affordable nuclear energy, with ORNL prototyping experiments in the 1960s successfully demonstrating the technology. Recently, as decarbonization has become an increasing priority around the world, many countries have re-energized efforts to make such nuclear reactors available for broad use.

Ideal system design for these future reactors relies on an understanding of the behavior of the liquid fuel salts that distinguish them from typical nuclear reactors that use solid uranium dioxide pellets. The chemical, structural and dynamical behavior of these fuel salts at the atomic level are challenging to understand, especially when they involve radioactive elements such as the actinide series -- to which uranium belongs -- because these salts only melt at extremely high temperatures and exhibit complex, exotic ion-ion coordination chemistry.

The research, a collaboration among ORNL, Argonne National Laboratory and the University of South Carolina, used a combination of computational approaches and an ORNL-based DOE Office of Science user facility, the Spallation Neutron Source, or SNS, to study the chemical bonding and atomic dynamics of UCl3in the molten state.

The SNS is one of the brightest neutron sources in the world, and it allows scientists to perform state-of-the-art neutron scattering studies, which reveal details about the positions, motions and magnetic properties of materials. When a beam of neutrons is aimed at a sample, many neutrons will pass through the material, but some interact directly with atomic nuclei and "bounce" away at an angle, like colliding balls in a game of pool.

Using special detectors, scientists count scattered neutrons, measure their energies and the angles at which they scatter, and map their final positions. This makes it possible for scientists to glean details about the nature of materials ranging from liquid crystals to superconducting ceramics, from proteins to plastics, and from metals to metallic glass magnets.




Each year, hundreds of scientists use ORNL's SNS for research that ultimately improves the quality of products from cell phones to pharmaceuticals -- but not all of them need to study a radioactive salt at 900 degrees Celsius, which is as hot as volcanic lava. After rigorous safety precautions and special containment developed in coordination with SNS beamline scientists, the team was able to do something no one has done before: measure the chemical bond lengths of molten UCl3and witness its surprising behavior as it reached the molten state.

"I've been studying actinides and uranium since I joined ORNL as a postdoc," said Alex Ivanov, who also co-led the study, "but I never expected that we could go to the molten state and find fascinating chemistry."

What they found was that, on average, the distance of the bonds holding the uranium and chlorine together actually shrunk as the substance became liquid -- contrary to the typical expectation that heat expands and cold contracts, which is often true in chemistry and life. More interestingly, among the various bonded atom pairs, the bonds were of inconsistent size, and they stretched in an oscillating pattern, sometimes achieving bond lengths much larger than in solid UCl3 but also tightening to extremely short bond lengths. Different dynamics, occurring at ultra-fast speed, were evident within the liquid.

"This is an uncharted part of chemistry and reveals the fundamental atomic structure of actinides under extreme conditions," said Ivanov.

The bonding data were also surprisingly complex. When the UCl3reached its tightest and shortest bond length, it briefly caused the bond to appear more covalent, instead of its typical ionic nature, again oscillating in and out of this state at extremely fast speeds -- less than one trillionth of a second.

This observed period of an apparent covalent bonding, while brief and cyclical, helps explain some inconsistencies in historical studies describing the behavior of molten UCl3. These findings, along with the broader results of the study, may help improve both experimental and computational approaches to the design of future reactors.

Moreover, these results improve fundamental understanding of actinide salts, which may be useful in tackling challenges with nuclear waste, pyroprocessing. and other current or future applications involving this series of elements.

The research was part of DOE's Molten Salts in Extreme Environments Energy Frontier Research Center, or MSEE EFRC, led by Brookhaven National Laboratory. The research was primarily conducted at the SNS and also used two other DOE Office of Science user facilities: Lawrence Berkeley National Laboratory's National Energy Research Scientific Computing Center and Argonne National Laboratory's Advanced Photon Source. The research also leveraged resources from ORNL's Compute and Data Environment for Science, or CADES.
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Lab develops protein assembly road map for gas vesicles | ScienceDaily
As far as water gear goes, floaties are not exactly high tech. But the tiny air-filled bubbles some microorganisms use as flotation devices when they compete for light on the water surface are a different story.


						
Known as gas vesicles (GVs), the micrometer-sized bubbles hold great promise for a host of biomedical applications, including imaging, sensing, cellular manipulation and tracking and more. The problem is researchers do not yet know how to make medically useful GV varieties in the lab.

Rice University bioengineers have now created a road map showing how a group of proteins interact to give rise to the bubbles' nanometer-thin shell. By detangling some of the complex molecular processes that take place during GV assembly, Rice bioengineer George Lu and his team in the Laboratory for Synthetic Macromolecular Assemblies are now one step closer to unlocking powerful new diagnostics and therapeutics based on these naturally occurring structures.

"GVs are essentially tiny bubbles of air, so they can be used together with ultrasound to make things inside our bodies visible such as cancer or specific parts of the body," said Manuel Iburg, a Rice postdoctoral researcher who is the lead author on a study published in The EMBO Journal. "However, GVs cannot be made in a test tube or on an assembly line, and we cannot manufacture them from scratch."

The family of GVs includes some of the smallest bubbles ever made, and they can subsist for months. Their stability over longer durations is due largely to the special structure of their protein shell, which is permeable to both individual water and gas molecules but has an inner surface that is highly water-repellent -- hence the GVs' ability to keep gas in even as they are submerged. And unlike synthetic nanobubbles, which are supplied with gas from without, GVs harness gas from the surrounding liquid.

The water-dwelling photosynthetic bacteria that use GVs to float closer to sunlight have specific genes encoding for the proteins that make up this special shell. However, despite knowing just how the tiny bubbles look and even why they tend to cluster together, researchers have yet to figure out the protein interactions that enable the structures' assembly process. Without some insight into the workings of these protein building blocks, plans for deploying lab-engineered GVs in medical applications have to be placed on hold.

To address the problem, the researchers honed in on a group of 11 proteins they knew were part of the assembly process and figured out a method to track how each of them, in turn, interacts with the others inside the living parent cells.




"We had to be extremely thorough and constantly check whether our cells were still making GVs," Iburg said. "One of the things we learned is that some of the GV proteins can be modified without too much trouble."

The researchers used this insight to add or subtract certain GV proteins as they were running the tests, which allowed them to figure out that interactions between some of the proteins required help from other proteins in order to unfold properly. They also checked whether these individual interactions changed over the course of the GV assembly process.

"Through many such permutations and iterations, we created a road map showing how all these different proteins have to interact to produce a GV inside the cell," Iburg said. "We learned from our experiments that this road map of GV interactions is very dense with many interdependent elements. Some of the GV proteins form subnetworks that seem to perform a smaller function in the overall process, some need to interact with many of the other parts of the assembling system, and some change their interactions over time."

"We think GVs have great potential to be used for new, fast and comfortable ultrasound-based diagnosis or even treatment options for patients," said Lu, an assistant professor of bioengineering at Rice and a Cancer Prevention and Research Institute of Texas (CPRIT) Scholar. "Our findings can also help researchers develop GVs that enable existing treatments to become even more precise, convenient and effective."
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Can technology turn exercise pain into pleasure? | ScienceDaily
Virtual reality (VR) video games that combine screen time with exercise are a great way to get fit, but game designers face a major challenge -- like with regular exercise, adherence to 'exergames' is low, with most users dropping out once they start to feel uncomfortable or bored.


						
Computer scientists at the University of Bath believe they've found a solution: create exergames that use sensors to continuously measure a person's emotional state while they exercise, then tweak the game -- for instance, making it easier or harder -- to keep the user engaged.

Dr Dominic Potts, lead author of a new study into harnessing cutting-edge sensor technology to keep exercisers motivated, said: "When it comes to physical exercise in all forms, motivation and exercise adherence are huge problems. With exergaming, we can address this issue and maximise a person's enjoyment and performance by adapting the challenge level to match a user's abilities and mood.

"Exercise games that are completely adaptive will sense a person's emotions and give them more 'rewards' when they're struggling and more obstacles when they're ready for a new challenge."

Game designers have long aspired to develop more personalised exergames -- i.e. programs that tune in to a person as they work out, adapting to their struggles and ambitions of the game unfolds -- however, finding a trustworthy method for measuring a user's evolving emotional state has proven elusive.

The Bath team has made a breakthrough by employing a novel range of sensors -- which could be embedded in VR headsets and wearable devices such as smartwatches -- to track physical changes experienced by an exerciser as they work out.

The team's findings were published recently at the CHI Conference on Human Factors in Computing Systems -- the premier international conference of Human-Computer Interaction (HCI), where the paper received an honourable mention award.




The researchers hope their findings will be adopted by game designers to create immersive programs that can keep a person peddling, running or weightlifting long after they'd normally choose to quit.

Background noise

Until now, sensors -- which can be extremely effective at tracking emotional states when a person is sedentary -- have proven unreliable at measuring the emotional landscape of a person involved in physical activity, making it hard to recognise if a person is experiencing happiness, stress of boredom.

"Traditionally, these sensing devices have been put into VR headsets to track blinks and pupil dilation, but generally they are highly susceptible to physiological and background noise," explained Dr Potts.

Unwanted 'noise' is generated in two ways: by a person moving in unpredictable ways -- as they often do when exercising -- and by the exerciser responding to the virtual environment (VE) they're immersed in. So, for instance, a sensor that shows a person's pupils dilating as they exercise might reflect luminosity changes in the VE rather than the user's evolving emotional state.

Reliable tracking

In the new study, 72 participants were involved in a VR static bike race while the Bath scientists used a specific combination of sensors to measure pupil size, facial expressions, heart rate, levels of sweating, skin inflammation and electrodermal activity (which measures the skin's ability to conduct electricity, reflecting stress levels).




Data was collected through the sensors while racers worked out in four distinct VEs, where each environment was designed to induce a specific emotion (happiness, sadness, stress, and calmness). Participants moved through these VEs at three different exercise intensities (low, medium, and high).

For each workout, the researchers were able to paint an accurate picture of a user's emotional state, matching the game's level of difficulty and the nature of the VE with the physiological changes experienced by the user, as picked up by their sensors.

Drawing from this research, eight guidelines have been formulated for creators of VR exergame, aimed at enhancing the emotional engagement of users. Among these recommendations are the following:
    	Pupil-detecting sensors should be designed to correct for luminosity changes in the virtual environment.
    	Preexisting sweat levels of a user should be taken into account to predict stress and arousal of the nervous system.
    	Sensor data should be cleaned before and during an exergame (i.e. removing signals unrelated to emotional changes) to measure interpersonal differences and enable the game to be tailored to each user.
    	Multiple physiological sensors should be used to improve predictions of a user's emotional state.

Dr Christof Lutteroth, who leads exergame research as director of the REVEAL research centre and is co-investigator at CAMERA, both based at the University of Bath, said: "In the long run, our objective is to make VR exercise emotionally intelligent.

"We fully expect VR physical activity to explode in popularity in the years ahead -- school children are already using them as part of their exercise programmes and they are also being used in rehab and sports science -- so it's important to focus on making technology that's emotionally intelligent and adaptive to differences between users."
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Reef tourism encourages climate action | ScienceDaily
University of Queensland research has revealed that informing tourists visiting the Great Barrier Reef about climate impact doesn't negatively affect their experience and can help encourage climate action.


						
The researchers surveyed 656 reef visitors about their experiences and behaviours during boat trips.

Dr Yolanda Waters from UQ's School of the Environment said the results showed information on climate change was positively received by visitors.

"Informing visitors about the impacts climate change has had on our marine environment doesn't diminish visitor's enjoyment of the Great Barrier Reef -- we found it might even do the opposite," Dr Waters said.

"80 per cent of participants wanted more information on climate change, specifically on what they could do to help."

Dr Waters said the findings were a win-win for both the climate and the tourism industry.

"In the world of tourism, there's this lingering idea that providing information on climate change might appear divisive or 'ruin' people's day, particularly in places that are vulnerable to degradation," she said.




"But our work shows there's an opportunity for tourism operators to enhance visitor experiences while simultaneously advancing climate action."

Five boat operators across Cairns and Townsville assisted in the study, with a portion of tourists given climate information via a marine biology presentation, posters around the vessel, a short informative video and regular mentions of climate change impacts and actions throughout the trip.

Adult passengers were then invited to complete a short five-minute survey during the return leg of the day trip.

Dr Waters believes the work provides further opportunity to improve climate communication and effectively promote climate change engagement among tourists.

"Tourism can be a powerful tool for climate action," she said.

"Our work shows that most tourists actually want more information, particularly about how they can make meaningful action.

"As the Great Barrier Reef faces escalating threats from climate change -- highlighted by the Queensland Government's latest Reef Outlook Report -- the need for proactive measures has never been more urgent.

"The reef's fragile ecosystems are under intense pressure, and how tourism responds can significantly impact both environmental outcomes and the sustainability of the industry moving forward."
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Discovery of glass-forming liquid electrolytes as a new liquid category | ScienceDaily
As the world shifts towards a more sustainable future, the development of advanced electrochemical devices, such as rechargeable batteries with higher energy densities and efficient electrodeposition capabilities, has become increasingly crucial. In recent years, ultra-concentrated electrolyte solutions, where metal salts are dissolved at concentrations two to three times higher than those in a single solvent, or mixtures where metal salts are excessively dissolved in a single solvent, have gained attention as new electrolyte solutions.


						
These solutions remain liquid at room temperature and enable high ion conduction and high-efficiency, high-quality metal film formation. However, the physicochemical or thermodynamic definition of these liquids remains unclear. Moreover, identifying the dissolved species and understanding their structures, which are crucial for their use as electrolytes, is extremely challenging.

A research team from Niigata University, led by Prof. Yasuhiro Umebayashi and Dr. Jihae Han, along with Dr. Hikari Watanabe from Tokyo University of Science, from a solution chemistry perspective, has been studying the mechanisms of specific lithium-ion conduction in lithium solvate ionic liquids and highly concentrated electrolyte solutions. They found a novel glass-forming liquid electrolyte, a two-component mixture of cyclic sulfone and lithium salt, which exhibits a glass transition across a broad compositional range. Furthermore, to elucidate the uniquely high Li+ transference number in these mixtures, speciation and dipole reorientation dynamics were studied to provide evidence of large-size aggregate formation in these mixtures. These findings have been published in the Faraday Discussions on 10 June 2024.

The thermophysical properties of both lithium salt-1,3-propanesultone (PS) and lithium salt-sulfolane (SL) binary mixtures showed that only glass transition was observed in a certain lithium salt concentration range. Raman spectroscopy revealed that lithium ions exist in solution as contact ion pairs (CIPs) and aggregates (AGG) in solution. In addition, two-dimensional correlation analysis of Raman spectra and dielectric relaxation spectra (DRS) successfully attributed the observed relaxation in DRS. It suggests that AGGs generated at high lithium salt concentration have a large spatial scale and play an important role in the specific lithium-ion conduction.

To achieve the Sustainable Development Goals (SDGs) and the objectives of Society-5, there is a growing demand for next-generation energy storage devices that can store electric energy efficiently and are tailored for specific applications. The development of these devices, utilizing both liquid and solid electrolytes, has become more advanced.
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Novel green chemistry: A safe, low-cost, and eco-friendly conversion process for the synthesis of sulfonyl fluorides | ScienceDaily
For the first time in the world, thiols and disulfides were converted into sulfonyl fluorides using SHC5(r) and KF, expanding "click chemistry" with high efficiency and low environmental impact. This green process, yielding only NaCl and KCl as byproducts, is expected to become the preferred method in chemical and industrial synthesis.


						
The concept of "click chemistry" is known for its high chemical selectivity, high yield, and rapid connection of molecules. Since its inception, click chemistry has demonstrated broad utility across various fields, including synthesis, materials science, chemical biology, and pharmaceutical development, garnering immense popularity.

However, sulfonyl fluoride is a key compound in the sulfur-fluorine exchange (SuFEx) click reaction, which links molecules together, and its synthesis initially required the use of SO2F2 gas or KHF2, both of which are highly toxic and difficult to handle. To achieve the safe and environmentally-friendly synthesis of sulfonyl fluoride, synthetic chemists have explored various chemical reaction processes.

In this study, it was developed for the first time in the world that sulfonyl fluoride can be efficiently synthesized by reacting the easily-handled and highly-reactive SHC5(r) and KF (potassium fluoride) with thiols or disulfides. This is a green synthetic process that produces only non-toxic sodium and potassium salts as by-products, resulting in minimal environmental impact.

This chemical reaction enabled the environmentally-friendly and tailor-made synthesis of a broad scope of sulfonyl fluorides containing aromatic, aliphatic, and heterocyclic groups.

The synthetic protocol is very simple, enabling the low-cost, scalable, and safe production of sulfonyl fluorides. This new method is expected to become the first choice for sulfonyl fluoride synthesis in both the chemical and industrial sectors.

"Developing new organic synthetic protocols to create useful compounds, such as pharmaceuticals, is a highly important research theme, particularly from the perspective of the Sustainable Development Goals (SDGs)," says corresponding authors of the study Masayuki Kirihara, Shinobu Takizawa, and Mohamed S. H. Salem. "Furthermore, developing reaction processes that consider the environmental impact of by-products is becoming increasingly important. We will continue to disseminate research from Japan that focuses on the green synthesis of useful compounds with ripple effects across various fields."
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Can't stop belching? Dietary habits or disease could be the reason | ScienceDaily
Belching is a common bodily function, but when it escalates to a level that interferes with daily life, it is defined as belching disorders. International surveys have reported that approximately 1% of adults have belching disorders, but the percentage in Japan and the factors involved often elude medical professionals.


						
To examine the relationship between the rate of belching disorders, comorbidities, and lifestyles in Japan, a research team led by Professor Yasuhiro Fujiwara of Osaka Metropolitan University's Graduate School of Medicine conducted a web survey of 10,000 adults. The results showed that 1.5%, or 151 people, had belching disorders. This was more prevalent in those who were men, drank alcohol, and were taking acid reflux medications.

Additionally, it was found that the presence of gastrointestinal disease, eating until feeling full, and extremely low or high chewing frequency were significantly associated with the development of belching disorders. Conversely, a high consumption of carbonated beverages had no association.

"The problem with belching disorders is that they take a long time to treat and are only practiced in a limited number of medical facilities," stated Professor Fujiwara. "In the future, the evaluation of the number of times someone chews and the effects of improved dietary habits in patients with belching disorders will provide a treatment option for patients to perform on their own."
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Hundreds of new cancer driver genes predicted by algorithm | ScienceDaily
Researchers at the Centre for Genomic Regulation (CRG) have discovered hundreds of potential new cancer driver genes. The findings, published in the journal Nature Communications, significantly expands the list of possible therapeutic targets to monitor and tackle the disease.


						
Mutations in genes are the primary cause of cancer. They can change the shape and function of proteins, altering a cell's normal function. According to COSMIC, the most widely-used cancer mutation database worldwide, there are 626 genes which, when mutated, cause uncontrolled cell growth and survival. These are critical drug targets.

The study predicts that non-mutational mechanisms are just as prevalent. The researchers used an algorithm to find 813 genes which help cancer cells proliferate through alterations in an often-overlooked molecular mechanism known as splicing. Like with mutations, splicing can be targeted by drugs to control progression of the disease.

"When taking non-mutational mechanisms like splicing into account, we think there could be double as many potential gene targets to control cancer. These are not classic oncogenes but rather represent an entire new class of potential cancer drivers which can be targeted in isolation or in synergy with existing strategies. It's an incredibly exciting new frontier to explore," explains Miquel Anglada-Girotto, co-corresponding author of the study and PhD student at the CRG.

The study found little overlap between the shortlist of genes driving cancer through splicing compared to mutated cancer drivers. Only around a tenth of genes (74, or 9.1%) identified in the study are also on the COSMIC database. The vast majority (508, or 62.5%) are potential cancer drivers which have been overlooked because they do not fit the traditional mutation-centric model of the disease.

"This tells us that splicing could be a largely independent mechanism driving cancer, complementary to well-known mutational pathways. It also explains why these potential targets have been historically ignored, because cancer research has primarily focused on mutations," adds Anglada-Girotto.

An algorithm called spotter

Splicing is a mechanism commonly hijacked by cancer. When normal cells make proteins, they first copy DNA from genes and create an initial draft of instructions. Cells use splicing to cut out unnecessary parts of the draft (introns) and stick together the important bits of information (exons).




Cancer cells include or exclude specific exons during splicing to create different versions of a protein from a single gene, some of which can promote cancer growth, survival, or drug resistance. This helps cancer adapt to different environments or stresses, making them more aggressive and harder to treat.

Historically, researchers have focused on specific splicing events or genes already suspected to be involved in cancer. The present study used a broader, "unbiased" approach, systematically analysing splicing across the entire genome to identify new potential cancer-driving splicing events.

The researchers created an algorithm called spotter. The model looked through vast amounts of genetic data to spot which exons are chosen by cancer cells during splicing to aid growth. spotter analysed data from many different types of cancer cells to spot which exons were important for cell survival.

"Not only can spotter identify potential cancer-driver exons, which we can then trace back to genes, but it can also rank which exons are more important than others in any given cancer sample. We can use this to validate each exon experimentally so that predictions made by the algorithm are confirmed," says Anglada-Girotto.

Testing predictions in the real world

Though spotter is powerful tool for predicting potential cancer-driving genes through splicing, it's still just a prediction model. To see if its predictions hold true in real-world conditions, the researchers looked at a large dataset of nearly 7,000 patient samples from 13 different types of cancer.




It's known that splicing plays a more significant role in aggressive, fast-growing cancers. The researchers used spotter to test whether the algorithm could find the specific exons responsible. They used the algorithm to shortlist eight exons, and designed synthetic drugs to target their splicing in cancer cell lines. As expected, the drugs were particularly effective in targeting rapidly-growing cancer cells.

"spotter can help us move beyond the general understanding of splicing's role in cancer to a much more detailed map of which specific parts of genes are being hijacked by cancer cells. Essentially, it's a way of finding new, highly-specific therapeutic targets," says Dr. Luis Serrano, co-corresponding author of the research and Director of the Centre for Genomic Regulation.

Advancing 'precision oncology'

The researchers also tested spotter's potential in predicting cancer's response to a drug. Changes in splicing can alter how a gene -- and the protein it produces -- responds to therapeutic molecules. The study explored how the splicing of certain exons can affect a cancer cells' sensitivity to these drugs.

The researchers combined predictions from spotter with data from large-scale experiments to identify exons linked to drug-sensitivity. They used the data to create models which can predict how a cancer cell will respond to a particular drug. The researchers tested their model on data from 49 ovarian cancer patients and found it could reliably distinguish which patients were likely to be more resistant or sensitive to chemotherapy.

"This could be part of a complementary strategy to understand a patient's cancer biology and help oncologists determine the best risk-benefit trade-off for cancer treatments and, ultimately, improve patient outcomes," says Dr. Luis Serrano, co-corresponding author of the research and Director of the Centre for Genomic Regulation.

The researchers have to overcome important limitations before their findings can translate into clinical applications. While spotter could identify potential cancer-driving exons, these are predictions which require extensive experimental validation to confirm their role in cancer. The study tested some predictions in cell lines, but researchers will need to carry out broader validation across more cancer types and patient samples.

"Moving from computational predictions and cell line experiments to effective clinical treatments takes time and involves many challenges. However, because splicing has not been as extensively studied as mutations, there is still a vast amount of uncharted territory to explore which is ripe for new discoveries, some of which could change the way we think about and treat cancer," concludes Dr. Serrano.
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Turning glycerol into gold: a new process makes biodiesel more profitable | ScienceDaily
An electrochemical process developed by researchers at Tokyo Institute of Technology (Tokyo Tech), using sodium borate and a nickel-oxide catalyst, offers a promising solution for the valorization of glycerol, a low-value byproduct of biodiesel production. By manipulating borate-glycerol complex formation, this process enhances the selectivity and efficiency of glycerol electrooxidation, converting it into valuable three-carbon compounds such as dihydroxyacetone and glyceraldehyde, thereby enhancing the economic viability and environmental benefits of biodiesel production.


						
Biodiesel, a green alternative to conventional diesel, has been shown to reduce carbon dioxide emissions by up to 74%. Biodiesel is produced through transesterification, converting triglycerides into biodiesel and producing glycerol as a low-value byproduct. Since glycerol makes up about 10% of the output, efforts have focused on boosting its value. One method involves electrochemical oxidation, turning glycerol into high-value three-carbon compounds like dihydroxyacetone (DHA) and glyceraldehyde (GLYD), though past approaches often yielded unstable or low-value products under strong alkaline conditions.

In a study published in the Journal of Catalysis on 15 August 2024 researchers led by Associate Professor Tomohiro Hayashi from Tokyo Institute of Technology (Tokyo Tech) and Professor Chia-Ying Chiang from National Taiwan University of Science and Technology, Taiwan, have developed a highly selective and efficient glycerol electrooxidation (GEOR) process that can lead to the production of valuable 3-carbon (3C) products.

"Establishing an electrochemical route for a highly selective and efficient glycerol electrooxidation process to desirable 3C products is essential for biodiesel production," says Hayashi and Chiang.

Selective oxidation of glycerol is challenging due to its structure. Glycerol has three -OH groups: two on primary carbon atoms and one on a secondary carbon atom. This arrangement creates steric hindrance, making it hard for reactants to target specific -OH groups for oxidation. In alkaline conditions, the -OH groups also cause unwanted side reactions that break carbon-carbon bonds, resulting in two-carbon or one-carbon compounds instead of the desired three-carbon products.

To address this, the researchers conducted GEOR using sodium borate and bicarbonate buffer as a mild alkaline electrolyte and a nickel-oxide (NiOx) catalyst. The sodium borate helps protect certain -OH group, improving the selectivity of the reaction, while the NiOx catalyst enhances the efficiency of the electrooxidation process. Sodium borate forms coordination complexes with glycerol's primary and secondary alcohol groups to form GLYD and DHA respectively. However, the final product depends on the ratio of borate to glycerol. To understand how different concentrations of glycerol and borate affect the electrooxidation process, a fixed concentration of 0.1 M borate buffer was reacted with varying concentrations of glycerol (0.01, 1, 2.0 M) and a fixed concentration of 0.1 M glycerol with varying concentrations of borate buffer (0.01, 0.05, 0.10, and 0.15 M). while maintaining a pH of 9.2.

Higher borate concentrations were found to increase the selectivity for 3C products, particularly DHA, with the highest selectivity of up to 80% observed at a borate concentration of 0.15 M. This improvement is attributed to the increased buffer capacity provided by the borate solution, which helps maintain a stable pH during the reaction and stabilizes the borate-glycerol complex for further oxidation into 3C compounds. Conversely, increasing the glycerol concentration reduced both the yield and selectivity of 3C products. At a glycerol concentration of 1 M, GLYD was the main product, with a selectivity of 51%.

The difference in the type of 3C product was found to be related to the formation of different glycerol-borate complexes. Using Raman spectroscopy, the researchers found higher borate concentrations favor six-membered ring complexes, promoting secondary -OH oxidation and DHA production. Conversely, higher glycerol concentrations favor five-membered ring complexes, leading to primary -OH oxidation and GLYD formation.

"Five-membered ring complexes were more likely to form in the electrolyte with a borate-to-glycerol ratio of 0.1, whereas six-membered ring complexes became more prominent in the electrolyte with a borate-to-glycerol ratio of 1.5," says Hayashi and Chiang.

These findings present a promising strategy for transforming glycerol into valuable products, boosting the sustainability and profitability of biodiesel production.
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Insulin cells don't need to team up | ScienceDaily
Our glycaemic balance is based on the ability of the pancreatic beta cells to detect glucose and secrete insulin to maintain our blood sugar levels. If these cells malfunction, the balance is broken, and diabetes develops. Until now, the scientific community agreed that beta cells needed the other hormone-producing cells of the pancreas to function properly. A team from the University of Geneva (UNIGE) has demonstrated the opposite: in adult mice whose pancreas contains only beta cells, glycaemia regulation and insulin sensitivity are even better than in standard animals. These results, which open major clinical prospects, can be read in the journal Nature Metabolism.


						
In 2010, the team led by Pedro Herrera, a professor in the Department of Genetic Medicine and Development and in the Diabetes Centre at the UNIGE Faculty of Medicine, discovered the remarkable ability of pancreatic cells to change function. If beta cells die prematurely, the endocrine cells normally responsible for producing other hormones, such as glucagon or somatostatin, can start producing insulin.

''Until now, it was thought that the differentiated adult cells of an organism could not regenerate and reorientate themselves functionally. Pharmacologically triggering this cellular plasticity could therefore form the basis of an entirely new therapy for diabetes. But what happens if all the cells of the endocrine pancreas abandon their original function to start producing insulin? It is what we wanted to find out in our new study,'' explains Pedro Herrera.

Non-beta cells are not essential

It was accepted that beta cells could only function correctly in the presence of the other hormone-producing cells -- alpha, delta and gamma cells -- grouped together in islets within the pancreas. ''To verify this, we produced mice in which, when they reach adulthood, all the non-beta cells in the pancreas can be selectively eliminated to observe how the beta cells manage to regulate glycaemia,'' explains Marta Perez Frances, a researcher in Pedro Herrera's laboratory and first author of this work. ''Surprisingly, not only were our mice perfectly capable of managing their blood sugar levels effectively, but they were even healthier than the control mice!"

Even when fed a high-fat diet or tested for resistance to insulin -- one of the main markers of diabetes -- these mice showed improved sensitivity to insulin in all the target tissues, and particularly in adipose tissue. Why? "There is an adaptation process in which the body recruits other hormonal cells from outside the pancreas to cope with the sudden reduction in glucagon and other pancreatic hormones,'' notes Pedro Herrera. ''But this clearly shows that non-beta cells of the pancreatic islets are not essential for maintaining glycaemic balance.'' These results are surprising and challenge the prevailing conception up until now.

Emerging new therapies 

Naturally, around 2% of pancreatic cells change their function in the event of insulin deficiency. The challenge is now to identify a molecule capable of inducing and amplifying this conversion. Another strategy would be to differentiate stem cells in vitro to produce new beta cells before transplanting them into the patients. ''Our results are proof that strategies focusing on insulin cells could really pay off,'' enthuses Pedro Herrera. ''The next stage of our work will therefore involve establishing the molecular and epigenetic profile of non-beta cells from diabetic and non-diabetic individuals in the hope of identifying the elements which could make it possible to induce the conversion of these cells in the pathological context of diabetes.''
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Gigantic asteroid impact shifted the axis of Solar System's biggest moon | ScienceDaily
Around 4 billion years ago, an asteroid hit the Jupiter moon Ganymede. Now, a Kobe University researcher realized that the Solar System's biggest moon's axis has shifted as a result of the impact, which confirmed that the asteroid was around 20 times larger than the one that ended the age of the dinosaurs on Earth, and caused one of the biggest impacts with clear traces in the Solar System.


						
Ganymede is the largest moon in the Solar System, bigger even than the planet Mercury, and is also interesting for the liquid water oceans beneath its icy surface. Like the Earth's moon, it is tidally locked, meaning that it always shows the same side to the planet it is orbiting and thus also has a far side. On large parts of its surface, the moon is covered by furrows that form concentric circles around one specific spot, which led researchers in the 1980s to conclude that they are the results of a major impact event. "The Jupiter moons Io, Europa, Ganymede and Callisto all have interesting individual characteristics, but the one that caught my attention was these furrows on Ganymede," says the Kobe University planetologist HIRATA Naoyuki. He continues, "We know that this feature was created by an asteroid impact about 4 billion years ago, but we were unsure how big this impact was and what effect it had on the moon."

Data from the remote object is scarce making research very difficult, and so Hirata was the first to realize that the purported location of the impact is almost precisely on the meridian farthest away from Jupiter. Drawing from similarities with an impact event on Pluto that caused the dwarf planet's rotational axis to shift and that we learned about through the New Horizons space probe, this implied that Ganymede, too, had undergone such a reorientation. Hirata is a specialist in simulating impact events on moons and asteroids, so this realization allowed him to calculate what kind of impact could have caused this reorientation to happen.

In the journal Scientific Reports, the Kobe University researcher now published that the asteroid probably had a diameter of around 300 kilometers, about 20 times as large as the one that hit the Earth 65 million years ago and ended the age of the dinosaurs, and created a transient crater between 1,400 and 1,600 kilometers in diameter. (Transient craters, widely used in lab and computational simulations, are the cavities produced directly after the crater excavation and before material settles in and around the crater.) According to his simulations, only an impact of this size would make it likely that the change in the distribution of mass could cause the moon's rotational axis to shift into its current position. This result holds true irrespective of where on the surface the impact occurred.

"I want to understand the origin and evolution of Ganymede and other Jupiter moons. The giant impact must have had a significant impact on the early evolution of Ganymede, but the thermal and structural effects of the impact on the interior of Ganymede have not yet been investigated at all. I believe that further research applying the internal evolution of ice moons could be carried out next," explains Hirata.

Interesting for its subsurface oceans, Ganymede is the final destination of ESA's JUICE space probe. If everything goes well, the spacecraft will enter orbit around the moon in 2034 and will make observations for six months, sending back a wealth of data that will help answer Hirata's questions.

This research was funded by the Japan Society for the Promotion of Science (grants 20K14538 and 20H04614) and the Hyogo Science and Technology Association.
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Finger wrap uses sweat to provide health monitoring at your fingertips--literally | ScienceDaily
A sweat-powered wearable has the potential to make continuous, personalized health monitoring as effortless as wearing a Band-Aid. Engineers at the University of California San Diego have developed an electronic finger wrap that monitors vital chemical levels -- such as glucose, vitamins, and even drugs -- present in the same fingertip sweat from which it derives its energy.


						
The advance was published Sept. 3 in Nature Electronics by the research group of Joseph Wang, a professor in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at UC San Diego.

The device, which wraps snugly around the finger, draws power from an unlikely source -- the fingertip's sweat. Fingertips, despite their small size, are among the body's most prolific sweat producers, each packed with over a thousand sweat glands. These glands can produce 100 to 1000 times more sweat than most other areas of the body, even during rest. This constant trickle of natural perspiration -- without any stimuli or physical activity -- offers a reliable energy source, fueling the device even during periods of inactivity or sleep.

The device is constructed from several electronic components printed onto a thin, flexible and stretchable polymer material. Its design allows it to conform to the finger while being durable enough to withstand repeated bending, stretching and movement. "It is based on a remarkable integration of energy harvesting and storage components, with multiple biosensors in a fluidic microchannel, along with the corresponding electronic controller, all at the fingertip," said Wang.

Central to its operation are biofuel cells that are positioned where the device contacts the fingertip. These cells have been specially engineered to efficiently collect and convert chemicals in sweat into electricity. This electricity is stored in a pair of stretchable, silver chloride-zinc batteries, which power a suite of sensors -- four in total -- each tasked with monitoring a specific biomarker: glucose, vitamin C, lactate and levodopa, a drug used for treating Parkinson's disease. As sweat is wicked through tiny paper microfluidic channels to these sensors, the device analyzes the biomarker levels, all while drawing energy it needs from the very sweat it's sampling. A small chip processes signals from the sensors and wirelessly transmits the data via Bluetooth low energy to a custom-designed smartphone or laptop application.

"This is automatic health monitoring at your fingertips," said study co-first author Shichao Ding, a postdoctoral researcher in Wang's research group at the UC San Diego Jacobs School of Engineering. "The wearer can be resting or asleep, and the device can still harvest energy and track biomarker levels."

In tests, a subject wore the device throughout the day to track glucose levels during meals, lactate levels during both desk work and exercise, vitamin C levels while drinking orange juice, and levodopa levels after eating fava beans, a natural source of the compound.

Ding and co-first author Tamoghna Saha say that the device can be customized to cater to individual health needs by detecting different sets of biomarkers. The researchers are working on developing a closed-loop system that not only monitors biomarkers, but also administers treatments based on the collected data. For instance, in the case of diabetes, such a device could continuously monitor glucose levels and automatically deliver insulin as needed, then assess the treatment's effectiveness by further monitoring biomarker levels.

"Autonomous power, sensing and treatment all in one device -- that's the ultimate goal," said Ding.
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Children's behavioral problems are linked to higher hair cortisol levels | ScienceDaily
Cortisol is the hormone secreted by the body to respond to stressful situations, so measuring the concentration of cortisol in the hair is very useful in analysing chronic stress. "Cortisol is usually present in the blood, saliva and urine, among other places, and indicates a momentary level of cortisol; however, cortisol accumulates in the hair, and that points to a degree of stress in the longer term, in other words, chronic stress," explained Ane Arregi-Otxotorena, a researcher in the UPV/EHU's Faculty of Psychology. To distinguish between momentary stress and chronic stress, Arregi uses a clear example: "The stress that occurs when you're going to buy bread one day and you realize you haven't got any money on you, is not the same as when you know you can't afford to buy bread on a daily basis."


						
The researcher in the Basque Environmental Health Research Group (B-EHRG) used hair samples of 11-year-old children to assess chronic stress. To conduct the research she extracted data from the INMA project; the INMA (Environment and Childhood) project gathers all kinds of data on children and families, starting with the mother's pregnancy, for long-term research purposes.

So the research concluded that, firstly, major behavioural problems are related to higher levels of cortisol in the hair. In addition, "we saw that maternal stress is related to children's behavioural problems. This means that maternal stress can also influence children's cortisol levels through their behavioural problems. Somehow along this two-stage path," Arregi explained.

Cortisol level is also influenced by environmental noise

Secondly, they also found something they had not expected: "Higher exposure to environmental noise is associated with lower cortisol levels. We saw that the higher the noise level is, the lower the cortisol levels are. When classifying the analysis by sex, this relationship was only significant in the case of the boys." According to the researchers, "the initial acute stress caused by noise may lead to a temporary increase in cortisol levels, but the chronic stress caused by long-term exposure to high noise levels can reduce the level of cortisol." To confirm the results relating to noise, and which were unexpected, the same research will be carried out within the broader European Athlete (Horizon 2020) project.

Environmental, social and individual factors

Broadly speaking, "in our research we detected these two factors, but that does not mean that other factors are not related, but we did not find any other kind of relationship," explained Arregi. "It is important to give these pieces of research a broader perspective while taking more than one stressful factor into account." So a model was created to investigate the relationship between environmental, social and individual factors and the cortisol concentration in children's hair. All the factors that may influence stress and which appear in the literature were taken into account: for example, green and blue spaces, air pollution, environmental noise; family and school relationships, parental stress level; sleep problems, physical activity, age, sex, etc.

As the UPV/EHU researcher pointed out, "much remains to be investigated relating to the factors that influence hair cortisol levels in children and young people, and studies so far have not taken into account the simultaneous influence of many factors." The model was created to tackle this. Arregi explained that in the model it is important to take many factors into consideration: "From now on, the model will allow us to find out which variables should be taken into account when measuring the cortisol level in the hair and which should not."

Future research would need to use this more complex approach to better understand the determinants of cortisol in children's hair; indeed, simultaneous exposure to various environmental, social and individual factors may influence the concentration of cortisol in the hair. Children being under the influence of chronic stress is related to many health problems; "childhood and adolescence are very vulnerable stages, because they are stages of rapid development. It is very important to know how different factors influence the health of children and adolescents at this stage so that they can become healthy adults," said the researcher.

"We believe that hair cortisol may be a useful tool when assessing how environmental exposures impact chronic stress. In short, this may help in the deployment of effective public policies; in fact, knowing what can cause the chronic stress of the population in a specific location may make it easier to implement policies to prevent it," she concluded.
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Targeted cancer therapies: Getting radioactive atoms to accumulate in tumors | ScienceDaily
Prostate cancer is the second most common cancer among men worldwide, following lung cancer. In the United States alone, nearly 300,000 new cases are diagnosed annually. While reducing testosterone and other male hormones can be an effective treatment for prostate cancer, this approach becomes ineffective once the disease progresses to metastatic castration-resistant prostate cancer (mCRPC). At this stage, the cancer advances quickly and becomes resistant to conventional hormonal therapies and chemotherapy.


						
A clever strategy for fighting mCRPC is to exploit the fact that these tumor cells usually overexpress a membrane protein called prostate-specific membrane antigen (PSMA). In particular, targeted alpha therapy involves attaching a radioactive atom like actinium-225 (225Ac) to a compound that binds strongly to PSMA. As the radioactive atom decays, it emits alpha particles that are harmful to nearby cells -- in this case, tumor cells. However, given that the production of 225Ac is very low, scientists are looking for more viable alternatives.

In a recent study, a research team led by Professor Tomoya Uehara from Chiba University, Japan, developed a novel compound for the targeted alpha therapy of prostate cancer using a different alpha particle emitting radionuclide: astatine-211 (211At). Other members of the team included Hiroyuki Suzuki and Kento Kannaka from Chiba University, as well as Kazuhiro Takahashi from Fukushima Medical University. Their findings, which were published in Volume 9 of EJNMMI Radiopharmacy and Chemistry on June 17, 2024, address one of the main issues plaguing 211At-based compounds for targeted alpha therapy: deastatination.

Simply put, deastatination refers to the natural process by which enzymes in the body cleave the 211At atom from the whole compound, effectively splitting the therapeutic part from the PSMA-targeting part. This not only renders the drug unable to address the cancer itself, but also releases a radioactive payload to other tissues in the body, which can damage the liver, stomach, and kidneys.

To avoid this problem, the researchers turned to a chemical structure they had previously studied. "Recently, we developed a neopentyl derivative with two hydroxy groups, which we referred to as an 'NpG structure,' as a 211At-labeling moiety that could stably retain 211At in vivo," explains Uehara, "Based on these past results, we hypothesized that the NpG structure could be used to design a variety of 211At-labeled PSMA-targeting derivatives."

The team put their theory to the test by designing and synthesizing a pair of such derivatives, each containing a different glutamic acid linker between the NpG structure and the PSMA-targeting region, namely asymmetric urea. These compounds were named NpG-L-PSMA and NpG-D-PSMA.

First, the researchers ran tests using iodine-125 (125I) bound to these compounds rather than 211At, given that 125I is more abundant and easier to procure. Through experiments in mice bearing tumors from a human prostate cancer cell line, they found that both [125I]I-NpG-D-PSMA and [125I]I-NpG-L-PSMA exhibited low accumulation in the stomach and thyroid, hinting at their high in vivo stability against deiodination. However, [125I]I-NpG-D-PSMA showed higher accumulation in tumor tissue than [125I]I-NpG-L-PSMA.

Thus, the team proceeded to run another series of experiments, now using [211At]At-NpG-D-PSMA. Just like its iodine-containing counterpart, this compound exhibited high accumulation in tumors and low accumulation in vital organs such as the liver and stomach.

Taken together, the results of these in vivo experiments highlight the potential of NpG-D-PSMA for targeted alpha therapy. "Our study showed that the neopentyl glycol structure, which can stably hold radiohalogens like 211At and 125I in vivo, may be applicable as a tumor-targeting agent. The use of the neopentyl glycol structure as a radiohalogen labeling moiety could enable the production of nuclear medicines for various types of tumors, thereby contributing greatly to human welfare," concludes Uehara.
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Communication helps parent relationships with new college students but has limits | ScienceDaily
When young adults first go off to college, more communication with parents generally leads to better relationships, but parents should avoid always initiating it, according to a study led by Washington State University researchers.


						
In a paper published in the journal Emerging Adulthood, WSU Assistant Professor Jennifer Duckworth and co-authors found that phone, text, video or in-person communication made first-year students feel better about the relationship with their parents. Students also felt better about the relationship when parents offered support or advice, and when they discussed important topics, such as studying and friendships. However, researchers found negative associations when parents initiated nearly all of the communication.

"That could be indicative of over-involved parenting," said Duckworth, a faculty member in WSU's human development department. "It can be a fine line, but students with so-called 'helicopter parents' could have a more negative view of their relationship with those parents."

The research shows that it's beneficial for parents to regularly stay involved in students' lives, provide support and discuss topics important to students without overwhelming them.

"Text messages are great for a quick check-in that can be very beneficial to the relationship quality," Duckworth said. "If a student feels they have a good relationship, that's indicative of well-being and positive behaviors like more studying and less alcohol and drug use."

The study also shows that frequent communication improves the relationship between familial units.

"We looked at daily levels of parent/student communication, and days with communication were better for the relationship than days without any communication," said Duckworth. "Similarly, days with more communication were better than days with less communication."

The researchers were surprised by how consistent the findings were.




"On days when they communicated, and students were honest with their parents and parents offered support or advice, the students reported they felt more positive about their relationship the following day," she said.

The study looked at the response results of 367 first-year WSU students who took a daily survey for seven consecutive days. The students were compensated up to $30 if they completed every survey, which was texted to their phones.

Breaking down the data, the authors found several differences. Female students reported more days of communication than males, with more time spent communicating. They discussed friendships and relationships more, but spent less time discussing time management than males.

Meanwhile, members of racially or ethnically minoritized groups reported fewer days communicating with their parents. While they spent less time communicating in general, students from minoritized groups spent more time talking on the telephone and video chatting with their parents than other groups. They also reported being less honest and spending less time talking about studying or grades, and drinking or substance use.

"We don't know why this is the case," Duckworth said. "It could reflect cultural or contextual differences, or differences in parenting styles. It's definitely an area for future research."

Duckworth wrote the paper with WSU colleagues Katherine Forsythe, Brittany Cooper and Laura Hill along with Matthew Bumpus, director of research and community impact at Innovia Foundation.
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Mathematicians model a puzzling breakdown in cooperative behavior | ScienceDaily
Darwin was puzzled by cooperation in nature -- it ran directly against natural selection and the notion of survival of the fittest. But over the past decades, evolutionary mathematicians have used game theory to better understand why mutual cooperation persists when evolution should favour self-serving cheaters.


						
At a basic level, cooperation flourishes when the costs to cooperation are low or the benefits large. When cooperation becomes too costly, it disappears -- at least in the realm of pure mathematics. Symbiotic relationships between species -- like those between pollinators and plants-are more complex, but follow similar patterns.

But new modelling published today in PNAS Nexus adds a wrinkle to that theory, indicating that cooperative behaviour between species may break down in situations where, theoretically at least, it should flourish.

"As we began to improve the conditions for cooperation in our model, the frequency of mutually beneficial behaviour in both species increases, as expected," says Dr. Christoph Hauert, a mathematician at the University of British Columbia who studies evolutionary dynamics.

"But as the frequency of cooperation in our simulation gets higher -- closer to 50 per cent -- suddenly there's a split. More cooperators pool in one species and fewer in the other -- and this asymmetry continues to get stronger as the conditions for cooperation get more benign."

While this 'symmetry breaking of cooperation' between two populations has been modelled by mathematicians before, this is the first model that enables individuals in each group to interact and join forces in a more natural way.

Dr. Hauert and colleague Dr. Gyorgy Szabo from the Hungarian Research Network used computational spatial models to arrange individuals from the two species on separate lattices facing one another. This enables cooperators to form clusters and reduce their exposure to (and exploitation by) cheaters by more frequently interacting with other cooperators.




"Because we chose symmetric interactions, the level of cooperation is the same in both populations," says Dr. Hauert. "Clusters can still form and protect cooperators but now they need to be synchronized across lattices because that's where the interactions occur."

"The odd symmetry breaking in cooperation shows parallels to phase transitions in magnetic materials and highlights the success of approaches developed in statistical and solid state physics," says Dr. Szabo.

"At the same time the model sheds light on spikes in dramatic changes in behaviour that can significantly affect the interactions in complex living systems."

The research was supported by the National Science and Engineering Research Council of Canada.

Mutualisms: cooperation between species

A model developed by evolutionary mathematicians in Canada and Europe shows that as cooperation becomes easier, it can unexpectedly break down. Watch a simulation of spatial interactions of cooperators and defectors for each species under different scenarios.
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How zebrafish map their environment | ScienceDaily
Researchers are turning to zebrafish to unlock the secrets of place cells, which play a crucial role in forming mental maps of space, social networks, and abstract relationships. Until now, place cells have only been found in mammals and birds, leaving the question of how other species internally represent the external world largely unanswered. A team of researchers at the Max Planck Institute for Biological Cybernetics has now found the first compelling evidence for place cells in the brain of the tiny larval zebrafish.


						
When we explore an unfamiliar city, we use various cues -- landmarks, a sense of how far we have walked in one direction, perhaps a river we cannot cross -- to create an internal map of our environment. Deep in the brain, in a structure called the hippocampus, a set of place cells play a key role in building our internal maps of the external world. These place cells fire when we are at specific locations in space and can self-organize into an array of different mental maps.

That much is known for mammals, including humans, and even for birds. However, the existence of place cells in other species is controversial. A group of researchers at the Max Planck Institute for Biological Cybernetics in Tubingen (Germany), led by Jennifer Li and Drew Robson, has now found the first conclusive evidence for place cells in zebrafish.

Recording the entire brain during natural behaviour

The researchers recorded the brain activity of young zebrafish as they explored their environment. These fish are completely transparent when they are only a few days old, making it possible to look into their tiny brains, which contain only 100,000 cells. One can even make individual active neurons light up using fluorescent calcium indicators, since all neuronal activity is associated with fluctuations in calcium ion concentrations. An earlier key invention of Li and Robson was essential for observing brain activity during navigation: tracking microscopes that move with the freely swimming fish.

Using this experimental design, the team analysed what spatial information is encoded in each neuron in the fish's brain. They identified a population of about 1000 place cells in each fish, most of which only fire when the animal is in a specific location, while a few respond to more than one area. "Collectively, the place cell population encodes spatial information," explains Jennifer Li. "From the firing patterns of the place cells, we were able to decode the location of each fish over time -- with an error of just a few millimetres."

Strikingly, most of the place cells were located in the telencephalon, an area of the zebrafish's forebrain, whose precise function has been a source of debate for several decades. "The high concentration of place cells in the telencephalon potentially confirms the longstanding conjecture that this brain region is a functional analogue of the mammalian hippocampus, in miniature," comments Drew Robson.




A flexible mechanism that integrates different inputs

However, Li and Robson needed additional evidence to conclude that the cells they had identified were indeed an analogue to mammalian place cells. The first feature to be tested was whether place cells use self-motion or external cues. In terms of human experience, a cue such as "I've been walking straight ahead at a brisk pace for about a minute" relies on self-motion, whereas "I can see the Eiffel Tower" is an external cue. In a series of experiments, the researchers manipulated both sources of information -- taking the fish out of their environment and placing them back, removing landmarks, or rotating the behavioural chamber. They found that the fish integrate both external and self-motion cues to create their internal maps -- just like we do.

Not only do the fish appear to refine their spatial representation map as they become more familiar with an unfamiliar environment, but they can also adapt to change: they use the same neuronal circuits to remember a second environment. When returned to their initial surroundings, they do not have to map it from scratch, but can partially recover the representation map they created previously. Thus, the place cell population exhibits a flexible memory system, a further hallmark of mammalian place cells.

An emerging model organism for a complex neuronal network

The authors of the study plan to use zebrafish as a new model organism to unravel the mysteries of place cells. In addition to their role in creating mental maps of space, these cells are also crucial for forming maps of social networks and abstract relationships, as well as for memory and planning. While mammalian place cells have been intensively investigated since their Nobel Prize-winning discovery more than 50 years ago, scientists still do not fully understand the neural networks that generate place cells or how they support such a wide range of mental functions.

The primary challenge has been the sheer complexity and size of mammalian place cell networks, which make it extremely difficult to study the entire network simultaneously. In contrast, the larval zebrafish brain is one of the smallest biological systems capable of generating place cells. Robson concludes: "Using this new minimal model, future studies can potentially trace all of the inputs to each place cell and create detailed models for how place cells acquire all their unique properties."
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        Fungus-controlled robots tap into the unique power of nature
        In creating a pair of new robots, researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling 'biohybrid' robots that can potentially react to their environment better than their purely synthetic counterparts.

      

      
        How Earth's most intense heat wave ever impacted life in Antarctica
        An atmospheric river brought warm, moist air to the coldest and driest corner of the planet in 2022, pushing temperatures 70 degrees above average. A new study reveals what happened to Antarctica's smallest animals.

      

      
        Distorted galaxy forming cosmic question mark
        It's 7 billion years ago, and the universe's heyday of star formation is beginning to slow. What might our Milky Way galaxy have looked like at that time? Astronomers have found clues in the form of a cosmic question mark, the result of a rare alignment across light-years of space.

      

      
        Agriculture accelerated human genome evolution to capture energy from starchy foods
        Scientists have suspected that modern humans have more genes to digest starch than our hunter-gatherer ancestors, but the amylase locus of the genome is hard to study. Researchers have now developed new methods to isolate the multiple amylase genes and compare the locus to ancient genomes. They found that amylase gene number has increased from an average of eight to more than 11 over the past 12,000 years.

      

      
        Researchers identify mechanism underlying allergic itching, and show it can be blocked
        Researchers identified a mechanism for why some people will itch from an allergen or mosquito bite exposure, while others will not in a new study, and showed this pathway can be targeted to prevent allergic responses in preclinical models.

      

      
        At-risk butterflies more likely to survive with human help
        Some of the butterflies most in danger of fluttering out of existence fare better when their habitats are actively managed by humans, a recent study found. Scientists have long warned that insect populations worldwide are falling rapidly due to the combined effects of climate change, habitat loss and pesticides. The study analyzed data on 114 populations of 31 butterfly species in 10 U.S. states. Overall, the research team found that these at-risk butterflies are particularly vulnerable, with pop...

      

      
        New population model identifies phases of human dispersal across Europe
        Researchers have developed a model that captures the dynamics of human dispersal across the continent during the last Ice Age in unprecedented detail.

      

      
        'Forever chemicals' influence the development and function of the brain
        Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as 'forever chemicals'. They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved.

      

      
        Newly discovered gene may influence longevity
        It turns out that a particular gene has a great influence on longevity, a new study concludes. This may pave the way for new treatment.

      

      
        Uncollected waste and open burning leading causes of the plastic pollution crisis
        A new study shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory. Researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

      

      
        Major leap for nuclear clock paves way for ultraprecise timekeeping
        Nuclear clocks would measure time based on changes inside an atom's nucleus, which would make them less sensitive to external disturbances and potentially more accurate than atomic clocks. These clocks could lead to improved timekeeping and navigation, faster internet speeds, and advances in fundamental physics research. Scientists have demonstrated key components of a nuclear clock, such as precise frequency measurements of an energy jump in a thorium-229 nucleus.

      

      
        Novel immunotherapy improves recovery from spinal cord injury
        Researchers have designed, in mice, an approach to minimizing the damage from a spinal cord injury through the use of engineered immune cells. Mice given the treatment had improved recovery from injuries, demonstrating potential for developing the therapy for people.

      

      
        Chemists explain why dinosaur collagen may have survived for millions of years
        Chemists offer a new explanation for how collagen in dinosaur bones may have survived millions of years: An atomic-level interaction prevents its bonds from being broken down by water.

      

      
        Epigenetic changes reprogram astrocytes into brain stem cells
        Resting brain stem cells hardly differ from normal astrocytes, which support the nerve cells in the brain. How can almost identical cells perform such different functions? The key lies in the methylation of their genetic material, which endowes these special astrocytes with stem cell properties. In mice, the researchers showed that experimentally induced lack of blood supply in the brain epigenetically reprograms astrocytes into brain stem cells, which in turn can give rise to nerve progenitor ce...

      

      
        Gigantic asteroid impact shifted the axis of Solar System's biggest moon
        Around 4 billion years ago, an asteroid hit the Jupiter moon Ganymede. Now, a researcher realized that the Solar System's biggest moon's axis has shifted as a result of the impact, which confirmed that the asteroid was around 20 times larger than the one that ended the age of the dinosaurs on Earth, and caused one of the biggest impacts with clear traces in the Solar System.

      

      
        How bright is the universe's glow? Study offers best measurement yet
        Over billions of years, the universe's stars and galaxies shined their light into space, leaving behind an imperceptibly faint night light known as the cosmic optical background. NASA's New Horizons spacecraft has traveled to the edge of Earth's solar system and captured the most accurate measurement of this glow to date.

      

      
        Researchers give adult zebra finches back their ability to learn new songs
        We all know the adage, 'You can't teach an old dog new tricks.' As we age, our ability to learn new skills, like mastering a foreign language or picking up a musical instrument, seems to fade. The culprit? A decline in brain plasticity - the brain's capacity to rewire itself and adapt to new challenges. But what if we could rewind the clock on this age-related decline? A new study offers a tantalizing glimpse into this possibility.

      

      
        Open wide: Human mouth bacteria reproduce through rare form of cell division
        New research has uncovered an extraordinary mechanism of cell division in Corynebacterium matruchotii, one of the most common bacteria living in dental plaque. The filamentous bacterium doesn't just divide, it splits into multiple cells at once, a rare process called multiple fission.

      

      
        The risk of global water scarcity is greater when accounting for the origin of rain
        Securing the world's water supply is one of the greatest challenges of our time. Researchers are now presenting an alternative method for quantifying the global risk of water scarcity. Results indicate higher risks to water supply than previously expected if accounting for the environmental conditions and governability where rain is produced.

      

      
        Clinical trial finds finerenone reduces worsening heart failure and cardiovascular death
        Finerenone reduced the composite of total first and recurrent heart failure (HF) events (hospitalizations for HF or urgent HF visits) and cardiovascular death in patients with HF and mildly reduced or preserved ejection fraction, according to an international clinical trial.

      

      
        Genomic dark matter solves butterfly evolutionary riddle
        Researchers have uncovered a surprising genetic mechanism that influences the vibrant and complex patterns on butterfly wings. The team discovered that an RNA molecule, rather than a protein as previously thought, plays a pivotal role in determining the distribution of black pigment on butterfly wings.

      

      
        Doughnut-shaped region found inside Earth's core deepens understanding of planet's magnetic field
        A doughnut-shaped region thousands of kilometers beneath our feet within Earth's liquid core has been discovered, providing new clues about the dynamics of our planet's magnetic field.

      

      
        Morphing facial technology sheds light on the boundaries of self-recognition
        Facial recognition is a critical part of self-image and social interactions. In an era of advanced digital technology, we face intriguing questions about communication and identity. How does altering our facial identity affect our sense of 'self' and our interactions with others?

      

      
        What a submerged ancient bridge discovered in a Spanish cave reveals about early human settlement
        Geologists examined a submerged 25-foot bridge to tackle a long-lasting archaeological controversy: When humans settled on the islands in the western Mediterranean. Their findings narrow a historical gap between the settlement timelines of the eastern and western Mediterranean regions.

      

      
        Scientist's method could give months' warning of major earthquakes
        The public could have days or months of warning about a major earthquake through identification of prior low-level tectonic unrest over large areas, according to research by scientists who analyzed two major quakes in Alaska and California.

      

      
        Dancing galaxies make a monster at the cosmic dawn
        Astronomers have spotted a pair of galaxies in the act of merging 12.8 billion years ago. The characteristics of these galaxies indicate that the merger will form a monster galaxy, one of the brightest types of objects in the Universe.

      

      
        New process vaporizes plastic bags and bottles, yielding gases to make new, recycled plastics
        Chemists have developed a catalytic process that turns the largest component of today's plastic waste stream, polyolefin plastic bags and bottles, into gases -- propylene and isobutylene -- that are the building blocks of polypropylene and other types of plastics. The process uses inexpensive solid catalysts that can be scaled to industrial production, making this a potentially viable means of creating a circular economy for these throw-away plastics.

      

      
        Number of fish species at risk of extinction fivefold higher than previous estimates, according to a new prediction
        Researchers predict that 12.7% of marine teleost fish species are at risk of extinction, up fivefold from the International Union for Conservation of Nature's prior estimate of 2.5%. Their report includes nearly 5,000 species that did not receive an IUCN conservation status due to insufficient data.

      

      
        Ancient gene gives spiders their narrow waist
        An ancient gene is crucial for the development of the distinctive waist that divides the spider body plan in two, according to a new study.

      

      
        Scientists discover how starfish get 'legless'
        Researchers have made a groundbreaking discovery about how sea stars (commonly known as starfish) manage to survive predatory attacks by shedding their own limbs. The team has identified a neurohormone responsible for triggering this remarkable feat of self-preservation.

      

      
        Ancient sea cow attacked by a crocodile and sharks sheds new light on prehistoric food chains
        A new study showing how a prehistoric sea cow was preyed upon by not one, but two different carnivores -- a crocodilian and a shark -- is revealing clues into both the predation tactics of ancient creatures and the wider food chain millions of years ago.

      

      
        Supercomputer simulations reveal the nature of turbulence in black hole accretion disks
        To understand the mysteries surrounding black holes, researchers at Tohoku University have created a simulation of accretion disk turbulence that possesses the highest-resolution currently available.

      

      
        Seeing the future: Zebrafish regenerates fully functional photoreceptor cells and restores its vision
        Blinding diseases lead to permanent vision loss by damaging photoreceptor cells, which humans cannot naturally regenerate. While researchers are working on new methods to replace or regenerate these cells, the crucial question is whether these regenerated photoreceptors can fully restore vision. By studying zebrafish, an animal naturally capable of photoreceptor regeneration, a team showed that regenerated photoreceptors are as good as original ones and regain their normal function, allowing the ...

      

      
        Land-sea 'tag-team' devastated ocean life millions of years ago reveal scientists
        A 'tag-team' between the oceans and continents millions of years ago devastated marine life and altered the course of evolution on Earth, according to a new study. Scientists say a string of severe environmental crises which happened between 185 and 85 million years ago triggered mass extinctions among ocean-living species.

      

      
        Researchers map 50,000 of DNA's mysterious 'knots' in the human genome
        Innovative study of DNA's hidden structures may open up new approaches for treatment and diagnosis of diseases, including cancer.

      

      
        Can fungi turn food waste into the next culinary sensation?
        Fungi can transform plant and animal products into delicious foods like cheese, miso and beer. A researcher argues that a type of filamentous mold -- Neurospora intermedia -- could also turn food waste into culinary treats. Currently, only Indonesians have discovered this secret; they grow the mold on leftover soy pulp from making tofu to create oncom. A new study suggests that it can transform many types of food waste into novel and tasty foods.

      

      
        Gene therapy gets a turbo boost
        For decades, scientists have dreamt of a future where genetic diseases, such as the blood clotting disorder hemophilia, could be a thing of the past. Gene therapy, the idea of fixing faulty genes with healthy ones, has held immense promise. But a major hurdle has been finding a safe and efficient way to deliver those genes. Researchers have now made a significant breakthrough in gene editing technology that could revolutionize how we treat genetic diseases.

      

      
        Study reveals crucial role of mixing Atlantic and Arctic waters in global ocean circulation
        A new study sheds light on the vital role that the mixing of Atlantic and Arctic waters plays in sustaining the Atlantic Meridional Overturning Circulation (AMOC), which is crucial for regulating Earth's climate.

      

      
        New model to enhance extreme rainfall prediction
        Scientists have developed new guidance and tools that could significantly improve the prediction of life-threatening flash flooding.

      

      
        This tiny backyard bug does the fastest backflips on earth
        Move over, Sonic. There's a new spin-jumping champion in town -- the globular springtail (Dicyrtomina minuta). This diminutive hexapod backflips into the air, spinning to over 60 times its body height in the blink of an eye, and a new study features the first in-depth look at its jumping prowess.

      

      
        Researchers unveil scalable graphene technology to revolutionize battery safety and performance
        Researchers have developed a pioneering technique for producing large-scale graphene current collectors. This breakthrough promises to significantly enhance the safety and performance of lithium-ion batteries (LIBs), addressing a critical challenge in energy storage technology.
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Fungus-controlled robots tap into the unique power of nature | ScienceDaily
Building a robot takes time, technical skill, the right materials -- and sometimes, a little fungus.


						
In creating a pair of new robots, Cornell University researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling "biohybrid" robots that can potentially react to their environment better than their purely synthetic counterparts.

The team's paper published in Science Robotics. The lead author is Anand Mishra, a research associate in the Organic Robotics Lab led by Rob Shepherd, professor of mechanical and aerospace engineering at Cornell University, and the paper's senior author.

"This paper is the first of many that will use the fungal kingdom to provide environmental sensing and command signals to robots to improve their levels of autonomy," Shepherd said. "By growing mycelium into the electronics of a robot, we were able to allow the biohybrid machine to sense and respond to the environment. In this case we used light as the input, but in the future it will be chemical. The potential for future robots could be to sense soil chemistry in row crops and decide when to add more fertilizer, for example, perhaps mitigating downstream effects of agriculture like harmful algal blooms."

Mycelia are the underground vegetative part of mushrooms. They have the ability to sense chemical and biological signals and respond to multiple inputs.

"Living systems respond to touch, they respond to light, they respond to heat, they respond to even some unknowns, like signals," Mishra said. "If you wanted to build future robots, how can they work in an unexpected environment? We can leverage these living systems, and any unknown input comes in, the robot will respond to that."

Two biohybrid robots were built: a soft robot shaped like a spider and a wheeled bot.

The robots completed three experiments. In the first, the robots walked and rolled, respectively, as a response to the natural continuous spikes in the mycelia's signal. Then the researchers stimulated the robots with ultraviolet light, which caused them to change their gaits, demonstrating mycelia's ability to react to their environment. In the third scenario, the researchers were able to override the mycelia's native signal entirely.

The research was supported by the National Science Foundation (NSF) CROPPS Science and Technology Center; the U.S. Department of Agriculture's National Institute of Food and Agriculture; and the NSF Signal in Soil program.
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How Earth's most intense heat wave ever impacted life in Antarctica | ScienceDaily
Summer 2024 is on track to be the hottest on record for hundreds of cities across the U.S. and globe. Even in Antarctica, during the peak of its winter, extreme heat pushed temperatures in parts of the continent more than 50degF above the July normal.


						
In a study published on July 31 in the journal Earth's Future, scientists, including researchers at the University of Colorado Boulder, revealed how heat waves, especially those occurring in Antarctica's cold seasons, may impact the animals living there. The research illustrates how extreme weather events intensified by climate change could have profound implications for the continent's fragile ecosystems.

In March 2022, the most intense heat wave ever recorded on Earth hit Antarctica, just as organisms in the southern region braced themselves for the long, harsh winter ahead. The extreme weather raised temperatures in parts of Antarctica to more than 70degF above average, melting glaciers and snow even in the McMurdo Dry Valleys, one of the planet's coldest and driest regions.

As part of a Long-Term Ecological Research (LTER) project in Antarctica, the research team found that the unexpected melt followed by a rapid refreeze likely disrupted the life cycles of many organisms and killed a large swath of some invertebrates in the McMurdo Dry Valleys.

"It's important that we pay attention to these signals, even if they're coming from microscopic organisms in soils in a polar desert," said Michael Gooseff, the paper's senior author and professor in the Department of Civil, Environment and Architectural Engineering at CU Boulder. "They're the early responders to changes that could cascade up to larger organisms, the landscape and even us, far away from Antarctica."

When Gooseff arrived in Antarctica in November 2021, the continent looked much like it had for the past two decades. As a fellow of the Institute of Arctic and Alpine Research (INSTAAR), Gooseff has led the LTER at the McMurdo Dry Valleys, a National Science Foundation-funded project, for the past decade. Nearly every Antarctic summer, he travels to the southern region to study its ecosystem and how organisms survive in extreme environmental conditions.

While most animals can't tolerate the region's dryness and cold, some microbes and invertebrates, including roundworms and water bears, thrive in this frozen desert. Water bears, or tardigrades, are tiny, eight-legged animals measuring 0.002 to 0.05 inches long. They can survive extreme conditions -- as cold as -328degF and as hot as 300 degF -- that would kill most other forms of life.




In 2022, all members of the polar expedition team left the continent in February, before the Antarctic summer ended. A month later, Antarctica experienced the most extreme heat wave on record, driven by an intense storm known as an atmospheric river, which transported moist air over long distances to the polar region.

The team's sensors in the McMurdo Dry Valleys recorded air temperatures, which typically hover around -4degF in March, rising above freezing and exceeding the average by 45degF.

Satellite imagery and stream discharge measurements showed that the sudden warming wetted the valleys' soil more than two months after the peak summer thaw, at a time when the land is typically dry.

In two days, after the heat wave passed, temperatures plummeted and the soil froze. This event happened during a critical transition period, when organisms hunker down and get ready for the dark, cold winter. Gooseff and his colleagues were curious about how animals in the valleys responded.

"These animals invest a significant amount of energy in preparing and shutting down for the winter," said Gooseff. "When things start to warm up the following summer, they use energy to become active again. One of our major concerns with unusual weather events like this heat wave is that these animals might start using a lot more energy, thinking it's summer, only to have to shut down again two days later. How many times can they go through that cycle before they exhaust their energy reserves?"

He and the team returned to Antarctica the following summer, in December 2022. They sampled the soil and compared organisms living in areas that became wet to those that stayed dry during the heat wave.




They observed a 50% decrease in the population of Scottnema, a common roundworm, in areas that got wet. Scottnema is adapted to extremely cold and dry climates.

"The heat wave made the environment appear warm enough for things to get wet, creating a false start to summer. Some of the biology responding to these temperatures might be seriously disrupted by this," Gooseff said.

Rapid swings between extremes in weather can disproportionately impact sensitive species like Scottnema, but they may have far less impact on other animals, such as tardigrades. These creatures have a higher tolerance for moisture, allowing them to proliferate as the environment becomes wetter.

"Changes in which species are in the soil and how big the populations are can have a major impact on the ecosystem's food web and nutrient cycling," Gooseff said.

Previous research has shown Scottnema is responsible for about 10% of the carbon processed in the Dry Valleys' soil ecosystem.

As climate change exacerbates extreme weather events in Antarctica, larger species are also being impacted. For example, in the summer of 2013, an unusual rainfall event along the Adelie Coast of East Antarctica killed all Adelie penguin chicks in the region. In July, temperatures in parts of East Antarctica climbed up to 50 degF above the usual winter average.

Gooseff and his team plan to continue documenting extreme weather events and their impacts on the Antarctic ecosystem.

What happens in Antarctica doesn't stay in Antarctica, Gooseff said.

"The loss of ice shelves has pretty dramatic impacts on the mass balance of our oceans, and it affects us even thousands of miles away."
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Distorted galaxy forming cosmic question mark | ScienceDaily
It's 7 billion years ago, and the universe's heyday of star formation is beginning to slow. What might our Milky Way galaxy have looked like at that time? Astronomers using NASA's James Webb Space Telescope have found clues in the form of a cosmic question mark, the result of a rare alignment across light-years of space.


						
"We know of only three or four occurrences of similar gravitational lens configurations in the observable universe, which makes this find exciting, as it demonstrates the power of Webb and suggests maybe now we will find more of these," said astronomer Guillaume Desprez of Saint Mary's University in Halifax, Nova Scotia, a member of the team presenting the Webb results.

While this region has been observed previously with NASA's Hubble Space Telescope, the dusty red galaxy that forms the intriguing question-mark shape only came into view with Webb. This is a result of the wavelengths of light that Hubble detects getting trapped in cosmic dust, while longer wavelengths of infrared light are able to pass through and be detected by Webb's instruments.

Astronomers used both telescopes to observe the galaxy cluster MACS-J0417.5-1154, which acts like a magnifying glass because the cluster is so massive it warps the fabric of space-time. This allows astronomers to see enhanced detail in much more distant galaxies behind the cluster. However, the same gravitational effects that magnify the galaxies also cause distortion, resulting in galaxies that appear smeared across the sky in arcs and even appear multiple times. These optical illusions in space are called gravitational lensing.

The red galaxy revealed by Webb, along with a spiral galaxy it is interacting with that was previously detected by Hubble, are being magnified and distorted in an unusual way, which requires a particular, rare alignment between the distant galaxies, the lens, and the observer -- something astronomers call a hyperbolic umbilic gravitational lens. This accounts for the five images of the galaxy pair seen in Webb's image, four of which trace the top of the question mark. The dot of the question mark is an unrelated galaxy that happens to be in the right place and space-time, from our perspective.

In addition to producing a case study of the Webb NIRISS (Near-Infrared Imager and Slitless Spectrograph) instrument's ability to detect star formation locations within a galaxy billions of light-years away, the research team also couldn't resist highlighting the question mark shape. "This is just cool looking. Amazing images like this are why I got into astronomy when I was young," said astronomer Marcin Sawicki of Saint Mary's University, one of the lead researchers on the team.

"Knowing when, where, and how star formation occurs within galaxies is crucial to understanding how galaxies have evolved over the history of the universe," said astronomer Vicente Estrada-Carpenter of Saint Mary's University, who used both Hubble's ultraviolet and Webb's infrared data to show where new stars are forming in the galaxies. The results show that star formation is widespread in both. The spectral data also confirmed that the newfound dusty galaxy is located at the same distance as the face-on spiral galaxy, and they are likely beginning to interact.

"Both galaxies in the Question Mark Pair show active star formation in several compact regions, likely a result of gas from the two galaxies colliding," said Estrada-Carpenter. "However, neither galaxy's shape appears too disrupted, so we are probably seeing the beginning of their interaction with each other."

"These galaxies, seen billions of years ago when star formation was at its peak, are similar to the mass that the Milky Way galaxy would have been at that time. Webb is allowing us to study what the teenage years of our own galaxy would have been like," said Sawicki.

The Webb images and spectra in this research came from the Canadian NIRISS Unbiased Cluster Survey (CANUCS). The research paper is published in the Monthly Notices of the Royal Astronomical Society.
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Agriculture accelerated human genome evolution to capture energy from starchy foods | ScienceDaily
Over the past 12,000 years, humans in Europe have dramatically increased their ability to digest carbohydrates, expanding the number of genes they have for enzymes that break down starch from an average of eight to more than 11, according to a new study by researchers from the U.S., Italy and United Kingdom.


						
The rise in the number of genes that code for these enzymes tracks the spread of agriculture across Europe from the Middle East, and with it, an increasingly starchy human diet rich in high-carbohydrate staples such as wheat and other grains. Having more copies of a gene usually translates to higher levels of the protein the genes code for -- in this case, the enzyme amylase, which is produced in saliva and the pancreas to break down starch into sugar to fuel the body.

The study, published today (Sept. 4) in the journal Nature, also provides a new method for identifying the causes of diseases that involve genes with multiple copies in the human genome, such as the genes for amylase.

The research was led by Peter Sudmant, assistant professor of integrative biology at the University of California, Berkeley, and Erik Garrison of the University of Tennessee Health Science Center in Memphis.

"If you take a piece of dry pasta and put it in your mouth, eventually it'll get a little bit sweet," Sudmant said. "That's your salivary amylase enzyme breaking the starches down into sugars. That happens in all humans, as well as in other primates."

Chimpanzee, bonobo and Neanderthal genomes all have a single copy of the gene on chromosome 1 that codes for the salivary amylase, referred to as AMY1. The same is true for the two pancreatic amylase genes, AMY2A and AMY2B. These three genes are located close to one another in a region of the primate genome known as the amylase locus.

Human genomes, however, harbor vastly different numbers of each amylase gene.




"Our study found that each copy of the human genome harbors one to 11 copies of AMY1, zero to three copies of AMY2A, and one to four copies of AMY2B," said UC Berkeley postdoctoral fellow Runyang Nicolas Lou, one of five first authors of the paper. "Copy number is correlated with gene expression and protein level and thus the ability to digest starch."

The researchers discovered that, while around 12,000 years ago humans across Europe had an average of about four copies of the salivary amylase gene, that number has increased to about seven. The combined number of copies of the two pancreatic amylase genes also increased by half a gene (0.5) on average over this time in Europe.

Survival advantage of multiple amylase genes

Overall, the incidence of chromosomes with multiple copies of amylase genes (that is, more total copies than chimpanzees and Neanderthals) increased sevenfold over the last 12,000 years, suggesting that this provided a survival advantage for our ancestors.

The researchers also found evidence for an increase in amylase genes in other agricultural populations around the world, and that the region of the chromosomes where these amylase genes are located looks similar in all these populations, no matter what specific starchy plant that culture domesticated. The findings demonstrate that as agriculture arose independently around the world, it seems to have rapidly altered the human genome in nearly identical ways in different populations to deal with increased carbohydrates in the diet.

In fact, the researchers found that the rate of evolution leading to changes in amylase gene copy number was 10,000 times faster than that of single DNA base pair changes in the human genome.




"It has long been hypothesized that the copy number of amylase genes had increased in Europeans since the dawn of agriculture, but we had never been able to sequence this locus fully before. It is extremely repetitive and complex," Sudmant said. "Now, we're finally able to fully capture these structurally complex regions, and with that, investigate the history of selection of the region, the timing of evolution and the diversity across worldwide populations. Now, we can start thinking about associations with human disease."

One suspected association is with tooth decay. Previous studies have suggested that having more copies of AMY1 is associated with more cavities, perhaps because the saliva does a better job of converting starch in chewed food into sugar, which feeds bacteria that eat away at teeth.

The research also provides a method for exploring other areas of the genome -- those involving the immune system, skin pigmentation and the production of mucus, for example -- that have undergone rapid gene duplication in recent human history, Garrison said.

"One of the exciting things we were able to do here is probe both modern and ancient genomes to dissect the history of structural evolution at this locus," he said.

These methods can also be applied to other species. Previous studies have shown that animals that hang out around humans -- dogs, pigs, rats and mice -- have more copies of the amylase gene than their wilder relatives, apparently to take advantage of the food we throw away.

"This is really the frontier, in my opinion," Garrison said. "We can, for the first time, look at all of these regions that we could never look at before, and not just in humans -- other species, too. Human disease studies have really struggled in identifying associations at complex loci, like amylase. Because the mutation rate is so high, traditional association methods can fail. We're really excited how far we can push our new methods to identify new genetic causes of disease."

From hunter-gatherer to agrarian

Scientists have long suspected that humans' ability to digest starch may have increased after our ancestors transitioned from a hunter-gatherer lifestyle to a settled, agricultural lifestyle. This shift was shown to be associated with more copies of the amylase genes in people from societies that domesticated plants.

But the area of the human genome where these copies reside has been difficult to study because traditional sequencing -- so-called short-read sequencing techniques that cut the genome into chunks of about 100 base pairs, sequence the millions of pieces and then reassemble them into a genome -- was unable to distinguish gene copies from one another. Complicating matters, some copies are inverted, that is, they are flipped and read from the opposite strand of DNA.

Long-read sequencing allows scientists to resolve this region, reading DNA sequences thousands of base pairs long to accurately capture repetitive stretches. At the time of the study, the Human Pangenome Reference Consortium (HPRC) had collected long-read sequences of 94 human haploid genomes, which Sudmant and colleagues used to assess the variety of contemporary amylase regions, called haplotypes. The team then assessed the same region in 519 ancient European genomes. The HPRC data helped avoid a common bias in comparative genomic studies, which have used a single, averaged human genome as a reference. The genomes from the HPRC, referred to as a pangenome, provide a more inclusive reference that more accurately captures human diversity.

Joana Rocha, a UC Berkeley postdoctoral fellow and co-first author of the paper, compared the region where amylase genes cluster to what she called "sculptures made of different Lego bricks. Those are the haplotype structures. Previous work had to take down the sculpture first and infer from a pile of bricks what the sculpture may have looked like. Long-read sequencing and pangenomic methods now allow us to directly examine the sculpture and thus offer us unprecedented power to study the evolutionary history and selective impact of different haplotype structures."

Using specially developed mathematical modeling, the researchers identified 28 different haplotype structures among the 94 long-read genomes and thousands of realigned short-read human genomes, all of which cluster into 11 groups, each with a unique combination of AMY1, AMY2A and AMY2B copy numbers.

"These remarkably complex, crazy structures -- regions of gene duplication, inversion and deletion in the human genome -- have evolved independently in different human populations over and over again, even before the rise of agriculture," Sudmant said.

Analysis of the many contemporary human genomes also pointed to an origin 280,000 years ago of an initial duplication event that added two copies of AMY1 to the human genome.

"That particular structure, which is predisposed to high mutation rates, emerged 280,000 years ago, setting the stage for later on, when we developed agriculture, for people who had more copies to have increased fitness, and then for these copy numbers to be selected for," Sudmant said. "Using our methods, for the first time we could really date the initial duplication event."

Alma Halgren, a UC Berkeley graduate student in bioengineering, and Davide Bolognini and Alessandro Raveane of Human Technopole in Milan, Italy, are also first authors of the paper. Other co-authors are Andrea Guarracino of UTHSC, Nicole Soranzo of Human Technopole and the University of Cambridge in the United Kingdom, and Jason Chin of the Foundation for Biological Data Science in Belmont, California. Sudmant's research is funded by the Institute of General Medical Sciences of the U.S. National Institutes of Health (R35GM142916).
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Researchers identify mechanism underlying allergic itching, and show it can be blocked | ScienceDaily
Why do some people feel itchy after a mosquito bite or exposure to an allergen like dust or pollen, while others do not? A new study has pinpointed the reason for these differences, finding the pathway by which immune and nerve cells interact and lead to itching. The researchers, led by allergy and immunology specialists at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system, then blocked this pathway in preclinical studies, suggesting a new treatment approach for allergies. The findings are published in Nature.


						
"Our research provides one explanation for why, in a world full of allergens, one person may be more likely to develop an allergic response than another," said senior and corresponding author Caroline Sokol, MD, PhD, an attending physician in the Allergy and Clinical Immunology Unit at MGH, and assistant professor of medicine at Harvard Medical School. "By establishing a pathway that controls allergen responsiveness, we have identified a new cellular and molecular circuit that can be targeted to treat and prevent allergic responses including itching. Our preclinical data suggests this may be a translatable approach for humans."

When it comes to detecting bacteria and viruses, the immune system is front and foremost at detecting pathogens and initiating long-lived immune responses against them. However, for allergens, the immune system takes a backseat to the sensory nervous system. In people who haven't been exposed to allergens before, their sensory nerves react directly to these allergens, causing itchiness and triggering local immune cells to start an allergic reaction. In those with chronic allergies, the immune system can affect these sensory nerves, leading to persistent itchiness.

Previous research from Sokol and colleagues showed that the skin's sensory nervous system -- specifically the neurons that lead to itch -- directly detect allergens with protease activity, an enzyme-driven process shared by many allergens. When thinking about why some people are more likely to develop allergies and chronic itch symptoms than others, the researchers hypothesized that innate immune cells might be able to establish a "threshold" in sensory neurons for allergen reactivity, and that the activity of these cells might define which people are more likely to develop allergies.

The researchers performed different cellular analyses and genetic sequencing to try and identify the involved mechanisms. They found that a poorly understood specific immune cell type in the skin, that they called GD3 cells, produce a molecule called IL-3 in response to environmental triggers that include the microbes that normally live on the skin. IL-3 acts directly on a subset of itch-inducing sensory neurons to prime their responsiveness to even low levels of protease allergens from common sources like house dust mites, environmental molds and mosquitos. IL-3 makes sensory nerves more reactive to allergens by priming them without directly causing itchiness. The researchers found that this process involves a signaling pathway that boosts the production of certain molecules, leading to the start of an allergic reaction.

Then, they performed additional experiments in mouse models and found removal of IL-3 or GD3 cells, as well as blocking its downstream signaling pathways, made the mice resistant to the itch and immune-activating ability of allergens.

Since the type of immune cells in the mouse model is similar to that of humans, the authors conclude these findings may explain the pathway's role in human allergies.

"Our data suggest that this pathway is also present in humans, which raises the possibility that by targeting the IL-3-mediated signaling pathway, we can generate novel therapeutics for preventing an allergy," said Sokol. "Even more importantly, if we can determine the specific factors that activate GD3 cells and create this IL-3-mediated circuit, we might be able to intervene in those factors and not only understand allergic sensitization but prevent it."

Disclosures: Sokol is a paid consultant for Bayer and Merck and receives sponsored research support from GSK. Aderhold is a current employee of Werewolf Therapeutics. McAlpine is a paid consultant of Granite Bio. Woolf is a founder of Nocion Therapeutics, QurAlis and BlackBox Bio, and is on the scientific advisory board of Lundbeck Pharma, Axonis and Tafalgie Therapeutics. Villani has a financial interest in 10X Genomics, a company that designs and manufactures gene sequencing technology for use in research, and such technology is being used in this research.

Funding: This work was supported by grant no. T32HL116275 and a National Eczema Association Catalyst Research grant, National Institutes of Health (NIH) grants K99/R00 HL151750, R01 HL158534, R01 AG082185 and the Cure Alzheimer's Fund, grant nos. R35 HL135752, NIH R35 NS105076-01 and R01 AT011447, grant nos. DP2CA247831, R01AI15116, AAAAI Foundation and D.Y.M. Leung/JACI Editors Faculty Development Award, Food Allergy Science Initiative, Massachusetts General Hospital Howard Goodman Scholarship, and the Broad Institute Next Generation Scholar and Massachusetts General Hospital Transformative Scholar Award. Sokol receives extra sponsored research support from GlaxoSmithKline.
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At-risk butterflies more likely to survive with human help | ScienceDaily
Some of the butterflies most in danger of fluttering out of existence fare better when their habitats are actively managed by humans, a recent study found.


						
A team led by Washington State University researchers Cheryl Schultz and Collin Edwards analyzed data on 114 populations of 31 butterfly species in 10 U.S. states. Scientists have long warned that insect populations worldwide are falling rapidly due to the combined effects of climate change, habitat loss and pesticides. Overall, the research team found that these at-risk butterflies are particularly vulnerable, with populations declining at an estimated rate of 8% a year, which translates to about a 50% drop over a decade.

The study findings, reported in the Journal of Applied Ecology, offer hope that habitat management can slow or even potentially reverse those sharp declines.

"The strongest signal we found is that in places where people are actively engaged with ways to manage the habitat, the butterflies are doing the best. That to me is super exciting because that means that habitat management can make a difference, even in the face of stressors like climate change," said Cheryl Schultz, a WSU professor of conservation biology and co-lead author on the study.

With warmer temperatures brought by climate change, many butterflies have been shifting the timing of their seasonal activities, often by becoming active earlier in the year. It is an open question in ecology as to when shifts in timing are good, bad or relatively neutral for a species.

"We found that for these butterflies, big shifts in timing were generally bad. Populations with greater shifts were more likely to be declining," said Edwards, a recent WSU postdoctoral fellow and co-lead author on the study. "However, we were excited to discover that habitat management appeared to be dampening the effect of climate change on butterfly timing. Populations that received more frequent management had smaller shifts in their timing."

In spite of the overall negative population trends identified for these species, the links the research team found between population trends, shifts in timing and management provide a path forward for butterfly conservation.




"This might not solve the impact of climate change, but we can mediate some of the effects," said co-author Elizabeth Crone, professor at University of California, Davis. "It's within our power at the local level to do something positive for these populations."

The study included species such as the Oregon silverspot, Taylor's checkerspot, Karner blue and frosted elfin. It also included the Fender's blue, which has become poster child for recovery efforts, after it bounded back from a few thousand butterflies in the 1990s to upwards of 30,000 today with the help of researchers like Schultz as well as public land managers and private landowners including many vineyards in the Willamette Valley.

In this study, researchers found that the type of habitat intervention selected by managers was appropriate, with activities such as prescribed burns, mowing, weeding and actively planting nectar or "host" plants for butterfly caterpillars, selected based on the needs of each area.

Volunteers can help in active management of local natural areas by assisting with new plantings and weeding out invasives, Schultz said. People can also support butterflies in their own backyard.

"We really encourage people to plant an abundance of wildflowers and plants which are both hosts for caterpillars and provide nectar for butterflies," said Schultz. "These should be 'clean plantings' meaning they are pesticide free. The more we can reduce pesticides in our environment, the better it's going to be for butterflies and insects."

This research received funding from the U.S. Strategic Environmental Research and Development Program, the U.S. Fish and Wildlife Service and the U.S. Geological Survey.
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New population model identifies phases of human dispersal across Europe | ScienceDaily
An interdisciplinary research team from the University of Cologne's Institute of Geophysics and Meteorology and the Department of Prehistoric Archaeology has developed a new model, the "Our Way Model." They modelled the movements and population densities over time and space during the Aurignacian (approximately 43,000 to 32,000 years ago) to better understand how the first anatomically modern humans populated Europe. The model reveals four phases of the process. The first phase saw a slow expansion of human settlement from the Levant to the Balkans, followed by the second phase of rapid expansion into western Europe. The subsequent third phase was characterized by a decline in human population, and the fourth phase brought regional increases in population density and further advances into previously unsettled areas of Great Britain and the Iberian Peninsula. The results have been published under the title 'Reconstruction of human dispersal during Aurignacian on pan-European scale' in Nature Communications.


						
The interdisciplinary collaboration between climate scientists and archaeologists enabled the team to examine how climate change influenced human dispersal quantitatively. Early anatomically modern humans survived as hunter-gatherers for extremely long periods. When they started spreading across Europe, global climatic conditions were different from today: The prevailing cooler and drier climate of the late Last Glacial Period was repeatedly interrupted by warmer interglacial periods, with some changes occurring abruptly and others gradually.

Reasons for human dispersal to Europe were likely diverse, including human exploratory spirit, evolution in social structure and progress in technology. The newly developed model, however, allowed the research team to clearly demonstrate how climate change impacted human dispersal. Previous numeric models of long-term dispersals of human populations on continental scales commonly relied on so called diffusion-reaction equations, i.e., a combination of slow, continuous dispersal in all directions driven by the constant reproducing and growing population. Agent-based models focusing on individual or group motivations of humans to migrate, in turn, are more popular on smaller scales. Recent new models feature data from paleoclimate models in their calculations, but focus on Net Primary Production, an indicator for the amount of stored CO2 in plants and animals, as a proxy for food availability and human mobility. The disadvantage of this approach is that it does not consider the accessibility and availability of these food sources, as only a fraction of them were usable by humans.

The research team assumes that early habitation in Europe involved highly complex processes of advance, retreat, abandonment and resettlement, driven by climatic changes as well as humans' ability to adapt. The "Our Way Model" simulates human dispersal in two main steps: first, combining climate and archaeological data to model the Human Existence Potential (HEP), and second, modelling the human population dynamics constrained by the HEP. HEP defines the likelihood of human existence under climate and environmental conditions for a given culture. This vital quantity is estimated using an HEP model that takes into account paleoclimatic data for known archaeological sites. This machine learning approach constructs the climatic constraints for the Aurignacian culture, estimating which climate conditions humans of that culture preferred to live in. The trained model is then applied to estimate the spatial and temporal HEP patterns using data simulated by the so-called Global Climate Model as well as oxygen isotope data from Greenland ice cores.

The results showed that a first phase of relatively slow westward expansion from the Levant to the Balkans (approximately 45,000 to 43,000 years ago) was followed by a second phase of rapid expansion into western Europe (approximately 43,250 to 41,000 years ago). Although interrupted by brief setbacks, Homo sapiens populations now rapidly reached an estimated number of 60,000 people across Europe, spread across all the known archaeological sites during this period. The subsequent third phase was characterized by a decline in the human population, both in terms of its size and density as well as the area occupied by the population (41,000 to 39,000 years ago). This development resulted from a prolonged severe cold period which lasted almost 3,000 years, known as the GS9/HE4 period. However, according to the model, humans survived in the climate shadows of large topography (e.g., the Alpes), which they had just occupied in the previous phase. In the fourth phase, when HEP conditions improved again, the population quickly recovered and grew further, starting at around 38,000 years ago. Regional increases in population density and further advances into previously unsettled areas of Great Britain and the Iberian Peninsula, which the model showed, are broadly in line with the archaeological evidence.

The HEP maps indicate that at the end of this process, parts of the human population were better adapted to cold climatic conditions than others, allowing them to push the boundaries of previously settled environments. "Regional studies can hardly capture all factors at play when trying to reconstruct human dispersal, including how they work together at different scales and contribute to overall long-term trends. This is a major advantage of the new modelling approach," said Dr Isabell Schmidt at the Department of Prehistoric Archaeology.

In further research, the team will test the underlying assumptions made in the model, focusing on the role of cultural evolution in the human dispersal process. The project Human and Earth System Coupled Research (HESCOR) at the University of Cologne will integrate further aspects of Human-Earth system interactions into the model.
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'Forever chemicals' influence the development and function of the brain | ScienceDaily
Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as "forever chemicals." They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team from the Helmholtz Centre for Environmental Research (UFZ) has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved. These genes are also present in humans. The test procedure developed at the UFZ could be used for the risk assessment of other neurotoxic chemicals. The study was recently published in Environmental Health Perspectives.


						
Because of their special properties -- heat resistance, water and grease repellence, and high durability -- PFAS are used in many everyday products (e.g. cosmetics, outdoor clothing, and coated cookware). But it is precisely these properties that make them so problematic. "Because some PFAS are chemically stable, they accumulate in the environment and enter our bodies via air, drinking water, and food," says UFZ toxicologist Prof Dr Tamara Tal. Even with careful consumption, it is nearly impossible to avoid this group of substances, which has been produced since the 1950s and now includes thousands of different compounds. "There is a great need for research, especially when it comes to developing fast, reliable, and cost-effective test systems for assessing the risks of PFAS exposure," says Tal. So far, the environmental and health consequences have been difficult to assess.

In their current study, the researchers investigated how PFAS exposure affects brain development. To do this, they used the zebrafish model, which is frequently used in toxicology research. One advantage of this model is that around 70% of the genes found in zebrafish (Danio rerio) are also found in humans. The findings from the zebrafish model can therefore likely be transferred to humans. In their experiments, the researchers exposed zebrafish to two substances from the PFAS group (PFOS and PFHxS), which have a similar structure. The researchers then used molecular biological and bioinformatic methods to investigate which genes in the brains of the fish larvae exposed to PFAS were disrupted compared to the control fish, which were not exposed. "In the zebrafish exposed to PFAS, the peroxisome proliferator-activated receptor (ppar) gene group, which is also present in a slightly modified form in humans, was particularly active," says Sebastian Gutsfeld, PhD student at the UFZ and first author of the study. "Toxicity studies have shown this to be the case as a result of exposure to PFAS -- albeit in the liver. We have now also been able to demonstrate this for the brain."

But what consequences does an altered activity of the ppar genes triggered by PFAS exposure have for brain development and behaviour of zebrafish larvae? The researchers investigated this in further studies using the zebrafish model. They used the CRISPR/Cas9 method, also known as gene scissors. "Using genetic scissors, we were able to selectively cut individual or several ppar genes and prevent them from functioning normally," explains Gutsfeld. "We wanted to find out which ppar genes are directly linked to a change in larval behaviour triggered by PFAS exposure." Proof of the underlying mechanism was directly provided. In contrast to genetically unaltered zebrafish, the knockdown fish in which the gene scissors were used should not show any behavioural changes after exposure to PFAS.

The two behavioural endpoints

In one series of experiments, the researchers continuously exposed zebrafish to PFOS or PFHxS during their early developmental phase between day one and day four and in another series of experiments only on day five. On the fifth day, the researchers then observed swimming behaviour. They used two different behavioural endpoints for this purpose. In one endpoint, swimming activity was measured during a prolonged dark phase. PFAS-exposed fish swam more than fish not exposed to PFAS, whether continuously exposed to PFAS during brain development or shortly before the behaviour test. Interestingly, hyperactivity was only present when the chemical was around. When the researchers removed PFOS or PFHxS, hyperactivity subsided. In the second endpoint, the startle response after a dark stimulus was measured. "In zebrafish exposed to PFOS for four days, we observed hyperactive swimming behaviour in response to the stimulus," says Gutsfeld. In contrast, zebrafish only exposed to PFOS or PFHxS on the fifth day did not have a hyperactive startle response.

Based on these responses, the researchers conclude that PFOS exposure is associated with abnormal consequences -- particularly during sensitive developmental phases of the brain. Using knockdown zebrafish, the researchers identified two genes from the ppar group that mediate the behaviour triggered by PFOS.

"Because these genes are also present in humans, it is possible that PFAS also have corresponding effects in humans," concludes Tal. The scientists working with Tal want to investigate the neuroactive effects of other PFAS in future research projects and expand the method so that it can ultimately be used to assess the risk of chemicals in the environment, including PFAS.
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Newly discovered gene may influence longevity | ScienceDaily

There is an abundance of advice out there on how to live a good, long life. Researchers are working hard to determine why some people live longer than others, and how we get the most out of our increasingly long lives.

Now researchers from the Center for Healthy Aging, Department of Cellular and Molecular Medicine at the University of Copenhagen have made a breakthrough. They have discovered that a particular protein known as OSER1 has a great influence on longevity.

"We identified this protein that can extend longevity (long duration of life, red.). It is a novel pro-longevity factor, and it is a protein that exists in various animals, such as fruit flies, nematodes, silkworms, and in humans," says Professor Lene Juel Rasmussen, senior author behind the new study.

Because the protein is present in various animals, the researchers conclude that new results also apply to humans:

"We identified a protein commonly present in different animal models and humans. We screened the proteins and linked the data from the animals to the human cohort also used in the study. This allows us to understand whether it is translatable into humans or not," says Zhiquan Li, who is a first author behind the new study and adds:

"If the gene only exists in animal models, it can be hard to translate to human health, which is why we, in the beginning, screened the potential longevity proteins that exist in many organisms, including humans. Because at the end of the day we are interested in identifying human longevity genes for possible interventions and drug discoveries."

Paves the way for new treatment




The researchers discovered OSER1 when they studied a larger group of proteins regulated by the major transcription factor FOXO, known as a longevity regulatory hub.

"We found 10 genes that, when -- we manipulated their expression -- longevity changed. We decided to focus on one of these genes that affected longevity most, called the OSER1 gene," says Zhiquan Li.

When a gene is associated with shorter a life span, the risk of premature aging and age-associated diseases increases. Therefore, knowledge of how OSER1 functions in the cells and preclinical animal models is vital to our overall knowledge of human aging and human health in general.

"We are currently focused on uncovering the role of OSER1 in humans, but the lack of existing literature presents a challenge, as very little has been published on this topic to date. This study is the first to demonstrate that OSER1 is a significant regulator of aging and longevity. In the future, we hope to provide insights into the specific age-related diseases and aging processes that OSER1 influences," says Zhiquan Li.

The researchers also hope that the identification and characterization of OSER1 will provide new drug targets for age-related diseases such as metabolic diseases, cardiovascular and neuro degenerative diseases.

"Thus, the discovery of this new pro-longevity factor allows us to understand longevity in humans better," says Zhiquan Li.
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Uncollected waste and open burning leading causes of the plastic pollution crisis | ScienceDaily
A new study from the University shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory.


						
University of Leeds researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

Their study, published in the journal Nature, calculated a staggering 52 million tonnes of plastic products entered the environment in 2020 -- which, laid out in a line would stretch around the World over 1,500 times.

It also revealed that more than two thirds of the planet's plastic pollution comes from uncollected rubbish with almost 1.2 billion people -- 15% of the global population -- living without access to waste collection services.

The findings further show that in 2020 roughly 30 million tonnes of plastics -- amounting to 57% of all plastic pollution -- was burned without any environmental controls in place, in homes, on streets and in dumpsites. Burning plastic comes with 'substantial' threats to human health, including neurodevelopmental, reproductive and birth defects.

The researchers also identified new plastic pollution hotspots, revealing India as the biggest contributor -- rather than China as has been suggested in previous models -- followed by Nigeria and Indonesia.

Lack of rubbish collection harms health, environment and economy

The researchers believe the study shows access to waste collection should be seen as a basic necessity and a vital aspect of sanitation, alongside water and sewerage services.




While uncontrolled burning of plastic has received very little attention in the past, the new calculations show it to be at least as big a problem as rubbish thrown into the environment, even once uncertainty in the model is taken into consideration.

Dr Costas Velis, academic on Resource Efficiency Systems from the School of Civil Engineering at Leeds, led the research. He said: "We need to start focusing much, much more on tackling open burning and uncollected waste before more lives are needlessly impacted by plastic pollution. It cannot be 'out of sight, out of mind'."

First author Dr Josh Cottom, Research Fellow in Plastics Pollution at Leeds, said: "Uncollected waste is the biggest source of plastic pollution, with at least 1.2 billion people living without waste collection services forced to 'self-manage' waste, often by dumping it on land, in rivers, or burning it in open fires."

Dr Cottom added: "The health risks resulting from plastic pollution affect some of the world's poorest communities, who are powerless to do anything about it. By improving basic solid waste management, we can both massively reduce plastic pollution and improve the lives of billions."

Each year, more than 400 million tonnes of plastic is produced. Many plastic products are single-use, hard to recycle, and can stay in the environment for decades or centuries, often being fragmented into smaller items. Some plastics contain potentially harmful chemical additives which could pose a threat to human health, particularly if they are burned in the open.

New plastic pollution hotspots revealed

According to the paper's estimated global data for 2020, the worst polluting countries were: India: 9.3 million tonnes -- around a fifth of the total amount; Nigeria: 3.5 million tonnes; and Indonesia: 3.4 million tonnes.




China, previously reported to be the worst, is now ranked fourth, with 2.8 million tonnes, as a result of improvements collecting and processing waste over recent years. The UK was ranked 135, with around 4,000 tonnes per year, with littering the biggest source.

Low and middle-income countries have much lower plastic waste generation, but a large proportion of it is either uncollected or disposed of in dumpsites. India emerges as the largest contributor because it has a large population, roughly 1.4 billion, and much of its waste isn't collected.

The contrast between plastic waste emissions from the Global North and the Global South is stark. Despite high plastic consumption, macroplastic pollution -- pollution from plastic objects larger than 5 millimeters -- is a comparatively small issue in the Global North as waste management systems function comprehensively. There, littering is the main cause of macroplastic pollution.

Growing fears for sub-Saharan Africa

While many countries in Sub-Saharan Africa have generally low levels of plastic pollution, they become hotspots when looked at on a per-capita basis with an average 12 kg plastic pollution per person per year, equivalent to over 400 plastic bottles. For comparison, the United Kingdom currently has the per-capita equivalent of less than three plastic bottles per person per year.

Researchers are worried this indicates Sub-Saharan Africa could become the world's largest source of plastic pollution in the next few decades, because many of its countries have poor waste management and the population is anticipated to grow rapidly.

World needs a 'Plastics Treaty' informed by science

Researchers say this first ever global inventory of plastic pollution provides a baseline -- comparable to those for climate change emissions -- that can be used by policymakers to tackle this looming environmental disaster. They want their work to help policymakers come up with waste management, resource recovery and wider circular economy plans, and want to see a new, ambitious and legally binding, global 'Plastics Treaty' aimed at tackling the sources of plastic pollution.

Dr Velis said: "This is an urgent global human health issue -- an ongoing crisis: people whose waste is not collected have no option but to dump or burn it: setting the plastics on fire may seem to make them 'disappear', but in fact the open burning of plastic waste can lead to substantial human health damage including neurodevelopmental, reproductive and birth defects; and much wider environmental pollution dispersion."
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Major leap for nuclear clock paves way for ultraprecise timekeeping | ScienceDaily
The world keeps time with the ticks of atomic clocks, but a new type of clock under development -- a nuclear clock -- could revolutionize how we measure time and probe fundamental physics.


						
An international research team led by scientists at JILA, a joint institute of the National Institute of Standards and Technology (NIST) and the University of Colorado Boulder, has demonstrated key elements of a nuclear clock. A nuclear clock is a novel type of timekeeping device that uses signals from the core, or nucleus, of an atom. The team used a specially designed ultraviolet laser to precisely measure the frequency of an energy jump in thorium nuclei embedded in a solid crystal. They also employed an optical frequency comb, which acts like an extremely accurate light ruler, to count the number of ultraviolet wave cycles that create this energy jump. While this laboratory demonstration is not a fully developed nuclear clock, it contains all the core technology for one.

Nuclear clocks could be much more accurate than current atomic clocks, which provide official international time and play major roles in technologies such as GPS, internet synchronization, and financial transactions. For the general public, this development could ultimately mean even more precise navigation systems (with or without GPS), faster internet speeds, more reliable network connections, and more secure digital communications.

Beyond everyday technology, nuclear clocks could improve tests of fundamental theories for how the universe works, potentially leading to new discoveries in physics. They could help detect dark matter or verify if the constants of nature are truly constant, allowing for verification of theories in particle physics without the need for large-scale particle accelerator facilities.

Laser Precision in Timekeeping

Atomic clocks measure time by tuning laser light to frequencies that cause electrons to jump between energy levels. Nuclear clocks would utilize energy jumps within an atom's tiny central region, known as the nucleus, where particles called protons and neutrons cram together. These energy jumps are much like flipping a light switch. Shining laser light with the exact amount of energy needed for this jump can flip this nuclear "switch."

A nuclear clock would have major advantages for clock precision. Compared with the electrons in atomic clocks, the nucleus is much less affected by outside disturbances such as stray electromagnetic fields. The laser light needed to cause energy jumps in nuclei is much higher in frequency than that required for atomic clocks. This higher frequency -- meaning more wave cycles per second -- is directly related to a greater number of "ticks" per second and therefore leads to more precise timekeeping.




But it is very hard to create a nuclear clock. To make energy jumps, most atomic nuclei need to be hit by coherent X-rays (a high-frequency form of light) with energies much greater than those that can be produced with current technology. So scientists have focused on thorium-229, an atom whose nucleus has a smaller energy jump than any other known atom, requiring ultraviolet light (which is lower in energy than X-rays).

In 1976, scientists discovered this thorium energy jump, known as a "nuclear transition" in physics language. In 2003, scientists proposed using this transition to create a clock, and they only directly observed it in 2016. Earlier this year, two different research teams used ultraviolet lasers they created in the lab to flip the nuclear "switch" and measure the wavelength of light needed for it.

In the new work, the JILA researchers and their colleagues create all the essential parts of a clock: the thorium-229 nuclear transition to provide the clock's "ticks," a laser to create precise energy jumps between the individual quantum states of the nucleus, and a frequency comb for direct measurements of these "ticks." This effort has achieved a level of precision that is one million times higher than the previous wavelength-based measurement. In addition, they compared this ultraviolet frequency directly to the optical frequency used in one of the world's most accurate atomic clocks, which uses strontium atoms, establishing the first direct frequency link between a nuclear transition and an atomic clock. This direct frequency link and increase in precision are a crucial step in developing the nuclear clock and integrating it with existing timekeeping systems.

The research has already yielded unprecedented results, including the ability to observe details in the thorium nucleus's shape that no one had ever observed before -- it's like seeing individual blades of grass from an airplane.

The team presents its results in the Sept. 4 issue of the journal Nature as a cover story.

Toward a Nuclear Future

While this isn't yet a functioning nuclear clock, it's a crucial step towards creating such a clock that could be both portable and highly stable. The use of thorium embedded in a solid crystal, combined with the nucleus's reduced sensitivity to external disturbances, paves the way for potentially compact and robust timekeeping devices.

"Imagine a wristwatch that wouldn't lose a second even if you left it running for billions of years," said NIST and JILA physicist Jun Ye. "While we're not quite there yet, this research brings us closer to that level of precision."

The research team included researchers from JILA, a joint institute of NIST and the University of Colorado Boulder; the Vienna Center for Quantum Science and Technology; and IMRA America, Inc.
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Novel immunotherapy improves recovery from spinal cord injury | ScienceDaily
Severe injuries to the spinal cord damage nerve cells, disrupt communication with the brain and rest of the body, and lead to lasting disabilities for millions of people worldwide. The injury itself accounts for only a fraction of the overall damage inflicted on the spinal cord, tissue that runs from the brain stem to the lower back. Most of the damage is due to subsequent degenerative processes at the wound.


						
While there is substantial research into developing interventions to repair injured tissue, scientists at Washington University School of Medicine in St. Louis focused instead on developing, in mice, an immunotherapy to minimize the damage from traumatic spinal cord injury. Their findings show that immunotherapy can lessen such damage by protecting neurons at the injury site from being attacked by immune cells.

The study, published Sept. 4 in Nature, demonstrates success in mice given the immunotherapy and presents a novel approach with potential to help improve outcomes for people recovering from spinal cord injuries.

"Immune cells in the central nervous system have a reputation for being the bad guys that can harm the brain and spinal cord," said senior author Jonathan Kipnis, PhD, the Alan A. and Edith L. Wolff Distinguished Professor of Pathology & Immunology and a BJC Investigator at WashU Medicine. "But our study shows that it's possible to take advantage of immune cells' neuroprotective function, while controlling their inherent detrimental abilities, to help in the recovery from central nervous system injury."

Shortly after injury to the nervous system, immune cells flood the site. Among them is a mixture of activated T cells -- a subset of immune cells -- that either harm or protect the surrounding neurons. Wenqing Gao, PhD, a postdoctoral research associate in the Department of Pathology & Immunology and the study's first author, analyzed T cells from the spinal cords of injured mice and performed a genetic analysis to decode their identities. Her goal was to separate the harmful from the protective T cells and create numerous copies of the beneficial cells with which to treat the injured mice.

But there was a catch, she found. The protective T cells that swoop into the injury site can mistakenly attack the body's surrounding tissues when activated for too long, causing autoimmune disease. To improve the therapy's safety, Gao modified the cells to shut off after a few days.

Mice given the modified T cells had better mobility than did the untreated mice. The researchers saw the biggest improvements when the mice were infused with T cells within a week of the injury. None of the mice receiving immunotherapy developed a destructive autoimmune reaction.




"There are no effective treatments for traumatic injuries to the central nervous system," explained Gao. "We developed immunotherapy for such injuries by taking advantage of the protective immune cells that infiltrate the injury site and found that it dramatically improved mobility in mice."

In collaboration with WashU Medicine's Wilson Zachary Ray, MD, a spinal cord surgeon and the Henry G. & Edith R. Schwartz Professor of Neurosurgery, the researchers also looked every day for a week for T cells in the cerebral spinal fluid of patients with spinal cord injuries. They found a significant expansion of the T cells, confirming the feasibility of expanding protective T cells from such patients to generate the immunotherapy.

"Our future goal is to devise a clinical trial to test the therapy in people with such injuries, while expanding this work to neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS) as well as Alzheimer's and Parkinson's diseases," Gao said.

Added Kipnis: "Although the initial trigger in neurodegenerative diseases is different, the subsequent death of neurons may very well be mediated by similar processes, opening an opportunity for adapting our engineered cells for use as a therapy in neurodegeneration."

This work was supported by the BJC Investigators Program at WashU.
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Chemists explain why dinosaur collagen may have survived for millions of years | ScienceDaily
Collagen, a protein found in bones and connective tissue, has been found in dinosaur fossils as old as 195 million years. That far exceeds the normal half-life of the peptide bonds that hold proteins together, which is about 500 years.


						
A new study from MIT offers an explanation for how collagen can survive for so much longer than expected. The research team found that a special atomic-level interaction defends collagen from attack by water molecules. This barricade prevents water from breaking the peptide bonds through a process called hydrolysis.

"We provide evidence that that interaction prevents water from attacking the peptide bonds and cleaving them. That just flies in the face of what happens with a normal peptide bond, which has a half-life of only 500 years," says Ron Raines, the Firmenich Professor of Chemistry at MIT.

Raines is the senior author of the new study, which will appear in ACS Central Science. MIT postdoc Jinyi Yang PhD '24 is the lead author of the paper. MIT postdoc Volga Kojasoy and graduate student Gerard Porter are also authors of the study.

Water-resistant

Collagen is the most abundant protein in animals, and it is found in not only bones but also skin, muscles, and ligaments. It's made from long strands of protein that intertwine to form a tough triple helix.

"Collagen is the scaffold that holds us together," Raines says. "What makes the collagen protein so stable, and such a good choice for this scaffold, is that unlike most proteins, it's fibrous."

In the past decade, paleobiologists have found evidence of collagen preserved in dinosaur fossils, including an 80-million-year-old Tyrannosaurus rex fossil, and a sauropodomorph fossil that is nearly 200 million years old.




Over the past 25 years, Raines' lab has been studying collagen and how its structure enables its function. In the new study, they revealed why the peptide bonds that hold collagen together are so resistant to being broken down by water.

Peptide bonds are formed between a carbon atom from one amino acid and a nitrogen atom of the adjacent amino acid. The carbon atom also forms a double bond with an oxygen atom, forming a molecular structure called a carbonyl group. This carbonyl oxygen has a pair of electrons that don't form bonds with any other atoms. Those electrons, the researchers found, can be shared with the carbonyl group of a neighboring peptide bond.

Because this pair of electrons is being inserted into those peptide bonds, water molecules can't also get into the structure to disrupt the bond.

To demonstrate this, Raines and his colleagues created two interconverting mimics of collagen -- the one that usually forms a triple helix, which is known as trans, and another in which the angles of the peptide bonds are rotated into a different form, known as cis. They found that the trans form of collagen did not allow water to attack and hydrolyze the bond. In the cis form, water got in and the bonds were broken.

"A peptide bond is either cis or trans, and we can change the cis to trans ratio. By doing that, we can mimic the natural state of collagen or create an unprotected peptide bond. And we saw that when it was unprotected, it was not long for the world," Raines says.

"No weak link"

This sharing of electrons has also been seen in protein structures known as alpha helices, which are found in many proteins. These helices may also be protected from water, but the helices are always connected by protein sequences that are more exposed, which are still susceptible to hydrolysis.




"Collagen is all triple helices, from one end to the other," Raines says. "There's no weak link, and that's why I think it has survived."

Previously, some scientists have suggested other explanations for why collagen might be preserved for millions of years, including the possibility that the bones were so dehydrated that no water could reach the peptide bonds.

"I can't discount the contributions from other factors, but 200 million years is a long time, and I think you need something at the molecular level, at the atomic level in order to explain it," Raines says.

The research was funded by the National Institutes of Health and the National Science Foundation.
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Epigenetic changes reprogram astrocytes into brain stem cells | ScienceDaily
Resting brain stem cells hardly differ from normal astrocytes, which support the nerve cells in the brain. How can almost identical cells perform such different functions? The key lies in the methylation of their genetic material, which endowes these special astrocytes with stem cell properties. Scientists from the German Cancer Research Center (DKFZ) and Heidelberg University have published their findings in the journal Nature. In mice, the researchers showed that experimentally induced lack of blood supply in the brain epigenetically reprograms astrocytes into brain stem cells, which in turn can give rise to nerve progenitor cells. This discovery shows that astrocytes could potentially be used in regenerative medicine to replace damaged nerve cells.


						
Many different types of cells work together in the brain. In humans, nerve cells (neurons) make up less than half of the cells. The rest are called "glia." The most common glial cells are astrocytes. They supply the neurons with nutrients, form part of the blood-brain barrier, regulate the synapses and support the immune cells.

However, a small proportion of astrocytes are able to produce nerve cells and other types of brain cells. These special astrocytes are therefore also known as brain stem cells. Brain stem cells and ordinary astrocytes hardly differ in their gene expression, i.e. in the activity of their genes. "How they can perform such different functions and what makes up the stem cell properties was previously completely unclear," explains Ana Martin-Villalba, stem cell researcher at the DKFZ.

Methylation is the key

To solve this puzzle, the teams led by Martin-Villalba and Simon Anders (University of Heidelberg) isolated both ordinary astrocytes and brain stem cells from one of the regions of the brain where young neurons still develop in adult mice, the "ventricular-subventricular zone" (vSVZ). The researchers analyzed gene expression at the level of individual cells using mRNA sequencing as well as the patterns of methylation ("methylome") in the entire genome. They used a specially developed tool to analyze the methylation data*.

DNA methylation refers to chemical "markers" with which the cell can switch off unused parts of its DNA. Methylation is therefore crucial for the identity of the cells.

During this study, the stem cell experts noticed that brain stem cells have a special DNA methylation pattern that distinguishes them from other astrocytes. "Unlike normal astrocytes, certain genes are demethylated in brain stem cells that are otherwise only used by nerve precursor cells. This allows the brain stem cells to activate these genes in order to produce nerve cells themselves," explains Lukas Kremer, first author of the current publication. Co-first author Santiago Cerrizuela adds: "This pathway is denied to ordinary astrocytes, as the required genes are blocked by DNA methylation."

Lack of blood supply triggers reprogramming of astrocytes to stem cells and increases new nerve formation




Could methylation also be used to convert astrocytes into brain stem cells in other regions of the brain, outside the vSVZ? "This would be an important step for regenerative medicine to repair damaged areas of the brain," says Ana Martin-Villalba.

Earlier studies had already shown that a lack of blood supply, such as occurs in brain injuries or stroke, increases the number of newborn nerve cells. Do altered methylation profiles play a role in this process?

To investigate this, the researchers interrupted the blood supply to the brain of mice for a short time. As a result, astrocytes with the typical stem cell methylation profile could be detected even outside the vSVZ, as well as an increased number of nerve progenitor cells.

"Our theory is that normal astrocytes in the healthy brain do not form nerve cells because their methylation pattern prevents them from doing so," explains study head Martin-Villalba. "Techniques to specifically alter the methylation profile could represent a new therapeutic approach to generate new neurons and treat nerve diseases."

"The lack of blood supply apparently causes astrocytes in certain areas of the brain to redistribute the methyl marks on their DNA in such a way that their stem cell program becomes accessible. The reprogrammed cells then begin to divide and form precursors for new neurons," summarizes Simon Anders and adds: "If we understand these processes better, we may be able to specifically stimulate the formation of new neurons in the future. For example, after a stroke, we could strengthen the brain's self-healing powers, so that the damage can be repaired."

Why studies on mice are necessary for this research

Strokes or accidents can lead to damage to the brain that is generally irreparable at present and often has dramatic consequences for those affected. As of today, there is no way to replace lost nerve cells. The aim of this work is to find ways to stimulate the regeneration of nerves in the adult brain.

This requires a profound understanding of how and under what circumstances brain stem cells can be induced to provide a supply of young nerve cells. To do this, the researchers need to study developmental processes that only take place in the brains of highly developed mammals. Epigenetic reprogramming cannot be observed in living animals using imaging techniques, but requires studies at the level of individual cells. The investigations cannot be carried out on cells from the culture dish, as the methylation profile of the astrocytes changes as soon as they are taken into culture, so that the epigenetic reprogramming can no longer be traced.
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Gigantic asteroid impact shifted the axis of Solar System's biggest moon | ScienceDaily
Around 4 billion years ago, an asteroid hit the Jupiter moon Ganymede. Now, a Kobe University researcher realized that the Solar System's biggest moon's axis has shifted as a result of the impact, which confirmed that the asteroid was around 20 times larger than the one that ended the age of the dinosaurs on Earth, and caused one of the biggest impacts with clear traces in the Solar System.


						
Ganymede is the largest moon in the Solar System, bigger even than the planet Mercury, and is also interesting for the liquid water oceans beneath its icy surface. Like the Earth's moon, it is tidally locked, meaning that it always shows the same side to the planet it is orbiting and thus also has a far side. On large parts of its surface, the moon is covered by furrows that form concentric circles around one specific spot, which led researchers in the 1980s to conclude that they are the results of a major impact event. "The Jupiter moons Io, Europa, Ganymede and Callisto all have interesting individual characteristics, but the one that caught my attention was these furrows on Ganymede," says the Kobe University planetologist HIRATA Naoyuki. He continues, "We know that this feature was created by an asteroid impact about 4 billion years ago, but we were unsure how big this impact was and what effect it had on the moon."

Data from the remote object is scarce making research very difficult, and so Hirata was the first to realize that the purported location of the impact is almost precisely on the meridian farthest away from Jupiter. Drawing from similarities with an impact event on Pluto that caused the dwarf planet's rotational axis to shift and that we learned about through the New Horizons space probe, this implied that Ganymede, too, had undergone such a reorientation. Hirata is a specialist in simulating impact events on moons and asteroids, so this realization allowed him to calculate what kind of impact could have caused this reorientation to happen.

In the journal Scientific Reports, the Kobe University researcher now published that the asteroid probably had a diameter of around 300 kilometers, about 20 times as large as the one that hit the Earth 65 million years ago and ended the age of the dinosaurs, and created a transient crater between 1,400 and 1,600 kilometers in diameter. (Transient craters, widely used in lab and computational simulations, are the cavities produced directly after the crater excavation and before material settles in and around the crater.) According to his simulations, only an impact of this size would make it likely that the change in the distribution of mass could cause the moon's rotational axis to shift into its current position. This result holds true irrespective of where on the surface the impact occurred.

"I want to understand the origin and evolution of Ganymede and other Jupiter moons. The giant impact must have had a significant impact on the early evolution of Ganymede, but the thermal and structural effects of the impact on the interior of Ganymede have not yet been investigated at all. I believe that further research applying the internal evolution of ice moons could be carried out next," explains Hirata.

Interesting for its subsurface oceans, Ganymede is the final destination of ESA's JUICE space probe. If everything goes well, the spacecraft will enter orbit around the moon in 2034 and will make observations for six months, sending back a wealth of data that will help answer Hirata's questions.

This research was funded by the Japan Society for the Promotion of Science (grants 20K14538 and 20H04614) and the Hyogo Science and Technology Association.
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How bright is the universe's glow? Study offers best measurement yet | ScienceDaily
Scientists have traveled to the edges of the solar system, virtually, at least, to capture the most accurate measurements to date of the faint glow that permeates the universe -- a phenomenon known as the cosmic optical background.


						
The new study, published Aug. 28 in The Astrophysical Journal, draws on observations from NASA's New Horizons spacecraft, which whizzed past Pluto in 2015 and is now nearly 5.5 billion miles from Earth. The research seeks to answer a deceptively simple question, said co-author Michael Shull, an astrophysicist at the University of Colorado Boulder.

"Is the sky really dark?" said Shull, professor emeritus in the Department of Astrophysical and Planetary Sciences.

Space may look black to human eyes, but scientists believe that it's not completely dark. Since the dawn of the cosmos, trillions of galaxies containing countless stars have formed and died, leaving behind an imperceptibly faint light. Think of it as the night light in space.

Shull and the team, led by Marc Postman at the Space Telescope Science Institute in Baltimore, calculated just how bright that glow is. Their findings suggest that the cosmic optical background is roughly 100 billion times fainter than the sunlight that reaches Earth's surface! -- far too faint for humans to see with the naked eye.

The results could help scientists shine a light on the history of the universe since the Big Bang.

"We're kind of like cosmic accountants, adding up every source of light we can account for in the universe," Shull said.




Into the dark

It's a type of number crunching that has captured the imagination of scientists for nearly 50 years, he added.

Shull explained that, after decades of research, astrophysicists think they have a pretty good idea of how the cosmos evolved. The first galaxies formed during an epoch known as the Cosmic Dawn several hundred million years after the Big Bang. The starlight from galaxies in the distant universe reached its brightest point about 10 billion years ago and has been dimming ever since.

Precise measurements of the cosmic optical background could help scientists confirm whether this picture of the cosmos makes sense -- or if there are mysterious, as-of-yet-undiscovered objects casting light into space.

Taking those kinds of measurements, however, isn't easy, especially not from Earth.

Earth's neighborhood is teeming with tiny grains of dust and other debris. Sunlight glints off this mess, washing out any signals that might be coming from the cosmic optical background.




"A metaphor I use is if you want to see the stars, you need to get out of Denver," Shull said. "You have to go way out, right to the northeast corner of Colorado where all you have ahead of you are South Dakota and Nebraska."

New Horizons has given scientists a once-in-a-lifetime opportunity to do something similar in space.

Cosmic accounting

The mission has uniquely Colorado origins. Alan Stern, who studied as a graduate student at CU Boulder under Shull and former Senior Research Associate Jack Brandt, leads the New Horizons mission. He's currently based at the Southwest Research Institute in Boulder, Colorado. The spacecraft also carries the Student Dust Counter, an instrument designed and built by students at CU Boulder's Laboratory for Atmospheric and Space Physics (LASP).

Over the course of several weeks in summer 2023, the researchers pointed New Horizons' Long Range Reconnaissance Imager (LORRI) at 25 patches of sky.

Even at the edge of the solar system, the team still had a lot of extra light to contend with. The Milky Way Galaxy, for example, sits within a halo that, like our solar system, gathers dust.

"You can't get away from dust," Shull said. "It's everywhere."

He and his colleagues estimated how much light that halo could generate, then subtracted it from what they were viewing with LORRI. After getting rid of additional sources of light, the team was left with the cosmic optical background.

In scientific terms, that background amounts to about 11 nanowatts per square meter per steradian. (A steradian is a patch of sky with a width about 130 times the diameter of the moon).

Shull said that this value lines up well with how many galaxies scientists believe should have formed since the Big Bang. Put differently, there don't seem to be any strange objects, such as exotic kinds of particles, out there in space producing a lot of light. But the researchers can't rule out such anomalies completely.

The team's measurements are likely to be the best estimates of the universe's glow for a long time. New Horizons is using its remaining fuel supplies to pursue other scientific priorities, and no other missions are currently heading toward those cold and dark corners of space.

"If they put a camera on a future mission, and we all wait a couple of decades for it to get out there, we could see a more exact measurement," Shull said.

Other co-authors of the new study include SWRI's Alan Stern and Tod Lauer at the U.S. National Science Foundation National Optical Infrared Astronomy Research Laboratory. Researchers from the Johns Hopkins University Applied Physics Laboratory, University of Texas at San Antonio and University of Virginia also participated.
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Researchers give adult zebra finches back their ability to learn new songs | ScienceDaily
We all know the adage, "You can't teach an old dog new tricks." As we age, our ability to learn new skills, like mastering a foreign language or picking up a musical instrument, seems to fade. The culprit? A decline in brain plasticity -- the brain's capacity to rewire itself and adapt to new challenges. But what if we could rewind the clock on this age-related decline? A new study led by Daniela Vallentin at the Max Planck Institute for Biological Intelligence offers a tantalizing glimpse into this possibility.


						
Vallentin's team focused on zebra finches, songbirds known for their elaborate vocalizations. Like many animals, zebra finches have a critical period for song learning, within their first 90 days of life. After this window closes, their brains become less flexible, and inhibitory neurons put the brakes on further learning. The researchers wondered: Could they lift this neural blockade and restore the birds' youthful learning ability?

Using cutting-edge techniques like optogenetics, they precisely switched off these inhibitory neurons in adult zebra finches. The results were remarkable. The birds, once thought to be stuck with their existing repertoire, began to add new elements to their songs. "We observed an expansion of the adult animals' vocal repertoire that was previously thought impossible," says Fabian Heim, the study's lead author.

Implications for Human Aging

This discovery extends far beyond the realm of birdsong. It suggests that the brain's capacity for learning may be far more resilient than previously thought. Similar learning windows exist in humans, affecting everything from language acquisition to social development. If scientists can identify and manipulate the mechanisms that control these critical periods, it could open doors to new therapies for neurodegenerative diseases and injuries that impair learning. Imagine a future where the adage about old dogs and new tricks is finally retired.
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Open wide: Human mouth bacteria reproduce through rare form of cell division | ScienceDaily
One of the most diverse ecosystems on the planet is closer than you think -- right inside your mouth. Your mouth is a thriving ecosystem of more than 500 different species of bacteria living in distinct, structured communities called biofilms. Nearly all of these bacteria grow by splitting [or dividing] into two, with one mother cell giving rise to two daughter cells.


						
New research from the Marine Biological Laboratory (MBL) and ADA Forsyth uncovered an extraordinary mechanism of cell division in Corynebacterium matruchotii, one of the most common bacteria living in dental plaque. The filamentous bacterium doesn't just divide, it splits into multiple cells at once, a rare process called multiple fission. The research is published this week in Proceedings of the National Academy of Sciences. 

The team observed C. matruchotii cells dividing into up to 14 different cells at once, depending on the length of the original mother cell. These cells also only grow at one pole of the mother filament -- something called "tip extension."

C. matruchotii filaments act as a scaffolding within dental plaque, which is a biofilm. Dental plaque is just one microbial community within an immense population of microorganisms that live in and coexist with a healthy human body -- an environment known as the "human microbiome." This discovery sheds light on how these bacteria proliferate, compete for resources with other bacteria, and maintain their structural integrity within the intricate environment of dental plaque.

"Reefs have coral, forests have trees, and the dental plaque in our mouths has Corynebacterium. The Corynebacterium cells in dental plaque are like a big, bushy tree in the forest; they create a spatial structure that provides the habitat for many other species of bacteria around them," said paper co-author Jessica Mark Welch, senior scientist at ADA Forsyth and adjunct scientist at the MBL.

"These biofilms are like microscopic rainforests. The bacteria in these biofilms interact as they grow and divide. We think that the unusual C. matruchotii cell cycle enables this species to form these very dense networks at the core of the biofilm," said Scott Chimileski, MBL research scientist and lead author on the paper.

The Microbial Forest 

This research builds off of a 2016 paper that used an imaging technique developed at the MBL called CLASI-FISH (combinatorial labeling and spectral imaging fluorescent in situ hybridization) to visualize the spatial organization of dental plaque collected from healthy donors. This earlier study imaged bacterial consortia within dental plaque, which are called "hedgehogs" due to their appearance. One of the major findings from that original paper was that filamentous C. matruchotii cells acted as the basis of the hedgehog structure.




The present study took a deeper dive into the biology of C. matruchotii, using time-lapse microscopy to study how the filamentous cells grow. Rather than just capturing a snapshot of this microbial rainforest, the scientists were able to image bacterial growth dynamics of the miniature ecosystem in real time. They saw how these bacteria interact with each other, use the space, and -- in the case of C. matruchotii -- the incredible way they grow.

"To figure out how all the different kinds of bacteria work together in the plaque biofilm, we have to understand the basic biology of these bacteria, which live nowhere else but the human mouth," said Mark Welch.

Dentists recommend brushing your teeth (and therefore brushing away dental plaque) twice a day. Yet this biofilm comes back no matter how diligently you brush. By extrapolating from cell elongation experiments measured in micrometers per hour, the scientists found that C. matruchotii colonies could grow up to a half a millimeter per day.

Other species of Corynebacterium are found elsewhere in the human microbiome, such as the skin and inside the nasal cavity. Yet the skin and nasal Corynebacterium species are shorter, rod-shaped cells that aren't known to elongate by tip extension or divide by multiple fission.

"Something about this very dense, competitive habitat of the dental plaque may have driven the evolution of this way of growing," said Chimileski.

Exploratory Growth

C. matruchotii lack flagella, the organelles that allow bacteria to move around. Since these bacteria can't swim, researchers believe its unique elongation and cell division might be a way for it to explore its environment, similar to mycelial networks seen in fungi and Streptomyces bacteria that live in soil.




"If these cells have the ability to move preferentially towards nutrients or towards other species to form beneficial interactions -- this could help us understand how the spatial organization of plaque biofilms comes about," said Chimileski.

"Who would have thought that our familiar mouths would harbor a microbe whose reproductive strategy is virtually unique in the bacterial world," said co-author Gary Borisy, principal investigator at ADA Forsyth and former director of the Marine Biological Laboratory. "The next challenge is to understand the meaning of this strategy for the health of our mouths and our bodies."
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The risk of global water scarcity is greater when accounting for the origin of rain | ScienceDaily
Securing the world's water supply is one of the greatest challenges of our time. Research at Stockholm University is now presenting an alternative method for quantifying the global risk of water scarcity. Results indicate higher risks to water supply than previously expected if accounting for the environmental conditions and governability where rain is produced.


						
The common idea of global water supply is rain falling on the earth's surface and then stored in aquifers, lakes, and rivers. This idea is usually used to assess water security and the risk of water scarcity. However, a new study published in Nature Water shows how the water risks are dependent on governance and environmental conditions present upwind, which means the areas where the moisture for rain comes from.

"Water supply really originates beforehand, with moisture evaporated from land or in the ocean traveling in the atmosphere before falling as rain. This upwind moisture is commonly overlooked when assessing water availability," says Fernando Jaramillo, associate professor in physical geography at Stockholm University and responsible for the study.

When a lake or river is shared between different countries or authorities, assessments and regulations mainly apply an upstream perspective, considering conditions in the direction upriver from the water body. Instead, an upwind perspective considers the area where evaporated water is transported before ending up as rain. The area is known as a precipitationshed and can cover large areas of the earth's surface.

"For instance, in tropical South America, most of the Amazon basin is downstream of the Andes mountain range, whereas large areas of the Andes are in themselves downwind of the Amazon rainforest and depending on it, which makes these two regions dependent on each other for water supply," says Fernando Jaramillo.

The study examined 379 hydrological basins worldwide, revealing that risks to water security are significantly higher when considering the upwind origin of water.

"With this approach, we see that 32,900 km3/year of water requirements worldwide face very high risk, a near 50 percent increase, compared to the 20,500 km3/year resulting from the more traditional upstream focus," says Jose Posada, former doctoral student at Stockholm University and main author of the study.




Political control can have major consequences

Since a large amount of water is evaporated from plants, changes in land use can affect downwind water availability. If deforestation and agricultural development are predominant in upwind areas, the amount of moisture vegetation provides may decrease, reducing rainfall downwind and increasing the risk to water security.

"For coastal countries such as the Philippines, most of the rain comes from the sea, which means that land-use changes pose very little risk to water security. Rainfall in inland countries such as Niger, on the other hand, comes mainly from moisture that evaporates in neighboring countries such as Nigeria and Ghana . This puts many land-locked countries at high risk regarding how water security is affected by changes in land use," says Fernando Jaramillo.

In other words, political factors such as environmental management and regulations in areas where moisture first evaporates can affect water safety in completely different areas.

"For instance, the Congo River basin, heavily reliant on moisture from neighboring countries with low environmental performance and governance according to global indicators, faces considerable risks due to potential deforestation and unregulated land use changes in neighboring areas," says Lan Wang-Erlandsson, researcher at the Stockholm Resilience Centre at Stockholm University and co-author of the study.

Environmental regulation requires an upwind perspective.

The study reveals why the lack of governability and environmental performance in a country upwind may be relevant to the water supply of a country downwind. It stresses the codependence between upstream/downwind and downstream/upwind countries.

"It is not possible to ignore the interdependence between countries. In the end, all water is connected, so we should not only mind how we manage our water resources within a region or country but also how our neighboring countries do," says Lan Wang-Erlandsson.

"We hope that the findings of this study can help identify where and to whom cooperation strategies and efforts can be directed to mitigate the causes of water-related tensions, including atmospheric water flows in transboundary decision-making and water governance frameworks. We stress the need for international cooperation to effectively manage upwind moisture sources," concludes Fernando Jaramillo.
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Clinical trial finds finerenone reduces worsening heart failure and cardiovascular death | ScienceDaily
Finerenone reduced the composite of total first and recurrent heart failure (HF) events (hospitalizations for HF or urgent HF visits) and cardiovascular death in patients with HF and mildly reduced or preserved ejection fraction, according to an international clinical trial led by investigators from Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. Heart failure events and cardiovascular death were less common in the finerenone group than in the placebo group. Overall, the rate of serious adverse events was similar across the groups, but rates of hyperkalemia -- elevated levels of potassium in the blood -- were higher for the group taking finerenone. Results were presented at the European Society of Cardiology Congress 2024 and published simultaneously in the New England Journal of Medicine.


						
"We saw benefit regardless of the ejection fraction and even in patients who were on other approved therapies," said trial principal investigator and corresponding author Scott Solomon, MD, the director of the Clinical Trials Outcomes Center at Mass General Brigham and the Edward D. Frohlich Distinguished Chair at Brigham and Women's Hospital. "This drug represents a new drug class that may become a pillar of therapy for this disease."

HF is the progressive decline in the heart's ability to fill with and pump blood. It affects over 60 million people worldwide. Approximately half of all people living with HF have mildly reduced or preserved left ventricular ejection fraction, a condition with limited treatment options. These findings suggest that the non-steroidal mineralocorticoid receptor antagonist finerenone could represent a new therapeutic option for patients.

The FINEARTS-HF trial, funded by Bayer, assigned 6,000 patients to receive either finerenone or placebo in addition to their existing therapies. The trial's limitations include few Black patients, although the percentage of Black patients was proportional to their regional population. "Our group continues to study novel therapies for heart failure," Solomon said. "There's huge residual risk in these patients and so more room for new therapies."

 Disclosures: Scott Solomon reports institutional research grants to Brigham and Women's Hospital from Alexion, Alnylam, Applied Therapeutics, AstraZeneca, Bellerophon, Bayer, BMS, Boston Scientific, Cytokinetics, Edgewise, Eidos/Bridgebio, Gossamer, GSK, Ionis, Lilly,NIH/NHLBI, Novartis, NovoNordisk, Respicardia, Sanofi Pasteur, Tenaya, Theracos, and US2.
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Genomic dark matter solves butterfly evolutionary riddle | ScienceDaily
A team of international researchers has uncovered a surprising genetic mechanism that influences the vibrant and complex patterns on butterfly wings. In a study published in the Proceedings of the National Academy of Sciences, the team, led by Luca Livraghi at the George Washington University and the University of Cambridge, discovered that an RNA molecule, rather than a protein as previously thought, plays a pivotal role in determining the distribution of black pigment on butterfly wings.


						
Precisely howbutterflies are able to generate the vibrant patterns and colors on their wings has fascinated biologists for centuries. The genetic code contained within the cells of developing butterfly wings dictates the specific arrangement of the color on the wing's scales -- the microscopic tiles that form wing patterns -- similar to the arrangement of colored pixels to form a digital image. Cracking this code is fundamental to understanding how our own genes build our anatomy. In the lab, researchers can manipulate that code in butterflies with gene-editing tools and observe the effect on visible traits, such as coloration on a wing.

Scientists have long known that protein-coding genes are crucial to these processes. These types of genes create proteins that can dictate when and where a specific scale should generate a particular pigment. When it comes to black pigments, researchers thought this process would be no different, and initially implicated a protein-coding gene. The new research, however, paints a different picture.

The team discovered a gene that produces an RNA molecule -- not a protein -- controls where dark pigments are made during butterfly metamorphosis. Using the genome-editing technique CRISPR, the researchers demonstrated that when you remove the gene that produces the RNA molecule, butterflies completely lose their black pigmented scales, showing a clear link between RNA activity and dark pigment development.

"What we found was astonishing," said Livraghi, a postdoctoral scientist at GW. "This RNA molecule directly influences where the black pigment appears on the wings, shaping the butterfly's color patterns in a way we hadn't anticipated."

The researchers further explored how the RNA molecule functions during wing development. By examining its activity, they observed a perfect correlation between where the RNA is expressed and where black scales form.

"We were amazed that this gene is turned on where the black scales will eventually develop on the wing, with exquisite precision" said Arnaud Martin, associate professor of biology at GW. "It is truly an evolutionary paintbrush in this sense, and a creative one, judging by its effects in several species."

The researchers examined the newly discovered RNA in several other butterflies whose evolutionary history diverged around 80 million years ago. They found that in each of these species, the RNA had evolved to control new placements in the patterns of dark pigments.




"The consistent result obtained from CRISPR mutants in several species really demonstrate that this RNA gene is not a recent invention, but a key ancestral mechanism to control wing pattern diversity," said Riccardo Papa, professor of biology at the University of Puerto Rico -- Rio Piedras.

"We and others have now looked at this genetic trait in many different butterfly species, and remarkably we are finding that this same RNA is used again and again, from longwing butterflies, to monarchs and painted lady butterflies," said Joe Hanly, a postdoctoral scientist and visiting fellow at GW. "It's clearly a crucial gene for the evolution of wing patterns. I wonder what other, similar phenomena biologists might have been missing because they weren't paying attention to the dark matter of the genome."

The findings not only challenge long-standing assumptions about genetic regulation but also open up new avenues for studying how visible traits evolve in animals.
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Doughnut-shaped region found inside Earth's core deepens understanding of planet's magnetic field | ScienceDaily
A doughnut-shaped region thousands of kilometres beneath our feet within Earth's liquid core has been discovered by scientists from The Australian National University (ANU), providing new clues about the dynamics of our planet's magnetic field.


						
The structure within Earth's liquid core is found only at low latitudes and sits parallel to the equator. According to ANU seismologists, it has remained undetected until now.

The Earth has two core layers: the inner core, a solid layer, and the outer core, a liquid layer. Surrounding the Earth's core is the mantle. The newly discovered doughnut-shaped region is at the top of Earth's outer core, where the liquid core meets the mantle.

Study co-author and ANU geophysicist, Professor Hrvoje Tkalcic, said the seismic waves detected are slower in the newly discovered region than in the rest of the liquid outer core.

"The region sits parallel to the equatorial plane, is confined to the low latitudes and has a doughnut shape," he said.

"We don't know the exact thickness of the doughnut, but we inferred that it reaches a few hundred kilometres beneath the core-mantle boundary."

Rather than using traditional seismic wave observation techniques and observing signals generated by earthquakes within the first hour, the ANU scientists analysed the similarities between waveforms many hours after the earthquake origin times, leading them to make the unique discovery.




"By understanding the geometry of the paths of the waves and how they traverse the outer core's volume, we reconstructed their travel times through the Earth, demonstrating that the newly discovered region has low seismic speeds," Professor Tkal?i? said.

"The peculiar structure remained hidden until now as previous studies collected data with less volumetric coverage of the outer core by observing waves that were typically confined within one hour after the origin times of large earthquakes.

"We were able to achieve much better volumetric coverage because we studied the reverberating waves for many hours after large earthquakes."

Study co-author, Dr Xiaolong Ma, said that the discovery uncovers some mysteries of the dynamics of Earth's magnetic field.

"There are still mysteries about the Earth's outer core that are yet to be solved, which requires multidisciplinary efforts from seismology, mineral physics, geomagnetism and geodynamics," Dr Ma said.

The outer core is predominantly made of liquid iron and nickel, and the vigorous movement of the electrically conductive liquid creates Earth's magnetic field, which shields around Earth and helps to sustain all life, protecting it from damaging solar winds and harmful radiation.




The scientists believe that knowing more about the Earth's outer core's composition, including light chemical elements, is fundamental to understanding the magnetic field and predicting when it could potentially cease or weaken.

"Our findings are interesting because this low velocity within the liquid core implies that we have a high concentration of light chemical elements in these regions that would cause the seismic waves to slow down. These light elements, alongside temperature differences, help stir liquid in the outer core," Professor Tkalcic said.

"The magnetic field is a fundamental ingredient that we need for life to be sustained on the surface of our planet.

"The dynamics of Earth's magnetic field is an area of strong interest in the scientific community, so our results could promote more research about the magnetic field on both Earth and other planets."

The research is published in Science Advances.
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Morphing facial technology sheds light on the boundaries of self-recognition | ScienceDaily
Facial recognition is a critical part of self-image and social interactions. In an era of advanced digital technology, we face intriguing questions about communication and identity. How does altering our facial identity affect our sense of "self" and our interactions with others? These are questions Dr. Shunichi Kasahara, a researcher in the Cybernetic Humanity Studio at the Okinawa Institute of Science and Technology (OIST) is investigating, using real-time morphing of facial images (turning our faces into someone else's and vice versa). The studio was established in 2023 as a platform for joint research between OIST and Sony Computer Science Laboratories, Inc.


						
Dr. Kasahara and his collaborators have investigated the dynamics of face recognition using motor-visual synchrony -- the coordination between a person's physical movements and the visual feedback they receive from those movements. They found that whether we influence the movement of our self-image or not, levels of identification with our face remain consistent. Therefore, our sense of agency, or subjective feelings of control, do not impact our level of identification with our self-image. Their results have been published in Scientific Reports.

The effect of agency on perceptions of identity 

With psychological experiments using displays and cameras, the scientists investigated where the "self-identification boundary" is and what impacts this boundary. Participants were seated and asked to look at screens showing their faces gradually changing. At some point, the participants could notice a change in their facial identity and were asked to press a button when they felt that the image on the screen was no longer them. The experiment was done in both directions: the image changing from self to other and other to self.

"It's like watching your face in a mirror as you move it and you identify yourself, but your face slowly changes up to a point and you realize this is no longer you," Dr. Kasahara explained.

The researchers examined how three movement conditions affect the facial boundary: synchronous, asynchronous, and static. They hypothesized that if the motions are synchronized, participants would identify with the images to a greater extent. Surprisingly, they found that whether movements were synchronized or not, their facial identity boundaries were similar. Additionally, participants were more likely to identify with static images of themselves than images with their faces moving.

Interestingly, the direction of morphing -- whether from self to other or other to self -- influenced how participants perceived their own facial boundaries: participants were more likely to identify with their facial images when these images morphed from self to other rather than from other to self. Overall, the results suggest that a sense of agency of facial movements does not significantly impact our ability to judge our facial identity.




"Consider the example of deepfakes, which are essentially a form of asynchronous movement. When I remain still but the visual representation moves, it creates an asynchronous situation. Even in these deepfake scenarios, we can still experience a feeling of identity connection with ourselves," Dr. Kasahara explained. "This suggests that even when we see a fake or manipulated version of our image, for example, someone else using our face, we might still identify with that face. Our findings raise important questions about our perception of self and identity in the digital age."

How does identity impact perceptions of control?

What about the other way around? How does our sense of identity impact our sense of agency? Dr. Kasahara recently published a paper in collaboration with Professor of Psychology at Rikkyo University, Dr. Wen Wen, who specializes in research on our sense of agency. They investigated how recognizing oneself through facial features might affect how people perceive control over their own movements.

During experiments, participants observed either their own face or another person's face on a screen and could interact and control the facial and head movements. They were asked to observe the screen for about 20 seconds while moving their faces and changing their facial expressions. The motion of the face was controlled either only by their own facial and head motion or by an average of the participant's and the experimenter's motion (full control vs. partial control). Thereafter, they were asked "how much did you feel that this face looks like you?" and "how much control did you feel over this presented face?"

Again, the main findings were intriguing: participants reported a higher sense of agency over the "other face" rather than the "self-face." Additionally, controlling someone else's face resulted in more variety of facial movements than controlling one's own face.

"We gave the participants a different face, but they could control the facial movements of this face -- similar to deepfake technology, where AI can transfer movement to other objects. This AI technology allows us to go beyond the conventional experience of simply looking into a mirror, enabling us to disentangle and investigate the relationship between facial movements and visual identity," Dr. Kasahara stated.

"Based on previous research, one might expect that if I see my own face, I will feel more control over it. Conversely, if it's not my face, I might expect to feel less control because it's someone else's face. That's the intuitive expectation. However, the results are the opposite -- when people see their own face, they report a lower sense of agency. Conversely, when they see another person's face, they're more likely to feel a sense of agency." These surprising results challenge what we thought we knew about how we see ourselves in images.

Dr. Kasahara emphasized that the acceptance of technology in society plays a crucial role in technological advancements and human evolution: "The relationship between technology and human evolution is cyclical; we evolve together. But concerns about certain computer technology may lead to restrictions. My goal is to help foster acceptance within society and update our understanding of "the self" in relation to human-computer integration technology."
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What a submerged ancient bridge discovered in a Spanish cave reveals about early human settlement | ScienceDaily
A new study led by the University of South Florida has shed light on the human colonization of the western Mediterranean, revealing that humans settled there much earlier than previously believed. This research, detailed in a recent issue of the journal, Communications Earth & Environment, challenges long-held assumptions and narrows the gap between the settlement timelines of islands throughout the Mediterranean region.


						
Reconstructing early human colonization on Mediterranean islands is challenging due to limited archaeological evidence. By studying a 25-foot submerged bridge, an interdisciplinary research team -- led by USF geology Professor Bogdan Onac -- was able to provide compelling evidence of earlier human activity inside Genovesa Cave, located in the Spanish island of Mallorca.

"The presence of this submerged bridge and other artifacts indicates a sophisticated level of activity, implying that early settlers recognized the cave's water resources and strategically built infrastructure to navigate it," Onac said.

The cave, located near Mallorca's coast, has passages now flooded due to rising sea levels, with distinct calcite encrustations forming during periods of high sea level. These formations, along with a light-colored band on the submerged bridge, serve as proxies for precisely tracking historical sea-level changes and dating the bridge's construction.

Mallorca, despite being the sixth largest island in the Mediterranean, was among the last to be colonized. Previous research suggested human presence as far back as 9,000 years, but inconsistencies and poor preservation of the radiocarbon dated material, such as nearby bones and pottery, led to doubts about these findings. Newer studies have used charcoal, ash and bones found on the island to create a timeline of human settlement about 4,400 years ago. This aligns the timeline of human presence with significant environmental events, such as the extinction of the goat-antelope genus Myotragus balearicus.

By analyzing overgrowths of minerals on the bridge and the elevation of a coloration band on the bridge, Onac and the team discovered the bridge was constructed nearly 6,000 years ago, more than two-thousand years older than the previous estimation -- narrowing the timeline gap between eastern and western Mediterranean settlements.

"This research underscores the importance of interdisciplinary collaboration in uncovering historical truths and advancing our understanding of human history," Onac said.

This study was supported by several National Science Foundation grants and involved extensive fieldwork, including underwater exploration and precise dating techniques. Onac will continue exploring cave systems, some of which have deposits that formed millions of years ago, so he can identify preindustrial sea levels and examine the impact of modern greenhouse warming on sea-level rise.

This research was done in collaboration with Harvard University, the University of New Mexico and the University of Balearic Islands.
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Scientist's method could give months' warning of major earthquakes | ScienceDaily
The public could have days or months of warning about a major earthquake through identification of prior low-level tectonic unrest over large areas, according to research by a University of Alaska Fairbanks scientist who analyzed two major quakes in Alaska and California.


						
The work was led by research assistant professor Tarsilo Girona of the UAF Geophysical Institute.

Girona, a geophysicist and data scientist, studies precursory activity of volcanic eruptions and earthquakes. Geologist Kyriaki Drymoni of the Ludwig-Maximilians-Universita?t in Munich, Germany, is a co-author.

The detection method, based on machine learning, was published Aug. 28 in Nature Communications.

"Our paper demonstrates that advanced statistical techniques, particularly machine learning, have the potential to identify precursors to large-magnitude earthquakes by analyzing datasets derived from earthquake catalogs," Girona said.

The authors wrote a computer algorithm to search the data to look for abnormal seismic activity. Algorithms are a set of computer instructions that teach a program to interpret data, learn from it and make informed predictions or decisions.

They focused on two major earthquakes: the 2018 magnitude 7.1 Anchorage earthquake and the 2019 Ridgecrest, California, earthquake sequence of magnitudes 6.4 to 7.1.




They found that approximately three months of abnormal low-magnitude regional seismicity had occurred across about 15% to 25% of Southcentral Alaska and Southern California prior to each of the two studied earthquakes.

Their research finds that unrest preceding major earthquakes is mostly captured by seismic activity with magnitude below 1.5.

The Anchorage earthquake occurred Nov. 30, 2018, at 8:29 a.m., with an epicenter located approximately 10.5 miles north of the city. It caused extensive damage to some roads and highways, and several buildings sustained damage.

Using their data-trained program, Girona and Drymoni found with the Anchorage earthquake that the probability that a major earthquake would happen in 30 days or fewer increased abruptly up to approximately 80% around three months before the Nov. 30 earthquake. The probability increased to approximately 85% just a few days before it occurred. They had similar probability findings for the Ridgecrest earthquake sequence for a period beginning about 40 days prior to the onset of the quake sequence.

Girona and Drymoni propose a geologic cause for the low-magnitude precursor activity: A significant increase in pore fluid pressure within a fault.

Pore fluid pressure refers to the pressure of fluid within a rock. High pore fluid pressures can potentially lead to fault slip if the pressure is sufficient to overcome the frictional resistance between the blocks of rock on either side of the fault.




"Increased pore fluid pressure in faults that lead to major earthquakes changes the faults' mechanical properties, which in turn leads to uneven variations in the regional stress field," Drymoni said. "We propose that these uneven variations ... control the abnormal, precursory low-magnitude seismicity."

Machine learning is having a major positive impact on earthquake research, Girona said.

"Modern seismic networks produce enormous datasets that, when properly analyzed, can offer valuable insights into the precursors of seismic events," he said. "This is where advancements in machine learning and high-performance computing can play a transformative role, enabling researchers to identify meaningful patterns that could signal an impending earthquake."

The authors state that their algorithm will be tested in near-real-time situations to identify and address potential challenges for earthquake forecasting. The method should not be employed in new regions without training the algorithm with that area's historical seismicity, they add.

Producing reliable earthquake forecasts has a "deeply important and often controversial dimension," Girona said.

"Accurate forecasting has the potential to save lives and reduce economic losses by providing early warnings that allow for timely evacuations and preparation," he said. "However, the uncertainty inherent in earthquake forecasting also raises significant ethical and practical questions."

"False alarms can lead to unnecessary panic, economic disruption, and a loss of public trust, while missed predictions can have catastrophic consequences," he said.
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Dancing galaxies make a monster at the cosmic dawn | ScienceDaily
Astronomers have spotted a pair of galaxies in the act of merging 12.8 billion years ago. The characteristics of these galaxies indicate that the merger will form a monster galaxy, one of the brightest types of objects in the Universe. These results are important for understanding the early evolution of galaxies and black holes in the early Universe.


						
Quasars are bright objects powered by matter falling into a supermassive black hole at the center of a galaxy in the early Universe. The most accepted theory is that when two gas-rich galaxies merge to form a single larger galaxy, the gravitational interaction of the two galaxies causes gas to fall towards the supermassive black hole in one or both of the galaxies, causing quasar activity.

To test this theory, an international team of researchers led by Takuma Izumi used the ALMA (Atacama Large Millimeter/submillimeter Array) radio telescope to study the earliest known pair of close quasars. This pair was discovered by Yoshiki Matsuoka, at Ehime University in Japan, in images taken by the Subaru Telescope. Located in the direction of the constellation Virgo, this pair of quasars existed during the first 900 million years of the Universe. The pair is dim, indicating that the quasars are still in the early stages of their evolution. The ALMA observations mapped the host galaxies of the quasars and showed that the galaxies are linked by a "bridge" of gas and dust. This indicates that the two galaxies are in fact merging.

The ALMA observations also allowed the team to measure the amount of gas, the material for new star formation. The team found that the two galaxies are very rich in gas, suggesting that in addition to more vigorous quasar activity in the future, the merger will also trigger a rapid increase in star formation, known as a "starburst." The combination of starburst activity and vigorous quasar activity is expected to create a super-bright object in the early Universe known as a monster galaxy.
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New process vaporizes plastic bags and bottles, yielding gases to make new, recycled plastics | ScienceDaily
A new chemical process can essentially vaporize plastics that dominate the waste stream today and turn them into hydrocarbon building blocks for new plastics.


						
The catalytic process, developed at the University of California, Berkeley, works equally well with the two dominant types of post-consumer plastic waste: polyethylene, the component of most single-use plastic bags; and polypropylene, the stuff of hard plastics, from microwavable dishes to luggage. It also efficiently degrades a mix of these types of plastics.

The process, if scaled up, could help bring about a circular economy for many throwaway plastics, with the plastic waste converted back into the monomers used to make polymers, thereby reducing the fossil fuels used to make new plastics. Clear plastic water bottles made of polyethylene tetraphthalate (PET), a polyester, were designed in the 1980s to be recycled this way. But the volume of polyester plastics is minuscule compared to that of polyethylene and polypropylene plastics, referred to as polyolefins.

"We have an enormous amount of polyethylene and polypropylene in everyday objects, from lunch bags to laundry soap bottles to milk jugs -- so much of what's around us is made of these polyolefins," said John Hartwig, a UC Berkeley professor of chemistry who led the research. "What we can now do, in principle, is take those objects and bring them back to the starting monomer by chemical reactions we've devised that cleave the typically stable carbon-carbon bonds. By doing so, we've come closer than anyone to give the same kind of circularity to polyethylene and polypropylene that you have for polyesters in water bottles."

Hartwig, graduate student Richard J. "RJ" Conk, chemical engineer Alexis Bell, who is a UC Berkeley Professor of the Graduate School, and their colleagues will publish the details of the catalytic process in the xx issue of the journal Science.

A circular economy for plastics

Polyethylene and polypropylene plastics constitute about two-thirds of post-consumer plastic waste worldwide. About 80% ends up in landfills, is incinerated or simply tossed into the streets, often ending up as microplastics in streams and the ocean. The rest is recycled as low-value plastic, becoming decking materials, flowerpots and sporks.




To reduce this waste, researchers have been looking for ways to turn the plastics into something more valuable, such as the monomers that are polymerized to produce new plastics. This would create a circular polymer economy for plastics, reducing the need to make new plastics from petroleum, which generates greenhouse gases.

Two years ago, Hartwig and his UC Berkeley team came up with a process for breaking down polyethylene plastic bags into the monomer propylene -- also called propene -- that could then be reused to make polypropylene plastics. This chemical process employed three different bespoke heavy metal catalysts: one to add a carbon-carbon double bond to the polyethylene polymer and the other two to break the chain at this double bond and repeatedly snip off a carbon atom and, with ethylene, make propylene (C3H6) molecules until the polymer disappeared. But the catalysts were dissolved in the liquid reaction and short-lived, making it hard to recover them in an active form.

In the new process, the expensive, soluble metal catalysts have been replaced by cheaper solid ones commonly used in the chemical industry for continuous flow processes that reuse the catalyst. Continuous flow processes can be scaled up to handle large volumes of material.

Conk first experimented with these catalysts after consulting with Bell, an expert on heterogeneous catalysts, in the Department of Chemical and Biomolecular Engineering.

Synthesizing a catalyst of sodium on alumina, Conk found that it efficiently broke or cracked various kinds of polyolefin polymer chains, leaving one of the two pieces with a reactive carbon-carbon double bond at the end. A second catalyst, tungsten oxide on silica, added the carbon atom at the end of the chain to ethylene gas, which is constantly streamed through the reaction chamber to form a propylene molecule. The latter process, called olefin metathesis, leaves behind a double bond that the catalyst can access again and again until the entire chain has been converted to propylene.

The same reaction occurs with polypropylene to form a combination of propene and a hydrocarbon called isobutylene. Isobutylene is used in the chemical industry to make polymers for products ranging from footballs to cosmetics and to make high-octane gasoline additives.




Surprisingly, the tungsten catalyst was even more effective than the sodium catalyst in breaking polypropylene chains.

"You can't get much cheaper than sodium," Hartwig said. "And tungsten is an earth-abundant metal used in the chemical industry in large scale, as opposed to our ruthenium metal catalysts that were more sensitive and more expensive. This combination of tungsten oxide on silica and sodium on alumina is like taking two different types of dirt and having them together disassemble the whole polymer chain into even higher yields of propene from ethylene and a combination of propene and isobutylene from polypropylene than we did with those more complex, expensive catalysts."

Like a string of pearls

One key advantage of the new catalysts is that they avoid the need to remove hydrogen to form a breakable carbon-carbon double bond in the polymer, which was a feature of the researchers' earlier process to deconstruct polyethylene. Such double bonds are an Achilles heel of a polymer, in the same way that the reactive carbon-oxygen bonds in polyester or PET make the plastic easier to recycle. Polyethylene and polypropylene don't have this Achilles heel -- their long chains of single carbon bonds are very strong.

"Think of the polyolefin polymer like a string of pearls," Hartwig said. "The locks at the end prevent them from falling out. But if you clip the string in the middle, now you can remove one pearl at a time."

The two catalysts together turned a nearly equal mixture of polyethylene and polypropylene into propylene and isobutylene -- both gases at room temperature -- with an efficiency of nearly 90%. For polyethylene or polypropylene alone, the yield was even higher.

Conk added plastic additives and different types of plastics to the reaction chamber to see how the catalytic reactions were affected by contaminants. Small amounts of these impurities barely affected the conversion efficiency, but small amounts of PET and polyvinyl chloride -- PVC -- significantly reduced the efficiency. This may not be a problem, however, because recycling methods already separate plastics by type.

Hartwig noted that while many researchers are hoping to redesign plastics from the ground up to be easily reused, today's hard-to-recycle plastics will be a problem for decades.

"One can argue that we should do away with all polyethylene and polypropylene and use only new circular materials. But the world's not going to do that for decades and decades. Polyolefins are cheap, and they have good properties, so everybody uses them," Hartwig said. "People say if we could figure out a way to make them circular, it would be a big deal, and that's what we've done. One can begin to imagine a commercial plant that would do this."

Other co-authors of the paper are graduate students Jules Stahler, Jake Shi, Natalie Lefton and John Brunn of UC Berkeley and Ji Yang of Lawrence Berkeley National Laboratory. Shi, Hartwig and Bell are also affiliated with Berkeley Lab. The work was funded by the Department of Energy (DE-AC02-05CH11231).
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Number of fish species at risk of extinction fivefold higher than previous estimates, according to a new prediction | ScienceDaily
Researchers predict that 12.7% of marine teleost fish species are at risk of extinction, up fivefold from the International Union for Conservation of Nature's prior estimate of 2.5%. Nicolas Loiseau and Nicolas Mouquet from the MARBEC Unit (the Marine Biodiversity, Exploitation and Conservation Unit) in Montpellier, France, and colleagues report these findings in a study published August 29th in the open-access journal PLOS Biology. Their report includes nearly 5,000 species that did not receive an IUCN conservation status due to insufficient data.


						
The IUCN's Red List of Threatened Species tracks more than 150,000 species to guide global conservation efforts on behalf of the most threatened. However, 38% of marine fish species (or 4,992 species at the time of this research) are considered Data-Deficient and do not receive an official conservation status or the associated protections.

To better direct conservation efforts toward the species that need them, Loiseau and colleagues combined a machine learning model with an artificial neural network to predict the extinction risks of Data-Deficient species. The models were trained on occurrence data, biological traits, taxonomy and human uses from 13,195 species.

They categorized 78.5% of the 4,992 species as Non-Threatened or Threatened (which includes Critically Endangered, Endangered and Vulnerable IUCN categories). Predicted Threatened species increased fivefold (from 334 to 1,671) and predicted Non-Threatened species increased by a third (from 7,869 to 10,451).

Predicted Threatened species tended to have a small geographic range, large body size and low growth rate. The extinction risk was also correlated with shallow habitats. The South China Sea, the Philippine and Celebes Seas and the west coasts of Australia and North America emerged as hotspots for predicted Threatened species. The researchers recommend increased research and conservation efforts in these areas.

The researchers observed "a marked change in conservation priority ranking after species IUCN predictions," recommending that the Pacific Islands and Southern Hemisphere's polar and subpolar regions be prioritized to account for emerging at-risk species. Many species that remained Data-Deficient occur in the Coral Triangle, indicating that additional research is needed there.

The researchers note that models cannot replace direct evaluations of at-risk species but AI offers a unique opportunity to provide a rapid, extensive and cost-effective evaluation of extinction risk of species.

Loiseau adds, "Artificial Intelligence (AI) enables the reliable assessment of extinction risks for species that have not yet been evaluated by the International Union for Conservation of Nature (IUCN). Our analysis of 13,195 marine fish species reveals that the extinction risk is significantly higher than the IUCN's initial estimates, rising from 2.5% to 12.7%. We propose to incorporate recent advancements in forecasting species extinction risks into a new synthetic index called 'predicted IUCN status.' This index can serve as a valuable complement to the current 'measured IUCN status.'"
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Ancient gene gives spiders their narrow waist | ScienceDaily
An ancient gene is crucial for the development of the distinctive waist that divides the spider body plan in two, according to a study publishing August 29th in the open-access journal PLOS Biology by Emily Setton from the University of Wisconsin-Madison, US, and colleagues.


						
The spider body is divided into two sections, separated by a narrow waist. Compared to insects and crustaceans, relatively little is known about embryonic development in spiders, and the genes involved in the formation of the spider waist are poorly understood.

To investigate, researchers sequenced genes expressed in embryos of the Texas brown tarantula (Aphonopelma hentzi) at different stages of development. They identified 12 genes that are expressed at different levels in embryonic cells on either side of the waist. They silenced each of these candidate genes, one by one, in embryos of the common house spider (Parasteatoda tepidariorum) to understand their function in development. This revealed one gene -- which the authors named 'waist-less' -- that is required for the development of the spider waist. It is part of a family of genes called 'Iroquois', which have previously been studied in insects and vertebrates. However, an analysis of the evolutionary history of the Iroquois family suggests that waist-less was lost in the common ancestor of insects and crustaceans. This might explain why waist-less had not been studied previously, because research has tended to focus on insect and crustacean model organisms that lack the gene.

The results demonstrate that an ancient, but previously unstudied gene is critical for the development of the boundary between the front and rear body sections, which is a defining characteristic of chelicerates -- the group that includes spiders and mites. Further research is needed to understand the role of waist-less in other chelicerates, such as scorpions and harvestman, the authors say.

The authors add, "Our work identified a new and unexpected gene involved in patterning the iconic spider body plan. More broadly, this work highlights the function of new genes in ancient groups of animals."

An ancient gene is crucial for the development of the distinctive waist that divides the spider body plan in two, according to a study publishing August 29th in the open-access journal PLOS Biology by Emily Setton from the University of Wisconsin-Madison, US, and colleagues.

The spider body is divided into two sections, separated by a narrow waist. Compared to insects and crustaceans, relatively little is known about embryonic development in spiders, and the genes involved in the formation of the spider waist are poorly understood.

To investigate, researchers sequenced genes expressed in embryos of the Texas brown tarantula (Aphonopelma hentzi) at different stages of development. They identified 12 genes that are expressed at different levels in embryonic cells on either side of the waist. They silenced each of these candidate genes, one by one, in embryos of the common house spider (Parasteatoda tepidariorum) to understand their function in development. This revealed one gene -- which the authors named 'waist-less' -- that is required for the development of the spider waist. It is part of a family of genes called 'Iroquois', which have previously been studied in insects and vertebrates. However, an analysis of the evolutionary history of the Iroquois family suggests that waist-less was lost in the common ancestor of insects and crustaceans. This might explain why waist-less had not been studied previously, because research has tended to focus on insect and crustacean model organisms that lack the gene.

The results demonstrate that an ancient, but previously unstudied gene is critical for the development of the boundary between the front and rear body sections, which is a defining characteristic of chelicerates -- the group that includes spiders and mites. Further research is needed to understand the role of waist-less in other chelicerates, such as scorpions and harvestman, the authors say.

The authors add, "Our work identified a new and unexpected gene involved in patterning the iconic spider body plan. More broadly, this work highlights the function of new genes in ancient groups of animals."
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Scientists discover how starfish get 'legless' | ScienceDaily
Researchers at Queen Mary University of London have made a groundbreaking discovery about how sea stars (commonly known as starfish) manage to survive predatory attacks by shedding their own limbs. The team has identified a neurohormone responsible for triggering this remarkable feat of self-preservation.


						
Autotomy, the ability of an animal to detach a body part to evade predators, is a well-known survival strategy in the animal kingdom. While lizards shedding their tails are a familiar example, the mechanisms behind this process remain largely mysterious.

Now, scientists have unveiled a key piece of the puzzle. By studying the common European starfish, Asterias rubens, they identified a neurohormone akin to the human satiety hormone, cholecystokinin (CCK), as a regulator of arm detachment. Furthermore, the scientists propose that when this neurohormone is released in response to stress, such as a predator attack, it stimulates the contraction of a specialised muscle at the base of the starfish's arm, effectively causing it to break off.

Remarkably, starfish possess incredible regenerative abilities, allowing them to grow back lost limbs over time. Understanding the precise mechanisms behind this process could hold significant implications for regenerative medicine and the development of new treatments for limb injuries.

Dr Ana Tinoco, a member of the London-based research group who is now working at the University of Cadiz in Spain, explained, "Our findings shed light on the complex interplay of neurohormones and tissues involved in starfish autotomy. While we've identified a key player, it's likely that other factors contribute to this extraordinary ability."

Professor Maurice Elphick, Professor Animal Physiology and Neuroscience at Queen Mary University of London, who led the study, emphasised its broader significance. "This research not only unveils a fascinating aspect of starfish biology but also opens doors for exploring the regenerative potential of other animals, including humans. By deciphering the secrets of starfish self-amputation, we hope to advance our understanding of tissue regeneration and develop innovative therapies for limb injuries."

The study, published in the journal Current Biology, was funded by the BBSRC and Leverhulme Trust.
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Ancient sea cow attacked by a crocodile and sharks sheds new light on prehistoric food chains | ScienceDaily
A new study describing how a prehistoric sea cow was preyed upon by not one, but two different carnivores -- a crocodilian and a shark -- is revealing clues into both the predation patterns of ancient creatures and the wider food chain millions of years ago.


						
Published in the peer-reviewed Journal of Vertebrate Paleontology, the findings mark one of the few examples of a creature being preyed upon by different animals during the Early to Middle Miocene epoch (23 million to 11.6 million years ago).

Predation marks in the skull indicate that the dugongine sea cow, belonging to the extinct genus Culebratherium, was first attacked by the ancient crocodile and then scavenged by a tiger shark (Galeocerdo aduncus) in what is now northwestern Venezuela.

"Conspicuous" deep tooth impacts concentrated on the sea cow's snout, suggest the crocodile first tried to grasp its prey by the snout in an attempt to suffocate it.

Two further large incisions, with a round starting impact, demonstrate the crocodile then dragged the sea cow, followed by tearing it. Marks on the fossils with striations and slashing, indicate the crocodile likely then executed a 'death roll' while grasping its prey -- a behaviour commonly observed in modern crocodiles.

A tooth of a tiger shark (Galeocerdo aduncus) found in the sea cow's neck, along with shark bite marks observed throughout the skeleton, show how the remains of the creature was then picked apart by the scavengers.

The team of experts from the University of Zurich, the Natural History Museum of Los Angeles County, as well as Venezuelan institutes Museo Paleontologico de Urumaco and the Universidad Nacional Experimental Francisco de Miranda, state their findings add to evidence that suggests the food chain, millions of years ago, behaved in a similar way to the present day.




"Today, often when we observe a predator in the wild, we find the carcass of prey which demonstrates its function as a food source for other animals too; but fossil records of this are rarer.

"We have been unsure as to which animals would serve this purpose as a food source for multiple predators. Our previous research has identified sperm whales scavenged by several shark species, and this new research highlights the importance of sea cows within the food chain," explains lead-author Aldo Benites-Palomino, from the Department of Paleontology at Zurich.

While evidence of food chain interactions are not scarce in the fossil record, they are mostly represented by fragmentary fossils exhibiting marks of ambiguous significance. Differentiating between marks of active predation and scavenging events is therefore often challenging.

"Our findings constitute one of the few records documenting multiple predators over a single prey, and as such provide a glimpse of food chain networks in this region during the Miocene."

The team's find was made in outcrops of the Early to Middle Miocene Agua Clara Formation, south of the city of Coro, Venezuela. Among remains, they found a fragmentary skeleton that includes a partial skull and eighteen associated vertebrae.

Describing the dig, co-author Professor of Palaeobiology Marcelo R Sanchez-Villagra explained the discovery as "remarkable" -- in particular for where it was uncovered, a site 100 kilometers away from previous fossil finds.




"We first learned about the site through word of mouth from a local farmer who had noticed some unusual "rocks." Intrigued, we decided to investigate," says Sanchez-Villagra, who is the Director at the Palaeontological Institute & Museum at Zurich.

"Initially, we were unfamiliar with the site's geology, and the first fossils we unearthed were parts of skulls. It took us some time to determine what they were -- sea cow remains, which are quite peculiar in appearance.

"By consulting geological maps and examining the sediments at the new locality, we were able to determine the age of the rocks in which the fossils were found.

"Excavating the partial skeleton required several visits to the site. We managed to unearth much of the vertebral column, and since these are relatively large animals, we had to remove a significant amount of sediment.

"The region is known for evidence of predation on aquatic mammals, and one factor that enabled us to observe such evidence was the excellent preservation of the fossil's cortical layer, which is attributed to the fine sediments in which it was embedded.

"After locating the fossil site, our team organized a paleontological rescue operation, employing extraction techniques with full casing protection.

"The operation took about seven hours, with a team of five people working on the fossil. The subsequent preparation took several months, especially the meticulous work of preparing and restoring the cranial elements."
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Supercomputer simulations reveal the nature of turbulence in black hole accretion disks | ScienceDaily
Researchers at Tohoku University and Utsunomiya University have made a breakthrough in understanding the complex nature of turbulence in structures called "accretion disks" surrounding black holes, using state-of-the-art supercomputers to conduct the highest-resolution simulations to date. An accretion disk, as the name implies, is a disk-shaped gas that spirals inwards towards a central black hole.


						
There is a great interest in studying the unique and extreme properties of black holes. However, black holes do not allow light to escape, and therefore cannot be directly perceived by telescopes. In order to probe black holes and study them, we look at how they affect their surroundings instead. Accretion disks are one such way to indirectly observe the effects of black holes, as they emit electromagnetic radiation that can be seen by telescopes.

"Accurately simulating the behaviour of accretion disks significantly advances our understanding of physical phenomena around black holes," explains Yohei Kawazura, "It provides crucial insights for interpreting observational data from the Event Horizon Telescope."

The researchers utilized supercomputers such as RIKEN's "Fugaku" (the fastest computer in the world up until 2022) and NAOJ's "ATERUI II" to perform unprecedentedly high-resolution simulations. Although there have been previous numerical simulations of accretion disks, none have observed the inertial range because of the lack of computational resources. This study was the first to successfully reproduce the "inertial range" connecting large and small eddies in accretion disk turbulence.

It was also discovered that "slow magnetosonic waves" dominate this range. This finding explains why ions are selectively heated in accretion disks. The turbulent electromagnetic fields in accretion disks interact with charged particles, potentially accelerating some to extremely high energies.

In magnetohydronamics, magnetosonic waves (slow and fast) and Alfven waves make up the basic types of waves. Slow magnetosonic waves were found to dominate the inertial range, carrying about twice the energy of Alfven waves. The research also highlights a fundamental difference between accretion disk turbulence and solar wind turbulence, where Alfven waves dominate.

This advancement is expected to improve the physical interpretation of observational data from radio telescopes focused on regions near black holes.

The study was published in Science Advances on August 28, 2024.
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Seeing the future: Zebrafish regenerates fully functional photoreceptor cells and restores its vision | ScienceDaily
Blinding diseases lead to permanent vision loss by damaging photoreceptor cells, which humans cannot naturally regenerate. While researchers are working on new methods to replace or regenerate these cells, the crucial question is whether these regenerated photoreceptors can fully restore vision. Now, a team of researchers led by Prof. Michael Brand at the Center for Regenerative Therapies Dresden (CRTD) of Dresden University of Technology has made an important step forward. By studying zebrafish, an animal naturally capable of photoreceptor regeneration, the team showed that regenerated photoreceptors are as good as original ones and regain their normal function, allowing the fish to recover complete vision. Their results, published in the journal "Developmental Cell," offer promising insights for the future of photoreceptor replacement therapies.


						
Vision is a complex sense that depends on the retina. This complex neural tissue in the back of our eyes is actually an external piece of the brain. It is where photoreceptor cells capture light and convert it into electrical signals. For humans, these photoreceptors are not replaced after damage. Once lost, they do not regenerate, leading to irreversible vision loss.

Therapies that are currently under development, including at the CRTD in Dresden, aim to replace damaged human photoreceptors and restore vision, either by stimulating stem cells within the retina to develop into new photoreceptors or by transplanting photoreceptors grown outside of the body.

Unlike humans, zebrafish have a remarkable ability to regenerate parts of their nervous system even after severe damage. Zebrafish can regrow photoreceptors from special stem cells located in the retina, known as Muller glia. This unique ability makes zebrafish an ideal model for studying the potential to restore vision through photoreceptor regeneration.

"Mammalian retina, including human retina, has very similar Muller glia cells. However, our cells have lost the ability to regenerate during evolution. Since these cells are so very similar, however, it may be possible to rekindle this regeneration potential for therapeutic applications in the future," says Prof. Michael Brand, research group leader at the CRTD who led the study. "However, it is crucial to determine if such new photoreceptor cells can function as effectively as the originals."

Making the Impossible Measurements

Researchers have long known that zebrafish can regenerate damaged retinas, with new photoreceptors appearing identical to the originals. Various groups, including the group of Prof. Brand, developed behavioral tests that confirmed that fish regained vision after regeneration. But these tests could not directly assess the extent to which the photoreceptor function was restored.




"The only comprehensive test to see if the vision is fully restored is to directly measure the electrophysiological activity of the retinal cells. Are photoreceptors correctly stimulated by the various colors of light? Are they electrically active to the same extent? Are they connected to the neighboring cells? Are they passing the signal to them? Are all the typical circuits engaged?" says Prof. Brand.

To answer these questions, the Brand team used a genetically modified zebrafish that let them use high-end microscopy to track the activity of photoreceptors at the photoreceptor synapse, i.e., directly where the photoreceptors connect to other nerve cells and pass the electric signal forward.

However, testing the function of regenerated photoreceptors proved to be a significant technical challenge. Photoreceptors convert light into electrical signals. But using light to observe cells under the microscope simultaneously stimulates them. This technical difficulty seemed almost impossible to overcome. However, with input from Prof. Tom Baden from the University of Sussex in Brighton, U.K., and Dr. Hella Hartmann, leader of the Light Microscopy Facility at the Center for Molecular and Cellular Bioengineering at TUD, it was possible to build a custom microscope that allowed the team to uncouple the stimulation from observation and measurement for different light colors, and to overcome this technical hurdle.

Using this advanced custom setup, the Brand team could show that the regenerated photoreceptors indeed regain their normal physiological function. They respond to light at different wavelengths, transmit the electric signal to neighboring cells, and do so with the same sensitivity, quality, and speed as original photoreceptors in an intact retina.

Hope for the Future

"Restoring all of these aspects of photoreceptor function, together with our previous work on restoring vision-controlled behavior, confirmed on a molecular level that the fish can fully 'see' again," says Prof. Brand.

"Humans and fish have a common evolutionary ancestry and share most of the genes and types of cells. Therefore, we hope that humans can learn this 'regeneration trick' from the zebrafish. It is important to note that, at this stage, our work is classical basic research. It is still a long way until it can be applied in the clinic. However, being able to eventually achieve such functional regeneration from stem cells already located in the human retina could potentially revolutionize the treatment of currently untreatable diseases like retinitis pigmentosa or macular degeneration. This study brings us one step closer to that dream," concludes Prof. Brand.
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Land-sea 'tag-team' devastated ocean life millions of years ago reveal scientists | ScienceDaily
Scientists have revealed how a "tag-team" between the oceans and continents millions of years ago devastated marine life -- and altered the course of evolution on Earth.


						
Their study has unearthed a new explanation for a string of severe environmental crises, called oceanic anoxic events, which happened between 185 and 85 million years ago.

These occurred when the seas became critically depleted of dissolved oxygen.

Experts from the University of Southampton, which led the study, said these events triggered significant biological upheavals, including mass extinctions of marine species.

The findings are published today Thursday 29 August in Nature Geoscience.

Lead author Tom Gernon, a Professor of Earth Science at Southampton, said: "Oceanic anoxic events were like hitting the reset button on the planet's ecosystems.

"The challenge was understanding which geological forces hit the button."

The study was undertaken by Southampton in collaboration with academics from the universities of Leeds, Bristol in the UK, Adelaide in Australia, Utrecht in the Netherlands, Waterloo in Canada, and Yale in the US.




The researchers examined the impact of plate tectonic forces on ocean chemistry during the Jurassic and Cretaceous Periods, collectively known as the Mesozoic era.

This chapter of Earth's history is often dubbed the age of the dinosaurs, said Prof Gernon, and is famously exposed along the Jurassic Coast on the UK's south coast as well as along the cliffs of Whitby in Yorkshire and Eastbourne in East Sussex.

The team combined statistical analyses and sophisticated computer models to explore how chemical cycles in the ocean could have feasibly responded to the breakup of the supercontinent Gondwana, the great landmass once roamed by the dinosaurs.

Prof Gernon added: "The Mesozoic era witnessed the breakup of this landmass, in turn bringing intense volcanic activity worldwide.

"As tectonic plates shifted and new seafloors formed, large amounts of phosphorus, a nutrient essential for life, were released from weathering volcanic rocks into the oceans.

"Crucially, we found evidence of multiple pulses of chemical weathering on both the seafloor and continents, which alternately disrupted the oceans.




"It's like a geological tag-team," said Prof Gernon.

Experts from the universities found the timing of these weathering pulses matched up with most oceanic anoxic events in the rock record.

They propose that the weathering-related influx of phosphorus to the ocean acted like a natural fertiliser, boosting the growth of marine organisms.

However, the researchers said these fertilisation episodes came at a major cost for marine ecosystems.

The increase in biological activity led to huge amounts of organic matter sinking to the ocean floor, where it consumed large quantities of oxygen, said co-author Benjamin Mills, a Professor of Earth System Evolution at the University of Leeds.

He added: "This process eventually caused swathes of the oceans to become anoxic, or oxygen-depleted, creating 'dead zones' where most marine life perished.

"The anoxic events typically lasted around one to two million years and had profound impacts on marine ecosystems, the legacy of which are even felt today.

"The rocks rich in organic matter that accumulated during these events are by far the largest source of commercial oil and gas reserves globally.

As well as explaining the cause of extreme biological turmoil in the Mesozoic, the study's findings highlight the devastating effects that nutrient overloading can have on marine environments today.

The team of researchers xplained how present-day human activities have reduced mean oceanic oxygen levels by about two per cent -- leading to a significant expanse in anoxic water masses.

Prof Gernon added: "Studying geological events offers valuable insights that can help us grasp how the Earth may respond to future climatic and environmental stresses."

Overall, the team's findings reveal a stronger-than-expected connection between the Earth's solid interior and its surface environment and biosphere, especially during periods of tectonic and climatic upheaval.

"It's remarkable how a chain of events within the Earth can impact the surface, often with devastating effects," added Prof Gernon.

"Tearing continents apart can have profound repercussions for the course of evolution."
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Researchers map 50,000 of DNA's mysterious 'knots' in the human genome | ScienceDaily
Innovative study of DNA's hidden structures may open up new approaches for treatment and diagnosis of diseases, including cancer.


						
DNA is well-known for its double helix shape. But the human genome also contains more than 50,000 unusual 'knot'-like DNA structures called i-motifs, researchers at the Garvan Institute of Medical Research have discovered.

Published today in The EMBO Journalis the first comprehensive map of these unique DNA structures, shedding light on their potential roles in gene regulation involved in disease.

In a landmark 2018 study, Garvan scientists were the first to directly visualise i-motifs inside living human cells using a new antibody tool they developed to recognise and attach to i-motifs. The current research builds on those findings by deploying this antibody to identify i-motif locations across the entire genome.

"In this study, we mapped more than 50,000 i-motif sites in the human genome that occur in all three of the cell types we examined," says senior author Professor Daniel Christ, Head of the Antibody Therapeutics Lab and Director of the Centre for Targeted Therapy at Garvan. "That's a remarkably high number for a DNA structure whose existence in cells was once considered controversial. Our findings confirm that i-motifs are not just laboratory curiosities but widespread -- and likely to play key roles in genomic function."

Curious DNA i-motifs could play a dynamic role in gene activity

I-motifs are DNA structures that differ from the iconic double helix shape. They form when stretches of cytosine letters on the same DNA strand pair with each other, creating a four-stranded, twisted structure protruding from the double helix.




The researchers found that i-motifs are not randomly scattered but concentrated in key functional areas of the genome, including regions that control gene activity.

"We discovered that i-motifs are associated with genes that are highly active during specific times in the cell cycle. This suggests they play a dynamic role in regulating gene activity," says Cristian David Pena Martinez, a research officer in the Antibody Therapeutics Lab and first author of the study.

"We also found that i-motifs form in the promoter region of oncogenes, for instance the MYC oncogene, which encodes one of cancer's most notorious 'undruggable' targets. This presents an exciting opportunity to target disease-linked genes through the i-motif structure," he says.

I-motifs hold promise for new type of therapies and diagnostics 

"The widespread presence of i-motifs near these 'holy grail' sequences involved in hard-to-treat cancers opens up new possibilities for new diagnostic and therapeutic approaches. It might be possible to design drugs that target i-motifs to influence gene expression, which could expand current treatment options," says Associate Professor Sarah Kummerfeld, Chief Scientific Officer at Garvan and co-author of the study.

Professor Christ adds that mapping i-motifs was only possible thanks to Garvan's world-leading expertise in antibody development and genomics. "This study is an example of how fundamental research and technological innovation can come together to make paradigm-shifting discoveries," he says.

This research was supported by funding from the National Health and Medical Research Council.

Professor Daniel Christ is a Conjoint Professor at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney. Associate Professor Sarah Kummerfeld is a Conjoint Associate Professor at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney.
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Can fungi turn food waste into the next culinary sensation? | ScienceDaily
Chef-turned-chemist Vayu Hill-Maini has a passion: to turn food waste into culinary treats using fungi.


						
One of his collaborators is Rasmus Munk, head chef and co-owner of the Michelin two-star restaurant Alchemist in Copenhagen, who serves a dessert -- orange-colored Neurospora mold grown on rice -- inspired by Hill-Maini.

For the past two years, Hill-Maini has worked with a team of chefs at Blue Hill at Stone Barns, a Michelin two-star restaurant in Pocantico Hills, New York, to generate tasty morsels from Neurospora mold grown on grains and pulses, including the pulp left over from making oat milk. At Blue Hill, you may soon be served a patty of grain covered with orange Neurospora with a side of moldy bread -- orange Neurospora grown on rice bread that, when fried, smells and tastes like a toasted cheese sandwich.

That's only the beginning for Hill-Maini, a Miller postdoctoral fellow at the University of California, Berkeley. Working in the lab of Jay Keasling, UC Berkeley professor of chemical and biomolecular engineering, he has devoted himself to learning everything there is to know about Neurospora intermedia -- a widespread fungus that is traditionally used in Indonesia to make a food called oncom (pronounced ahn' cham) from soy pulp -- so it can be adapted broadly to Western food waste and Western palates.

"Our food system is very inefficient. A third or so of all food that's produced in the U.S. alone is wasted, and it isn't just eggshells in your trash. It's on an industrial scale," said Hill-Maini. "What happens to all the grain that was involved in the brewing process, all the oats that didn't make it into the oat milk, the soybeans that didn't make it into the soy milk? It's thrown out."

When a fellow chef from Indonesia introduced him to fermented oncom, he said it struck him that "this food is a beautiful example of how we can take waste, ferment it and make human food from it. So let's learn from this example, study this process in detail, and maybe there's broader lessons we can draw about how to tackle the general challenge of food waste."

Hill-Maini's evangelizing about the benefits of Neurospora inspired Blue Hill to install an incubator and tissue culture hood in its test kitchen this summer, allowing the restaurant to dive more deeply into fungal foods. Before, Luzmore, chef in charge of special projects, FedExed various substrates to Hill-Maini's lab at the Joint BioEnergy Institute (JBEI) in Emeryville, California, near UC Berkeley, where Neurospora magically transformed them for study. Luzmore has tasted many Neurospora experiments, though his favorite is made fromstale rice bread.




"It's incredibly delicious. It looks and tastes like you grated cheddar onto bread and toasted it," Luzmore said. "It's a very clear window into what can be done with this."

While people from many cultures have long eaten foods transformed by fungi -- grain turned into alcohol by yeast, milk curds turned into blue cheese by Penicillium mold, soy sauce and miso produced from soybeans by koji mold (Aspergillus oryzae) -- oncom is unique in being produced from waste food. Developed by native Javans long ago, it appears to be the only human food fermented solely by Neurospora mold. But not for long.

A paper by Hill-Maini about the genetics of the Neurospora intermedia strains that transform soy milk waste into oncom, and how the fungi chemically alter 30 different kinds of plant waste, will be published online Aug. 29 in the journal Nature Microbiology.

"In the last few years, I think, fungi and molds have caught the public eye for their health and environmental benefits, but a lot less is known about the molecular processes that these fungi carry out to transform ingredients into food," he said. "Our discovery, I think, opens our eyes to these possibilities and unlocks further the potential of these fungi for planetary health and planetary sustainability."

A nutritious snack in 36 hours

In West Java, oncom comes in two varieties: red oncom, which is made by fermenting soy pulp left over from making tofu, and black oncom, which is grown on the leftover pressings from making peanut oil. They're used similarly -- in stir-fries, as fried snacks and with rice as a dumpling filling.




One of the amazing things about these moldy concoctions, Hill-Maini found, is that the fungi transform indigestible plant material -- polysaccharides, including pectin and cellulose, originating from the plant cell wall -- into digestible, nutritious and tasty food in about 36 hours.

"The fungus readily eats those things and in doing so makes this food and also more of itself, which increases the protein content," he said. "So you actually have a transformation in the nutritional value. You see a change in the flavor profile. Some of the off-flavors that are associated with soybeans disappear. And finally, some beneficial metabolites are produced in high amounts."

Yeast -- a single-celled fungus -- is famously transformative, fermenting grain and fruit into alcohol. But the fungus that makes oncom is different: it's a filamentous fungus, growing and spreading as filaments identical to the mycorrhizae of fungi that live in forest soil and produce mushrooms. The oncom fungus does not produce mushrooms, however; it is like the mold that grows on spoiled food. The Penicillium mold that produces blue cheese and the koji mold that produces soy sauce, miso and sake are examples of filamentous fungi that raise bland food to a whole new level.

Oncom, however, is one of the only, if not the only, fungal food grown on food by-products. In the new paper, Hill-Maini demonstrated that N. intermedia can grow on 30 different types of agricultural waste, from sugar cane bagasse and tomato pomace to almond hulls and banana peels, without producing any toxins that can accumulate in some mushrooms and molds.

He also analyzed the genetics of the fungi that produce oncom. Surprisingly, he found that the fungus responsible for red oncom is primarily N. intermedia -- it was the main fungus in all 10 samples from West Java.

"What was very clear is, wow, this fungus is probably dominant and maybe sufficient for making this food possible, growing on the cellulose-rich soy milk waste and making the food in 36 hours," Hill-Maini said.

The fungi in black oncom, however, were dominated by a range of Rhizopus species that depended on where it was made. It also contained many bacteria. Tempeh, another ancient and popular Javanese source of protein, is also produced by Rhizopus mold fermenting fresh soybeans.

Delving deeper into the genetics of the Neurospora in red oncom and comparing its genes with the genes of Neurospora intermedia strains not found in red oncom, he discovered that there are essentially two types of the mold: wild strains found worldwide, and strains adapted specifically to agricultural waste produced by humans.

"What we think has happened is that there's been a domestication as humans started generating waste or by-products, and it created a new niche for Neurospora intermedia. And through that, probably the practice of making oncom emerged," Hill-Maini said. "And we found that those strains are better at degrading cellulose. So it seems to have a unique trajectory on waste, from trash to treasure."

But is it tasty?

Since the domesticated Neurospora strain degrades the cellulose in soy and peanut waste into a tasty food, Hill-Maini wondered if it could make other waste products edible.

"The most important thing, especially for me as a chef, is, 'Is it tasty?' Sure, we can grow it on all these different things, but if it doesn't have sensory appeal, if people don't perceive it positively outside of a very specific cultural context, then it might be a dead end," he said.

In collaboration with Munk at Alchemist, he presented red oncom to 60 people who had never encountered it before and asked their opinions.

"We found that, basically people who never tried this food before assigned it positive attributes -- it was more earthy, nutty, mushroomy," Hill-Maini said. "It consistently rated above six out of nine."

The chefs at Alchemist also grew Neurospora on peanuts, cashews and pine nuts and everyone liked those, too, he said.

"Its flavor is not polarizing and intense like blue cheese. It's a milder, savory kind of umami earthiness," Hill-Maini said. Different substrates impart their own flavors, however, including fruity notes when grown on rice hulls or apple pomace.

This led Munk to add a Neurospora dessert to Alchemist's menu: a bed of jellied plum wine topped with unsweetened rice custard inoculated with Neurospora, left to ferment for 60 hours and served cold, topped with a drop of lime syrup made from roasted leftover lime peel.

"We experienced that the process changed the aromas and flavors in quite a dramatic way -- adding sweet, fruity aromas," Munk said. "I found it mind-blowing to suddenly discover flavors like banana and pickled fruit without adding anything besides the fungi itself. Initially, we were thinking of creating a savory dish, but the results made us decide to instead serve it as a dessert."

This dessert was among other edible Neurospora fermentations discussed in a paper published last December in the International Journal of Gastronomy and Food Science, in which Hill-Maini, Munk and their colleagues reported on taste tests of oncom and oncom-like foods grown on substrates other than soy.

"I think it is amazing that we as a restaurant can contribute something like this to the scientific community," Munk added. "We have said from the start that Alchemist's ambition is to change the world through gastronomy, and this project has that kind of potential. I am very excited to see what other culinary applications this research can lead to in the future and using other waste products from the food industry."

Munk recently launched a food innovation center, Spora, initially focused on upcycling side-streams from the food industry and developing delicious and diverse protein sources.

A culinary upbringing

Hill-Maini grew up in a household centered around cooking. His mother, of Indian descent from Kenya, held cooking classes in their apartment in Stockholm, Sweden, in the 1990s, introducing Swedes to the spices and cooking styles of India. His father is of Cuban and Norwegian descent.

"Growing up, I got connected to cooking really early on as a way to understand my cultural heritage and where I came from," he said.

After high school, he took his love of cooking to New York City, where he worked low-level food-prep jobs at several restaurants before impressing one employer with the sandwiches he brought for lunch. At the age of 18, he was chosen to redesign the menu of a venerable sandwich shop in Manhattan. One creation was voted among the city's top veggie sandwiches by the New York Times.

He eventually returned to school, supporting himself as a chef for hire, and became interested in the science behind the chemical transformations possible with cooking. After obtaining his bachelor's degree from Carleton College in Northfield, Minnesota, he was accepted into the graduate program at Harvard University, where he studied biochemistry and did Ph.D. work on the gut microbiome.

"Then, you know, I wanted to come back to the kitchen," he said. "The Miller Fellowship was an opportunity to say, 'I have training in the culinary world. I have training in biochemistry, microbiology. How do I bring them together, especially looking at the sustainability challenges that we're facing and how wasteful and devastating our food system is on the planet?'"

With fellowship support, he visited restaurants -- including Blue Hill, Alchemist and the Basque Culinary Center in Spain -- to give workshops on fermentation.

"That inspired me to go back to Berkeley and think about my research differently," Hill-Maini said.

Blue Hill has hosted him five times over the past two years, most recently in late June to help inaugurate the restaurant's microbiology lab, where Luzmore hopes Hill-Maini and other chef-scientists will visit and experiment.

"The reason why we have loved working with Vayu so much is because I think he really embodies a lot of where we are going," Luzmore said. Now 20 years old, the for-profit Blue Hill restaurant and the nonprofit Stone Hill Farm are transitioning from being a champion of farm-to-table dining to "endeavoring to make research a bigger part of what we do here and not just have it be a farm and a restaurant, but really, hopefully, be a hub of innovation -- what I feel to be a sandbox -- and to bring people in, like Vayu, to do this research."

In addition to playing in Blue Hill's sandbox, Hill-Maini will soon have his own: a kitchen-equipped lab at Stanford University, where he has been appointed an assistant professor of bioengineering.

Taste test

Sauteing an oat milk waste burger he made in his Berkeley apartment last June, Hill-Maini talked enthusiastically about the opportunities opened up by Neurospora and the debt he owes to the Javanese, who long ago coopted the fungus to make oncom. Neurospora provides another type of fermentation complementary to the widely used koji mold, which in recent years has been adapted by chefs to transform so many foods that it has become tiresome, he said.

"This is a new tool in the chef's toolbox," he said.

Hill-Maini plated the perfectly-seared burger, indistinguishable from a small beef patty, on a bed of cashew-avocado sauce, pairing it with roasted sweet potatoes and a fresh cucumber-cherry tomato salad with herbs and lemon. He cut the burger with a fork, swirled it through the sauce and lifted it to his mouth.

"Mmm, look at that -- waste to food," he said. "It has good bite, it's savory, a note of mushrooms, some fun, fruity aromas."

In future research, he hopes to discover how Neurospora produces these flavors and aromas, but at the same time make a dent in the food waste stream.

"The science that I do -- it's a new way of cooking, a new way of looking at food that hopefully makes it into solutions that could be relevant for the world," he said.
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Gene therapy gets a turbo boost | ScienceDaily
For decades, scientists have dreamt of a future where genetic diseases, such as the blood clotting disorder hemophilia, could be a thing of the past. Gene therapy, the idea of fixing faulty genes with healthy ones, has held immense promise. But a major hurdle has been finding a safe and efficient way to deliver those genes.


						
Now, researchers at the University of Hawai'i's John A. Burns School of Medicine (JABSOM) have made a significant breakthrough in gene editing technology that could revolutionize how we treat genetic diseases. Their new method offers a faster, safer, and more efficient way to deliver healthy genes into the body, potentially leading to treatments for hundreds of conditions. This research was recently published in Nucleic Acids Research.

Here's how it works.

Current methods can fix errors in genes, but they can also cause unintended damage by creating breaks in the DNA. Additionally, they struggle to insert large chunks of genetic material such as whole genes.

The new technique, developed by Dr. Jesse Owens along with his team Dr. Brian Hew, Dr. Ryuei Sato and Sabranth Gupta, from JABSOM's Institute for Biogenesis Research and Cell and Molecular Biology Department, addresses these limitations. They used laboratory evolution to generate a new super-active integrase capable of inserting therapeutic genes into the genome at record-breaking efficiencies.

"It's like having a "paste" function for the human genome," said Dr. Owens. "It uses specially engineered 'integrases' to carefully insert healthy genes into the exact location needed, without causing breaks in the DNA. This method is much more efficient, with success rates of up to 96% in some cases."

"This could lead to faster and more affordable treatments for a wide range of diseases, potentially impacting hundreds of conditions with a single faulty gene," said Dr. Owens.




Faster Development of Treatments and a Broader Range of Applications

The implications of this research extend beyond gene therapy. The ability to efficiently insert large pieces of DNA has applications in other areas of medicine.

When making cell lines to produce therapeutic proteins, the gene encoding the protein is usually randomly inserted into the genome, and it rarely lands in a location in the genome that is good for production. This is like searching for a needle in a haystack. Additionally, finding a cell with the gene inserted correctly and producing the desired protein can take many months.

Instead of searching for a needle in a haystack, Dr. Owens' technique makes a stack of needles. It delivers the gene directly to the desired location, significantly speeding up the development process.

"JABSOM takes pride in nurturing talented researchers like Jesse Owens, whose work has the power to create a global impact," said Sam Shomaker, dean of the University of Hawai'i John A. Burns School of Medicine. "This research, conducted in our lab in the middle of the Pacific, has the potential to significantly improve the way we treat genetic diseases."

Dr. Owens' team is exploring how this technique could accelerate the development and manufacture of biologics and advanced therapies such as antibodies. Currently, finding the right cell line for efficient production can be a time-consuming process. However, Dr. Owens' new genome engineering tool can reduce the cell line development timeline and accelerate the manufacture of life-saving therapeutics.

Dr. Owens has founded a 501c3 nonprofit aimed at supporting local research in genetic engineering in Hawaii.
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Study reveals crucial role of mixing Atlantic and Arctic waters in global ocean circulation | ScienceDaily
A new study sheds light on the vital role that the mixing of Atlantic and Arctic waters plays in sustaining the Atlantic Meridional Overturning Circulation (AMOC), which is crucial for regulating Earth's climate.


						
Researchers from the University of Southampton, the Indian Institute of Technology Bhubaneswar, the National Oceanography Centre and Stockholm University analysed ocean data from 1979 to 2021 to better understand how the mixing of Atlantic and Arctic waters helps to maintain the AMOC.

The AMOC acts like a giant ocean conveyor belt moving warm water from the tropics north and cold water south, distributing heat around the planet. It helps to keep Northern Europe, including the UK, relatively mild compared to other regions at similar latitudes.

The study published in Nature Communications found that the lower limb of the AMOC -- the part of this 'conveyor belt' consisting of deep, cold, dense water flowing southward in the Atlantic Ocean -- is composed of 72 per cent Atlantic waters and 28 per cent Arctic waters.

"As the warm water reaches the cooler regions of the North Atlantic, it loses heat to the atmosphere, becomes denser, and sinks to great depths," explains Dr Dipanjan Dey, lead author of the paper from the, who undertook the research as a postdoctoral researcher at the University of Southampton.

"We found that while some of this dense water immediately returns south, much of it travels northward, where it mixes with colder, fresher Arctic waters in regions like the Denmark Strait, between Iceland and Greenland. This mixing process makes the waters even denser before they too flow southward, contributing to the AMOC's strength."

The researchers estimate that the mixing of Atlantic and Arctic waters is responsible for 33 per cent of the transformation of warm, salty, water into colder, fresher and denser water, with 67 per cent attributed to interactions between the ocean and the atmosphere.




The study challenges previous assumptions that focused mainly on heat loss in specific areas without accounting for the critical role of Atlantic-Arctic water mixing.

Models predict that the AMOC could slow down as the planet warms due to climate change. A weaker, shallower AMOC circulation, as happened during the last Ice Age, has major consequences for global climate patterns.

The new insights into the role of the mixing of Atlantic and Arctic waters help us to better understand these processes.

Professor Robert Marsh, a coauthor on the paper from the University of Southampton, explains: "As the ocean surface warms and becomes fresher, the resulting increase in stratification (layering of water) hinders this crucial mixing between Atlantic and Arctic waters. This reduced mixing weakens the AMOC by decreasing the density and depth of its southward flow, potentially leading to an overall slowdown of the circulation.

"A slowdown in circulation of the AMOC would have major consequences, from much colder temperatures in Northern Europe to sea level rises along the eastern coast of the United States. If it weakens significantly there could be abrupt, dramatic, and potentially irreversible changes to our planet's climate."

A weaker, shallower AMOC could also shorten the time carbon dioxide stays in the ocean before being released back into the atmosphere, potentially accelerating climate change and its impacts.

"Climate models need to accurately represent these water mixing processes to better predict future climate scenarios," says Dr Dey. "Our study highlights the complex interplay between our climate and global ocean circulation processes. We need to urgently address global warming to avoid crossed potential tipping points where the circulation could slow down significantly, or even collapse."
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New model to enhance extreme rainfall prediction | ScienceDaily
Scientists have developed new guidance and tools that could significantly improve the prediction of life-threatening flash flooding.


						
New research by an international team of climate experts shows intense, localised, heavy bursts of rainfall can be caused by a rapid rise of air through clouds and proves that these rises in air can be forecast. The team have developed a unique, cutting-edge modelling system marking a fundamental change in how we identify and forecast life threatening, short-duration, extreme rainfall. Better prediction of these intense downpours will help provide crucial time for communities to prepare for extreme weather which can lead to devastating flash floods such as was seen in Boscastle in August 2004 or London in August 2022.

Published in the journal Weather and Climate Extremes, the study was led by the Met Office and Newcastle University, with support from the Universidad de Costa Rica, San Jose, Costa Rica and the Adam Mickiewicz University, Pozna?, Poland.

Study lead author, Met Office Principal Fellow, and Visiting Professor at Newcastle University's School of Engineering, Paul Davies, said: "The new model is aimed at enhancing the UK's resilience to extreme weather events, which are becoming more frequent and intense due to climate change. This approach addresses the urgent need for improved prediction capabilities and will help both UK and global communities in mitigating the risks associated with increasingly extreme weather events."

Paul added: "In order to understand these extreme rainfall events we have made an exciting discovery: the presence of a three-layered atmospheric structure, consisting of Moist Absolute Unstable Layers sandwiched between a stable upper layer and a near-stable low layer."

The new research focuses on the atmospheric properties of the extreme rainfall environment, with a particular focus on the thermodynamics associated with sub-hourly rainfall production processes. It identifies a distinctive three-layered atmospheric structure crucial to understanding localised downpours. and associated large-scale atmospheric regimes which might enable further-ahead prediction of the occurrence of extreme downpours and flash flooding.

Study co-author, Hayley Fowler, Professor of Climate Change Impacts at Newcastle University, added: "I am delighted to help to lead such exciting new research which provides a paradigm shift in thinking about extreme rainfall processes. We will further develop this model into an operational system which can help to deliver on the UN's call for Early Warnings for All, which aims to ensure universal protection from hazardous weather, water, or climate events through life-saving early warning systems by the end of 2027. With human-induced climate change leading to more extreme weather conditions, the need for accurate early warning systems is more critical now than ever before."

This research offers the potential to develop an 'extreme rainfall warning system enhancing the capability of forecasters and users to identify and predict dangerous flash floods, thereby improving public safety and preparedness.

The Met Office is a Category 2 Responder and is responsible for warning emergency responders and governments, and the public about the potential impacts from severe weather and the risks to life and property. Flooding can have severe impacts, and the Met Office works closely with partners, such as Environment Agency, the Scottish Environment Protection Agency, and Local Resilience Forum, etc. supporting the delivery of flood forecasts and warnings. The Met Office is also part of the Natural Hazards Partnership consortium which helps deliver co-ordinated assessments, research and advice on natural hazards for governments and resilience communities across the UK.
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This tiny backyard bug does the fastest backflips on earth | ScienceDaily
Move over, Sonic. There's a new spin-jumping champion in town -- the globular springtail (Dicyrtomina minuta). This diminutive hexapod backflips into the air, spinning to over 60 times its body height in the blink of an eye, and a new study features the first in-depth look at its jumping prowess.


						
Globular springtails are tiny, usually only a couple millimeters in body length. They don't fly, bite or sting. But they can jump. In fact, jumping is their go-to (and only) plan for avoiding predators. And they excel at it -- to the naked eye it seems as though they vanish entirely when they take off.

"When globular springtails jump, they don't just leap up and down, they flip through the air -- it's the closest you can get to a Sonic the Hedgehog jump in real life," says Adrian Smith, research assistant professor of biology at North Carolina State University and head of the evolutionary biology and behavior research lab at the North Carolina Museum of Natural Sciences. "So naturally I wanted to see how they do it."

Finding the globular springtails was easy enough -- they're all around us. The ones in this study are usually out from December through March. Smith "recruited" his research subjects by sifting through leaf litter from his own backyard. But the next part proved to be the most challenging.

"Globular springtails jump so fast that you can't see it in real time," Smith says. "If you try to film the jump with a regular camera, the springtail will appear in one frame, then vanish. When you look at the picture closely, you can see faint vapor trail curlicues left behind where it flipped through the one frame."

Smith solved that problem by using cameras that shoot 40,000 frames per second. He urged the springtails to jump by shining a light on them or lightly prodding them with an artist's paintbrush. Then he looked at how they took off, how fast and far they went, and how they landed.

Globular springtails don't use their legs to jump. Instead, they have an appendage called a furca that folds up underneath their abdomen and has a tiny, forked structure at its tip. When the springtails jump, the furca flips down and the forked tip pushes against the ground, launching them into a series of insanely fast backflips.




What do we mean by insanely fast?

"It only takes a globular springtail one thousandth of a second to backflip off the ground and they can reach a peak rate of 368 rotations per second," Smith says. "They accelerate their bodies into a jump at about the same rate as a flea, but on top of that they spin. No other animal on earth does a backflip faster than a globular springtail."

The springtails were also able to launch themselves over 60 millimeters into the air -- more than 60 times their own height. And in most cases, they went backward.

"They can lean into a jump and go slightly sideways, but when launching from a flat surface, they mostly travel up and backward, never forward," says Jacob Harrison, a postdoctoral researcher at the Georgia Institute of Technology and paper co-author. "Their inability to jump forward was an indication to us that jumping is primarily a means to escape danger, rather than a form of general locomotion."

Landing was found in two styles: uncontrolled and anchored. Globular springtails do have a sticky forked tube they can evert -- or push out of their bodies -- to grapple a surface or halt their momentum, but Smith observed that bouncing and tumbling to a stop was just as common as anchored landings.

"This is the first time anyone has done a complete description of the globular springtail's jumping performance measures, and what they do is almost impossibly spectacular," Smith says. "This is a great example of how we can find incredible, and largely undescribed, organisms living all around us."
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Researchers unveil scalable graphene technology to revolutionize battery safety and performance | ScienceDaily
Researchers at Swansea University, in collaboration with Wuhan University of Technology, Shenzhen University, have developed a pioneering technique for producing large-scale graphene current collectors.


						
This breakthrough promises to significantly enhance the safety and performance of lithium-ion batteries (LIBs), addressing a critical challenge in energy storage technology.

Published in Nature Chemical Engineering, the study details the first successful protocol for fabricating defect-free graphene foils on a commercial scale. These foils offer extraordinary thermal conductivity -- up to 1,400.8 W m-1 K-1 -- nearly ten times higher than traditional copper and aluminium current collectors used in LIBs.

"This is a significant step forward for battery technology," said Dr Rui Tan, co-lead author from Swansea University. "Our method allows for the production of graphene current collectors at a scale and quality that can be readily integrated into commercial battery manufacturing. This not only improves battery safety by efficiently managing heat but also enhances energy density and longevity."

One of the most pressing concerns in the development of high-energy LIBs, especially those used in electric vehicles, is thermal runaway -- a dangerous scenario where excessive heat leads to battery failure, often resulting in fires or explosions. These graphene current collectors are designed to mitigate this risk by efficiently dissipating heat and preventing the exothermic reactions that lead to thermal runaway.

"Our dense, aligned graphene structure provides a robust barrier against the formation of flammable gases and prevents oxygen from permeating the battery cells, which is crucial for avoiding catastrophic failures," explained Dr Jinlong Yang, co-lead author from Shenzhen University.

The newly developed process is not just a laboratory success but a scalable solution, capable of producing graphene foils in lengths ranging from meters to kilometres. In a significant demonstration of its potential, the researchers produced a 200-meter-long graphene foil with a thickness of 17 micrometers. This foil retained high electrical conductivity even after being bent over 100,000 times, making it ideal for use in flexible electronics and other advanced applications.

This new approach also allows for the production of graphene foils with customizable thicknesses, which could lead to even more efficient and safer batteries.

This innovation could have wide-reaching implications for the future of energy storage, particularly in electric vehicles and renewable energy systems, where safety and efficiency are paramount. This international collaborative research team led by Prof Liqiang Mai and Prof Daping He from Wuhan University of technology, Dr Jinlong Yang from Shenzhen University and Dr Rui Tan from Swansea University is continuing to refine their process, with ongoing efforts to reduce the thickness of the graphene foils and further enhance their mechanical properties, also exploring this new material beyond Li-ion batteries, such as redox flow batteries and sodium-ion batteries with the assistance from Professor Serena Margodonna's group at Swansea University.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240829131649.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            All Top News
          
          	
            Sections
          
          	
            Technology News
          
        

      

      Health News

      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        Researchers identify mechanism underlying allergic itching, and show it can be blocked
        Researchers identified a mechanism for why some people will itch from an allergen or mosquito bite exposure, while others will not in a new study, and showed this pathway can be targeted to prevent allergic responses in preclinical models.

      

      
        A new role for intelligent tutors powered by AI in brain surgery?
        Researchers are designing real-time, intelligent tutors powered by AI. These systems mimic human surgical instructors in brain surgical training. Intelligent tutors help the learner acquire excellent skills by continuously assessing hand movements during simulated brain procedures and providing personalized verbal feedback.

      

      
        Prescribing nature can improve happiness and reduce anxiety
        Green Social Prescribing is the practice of supporting people with mental health needs to engage in nature-based activities. Referrals will typically come from GPs, community mental health teams, or social workers, but people can also self-refer. Social Prescribing Link Workers, and other trusted professionals, then connect people to community groups and agencies for practical and emotional support. There are many different types of nature-based activities and therapies, including conservation, h...

      

      
        Kidney disease in cats: High-quality feline iPSCs generated without genetic footprint
        High-quality feline induced pluripotent stem cells (iPSCs) have now been generated. The feline iPSCs are also footprint- and feeder-free. Further research using these stem cells is expected to elucidate the pathogenesis of cats' chronic kidney disease and develop therapeutic agents.

      

      
        Flexible tentacle electrodes precisely record brain activity
        Researchers have developed ultra-flexible brain probes that accurately record brain activity without causing tissue damage. This opens up new avenues for the treatment of a range of neurological and neuropsychiatric disorders.

      

      
        A new drug target for psychiatric disorders
        Scientists have identified a molecular intermediate of a serotonin receptor that is involved in diseases such as depression and schizophrenia. The study points to a potentially new target for therapeutics.

      

      
        'Forever chemicals' influence the development and function of the brain
        Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as 'forever chemicals'. They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved.

      

      
        Scientists use magnetic nanotech to safely rewarm frozen tissues for transplant
        Every day, people die waiting for an organ transplant. Time is at a premium, not just for those awaiting organs, but also for the organs themselves, which can deteriorate rapidly during transportation. Looking to extend the viability of human tissues, researchers report on their efforts to facilitate completely freezing, rather than cooling and then thawing, potentially life-saving organs. They demonstrate a magnetic nanoparticle's successful rewarming of animal tissues.

      

      
        Banning friendships can backfire: Moms who 'meddle' make bad behavior worse
        Bad behavior often occurs away from home, leading parents to blame and limit contact with peers. However, a new study shows that banning friendships can backfire, worsening behavior instead of improving it. When moms disapprove of their kids' friends in an effort to curb misbehavior, it often alienates the child from their peers, exacerbating the very issues they aimed to prevent. Meddling in friendships can harm a child's social standing and lead to greater adjustment difficulties.

      

      
        Newly discovered gene may influence longevity
        It turns out that a particular gene has a great influence on longevity, a new study concludes. This may pave the way for new treatment.

      

      
        Researchers reveal key LAG3 mechanisms that could transform cancer immunotherapy
        Immune checkpoint inhibitors are a type of cancer treatment that helps the immune system attack cancer cells more effectively. One of the key proteins involved in this process is Lymphocyte Activation Gene-3 (LAG3), which suppresses the antitumor immune response. Researchers have made an important discovery about LAG3, revealing how it interacts with other proteins to control immune activity. Their study could lead to better cancer treatments by enhancing the effectiveness of immune checkpoint in...

      

      
        Investigational mpox mRNA vaccine reduces disease severity in primates compared to available vaccines
        The most frequently used mpox vaccine provides partial immunity to the disease but isn't always able to prevent severe symptoms or disease transmission. A new vaccine candidate from Moderna, mRNA-1769, more effectively limits symptoms and disease duration in primates that were infected with a lethal strain of the mpox virus when compared to a currently licensed modified vaccinia Ankara (MVA) vaccine.

      

      
        A new artificial intelligence tool for cancer
        The new approach marks a major step forward in the design of AI tools to support clinical decisions in cancer diagnosis, therapy. The model uses features of a tumor's microenvironment to forecast how a patient might respond to therapy and to help inform individualized treatments. The model can expedite the identification of patients not likely to benefit from standard treatments used in some forms of cancer.

      

      
        High cholesterol levels at a young age significant risk factor for atherosclerosis
        Our risk of developing atherosclerosis -- 'furring' of the arteries -- can begin much earlier in life than was previously thought, highlighting the need to keep cholesterol levels low even when we are young, new research has discovered.

      

      
        Novel immunotherapy improves recovery from spinal cord injury
        Researchers have designed, in mice, an approach to minimizing the damage from a spinal cord injury through the use of engineered immune cells. Mice given the treatment had improved recovery from injuries, demonstrating potential for developing the therapy for people.

      

      
        Epigenetic changes reprogram astrocytes into brain stem cells
        Resting brain stem cells hardly differ from normal astrocytes, which support the nerve cells in the brain. How can almost identical cells perform such different functions? The key lies in the methylation of their genetic material, which endowes these special astrocytes with stem cell properties. In mice, the researchers showed that experimentally induced lack of blood supply in the brain epigenetically reprograms astrocytes into brain stem cells, which in turn can give rise to nerve progenitor ce...

      

      
        A sensory pen which can read Braille could improve literacy amongst the visually impaired
        A pen which can transform Braille into English text has been developed.

      

      
        Adolescent glioma subtype responds to CDK4/6 inhibitor
        Researchers took a deep look at tumor samples from patients with diffuse hemispheric glioma and discovered an unexpected vulnerability to CDK4/6 inhibitors.

      

      
        New study uncovers key mechanisms responsible for the transformation of adult progenitors into brain tumors
        A new study sheds light on why certain oligodendrocyte progenitor cells (OPCs) in the adult brain transform into gliomas, the most common and incurable type of adult brain tumors.

      

      
        Can technology turn exercise pain into pleasure?
        Most exercisers stop 'exer-gaming' when the program gets too tough or dull -- could sensors that tune into a person's emotional state reverse low adherence?

      

      
        Can't stop belching? Dietary habits or disease could be the reason
        A research team conducted a web survey of 10,000 adults to examine the relationship between the rate of belching disorders, comorbidities, and lifestyles in Japan. The results showed that 1.5% had belching disorders. The team also found some factors significantly related to the development of belching disorders.

      

      
        Hundreds of new cancer driver genes predicted by algorithm
        Researchers have identified 813 possible cancer driver genes, significantly expanding the list of potential therapeutic targets for treating the disease. The genes help cancer cells grow through a non-mutational mechanism known as splicing. According to the study the number of genes affected by alterations in splicing could be as common as those affected by mutation-driven mechanisms when it comes to the development of the disease.

      

      
        Insulin cells don't need to team up
        Our glycaemic balance is based on the ability of the pancreatic beta cells to detect glucose and secrete insulin to maintain our blood sugar levels. If these cells malfunction, the balance is broken, and diabetes develops. Until now, the scientific community agreed that beta cells needed the other hormone-producing cells of the pancreas to function properly. A team has now demonstrated the opposite: in adult mice whose pancreas contains only beta cells, glycaemia regulation and insulin sensitivit...

      

      
        Finger wrap uses sweat to provide health monitoring at your fingertips--literally
        A sweat-powered wearable has the potential to make continuous, personalized health monitoring as effortless as wearing a Band-Aid. Engineers have developed an electronic finger wrap that monitors vital chemical levels -- such as glucose, vitamins, and even drugs -- present in the same fingertip sweat from which it derives its energy.

      

      
        Children's behavioral problems are linked to higher hair cortisol levels
        In a study involving 11-year-olds, researchers have concluded that greater behavioral problems are linked to higher hair cortisol levels. The study also concluded that exposure to certain factors that can simultaneously cause chronic stress may determine the concentration of cortisol in the hair.

      

      
        Targeted cancer therapies: Getting radioactive atoms to accumulate in tumors
        Compounds containing astatine-211 (211At) can be used in targeted radiotherapies for prostate cancer, but deastatination in the body remains a significant hurdle. Now, researchers have developed a new molecule with a neopentyl glycol structure that effectively prevents deastatination. The proposed structure can be leveraged to accumulate harmful 211At only in tumors while minimizing damage to healthy tissues, paving the way to effective prostate cancer treatment.

      

      
        Communication helps parent relationships with new college students but has limits
        When young adults first go off to college, more communication with parents generally leads to better relationships, but parents should avoid always initiating it, according to a new study. Researchers found that phone, text, video or in-person communication made first-year students feel better about the relationship with their parents. Students also felt better about the relationship when parents offered support or advice, and when they discussed important topics, such as studying and friendships...

      

      
        How zebrafish map their environment
        Researchers are turning to zebrafish to unlock the secrets of place cells, which play a crucial role in forming mental maps of space, social networks, and abstract relationships. Until now, place cells have only been found in mammals and birds, leaving the question of how other species internally represent the external world largely unanswered.

      

      
        How gene regulation changes over a lifetime
        Scientists have discovered that coordination between basic cellular processes is lost with increasing age.

      

      
        Dangerous airborne fungus boosted by California droughts
        Researchers have identified the seasonal and climate-based cycles of Valley fever, an emerging but dangerous fungal disease spread through dust in the air.

      

      
        Rising temperatures in Africa may increase perinatal deaths
        Heatwaves in sub-Saharan Africa are predicted to become more common due to climate change. A new study reveals a worrying correlation between high temperatures in the final week of pregnancy and an increased risk of stillbirth and early neonatal mortality.

      

      
        How cheerful is that water bottle?
        New research shows consumers use 'happier' words to search for products when they are in a good mood. Researchers have connected those positive search terms with an increased likelihood of clicking on search engine ads.

      

      
        Ketamine clinics vary widely in pregnancy-related safeguards
        With ketamine for depression & PTSD growing rapidly in use, but with concerns about potential impact on a fetus, a study shows wide variation in pregnancy testing & contraception guidance at clinics offering IV and nasal spray treatment.

      

      
        Pregnancy-related heart failure is under-detected; AI-enabled stethoscope helped doctors diagnose twice as many cases
        Heart failure during pregnancy is a dangerous and often under-detected condition because common symptoms -- shortness of breath, extreme fatigue and trouble breathing while lying down -- are easily mistaken for typical pregnancy discomforts. A new study showed an artificial intelligence (AI)-enabled digital stethoscope helped doctors identify twice as many cases of heart failure compared to a control group that received usual obstetric care and screening.

      

      
        New approach can help detect and predict mental health symptoms in teens
        The majority of mental health disorders manifest during adolescence and relate to a multiplex interplay of neurobiological and environmental factors. Instead of considering these factors in isolation, a newly developed manifold learning technique can model brain-environmental interactions, which vastly improves detection of existing mental health symptoms and prediction of future ones compared to current methods. The study underscores the importance of considering the adolescent brain in conjunct...

      

      
        Inflammation leaves a long-lasting impression on intestinal stem cells that reduces their ability to heal
        Researchers have discovered that inflammation in the gut leaves long-term marks on intestinal stem cells (ISCs) that reduce their ability to heal the intestine, even after inflammation has receded. This is important because it affects ISCs' response to future challenges.

      

      
        Scientists identify potential new immune system target to head off the spread of breast cancer cells
        In a study using human breast cancer cells, scientists say they have potentially identified immune system white blood cells that appear to be the closest neighbors of breast cancer cells that are likely to spread. The researchers say the finding, focused on a white blood cell called a macrophage, may provide a new biological target for immunotherapies designed to destroy spreading cancer cells that are often markers for worsening disease.

      

      
        Unveiling the molecular mechanisms linking aging with neurodegenerative diseases
        Aging is a major risk factor for neurodegenerative diseases, but the molecular mechanisms behind this relationship are not clear. In a recent study, researchers explored the role of PQBP3, a protein that helps stabilize the nuclear membrane, in cellular senescence and neurodegeneration. Their findings suggest that PQBP3 might be a promising therapeutic target for managing neurodegenerative diseases and the neuronal symptoms of aging.

      

      
        Keep devices out of bed for better sleep
        Despite what we've been led to believe, the timing of evening screen use, rather than the activity itself, negatively impacts youth sleep, a new study has found.

      

      
        From cavities to sleep apnea: Dentists can assume new role in saving lives
        New research reveals how dental check-ups could be the first line of defense against deadly sleep disorders.

      

      
        Researchers develop tool that measures health of a person's gut microbiome
        A team of researchers has developed an innovative computational tool that analyzes the gut microbiome, a complex ecosystem of trillions of bacteria, fungi, viruses and other microorganisms within the digestive system, to provide insights into overall well-being.

      

      
        Artificial intelligence likely to play an increasing role in scientific publications
        In the coming years, AI is poised to transform the writing of scientific manuscripts, assist in reviewing them, and help editors select the most impactful papers.

      

      
        Researchers give adult zebra finches back their ability to learn new songs
        We all know the adage, 'You can't teach an old dog new tricks.' As we age, our ability to learn new skills, like mastering a foreign language or picking up a musical instrument, seems to fade. The culprit? A decline in brain plasticity - the brain's capacity to rewire itself and adapt to new challenges. But what if we could rewind the clock on this age-related decline? A new study offers a tantalizing glimpse into this possibility.

      

      
        Open wide: Human mouth bacteria reproduce through rare form of cell division
        New research has uncovered an extraordinary mechanism of cell division in Corynebacterium matruchotii, one of the most common bacteria living in dental plaque. The filamentous bacterium doesn't just divide, it splits into multiple cells at once, a rare process called multiple fission.

      

      
        False-positive mammograms discourage some women from future screenings
        A false-positive mammogram may deter women from future screenings, according to a new study. But staying on schedule remains key to early detection of cancer.

      

      
        Young adults let down by 'postcode lottery' for ADHD treatment in UK
        A UK survey has found huge variation in treatment for ADHD, highlighting the struggle many young adults face once they turn 18. Researchers have warned that the current system is failing many young adults as they transition from children's to adult's services -- suddenly finding themselves unable to access treatment because services do not link up effectively.

      

      
        Global South cities lack cooling green spaces
        Cities in the Global South are more exposed to extreme heat because they lack cooling green spaces, new research shows.

      

      
        Blood stem cell breakthrough could transform bone marrow transplants
        Researchers have made a world first breakthrough into creating blood stem cells that closely resemble those in the human body. And the discovery could soon lead to personalized treatments for children with leukemia and bone marrow failure disorders.

      

      
        Clinical trial finds finerenone reduces worsening heart failure and cardiovascular death
        Finerenone reduced the composite of total first and recurrent heart failure (HF) events (hospitalizations for HF or urgent HF visits) and cardiovascular death in patients with HF and mildly reduced or preserved ejection fraction, according to an international clinical trial.

      

      
        Wearable heart monitor increases diagnosis of irregular heart rhythm
        Wearable, long-term continuous heart monitors helped identify 52% more cases of atrial fibrillation compared to usual care, but that did not lead to a reduction in hospitalizations due to stroke, according to a new study.

      

      
        
          	
            All Top News
          
          	
            Sections
          
          	
            Technology News
          
        

      

    

  
	
	Articles
	Sections
	Next



Researchers identify mechanism underlying allergic itching, and show it can be blocked | ScienceDaily
Why do some people feel itchy after a mosquito bite or exposure to an allergen like dust or pollen, while others do not? A new study has pinpointed the reason for these differences, finding the pathway by which immune and nerve cells interact and lead to itching. The researchers, led by allergy and immunology specialists at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system, then blocked this pathway in preclinical studies, suggesting a new treatment approach for allergies. The findings are published in Nature.


						
"Our research provides one explanation for why, in a world full of allergens, one person may be more likely to develop an allergic response than another," said senior and corresponding author Caroline Sokol, MD, PhD, an attending physician in the Allergy and Clinical Immunology Unit at MGH, and assistant professor of medicine at Harvard Medical School. "By establishing a pathway that controls allergen responsiveness, we have identified a new cellular and molecular circuit that can be targeted to treat and prevent allergic responses including itching. Our preclinical data suggests this may be a translatable approach for humans."

When it comes to detecting bacteria and viruses, the immune system is front and foremost at detecting pathogens and initiating long-lived immune responses against them. However, for allergens, the immune system takes a backseat to the sensory nervous system. In people who haven't been exposed to allergens before, their sensory nerves react directly to these allergens, causing itchiness and triggering local immune cells to start an allergic reaction. In those with chronic allergies, the immune system can affect these sensory nerves, leading to persistent itchiness.

Previous research from Sokol and colleagues showed that the skin's sensory nervous system -- specifically the neurons that lead to itch -- directly detect allergens with protease activity, an enzyme-driven process shared by many allergens. When thinking about why some people are more likely to develop allergies and chronic itch symptoms than others, the researchers hypothesized that innate immune cells might be able to establish a "threshold" in sensory neurons for allergen reactivity, and that the activity of these cells might define which people are more likely to develop allergies.

The researchers performed different cellular analyses and genetic sequencing to try and identify the involved mechanisms. They found that a poorly understood specific immune cell type in the skin, that they called GD3 cells, produce a molecule called IL-3 in response to environmental triggers that include the microbes that normally live on the skin. IL-3 acts directly on a subset of itch-inducing sensory neurons to prime their responsiveness to even low levels of protease allergens from common sources like house dust mites, environmental molds and mosquitos. IL-3 makes sensory nerves more reactive to allergens by priming them without directly causing itchiness. The researchers found that this process involves a signaling pathway that boosts the production of certain molecules, leading to the start of an allergic reaction.

Then, they performed additional experiments in mouse models and found removal of IL-3 or GD3 cells, as well as blocking its downstream signaling pathways, made the mice resistant to the itch and immune-activating ability of allergens.

Since the type of immune cells in the mouse model is similar to that of humans, the authors conclude these findings may explain the pathway's role in human allergies.

"Our data suggest that this pathway is also present in humans, which raises the possibility that by targeting the IL-3-mediated signaling pathway, we can generate novel therapeutics for preventing an allergy," said Sokol. "Even more importantly, if we can determine the specific factors that activate GD3 cells and create this IL-3-mediated circuit, we might be able to intervene in those factors and not only understand allergic sensitization but prevent it."

Disclosures: Sokol is a paid consultant for Bayer and Merck and receives sponsored research support from GSK. Aderhold is a current employee of Werewolf Therapeutics. McAlpine is a paid consultant of Granite Bio. Woolf is a founder of Nocion Therapeutics, QurAlis and BlackBox Bio, and is on the scientific advisory board of Lundbeck Pharma, Axonis and Tafalgie Therapeutics. Villani has a financial interest in 10X Genomics, a company that designs and manufactures gene sequencing technology for use in research, and such technology is being used in this research.

Funding: This work was supported by grant no. T32HL116275 and a National Eczema Association Catalyst Research grant, National Institutes of Health (NIH) grants K99/R00 HL151750, R01 HL158534, R01 AG082185 and the Cure Alzheimer's Fund, grant nos. R35 HL135752, NIH R35 NS105076-01 and R01 AT011447, grant nos. DP2CA247831, R01AI15116, AAAAI Foundation and D.Y.M. Leung/JACI Editors Faculty Development Award, Food Allergy Science Initiative, Massachusetts General Hospital Howard Goodman Scholarship, and the Broad Institute Next Generation Scholar and Massachusetts General Hospital Transformative Scholar Award. Sokol receives extra sponsored research support from GlaxoSmithKline.
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A new role for intelligent tutors powered by AI in brain surgery? | ScienceDaily
Neurosurgery is perhaps one of the most demanding professions in healthcare. Surgeons spend long hours performing operations where expert performance means the difference between a good and bad patient outcome. While operative injuries are rare, when they occur, they can have serious, and lifelong consequences.


						
Researchers at the Neurosurgical Simulation and Artificial Intelligence Learning Centre at The Neuro (Montreal Neurological Institute-Hospital) of McGill University are striving to improve brain surgery training by designing real-time, intelligent tutors powered by AI. These systems are designed to mimic the role of human surgical instructors in brain surgical training. Intelligent tutors help the learner acquire excellent operative skills by continuously assessing hand movements during simulated brain procedures and providing personalized verbal feedback...

Educating the next generation of neurosurgeons is a long, expensive, and complex process. AI and simulation hold the potential to make the learning process easier while maintaining or enhancing the quality of graduating neurosurgeons' skills.

Their most recent study was the first randomized controlled trial comparing AI intelligent tutor instruction with human expert human instruction during simulated surgery. They divided 97 medical trainees into three groups, either receiving real-time AI feedback, in-person expert instruction or no real-time feedback.

The trainees who received AI instruction performed significantly better than those who received expert instruction and no real-time instruction. The study found that expert instruction alone led to poorer surgical learning outcomes. By employing their extensive expertise and the new opportunities provided by AI, surgical educators can provide new possibilities for learners to reach their potential as excellent surgeons.

"This study suggests the future of instruction in the operating room may involve human educators utilizing the capacity of AI to further enhance learner surgical skills acquisition," says Dr. Rolando Del Maestro, Director, Neurosurgical Simulation and Artificial Intelligence Learning Centre
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Prescribing nature can improve happiness and reduce anxiety | ScienceDaily
A PS5.77m cross-governmental funded project has shown that expanding access to Green Social Prescribing can promote wellbeing and improve mental health.


						
Researchers from the University of Exeter -- in partnership with the University of Sheffield, Sheffield Hallam University, and University of Plymouth -- have today (September 4) published a report for the Department for Environment, Food & Rural Affairs (Defra) on their findings into efforts to increase access to Green Social Prescribing, and its effectiveness in tackling and preventing mental ill health.

Green Social Prescribing is the practice of supporting people with mental health needs to engage in nature-based activities. Referrals will typically come from GPs, community mental health teams, or social workers, but people can also self-refer. Social Prescribing Link Workers, and other trusted professionals, then connect people to community groups and agencies for practical and emotional support. There are many different types of nature-based activities and therapies, including conservation, horticulture and gardening, care farming, exercise and sports, or talking therapies in the outdoors.

Professor Ruth Garside of the European Centre for Environment and Human Health at the University of Exeter said: "Our findings are significant because it provides evidence that Green Social Prescribing is an effective way of supporting people with their mental health. But this is just the beginning and further government investment is now supporting the leadership and systems change that we know Green Social Prescribing needs to be successful. However, there must be an ongoing commitment from policymakers to understand the needs of communities and enable more diverse people to connect with nature, alongside investment in those organisations that provide nature-based activities."

In total, 8,339 people with mental health needs took part in nature-based activities at seven Green Social Prescribing Project Test and Learn pilots across England. Compared to many other social prescribing initiatives the project reached a broader range of people, including children and young people aged under 18, ethnic minority populations (21-percent), and people from socio-economically deprived areas (57-percent).

Prior to accessing nature-based activities participants' happiness, anxiety, life satisfaction, and feeling that their life was worthwhile was worse than national averages. After taking part in the project wellbeing had improved, and typically happiness and anxiety was in line with the national average. Levels of life satisfaction and feeling that life was worthwhile had also improved significantly.

Participants in Green Social Prescribing said:

"After the group I feel joyful, happy, calm. I have a sense of achievement and I feel my wellbeing increasing. I look forward to attending."




"It works better than medication for me. It works better than CBT for me. Most of my stuff is related to trauma, so NICE guidelines don't recommend medication for borderline personality disorder. I have my counselling and that is really valuable, but this is on a par with that."

With an average cost of PS507 per participant, researchers also found Green Social Prescribing to be a cost-effective method of supporting people across a wide spectrum of mental health needs. That's when compared to other interventions, such as Cognitive Behavioural Therapy (CBT), behavioural activation, and early intervention for psychosis and collaborative care for depression.

Marion Steiner is a GP in Bristol and part of the Bristol, North Somerset and South Gloucestershire Test and Learn Pilot Site project board. She said: "Connecting with nature is a lifelong resource with proven benefits for mental and physical health. It can cut through generations of adverse life events. But many of the patients I treat can't currently access nature in this way due to a range of personal, social, and cultural barriers. That's why Green Social Prescribing is so important. This project has the potential to reduce a range of prescribing and treatment costs for the NHS, as well as addressing many health needs and lowering the risk of several diseases, from diabetes to depression."

Dr Annette Haywood, Head of Public Health Section Sheffield Centre for Health and Related Research (SCHARR) and Principal Investigator of the study said: "I'm thrilled to have led on this national evaluation of Green Social Prescribing. There is already a wealth of evidence to show the positive impact that nature and outdoor activities can have on mental and physical health. The findings of this report add to this evidence-base, demonstrating that nature-based activities are a relatively cost-effective way to support people with a variety of mental health needs."

Funding for the project was provided by HM Treasury's Shared Outcomes Fund and various central government departments and external agencies. Partners included: Department of Health and Social Care, Department for Environment, Food and Rural Affairs, Natural England, NHS England, NHS Improvement, Public Health England, Sport England, Department for Levelling Up, Housing & Communities and the National Academy for Social Prescribing.
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Kidney disease in cats: High-quality feline iPSCs generated without genetic footprint | ScienceDaily
A common image of cats today comes in the form of cute cat memes online, but these furry felines commonly experience kidney disease. Amid advances in medicine to improve people's quality of life, an Osaka Metropolitan University-led team has, for the first time in the world, generated high-quality feline induced pluripotent stem cells (iPSCs), which have the potential to help companion animals and humans alike.


						
Human iPSCs have been generated using just four genes known as transcription factors, but feline iPSCs have been difficult to generate. Graduate School of Veterinary Science Professor Shingo Hatoya led the team in introducing six transcription factors via the Sendai virus vector to generate feline iPSCs from the cells of cats, including those derived from the uterus that were donated when cats were sterilized.

The team reports in Regenerative Therapy that these are the first high-quality feline iPSCs. They exhibit the properties that many iPS cells do, such as the formation of teratomas, which proves that they can differentiate into a variety of cells. The stem cells generated also do not have a genetic footprint, meaning there is lower risk that they form tumors when implanted in another cat. Furthermore, they can be maintained without feeder, such as fibroblast from mice, making them safer as they do not mix cells from different species.

"Especially in cats, chronic kidney disease and diabetes are serious problems," Professor Hatoya declared. "Establishing a method to have cells form a kidney or pancreas from feline iPSCs will be a challenge for future research."

Professor Hatoya, who previously reported on advancements in feeder-free canine iPSCs, added, "High-quality feline iPSCs made possible by this research are expected to be provided to researchers around the world for use in veterinary regenerative medicine research, understanding of the pathophysiology of genetic diseases, and development of new therapeutic agents."
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Flexible tentacle electrodes precisely record brain activity | ScienceDaily
Neurostimulators, also known as brain pacemakers, send electrical impulses to specific areas of the brain via special electrodes. It is estimated that some 200,000 people worldwide are now benefiting from this technology, including those who suffer from Parkinson's disease or from pathological muscle spasms. According to Mehmet Fatih Yanik, Professor of Neurotechnology at ETH Zurich, further research will greatly expand the potential applications: instead of using them exclusively to stimulate the brain, the electrodes can also be used to precisely record brain activity and analyse it for anomalies associated with neurological or psychiatric disorders. In a second step, it would be conceivable in future to treat these anomalies and disorders using electrical impulses.


						
To this end, Yanik and his team have now developed a new type of electrode that enables more detailed and more precise recordings of brain activity over an extended period of time. These electrodes are made of bundles of extremely fine and flexible fibres of electrically conductive gold encapsulated in a polymer. Thanks to a process developed by the ETH Zurich researchers, these bundles can be inserted into the brain very slowly, which is why they do not cause any detectable damage to brain tissue.

This sets the new electrodes apart from rival technologies. Of these, perhaps the best known in the public sphere is the one from Neuralink, an Elon Musk company. In all such systems, including Neuralink's, the electrodes are considerably wider. "The wider the probe, even if it is flexible, the greater the risk of damage to brain tissue," Yanik explains. "Our electrodes are so fine that they can be threaded past the long processes that extend from the nerve cells in the brain. They are only around as thick as the nerve-cell processes themselves."

The research team tested the new electrodes on the brains of rats using four bundles, each made up of 64 fibres. In principle, as Yanik explains, up to several hundred electrode fibres could be used to investigate the activity of an even greater number of brain cells. In the study, the electrodes were connected to a small recording device attached to the head of each rat, thereby enabling them to move freely.

No influence on brain activity

In the experiments, the research team was able to confirm that the probes are biocompatible and that they do not influence brain function. Because the electrodes are very close to the nerve cells, the signal quality is very good compared to other methods.

At the same time, the probes are suitable for long-term monitoring activities, with researchers recording signals from the same cells in the brains of animals for the entire duration of a ten-month experiment. Examinations showed that no brain-tissue damage occurred during this time. A further advantage is that the bundles can branch out in different directions, meaning that they can reach multiple brain areas.




Human testing to begin soon

In the study, the researcher used the new electrodes to track and analyse nerve-cell activity in various areas of the brains of rats over a period of several months. They were able to determine that nerve cells in different regions were "co-activated." Scientists believe that this large-scale, synchronous interaction of brain cells plays a key role in the processing of complex information and memory formation. "The technology is of high interest for basic research that investigates these functions and their impairments in neurological and psychiatric disorders," Yanik explains.

The group has teamed up with fellow researchers at the University College London in order to test diagnostic use of the new electrodes in the human brain. Specifically, the project involves epilepsy sufferers who do not respond to drug therapy. In such cases, neurosurgeons may remove a small part of the brain where the seizures originate. The idea is to use the group's method to precisely localise the affected area of the brain prior to tissue removal.

Brain-machine interfaces

There are also plans to use the new electrodes to stimulate brain cells in humans. "This could aid the development of more effective therapies for people with neurological and psychiatric disorders," says Yanik. In disorders such as depression, schizophrenia or OCD, there is often impairments in specific regions of the brain, which leads to problems in evaluation of information and decision making. Using the new electrodes, it might be possible to detect the pathological signals generated by the neural networks in the brain in advance, and then stimulate the brain in a way that would alleviate such disorders. Yanik also thinks that this technology may give rise to brain-machine interfaces for people with brain injuries. In such cases, the electrodes might be used to read their intentions and thereby, for example, to control prosthetics or a voice-output system.
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A new drug target for psychiatric disorders | ScienceDaily
Misha Kudryshev's lab at the Max Delbruck Center has identified a molecular intermediate of a serotonin receptor that is involved in diseases such as depression and schizophrenia. Published in The EMBO Journal, the study points to a potentially new target for therapeutics.


						
A new study published in "The EMBO Journal" points to new potential strategies to treat psychiatric and gastrointestinal disorders that are not well addressed by current medications. Dr. Bianca Introini and her colleagues in the In Situ Structural Biology lab of Professor Misha Kudryashev have identified a stable intermediate form of the pentameric serotonin-gated 5-HT3Areceptor -- a cellular membrane protein. The researchers' ability to identify such a structure is exceptional, says Kudryashev, because intermediates of assembling membrane proteins are notoriously difficult to purify. The intermediate form could serve as a new drug target.

Serotonin is well known as a neurotransmitter that modulates neural activity and a variety of neuropsychological processes. Drugs that target serotonin receptors are used widely in psychiatry and neurology, for example. They are also given to patients to alleviate nausea and vomiting caused by chemotherapy and radiotherapy. However, these drugs often come with side effects that limit their use.

Of the seven known serotonin receptors, 5-HT3A is the only one that is an ion channel -- transmembrane pore-forming proteins that act as gatekeepers and allow the flow of selected ions across cellular membranes. Cells with 5HT3A ion channels are found in the brainstem and the gastrointestinal tract. These cells form part of a circuit that regulates the movement of food through the gut, conveys sensory information, and triggers the gag reflex.

Studying the structure of serotonin receptors

Living cells are surrounded by membranes. Many membranes contain proteins that are involved in transmitting signals and transporting substances across the membranes. Membrane proteins are thus important in maintaining the health of cells, disruptions in their function are associated with many diseases.

Membrane proteins can be multimeric, whereby several copies of the same molecule assemble to form a final functional structure. Synthesis and assembly of multimeric membrane proteins takes place deep within cells, making it challenging to study the intermediates of this process.




For several years, the Kudryashev lab has been investigating at the atomic level, how the serotonin receptor ion channel opens and closes in response to serotonin binding. To study the protein's structure, the research team uses cryo-electron microscopy, a technique that allows imaging of a thin layer of frozen proteins or cells using electrons.

Not the canonical five subunits

While studying the structure of the 5-HT3A receptor, Dr. Introini found that some molecules consisted of four subunits bound in a tetramer complex, instead of the canonical five. "This was curious," Dr. Introini says, "because Cys-loop receptors are made up of five protein subunits." Five subunits typically assemble into a pentameric complex.

To gain deeper insights into the tetramers' function, the researchers teamed up with scientists from The Research Center for Computer-aided Drug Discovery at the Institute of Biomedicine and Biotechnology in Shenzhen, China. Using computational simulations, they proposed that the tetramer was an intermediate structure that is processed to produce the final pentameric structure.

Interestingly, the tetramers exist in two distinct forms. One carries a partially open extracellular domain that, as shown by molecular dynamics simulation experiments, allows the insertion of the fifth subunit, Kudryashev explains, providing evidence that the tetramer indeed represents an intermediate molecule.

"The publication not only advances our understanding of the synthesis and assembly of these proteins and other multimeric proteins in membranes," says Kudryashev, "it also suggests a potential alternative strategy for regulating serotonin levels in cells by targeting this intermediate protein."
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'Forever chemicals' influence the development and function of the brain | ScienceDaily
Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as "forever chemicals." They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team from the Helmholtz Centre for Environmental Research (UFZ) has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved. These genes are also present in humans. The test procedure developed at the UFZ could be used for the risk assessment of other neurotoxic chemicals. The study was recently published in Environmental Health Perspectives.


						
Because of their special properties -- heat resistance, water and grease repellence, and high durability -- PFAS are used in many everyday products (e.g. cosmetics, outdoor clothing, and coated cookware). But it is precisely these properties that make them so problematic. "Because some PFAS are chemically stable, they accumulate in the environment and enter our bodies via air, drinking water, and food," says UFZ toxicologist Prof Dr Tamara Tal. Even with careful consumption, it is nearly impossible to avoid this group of substances, which has been produced since the 1950s and now includes thousands of different compounds. "There is a great need for research, especially when it comes to developing fast, reliable, and cost-effective test systems for assessing the risks of PFAS exposure," says Tal. So far, the environmental and health consequences have been difficult to assess.

In their current study, the researchers investigated how PFAS exposure affects brain development. To do this, they used the zebrafish model, which is frequently used in toxicology research. One advantage of this model is that around 70% of the genes found in zebrafish (Danio rerio) are also found in humans. The findings from the zebrafish model can therefore likely be transferred to humans. In their experiments, the researchers exposed zebrafish to two substances from the PFAS group (PFOS and PFHxS), which have a similar structure. The researchers then used molecular biological and bioinformatic methods to investigate which genes in the brains of the fish larvae exposed to PFAS were disrupted compared to the control fish, which were not exposed. "In the zebrafish exposed to PFAS, the peroxisome proliferator-activated receptor (ppar) gene group, which is also present in a slightly modified form in humans, was particularly active," says Sebastian Gutsfeld, PhD student at the UFZ and first author of the study. "Toxicity studies have shown this to be the case as a result of exposure to PFAS -- albeit in the liver. We have now also been able to demonstrate this for the brain."

But what consequences does an altered activity of the ppar genes triggered by PFAS exposure have for brain development and behaviour of zebrafish larvae? The researchers investigated this in further studies using the zebrafish model. They used the CRISPR/Cas9 method, also known as gene scissors. "Using genetic scissors, we were able to selectively cut individual or several ppar genes and prevent them from functioning normally," explains Gutsfeld. "We wanted to find out which ppar genes are directly linked to a change in larval behaviour triggered by PFAS exposure." Proof of the underlying mechanism was directly provided. In contrast to genetically unaltered zebrafish, the knockdown fish in which the gene scissors were used should not show any behavioural changes after exposure to PFAS.

The two behavioural endpoints

In one series of experiments, the researchers continuously exposed zebrafish to PFOS or PFHxS during their early developmental phase between day one and day four and in another series of experiments only on day five. On the fifth day, the researchers then observed swimming behaviour. They used two different behavioural endpoints for this purpose. In one endpoint, swimming activity was measured during a prolonged dark phase. PFAS-exposed fish swam more than fish not exposed to PFAS, whether continuously exposed to PFAS during brain development or shortly before the behaviour test. Interestingly, hyperactivity was only present when the chemical was around. When the researchers removed PFOS or PFHxS, hyperactivity subsided. In the second endpoint, the startle response after a dark stimulus was measured. "In zebrafish exposed to PFOS for four days, we observed hyperactive swimming behaviour in response to the stimulus," says Gutsfeld. In contrast, zebrafish only exposed to PFOS or PFHxS on the fifth day did not have a hyperactive startle response.

Based on these responses, the researchers conclude that PFOS exposure is associated with abnormal consequences -- particularly during sensitive developmental phases of the brain. Using knockdown zebrafish, the researchers identified two genes from the ppar group that mediate the behaviour triggered by PFOS.

"Because these genes are also present in humans, it is possible that PFAS also have corresponding effects in humans," concludes Tal. The scientists working with Tal want to investigate the neuroactive effects of other PFAS in future research projects and expand the method so that it can ultimately be used to assess the risk of chemicals in the environment, including PFAS.
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Scientists use magnetic nanotech to safely rewarm frozen tissues for transplant | ScienceDaily
Every day, people die waiting for an organ transplant. Time is at a premium, not just for those awaiting organs, but also for the organs themselves, which can deteriorate rapidly during transportation. Looking to extend the viability of human tissues, researchers report in ACS' Nano Letters their efforts to facilitate completely freezing, rather than cooling and then thawing, potentially life-saving organs. They demonstrate a magnetic nanoparticle's successful rewarming of animal tissues.


						
As of August 2024, more than 114,000 people are on the U.S. national transplant waiting list, according to the Organ Procurement and Transplantation Network, and about 6,000 annually will die before receiving an organ transplant. One reason is the loss of organs in cold storage during transportation when delays cause them to warm prematurely. Methods have been developed to quickly freeze organs for longer-term storage without risking damage from ice crystal formation, but ice crystals can also form during warming. To address this problem, Yadong Yin and colleagues advanced a technique known as nanowarming, pioneered by collaborator John Bischof, to employ magnetic nanoparticles and magnetic fields to thaw frozen tissues rapidly, evenly and safely.

Recently, Yin and a team developed magnetic nanoparticles -- effectively extremely tiny bar magnets -- that, when exposed to alternating magnetic fields, generated heat. And that heat rapidly thawed animal tissues stored at -238 degrees Fahrenheit (-150 degrees Celsius) in a solution of the nanoparticles and a cryoprotective agent. The researchers worried, however, that uneven distribution of the nanoparticles within the tissues might trigger overheating where the particles congregated, which could lead to tissue damage and toxicity from the cryoprotective agent at elevated temperatures.

To reduce these risks, the researchers have continued their investigation, working on a two-stage approach that more finely controls nanowarming rates. They describe this process in the new Nano Letters study:
    	Cultured cells or animal tissues were immersed in a solution containing magnetic nanoparticles and a cryoprotective substance and then frozen with liquid nitrogen.
    	In the first stage of thawing, as before, an alternating magnetic field initiated rapid rewarming of animal tissues.
    	As the samples approached the melting temperature of the cryoprotective agent, the researchers applied a horizontal static magnetic field.
    	The second field realigned the nanoparticles, effectively tapping the brakes on heat production.

The heating slowed fastest in areas with more nanoparticles, which dampened concerns about problematic hotspots. Applying the method to cultured human skin fibroblasts and to pig carotid arteries, the researchers noted that cell viability remained high after rewarming over a few minutes, suggesting the thawing was both rapid and safe. The ability to finely control tissue rewarming moves us one step closer to long-term organ cryopreservation and the hope of more life-saving transplants for patients, the researchers say.

The authors acknowledge funding from the U.S. National Science Foundation.
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Banning friendships can backfire: Moms who 'meddle' make bad behavior worse | ScienceDaily
Delinquent activities almost always occur outside of the home and away from adult supervision, so it is only natural for parents to blame peers for their child's bad behavior. Not surprisingly, many parents also assume that they can prevent future problems by limiting contact with suspicious peers.


						
However, a new study cautions parents -- especially meddling moms -- to resist the temptation to prohibit friendships because doing so only makes a bad situation worse. How can this be?

Results from a new longitudinal study of middle school youth, published in The Journal of Child Psychology and Psychiatry, indicates that maternal disapproval of friends in response to child conduct problems damages the child's standing among peers, which exacerbates the behavior problems that friend prohibition was originally intended to prevent.

Brett Laursen, Ph.D., co-author and a professor of psychology at Florida Atlantic University, in collaboration with colleagues at Mykolas Romeris University in Vilnius Lithuania, followed a community sample of 292 boys and 270 girls (ages 9 to 14) over the course of a school year. Students completed surveys at the beginning, middle and end of the year. At each time point, peer status (being liked and being disliked) and classroom disruptiveness were gauged with peer nominations. Self-reports described conduct problems and perceived maternal disapproval of friends.

Results of the studyreveal that maternal efforts to intervene in problematic peer relationships by prohibiting friendships backfired. Mothers who disapproved of their children's friends inadvertently worsened their behavior problems. Specifically, mothers who responded to behavior problems (child-reported and peer-reported) with expressions of disapproval of friends inadvertently damaged the child's relations with peers, alienating classmates. Adjustment difficulties followed.

The study compared different forms of classmate responses to maternal friendship interference. The findings suggest that maternal disapproval of friends is more likely to elicit active disliking from classmates, rather than merely reducing the number of classmates who enjoy the child's company.

"The findings are important because they speak to the mechanism that translates disapproval of friends into elevated behavior problems. Maternal friend disapproval has counterproductive consequences for behavior problems because of the deleterious impact it has on peer status," said Laursen, in FAU's Charles E. Schmidt College of Science. "Youth may report restrictions and their reasons to friends. Or mothers may express their disapproval directly to friends. Neither are likely to be welcomed by recipients. Friends may respond by spreading contempt or ridicule throughout the peer group. Social opportunities are likely to wither as peers avoid affiliating with someone who is depicted as uncool."

The researchers suggest that another possibility is that mothers actually succeed in their efforts to disrupt a friendship.




"Imagine this scenario. A friendship ends because a mother prohibits it. Now the child needs a new friend. Who wants to be friends with someone who has an unpleasant, interfering mother? Chances are good that friend options are now quite limited and the child is forced to consider someone who also is rejected by peers; someone who has a hard time making friends," said Laursen. "All too often, such children are disliked because they have behavior problems. At the end of the day, interference in peer relationships may force the child to befriend a poorly adjusted classmate because they have no other alternatives."

Befriending children with behavior problems subjects them to pressure to conform to the disruptive behavior that mothers are trying to discourage. Then, too, the loss of peer status elevates the risk of behavior problems because it increases distress and challenges coping mechanisms. Finally, rejected children may be excluded from social interactions with typically developing peers, depriving them of the opportunity to develop age-appropriate social skills.

"Parents should consider positive alternatives to friend prohibition," said Laursen. "Focus on maintaining positive relationships with children, because warmth and support can be effective buffers against troublesome peer pressure, potentially disrupting the downward spiral of peer problems and adjustment difficulties."

The researchers also suggest that parents can create opportunities for constructive peer engagement in supervised settings and encourage participation in adult-sponsored clubs and activities, which potentially limit deviant behavior.
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Newly discovered gene may influence longevity | ScienceDaily

There is an abundance of advice out there on how to live a good, long life. Researchers are working hard to determine why some people live longer than others, and how we get the most out of our increasingly long lives.

Now researchers from the Center for Healthy Aging, Department of Cellular and Molecular Medicine at the University of Copenhagen have made a breakthrough. They have discovered that a particular protein known as OSER1 has a great influence on longevity.

"We identified this protein that can extend longevity (long duration of life, red.). It is a novel pro-longevity factor, and it is a protein that exists in various animals, such as fruit flies, nematodes, silkworms, and in humans," says Professor Lene Juel Rasmussen, senior author behind the new study.

Because the protein is present in various animals, the researchers conclude that new results also apply to humans:

"We identified a protein commonly present in different animal models and humans. We screened the proteins and linked the data from the animals to the human cohort also used in the study. This allows us to understand whether it is translatable into humans or not," says Zhiquan Li, who is a first author behind the new study and adds:

"If the gene only exists in animal models, it can be hard to translate to human health, which is why we, in the beginning, screened the potential longevity proteins that exist in many organisms, including humans. Because at the end of the day we are interested in identifying human longevity genes for possible interventions and drug discoveries."

Paves the way for new treatment




The researchers discovered OSER1 when they studied a larger group of proteins regulated by the major transcription factor FOXO, known as a longevity regulatory hub.

"We found 10 genes that, when -- we manipulated their expression -- longevity changed. We decided to focus on one of these genes that affected longevity most, called the OSER1 gene," says Zhiquan Li.

When a gene is associated with shorter a life span, the risk of premature aging and age-associated diseases increases. Therefore, knowledge of how OSER1 functions in the cells and preclinical animal models is vital to our overall knowledge of human aging and human health in general.

"We are currently focused on uncovering the role of OSER1 in humans, but the lack of existing literature presents a challenge, as very little has been published on this topic to date. This study is the first to demonstrate that OSER1 is a significant regulator of aging and longevity. In the future, we hope to provide insights into the specific age-related diseases and aging processes that OSER1 influences," says Zhiquan Li.

The researchers also hope that the identification and characterization of OSER1 will provide new drug targets for age-related diseases such as metabolic diseases, cardiovascular and neuro degenerative diseases.

"Thus, the discovery of this new pro-longevity factor allows us to understand longevity in humans better," says Zhiquan Li.
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Researchers reveal key LAG3 mechanisms that could transform cancer immunotherapy | ScienceDaily
Immune checkpoint inhibitors are a type of cancer treatment that helps the immune system attack cancer cells more effectively. One of the key proteins involved in this process is Lymphocyte Activation Gene-3 (LAG3), which suppresses the antitumor immune response. Moffitt Cancer Center researchers have made an important discovery about LAG3, revealing how it interacts with other proteins to control immune activity. Their study, published in Nature Communications, could lead to better cancer treatments by enhancing the effectiveness of immune checkpoint inhibitors.


						
Led by Vince Luca, Ph.D., the Moffitt study provides a detailed blueprint of how LAG3 interacts with a molecule known as MHC class II. These interactions are critical because they help the immune system differentiate between healthy cells and cancer cells. By blocking LAG3, immune checkpoint inhibitors can allow the immune system to target and destroy cancer cells. Key findings include:
    	Visualization of a LAG3 Interaction Network: The study reveals a detailed network of interactions between MHC class II and LAG3, uncovering multiple novel drug targets and signaling mechanisms. This comprehensive "molecular blueprint" provides a deeper understanding of how LAG3 modulates immune responses and its potential impact on therapeutic interventions.
    	Mechanistic Insights: The research sheds light on how LAG3 influences T cell activation and immune tolerance. These insights are crucial for designing targeted therapies that can control LAG3 activity with greater precision.
    	Therapeutic Implications: By revealing specific interactions between LAG3 and other immune regulators, the study opens new avenues for developing inhibitors and activators. These new molecules could enhance the effectiveness of existing immunotherapies and offer new treatment options for patients with cancer and autoimmune disorders.

"This study represents a significant breakthrough in our understanding of LAG3," said Luca, associate member of the Immunology Department. "The detailed molecular structure and mechanistic insights we've uncovered will help guide the development of next-generation immunotherapies. We're excited to translate these discoveries into innovative therapies that could transform patient care."

This work is supported by the National Institutes of Health (R01AI140758, R01AI159678, P01AI120943, P30CA076292), the Florida Department of Health Bankhead Coley grant program (24B04) and the Rita Allen Foundation Scholars program.
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Investigational mpox mRNA vaccine reduces disease severity in primates compared to available vaccines | ScienceDaily
The most frequently used mpox vaccine provides partial immunity to the disease but isn't always able to prevent severe symptoms or disease transmission. A new vaccine candidate from Moderna, mRNA-1769, more effectively limits symptoms and disease duration in primates that were infected with a lethal strain of the mpox virus when compared to a currently licensed modified vaccinia Ankara (MVA) vaccine. The study publishes September 4 in the Cell Press journal Cell.


						
"This study is the first in a nonhuman primate model where we compare an investigational mRNA mpox vaccine directly to the current standard of care," says co-first author Alec Freyn, a virology researcher at Moderna. "When we put those vaccines head-to-head in primates, we saw improved responses from the mRNA vaccine in terms of not just protection from survival but also fewer lesions, shorter duration of disease, and less viral shedding in the blood and respiratory tract."

MVA vaccines, which were originally developed to combat smallpox, contain whole viruses that have been weakened so that they cannot cause disease in humans. However, this weakening also means that they provide limited protection compared to other vaccines such as the potent but potentially infectious ACAM2000. In comparison, using mRNA technology enables vaccines to be designed to include only the parts of the virus that are most likely to induce a lasting, protective immune response without exposing the person to a whole infectious virus. In this case, the investigational mpox mRNA vaccine is composed of four viral antigens that are critical for the virus to attach and enter host cells.

"With the mRNA vaccine, we're able to pick pieces of the virus that can give the most potent and most effective immune response," says senior author Galit Alter, virologist and immunologist at Moderna. "By doing that instead of being distracted by an entire virus, you're able to narrow down on the pieces of the virus that give you protection."

Though previous studies have shown that mRNA vaccines can prevent lethal mpox infections in nonhuman primates, their ability to limit disease severity hasn't previously been tested. To directly compare the investigational mRNA vaccine to MVA vaccines, the researchers vaccinated six macaques with each vaccine and then exposed them to a lethal strain of mpox virus eight weeks after their initial vaccine dose. They also exposed a control group of six unvaccinated animals to the virus. Following infection, the researchers monitored the animals' health for four weeks and collected blood samples to examine their immune response.

All 12 vaccinated animals survived the challenge, regardless of which vaccine was used, whereas five of six unvaccinated control animals succumbed to the disease. Though both vaccines reduced disease severity compared to the control group, mRNA-vaccinated animals lost less weight and had fewer lesions than MVA-vaccinated animals -- on average, animals in the control group had a maximum of 1,448 lesions, MVA-immunized animals had a maximum of 607 lesions, and mRNA-immunized animals had a maximum of 54 lesions. The mRNA vaccine also shortened disease duration (the number of days for which the animals showed lesions) by more than 10 days compared to the MVA vaccine and resulted in lower viral loads in both blood and throat swabs, suggesting that it might also be more effective at reducing transmission.

"With the mRNA technology, we're able to produce a vaccine that gives quite potent responses with a very tolerable safety profile," says senior author and virologist Jay Hooper of the United States Army Medical Research Institute for Infectious Diseases. "We've been trying to get a vaccine that will prevent spread like ACAM2000(r) but without the safety issues. This is showing that mRNA technology might be able to fill that niche."

When the researchers compared the immune response triggered by the mRNA and MVA vaccines, they found that the mRNA vaccine resulted in higher numbers of antibodies, as well as antibodies with more diverse immune functions. The team was able to identify different classes of antibodies that were associated with enhanced viral control and fewer lesions.




The mRNA vaccine also showed potential to induce cross-immunity to other Orthopoxviruses, whereas the MVA vaccine results in smaller immune responses that are not as strongly neutralizing for more remotely related Orthopoxviruses.

"We tested serum from the monkeys immunized with this vaccine against basically every Orthopoxvirus we could get our hands on," says Freyn. "It neutralized not only mpox but also vaccinia, cowpox, rabbitpox, camelpox, and ectromelia virus. We believe that this vaccine may protect from other Orthopoxvirus threats that may emerge in the future."

Moderna's mRNA-1769 vaccine is currently being assessed in a phase 1/2 clinical trial (NCT05995275) to determine the safety, tolerability, and immune response of a range of doses of mRNA-1769.
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A new artificial intelligence tool for cancer | ScienceDaily
Scientists at Harvard Medical School have designed a versatile, ChatGPT-like AI model capable of performing an array of diagnostic tasks across multiple forms of cancers.


						
The new AI system, described Sept. 4 in Nature, goes a step beyond many current AI approaches to cancer diagnosis, the researchers said. (DOI 10.1038/s41586-024-07894-z)

Current AI systems are typically trained to perform specific tasks -- such as detecting cancer presence or predicting a tumor's genetic profile -- and they tend to work only in a handful of cancer types. By contrast, the new model can perform a wide array of tasks and was tested on 19 cancer types, giving it a flexibility like that of large language models such as ChatGPT.

While other foundation AI models for medical diagnosis based on pathology images have emerged recently, this is believed to be the first to predict patient outcomes and validate them across several international patient groups.

"Our ambition was to create a nimble, versatile ChatGPT-like AI platform that can perform a broad range of cancer evaluation tasks," said study senior author Kun-Hsing Yu, assistant professor of biomedical informatics in the Blavatnik Institute at Harvard Medical School. "Our model turned out to be very useful across multiple tasks related to cancer detection, prognosis, and treatment response across multiple cancers."

The AI model, which works by reading digital slides of tumor tissues, detects cancer cells and predicts a tumor's molecular profile based on cellular features seen on the image with superior accuracy to most current AI systems. It can forecast patient survival across multiple cancer types and accurately pinpoint features in the tissue that surrounds a tumor -- also known as the tumor microenvironment -- that are related to a patient's response to standard treatments, including surgery, chemotherapy, radiation, and immunotherapy. Finally, the team said, the tool appears capable of generating novel insights -- it identified specific tumor characteristics previously not known to be linked to patient survival.

The findings, the research team said, add to growing evidence that AI-powered approaches can enhance clinicians' ability to evaluate cancers efficiently and accurately, including the identification of patients who might not respond well to standard cancer therapies.




"If validated further and deployed widely, our approach, and approaches similar to ours, could identify early on cancer patients who may benefit from experimental treatments targeting certain molecular variations, a capability that is not uniformly available across the world," Yu said.

Training and performance

The team's latest work builds on Yu's previous research in AI systems for the evaluation of colon cancer and brain tumors. These earlier studies demonstrated the feasibility of the approach within specific cancer types and specific tasks.

The new model, called CHIEF (Clinical Histopathology Imaging Evaluation Foundation), was trained on 15 million unlabeled images chunked into sections of interest. The tool was then trained further on 60,000 whole-slide images of tissues including lung, breast, prostate, colorectal, stomach, esophageal, kidney, brain, liver, thyroid, pancreatic, cervical, uterine, ovarian, testicular, skin, soft tissue, adrenal gland, and bladder. Training the model to look both at specific sections of an image and the whole image allowed it to relate specific changes in one region to the overall context. This approach, the researchers said, enabled CHIEF to interpret an image more holistically by considering a broader context, instead of just focusing on a particular region.

Following training, the team tested CHIEF's performance on more than 19,400 whole-slide images from 32 independent datasets collected from 24 hospitals and patient cohorts across the globe.

Overall, CHIEF outperformed other state-of-the-art AI methods by up to 36 percent on the following tasks: cancer cell detection, tumor origin identification, predicting patient outcomes, and identifying the presence of genes and DNA patterns related to treatment response.Because of its versatile training, CHIEF performed equally well no matter how the tumor cells were obtained -- whether via biopsy or through surgical excision. And it was just as accurate, regardless of the technique used to digitize the cancer cell samples. This adaptability, the researchers said, renders CHIEF usable across different clinical settings and represents an important step beyond current models that tend to perform well only when reading tissues obtained through specific techniques.




Cancer detection

CHIEF achieved nearly 94 percent accuracy in cancer detection and significantly outperformed current AI approaches across 15 datasets containing 11 cancer types. In five biopsy datasets collected from independent cohorts, CHIEF achieved 96 percent accuracy across multiple cancer types including esophagus, stomach, colon, and prostate. When the researchers tested CHIEF on previously unseen slides from surgically removed tumors of the colon, lung, breast, endometrium, and cervix, the model performed with more than 90 percent accuracy.

Predicting tumors' molecular profiles

A tumor's genetic makeup holds critical clues to determine its future behavior and optimal treatments. To get this information, oncologists order DNA sequencing of tumor samples, but such detailed genomic profiling of cancer tissues is not done routinely nor uniformly across the world due to the cost and time involved in sending samples to specialized DNA sequencing labs. Even in well-resourced regions, the process could take several weeks. It's a gap that AI could fill, Yu said.

Quickly identifying cellular patterns on an image suggestive of specific genomic aberrations could offer a quick and cost-effective alternative to genomic sequencing, the researchers said.

CHIEF outperformed current AI methods for predicting genomic variations in a tumor by looking at the microscopic slides. This new AI approach successfully identified features associated with several important genes related to cancer growth and suppression, and it predicted key genetic mutations related to how well a tumor might respond to various standard therapies. CHIEF also detected specific DNA patterns related to how well a colon tumor might respond to a form of immunotherapy called immune checkpoint blockade. When looking at whole-tissue images, CHIEF identified mutations in 54 commonly mutated cancer genes with an overall accuracy of more than 70 percent, outperforming the current state-of-the-art AI method for genomic cancer prediction. Its accuracy was greater for specific genes in specific cancer types.

The team also tested CHIEF on its ability to predict mutations linked with response to FDA-approved targeted therapies across 18 genes spanning 15 anatomic sites. CHIEF attained high accuracy in multiple cancer types, including 96 percent in detecting a mutation in a gene called EZH2 common in a blood cancer called diffuse large B-cell lymphoma. It achieved 89 percent for BRAF gene mutation in thyroid cancer, and 91 percent for NTRK1 gene mutation in head and neck cancers.

Predicting patient survival

CHIEF successfully predicted patient survival based on tumor histopathology images obtained at the time of initial diagnosis. In all cancer types and all patient groups under study, CHIEF distinguished patients with longer-term survival from those with shorter-term survival. CHIEF outperformed other models by 8 percent. And in patients with more advanced cancers, CHIEF outperformed other AI models by 10 percent. In all, CHIEF's ability to predict high versus low death risk was tested and confirmed across patient samples from 17 different institutions.

Extracting novel insights about tumor behavior

The model identified tell-tale patterns on images related to tumor aggressiveness and patient survival. To visualize these areas of interest, CHIEF generated heat maps on an image. When human pathologists analyzed these AI-derived hot spots, they saw intriguing signals reflecting interactions between cancer cells and surrounding tissues. One such feature was the presence of greater numbers of immune cells in areas of the tumor in longer-term survivors, compared with shorter-term survivors. That finding, Yu noted, makes sense because a greater presence of immune cells may indicate the immune system has been activated to attack the tumor.

When looking at the tumors of shorter-term survivors, CHIEF identified regions of interest marked by the abnormal size ratios between various cell components, more atypical features on the nuclei of cells, weak connections between cells, and less presence of connective tissue in the area surrounding the tumor. These tumors also had a greater presence of dying cells around them. For example, in breast tumors, CHIEF pinpointed as an area of interest the presence of necrosis -- or cell death -- inside the tissues. On the flip side, breast cancers with higher survival rates were more likely to have preserved cellular architecture resembling heathy tissues. The visual features and zones of interest related to survival varied by cancer type, the team noted.

Next steps

The researchers said they plan to refine CHIEF's performance and augment its capabilities by:
    	Conducting additional training on images of tissues from rare diseases and non-cancerous conditions
    	Including samples from pre-malignant tissues before cells become fully cancerous
    	Exposing the model to more molecular data to enhance its ability to identify cancers with different levels of aggressiveness
    	Training the model to also predict the benefits and adverse effects of novel cancer treatments in addition to standard treatments
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High cholesterol levels at a young age significant risk factor for atherosclerosis | ScienceDaily
Our risk of developing atherosclerosis -- 'furring' of the arteries -- can begin much earlier in life than was previously thought, highlighting the need to keep cholesterol levels low even when we are young, new research has discovered.


						
The research also suggests that people who are taking lipid-lowering drugs such as statins to lower their cholesterol levels should remain on them, even if their cholesterol levels have fallen, as stopping treatment could increase their risk of atherosclerosis.

Atherosclerosis is one of the major causes of heart and circulatory disease. It involves the hardening and narrowing of the vessels that carry blood to and from the heart. It is caused by the build-up of abnormal material called plaques -- collections of fat, cholesterol, calcium and other substances circulating in the blood.

Atherosclerosis is largely considered a disease of the elderly and so most screening, prevention and intervention programmes primarily target those with high cholesterol levels, generally after the age of 50.

But in a study published today in Nature, a team led by scientists at the University of Cambridge shows that high cholesterol levels at a younger age -- particularly if those levels fluctuate -- can be even more damaging than high cholesterol levels that only begin in later life.

To study the mechanisms that underlie atherosclerosis, scientists often use animal modes, such as mice. The mice will typically be fed a high fat diet for several weeks as adults to see how this leads to the build up of the plaques characteristic of the condition.

Professor Ziad Mallat and colleagues at the Victor Phillip Dahdaleh Heart and Lung Research Institute at the University of Cambridge decided to explore a different approach -- to see whether giving mice the same amount of high fat food but spread over their lifetime changed their atherosclerosis risk.




"When I asked my group and a number of people who are experts in atherosclerosis, no one could tell me what the result would be," said Professor Mallat, a British Heart Foundation (BHF) Professor of Cardiovascular Medicine.

"Some people thought it would make no difference, others thought it would change the risk. In fact, what we found was that an intermittent high fat diet starting while the mice were still young -- one week on, a few weeks off, another week on, and so on -- was the worst option in terms of atherosclerosis risk."

Armed with this information, his team turned to the Cardiovascular Risk in Young Finns Study, one of the largest follow-up studies into cardiovascular risk from childhood to adulthood. Participants recruited in the 1980s returned for follow-up over the subsequent decades, and more than 2,000 of them had received ultrasound scans of their carotid arteries when they were aged around 30 years and again at around 50 years.

Analysing the data, the team found that those participants who had been exposed to high cholesterol levels as children tended to have the biggest build of plaques, confirming the findings in mice.

"What this means is that we shouldn't leave it until later in life before we start to look at our cholesterol levels," Professor Mallat said. "Atherosclerosis can potentially be prevented by lowering cholesterol levels, but we clearly need to start thinking about this much earlier on in life than we previously thought."

The mouse studies showed that fluctuating levels of cholesterol appeared to cause the most damage. Professor Mallat says this could explain why some people who are on statins but do not take them regularly remain at an increased risk of heart attack.




"If you stop and start your statin treatment, your body is being exposed to a yo-yo of cholesterol, which it doesn't like, and it seems this interferes with your body's ability to prevent the build-up of plaques," he added.

The reason why this is so damaging may come down to the effect that cholesterol has on specific types of immune cells known as 'resident arterial macrophages'. These reside in your arteries, helping them to clear damaged cells and fatty molecules known as lipids, which include cholesterol, and stopping the build-up of plaques.

When the team examined these macrophages in their mouse models, they found that high cholesterol levels -- and in particular, fluctuating cholesterol levels -- changed them physically and altered the activity of their genes. This meant that the cells were no longer protective, but were instead detrimental, accelerating atherosclerosis.

The research was funded by the British Heart Foundation.
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Novel immunotherapy improves recovery from spinal cord injury | ScienceDaily
Severe injuries to the spinal cord damage nerve cells, disrupt communication with the brain and rest of the body, and lead to lasting disabilities for millions of people worldwide. The injury itself accounts for only a fraction of the overall damage inflicted on the spinal cord, tissue that runs from the brain stem to the lower back. Most of the damage is due to subsequent degenerative processes at the wound.


						
While there is substantial research into developing interventions to repair injured tissue, scientists at Washington University School of Medicine in St. Louis focused instead on developing, in mice, an immunotherapy to minimize the damage from traumatic spinal cord injury. Their findings show that immunotherapy can lessen such damage by protecting neurons at the injury site from being attacked by immune cells.

The study, published Sept. 4 in Nature, demonstrates success in mice given the immunotherapy and presents a novel approach with potential to help improve outcomes for people recovering from spinal cord injuries.

"Immune cells in the central nervous system have a reputation for being the bad guys that can harm the brain and spinal cord," said senior author Jonathan Kipnis, PhD, the Alan A. and Edith L. Wolff Distinguished Professor of Pathology & Immunology and a BJC Investigator at WashU Medicine. "But our study shows that it's possible to take advantage of immune cells' neuroprotective function, while controlling their inherent detrimental abilities, to help in the recovery from central nervous system injury."

Shortly after injury to the nervous system, immune cells flood the site. Among them is a mixture of activated T cells -- a subset of immune cells -- that either harm or protect the surrounding neurons. Wenqing Gao, PhD, a postdoctoral research associate in the Department of Pathology & Immunology and the study's first author, analyzed T cells from the spinal cords of injured mice and performed a genetic analysis to decode their identities. Her goal was to separate the harmful from the protective T cells and create numerous copies of the beneficial cells with which to treat the injured mice.

But there was a catch, she found. The protective T cells that swoop into the injury site can mistakenly attack the body's surrounding tissues when activated for too long, causing autoimmune disease. To improve the therapy's safety, Gao modified the cells to shut off after a few days.

Mice given the modified T cells had better mobility than did the untreated mice. The researchers saw the biggest improvements when the mice were infused with T cells within a week of the injury. None of the mice receiving immunotherapy developed a destructive autoimmune reaction.




"There are no effective treatments for traumatic injuries to the central nervous system," explained Gao. "We developed immunotherapy for such injuries by taking advantage of the protective immune cells that infiltrate the injury site and found that it dramatically improved mobility in mice."

In collaboration with WashU Medicine's Wilson Zachary Ray, MD, a spinal cord surgeon and the Henry G. & Edith R. Schwartz Professor of Neurosurgery, the researchers also looked every day for a week for T cells in the cerebral spinal fluid of patients with spinal cord injuries. They found a significant expansion of the T cells, confirming the feasibility of expanding protective T cells from such patients to generate the immunotherapy.

"Our future goal is to devise a clinical trial to test the therapy in people with such injuries, while expanding this work to neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS) as well as Alzheimer's and Parkinson's diseases," Gao said.

Added Kipnis: "Although the initial trigger in neurodegenerative diseases is different, the subsequent death of neurons may very well be mediated by similar processes, opening an opportunity for adapting our engineered cells for use as a therapy in neurodegeneration."

This work was supported by the BJC Investigators Program at WashU.
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Epigenetic changes reprogram astrocytes into brain stem cells | ScienceDaily
Resting brain stem cells hardly differ from normal astrocytes, which support the nerve cells in the brain. How can almost identical cells perform such different functions? The key lies in the methylation of their genetic material, which endowes these special astrocytes with stem cell properties. Scientists from the German Cancer Research Center (DKFZ) and Heidelberg University have published their findings in the journal Nature. In mice, the researchers showed that experimentally induced lack of blood supply in the brain epigenetically reprograms astrocytes into brain stem cells, which in turn can give rise to nerve progenitor cells. This discovery shows that astrocytes could potentially be used in regenerative medicine to replace damaged nerve cells.


						
Many different types of cells work together in the brain. In humans, nerve cells (neurons) make up less than half of the cells. The rest are called "glia." The most common glial cells are astrocytes. They supply the neurons with nutrients, form part of the blood-brain barrier, regulate the synapses and support the immune cells.

However, a small proportion of astrocytes are able to produce nerve cells and other types of brain cells. These special astrocytes are therefore also known as brain stem cells. Brain stem cells and ordinary astrocytes hardly differ in their gene expression, i.e. in the activity of their genes. "How they can perform such different functions and what makes up the stem cell properties was previously completely unclear," explains Ana Martin-Villalba, stem cell researcher at the DKFZ.

Methylation is the key

To solve this puzzle, the teams led by Martin-Villalba and Simon Anders (University of Heidelberg) isolated both ordinary astrocytes and brain stem cells from one of the regions of the brain where young neurons still develop in adult mice, the "ventricular-subventricular zone" (vSVZ). The researchers analyzed gene expression at the level of individual cells using mRNA sequencing as well as the patterns of methylation ("methylome") in the entire genome. They used a specially developed tool to analyze the methylation data*.

DNA methylation refers to chemical "markers" with which the cell can switch off unused parts of its DNA. Methylation is therefore crucial for the identity of the cells.

During this study, the stem cell experts noticed that brain stem cells have a special DNA methylation pattern that distinguishes them from other astrocytes. "Unlike normal astrocytes, certain genes are demethylated in brain stem cells that are otherwise only used by nerve precursor cells. This allows the brain stem cells to activate these genes in order to produce nerve cells themselves," explains Lukas Kremer, first author of the current publication. Co-first author Santiago Cerrizuela adds: "This pathway is denied to ordinary astrocytes, as the required genes are blocked by DNA methylation."

Lack of blood supply triggers reprogramming of astrocytes to stem cells and increases new nerve formation




Could methylation also be used to convert astrocytes into brain stem cells in other regions of the brain, outside the vSVZ? "This would be an important step for regenerative medicine to repair damaged areas of the brain," says Ana Martin-Villalba.

Earlier studies had already shown that a lack of blood supply, such as occurs in brain injuries or stroke, increases the number of newborn nerve cells. Do altered methylation profiles play a role in this process?

To investigate this, the researchers interrupted the blood supply to the brain of mice for a short time. As a result, astrocytes with the typical stem cell methylation profile could be detected even outside the vSVZ, as well as an increased number of nerve progenitor cells.

"Our theory is that normal astrocytes in the healthy brain do not form nerve cells because their methylation pattern prevents them from doing so," explains study head Martin-Villalba. "Techniques to specifically alter the methylation profile could represent a new therapeutic approach to generate new neurons and treat nerve diseases."

"The lack of blood supply apparently causes astrocytes in certain areas of the brain to redistribute the methyl marks on their DNA in such a way that their stem cell program becomes accessible. The reprogrammed cells then begin to divide and form precursors for new neurons," summarizes Simon Anders and adds: "If we understand these processes better, we may be able to specifically stimulate the formation of new neurons in the future. For example, after a stroke, we could strengthen the brain's self-healing powers, so that the damage can be repaired."

Why studies on mice are necessary for this research

Strokes or accidents can lead to damage to the brain that is generally irreparable at present and often has dramatic consequences for those affected. As of today, there is no way to replace lost nerve cells. The aim of this work is to find ways to stimulate the regeneration of nerves in the adult brain.

This requires a profound understanding of how and under what circumstances brain stem cells can be induced to provide a supply of young nerve cells. To do this, the researchers need to study developmental processes that only take place in the brains of highly developed mammals. Epigenetic reprogramming cannot be observed in living animals using imaging techniques, but requires studies at the level of individual cells. The investigations cannot be carried out on cells from the culture dish, as the methylation profile of the astrocytes changes as soon as they are taken into culture, so that the epigenetic reprogramming can no longer be traced.
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A sensory pen which can read Braille could improve literacy amongst the visually impaired | ScienceDaily
A pen which can transform Braille into English text has been developed by experts at the University of Bristol.


						
Braille literacy is frequently reported as being in decline, this is despite visually impaired people often expressing a desire to learn it, and Braille literacy being a highly valued skill by those who are capable. This is often attributed to the lack of available learning resources, particularly away from large urban centres.

The handheld device, which includes a one-centimetre sensor with 19 channels programmed to read Braille, has demonstrated high accuracy in early trials.

Lead author Dr George Jenkinson explained: "This device, Braille-tip, was designed to aid people's ability to learn independently, and will hopefully form part of the solution to increasing Braille literacy and allow people to reap the benefits of reading and writing."

Braille-tip is a compact soft tactile sensor which can be mounted on a standard pen and is designed to dynamically assist with reading and learning Braille.

Dr Jenkinson continued: "I used the handheld device to read multiple passages of Braille, and analysed how accurately it could process the tactile cues (Braille bumps) into English text."

Fluid channels are used to transmit tactile information from 19 sensitive areas under a silicone membrane to a single camera. Its sensory response is calibrated to detect raised Braille dots on embossed cardboard designed for Braille-readers, and its functionality is demonstrated by reading Braille aloud, with an 84.5% success rate when operated by hand.




The algorithm works in real time which means it does not rely on training or deep learning. It is predictable, explainable, and portable to other tactile sensors. This results in code that is robust, and straightforward to edit.

Braille is a standardised and highly structured communication medium. A variety of techniques are used by people to read Braille, where a common advanced technique involves using both index fingers from each hand. In this, the trailing finger may be used to check and re-read certain letters and to find the beginning of the next line while the leading finger continues to read. Braille-tip may be used like the leading finger, to assist learning readers.

The team plan to extend the functionality of the device so that it is easier to operate accurately.

George added: As soon as possible, the device should be tested with participants, and prototypes should be made available to the intended end-users so that their desires and the potential use for such a device can be assessed in earnest.

"A co-design approach that involves users is much more likely to have a positive real-world impact than an approach siloed in the laboratory.

"The pattern of the errors suggest that they came from the way the device was held and operated, suggesting that the algorithm and sensor are likely to be able to reach much higher accuracy close to 100% if the design is improved."

Braille is frequently included in public spaces and devices such as transport hubs, elevators, and cash point machines to increase accessibility for users. A device capable of reading Braille letters encountered in these public spaces would enable those who are visually impaired and Braille-illiterate to engage with the space or device, and give them the ability to practice reading Braille independently.
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Adolescent glioma subtype responds to CDK4/6 inhibitor | ScienceDaily
CDK4/6 inhibitors, which are already FDA approved for the treatment of other forms of cancer, show early signs of promise in the treatment of a subtype of pediatric high-grade glioma, according to new research from Dana-Farber Cancer Institute and the Institute of Cancer Research in London. Treatment of a patient with a second relapse of this glioma subtype and no other treatment options resulted in 18 months of progression-free survival.


						
"We are finally starting to see more targeted therapies come out for different forms of brain cancer," says senior author Mariella Filbin, MD, PhD, co-director of the Brain Tumor Center of Excellence at Dana-Farber/Boston Children's Cancer and Blood Disorders Center and research director of the Pediatric Neuro-oncology Program at Dana-Farber. "Our patients really need these new treatment options."

The study is published in Cancer Cell.

High-grade gliomas are the leading cause of cancer-related deaths in children and adolescents. There are few effective targeted therapies for these cancers and only about a fifth of children diagnosed with high-grade gliomas live more than five years.

A subtype of high-grade glioma, called H3G34R/V-mutant diffuse hemispheric glioma (DHG-H3G34), typically occurs during adolescence and accounts for approximately 30% of childhood high-grade gliomas. Prior to this research, these cancers were thought to arise from glial cells, which provide a scaffold for signal transmitting neurons in the brain.

Filbin and her team discovered, surprisingly, that the tumor cells more closely resemble neurons. The team made this discovery using single cell multi-omic sequencing -- the analysis of the active genes and proteins in individual cells in the tumor samples.

"Once we knew what kinds of cells we are working with, we can start to look at therapeutic vulnerabilities," says Filbin.




To discover those vulnerabilities, Filbin's lab initiated a CRISPR screen on these neuron-like tumor cells. The screen disables genes one-by-one across the human genome to determine if any of its 20,000 genes are essential for the cells to survive. They found several vulnerabilities, many of which are specific to neuron-like cancer cells. However, most of those genes are not yet targetable by any known drugs.

The screen's results also pointed to CDK6 as a key vulnerability. CDK6 is a gene that regulates the cell division cycle and is important in cell fate decisions as cells differentiate. Several CDK4/6 inhibitors are already approved for the treatment of other cancers such as breast cancer.

Shortly after completing the screen, Filbin learned that the lab of co-senior author Chris Jones, PhD, at the Institute of Cancer Research in London, had done a similar CRISPR screen with similar results. "We joined forces and combined our data," says Filbin.

The next step was to test CDK4/6 inhibitors on patient-derived tumor models. There are no public repositories of this rare form of brain cancer, so all the samples tested came from patients who had been treated at Boston Children's Hospital and in hospitals in Vienna, London, Rome, Hamburg, and Munich.

The team first confirmed that three CDK4/6 inhibitors, ribociclib, palbociclib, and abemaciclib, could penetrate the blood brain barrier. Ribociclib, however, had several advantages, including being better tolerated at higher concentrations and more specificity to CDK6. In mouse models with patient-derived xenografts, treatment with ribociclib slowed tumor growth and extended survival.

When co-author Fernando Carseller, MD, of the Royal Marsden Hospital, learned about this work, he contacted Filbin. He had a patient, a thirteen-year-old whose cancer had relapsed twice. There were no more treatment options available. Ribociclib had been tested in clinical trials in children in the past, so the team had the dosing and safety data needed to administer the medicine safely.




When treated with ribociclib, the patient's cancer stopped progressing for 18 months. Filbin and Karen Wright, MD, MS, a clinician-scientist in the Brain Tumor Center at Dana-Farber/Boston Children's Cancer and Blood Disorders Center, are now working with the Connect Consortium, the Collaborative Network for Neuro-oncology Clinical Trials, to initiate a global clinical trial of ribociclib in patients with this subtype of high-grade glioma up front before any other treatments are provided.

"We want to see how the monotherapy works before relapse happens," says Filbin.

The treatment, however, is not likely to be enough for a cure. Filbin and Jones learned through their study that inhibiting CDK6 does not always kill the cancerous cells. Rather, it sometimes results in a pause in the cell cycle that enables the cells to continue to differentiate into neurons -- but not good ones.

"They are wonky neurons, and they are still cancer cells," says Filbin, who is focused now on finding additional medicines that could be combined with ribociclib to treat the cancer more effectively.

"We are at a time when we are starting to see positive effects with one drug," says Filbin. "Like with leukemia decades ago, where there was only little effect with one drug, we started layering on multiple drugs, and now we have a very high cure rate in kids with leukemia, that's our hope."
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New study uncovers key mechanisms responsible for the transformation of adult progenitors into brain tumors | ScienceDaily
A new study from researchers with the Advanced Science Research Center at the CUNY Graduate Center (CUNY ASRC) sheds light on why certain oligodendrocyte progenitor cells (OPCs) in the adult brain transform into gliomas, the most common and incurable type of adult brain tumors. Previous work identified OPCs -- dividing cells in the adult brain that play a crucial role in the brain's maintenance -- as one of the brain cell types that give rise to these tumors.


						
"OPCs are often described as a double-edged sword, akin to the dual nature of Dr. Jekyll and Mr. Hyde," said the study's principal investigator Patrizia Casaccia, founding director of the CUNY ASRC Neuroscience Initiative and Einstein Professor of Biology and Biochemistry at the CUNY Graduate Center. "On the one hand, these cells can promote myelin repair by differentiating into myelinating oligodendrocytes and serve a number of other interesting functions, including regulating the behavior of neurons and cooperating with several other cell types for proper brain function. On the other hand, they have the potential to transform into gliomas, making them a critical subject of study."

The research team set out to uncover the molecular mechanisms that cause some OPCs to become tumorigenic. By introducing specific genetic mutations, they discovered that a single mutation in a gene called Trp53, which normally suppresses tumor development, wasn't enough to induce tumor formation in OPCs. However, when this mutation was combined with the overproduction of a growth factor called platelet-derived growth factor BB (PDGF-BB), the OPCs exhibited growth characteristics strikingly similar to tumor cells. The study, published in the journal Neoplasia, revealed that only the OPCs with both the Trp53 mutation and PDGF-BB overproduction formed tumors when introduced into the brains of healthy mice, while those with only the Trp53 mutation did not. This finding prompted the researchers to further investigate what was driving this transformation.

"Our additional work identified that the overproduction of PDGF-BB in Trp53 mutant cells alters the growth characteristics of OPCs," said first author Dennis Huang, a Ph.D. student in the CUNY Graduate Center Biology program working in Casaccia's lab. "This alteration prevents their normal differentiation into myelin-forming oligodendrocytes by modifying certain histone tags."

Specifically, in the nuclei of OPCs with both Trp53 mutation and PDGF-BB overexpression the authors observed higher levels of H3K27me3 and lower levels of H4K20me3 histone tags, compared to cells bearing a single mutation. These results highlight the importance of specific epigenetic changes in driving the transformation of OPCs into gliomas. They also showed that decreasing the levels of the H3K27me3 histone tag, using pharmacological inhibition, decreased the ability of the OPCs to divide but was not sufficient to stop the process of transformation. Overall, these results suggest that monotherapy with a single inhibitor of H3K27me3 needs to be combined with additional therapeutic strategy in glioma management.

The important discovery suggests that targeting additional histone post-translational modifications could be a promising approach in developing combination therapies for these as yet incurable brain tumors.
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Can technology turn exercise pain into pleasure? | ScienceDaily
Virtual reality (VR) video games that combine screen time with exercise are a great way to get fit, but game designers face a major challenge -- like with regular exercise, adherence to 'exergames' is low, with most users dropping out once they start to feel uncomfortable or bored.


						
Computer scientists at the University of Bath believe they've found a solution: create exergames that use sensors to continuously measure a person's emotional state while they exercise, then tweak the game -- for instance, making it easier or harder -- to keep the user engaged.

Dr Dominic Potts, lead author of a new study into harnessing cutting-edge sensor technology to keep exercisers motivated, said: "When it comes to physical exercise in all forms, motivation and exercise adherence are huge problems. With exergaming, we can address this issue and maximise a person's enjoyment and performance by adapting the challenge level to match a user's abilities and mood.

"Exercise games that are completely adaptive will sense a person's emotions and give them more 'rewards' when they're struggling and more obstacles when they're ready for a new challenge."

Game designers have long aspired to develop more personalised exergames -- i.e. programs that tune in to a person as they work out, adapting to their struggles and ambitions of the game unfolds -- however, finding a trustworthy method for measuring a user's evolving emotional state has proven elusive.

The Bath team has made a breakthrough by employing a novel range of sensors -- which could be embedded in VR headsets and wearable devices such as smartwatches -- to track physical changes experienced by an exerciser as they work out.

The team's findings were published recently at the CHI Conference on Human Factors in Computing Systems -- the premier international conference of Human-Computer Interaction (HCI), where the paper received an honourable mention award.




The researchers hope their findings will be adopted by game designers to create immersive programs that can keep a person peddling, running or weightlifting long after they'd normally choose to quit.

Background noise

Until now, sensors -- which can be extremely effective at tracking emotional states when a person is sedentary -- have proven unreliable at measuring the emotional landscape of a person involved in physical activity, making it hard to recognise if a person is experiencing happiness, stress of boredom.

"Traditionally, these sensing devices have been put into VR headsets to track blinks and pupil dilation, but generally they are highly susceptible to physiological and background noise," explained Dr Potts.

Unwanted 'noise' is generated in two ways: by a person moving in unpredictable ways -- as they often do when exercising -- and by the exerciser responding to the virtual environment (VE) they're immersed in. So, for instance, a sensor that shows a person's pupils dilating as they exercise might reflect luminosity changes in the VE rather than the user's evolving emotional state.

Reliable tracking

In the new study, 72 participants were involved in a VR static bike race while the Bath scientists used a specific combination of sensors to measure pupil size, facial expressions, heart rate, levels of sweating, skin inflammation and electrodermal activity (which measures the skin's ability to conduct electricity, reflecting stress levels).




Data was collected through the sensors while racers worked out in four distinct VEs, where each environment was designed to induce a specific emotion (happiness, sadness, stress, and calmness). Participants moved through these VEs at three different exercise intensities (low, medium, and high).

For each workout, the researchers were able to paint an accurate picture of a user's emotional state, matching the game's level of difficulty and the nature of the VE with the physiological changes experienced by the user, as picked up by their sensors.

Drawing from this research, eight guidelines have been formulated for creators of VR exergame, aimed at enhancing the emotional engagement of users. Among these recommendations are the following:
    	Pupil-detecting sensors should be designed to correct for luminosity changes in the virtual environment.
    	Preexisting sweat levels of a user should be taken into account to predict stress and arousal of the nervous system.
    	Sensor data should be cleaned before and during an exergame (i.e. removing signals unrelated to emotional changes) to measure interpersonal differences and enable the game to be tailored to each user.
    	Multiple physiological sensors should be used to improve predictions of a user's emotional state.

Dr Christof Lutteroth, who leads exergame research as director of the REVEAL research centre and is co-investigator at CAMERA, both based at the University of Bath, said: "In the long run, our objective is to make VR exercise emotionally intelligent.

"We fully expect VR physical activity to explode in popularity in the years ahead -- school children are already using them as part of their exercise programmes and they are also being used in rehab and sports science -- so it's important to focus on making technology that's emotionally intelligent and adaptive to differences between users."
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Can't stop belching? Dietary habits or disease could be the reason | ScienceDaily
Belching is a common bodily function, but when it escalates to a level that interferes with daily life, it is defined as belching disorders. International surveys have reported that approximately 1% of adults have belching disorders, but the percentage in Japan and the factors involved often elude medical professionals.


						
To examine the relationship between the rate of belching disorders, comorbidities, and lifestyles in Japan, a research team led by Professor Yasuhiro Fujiwara of Osaka Metropolitan University's Graduate School of Medicine conducted a web survey of 10,000 adults. The results showed that 1.5%, or 151 people, had belching disorders. This was more prevalent in those who were men, drank alcohol, and were taking acid reflux medications.

Additionally, it was found that the presence of gastrointestinal disease, eating until feeling full, and extremely low or high chewing frequency were significantly associated with the development of belching disorders. Conversely, a high consumption of carbonated beverages had no association.

"The problem with belching disorders is that they take a long time to treat and are only practiced in a limited number of medical facilities," stated Professor Fujiwara. "In the future, the evaluation of the number of times someone chews and the effects of improved dietary habits in patients with belching disorders will provide a treatment option for patients to perform on their own."
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Hundreds of new cancer driver genes predicted by algorithm | ScienceDaily
Researchers at the Centre for Genomic Regulation (CRG) have discovered hundreds of potential new cancer driver genes. The findings, published in the journal Nature Communications, significantly expands the list of possible therapeutic targets to monitor and tackle the disease.


						
Mutations in genes are the primary cause of cancer. They can change the shape and function of proteins, altering a cell's normal function. According to COSMIC, the most widely-used cancer mutation database worldwide, there are 626 genes which, when mutated, cause uncontrolled cell growth and survival. These are critical drug targets.

The study predicts that non-mutational mechanisms are just as prevalent. The researchers used an algorithm to find 813 genes which help cancer cells proliferate through alterations in an often-overlooked molecular mechanism known as splicing. Like with mutations, splicing can be targeted by drugs to control progression of the disease.

"When taking non-mutational mechanisms like splicing into account, we think there could be double as many potential gene targets to control cancer. These are not classic oncogenes but rather represent an entire new class of potential cancer drivers which can be targeted in isolation or in synergy with existing strategies. It's an incredibly exciting new frontier to explore," explains Miquel Anglada-Girotto, co-corresponding author of the study and PhD student at the CRG.

The study found little overlap between the shortlist of genes driving cancer through splicing compared to mutated cancer drivers. Only around a tenth of genes (74, or 9.1%) identified in the study are also on the COSMIC database. The vast majority (508, or 62.5%) are potential cancer drivers which have been overlooked because they do not fit the traditional mutation-centric model of the disease.

"This tells us that splicing could be a largely independent mechanism driving cancer, complementary to well-known mutational pathways. It also explains why these potential targets have been historically ignored, because cancer research has primarily focused on mutations," adds Anglada-Girotto.

An algorithm called spotter

Splicing is a mechanism commonly hijacked by cancer. When normal cells make proteins, they first copy DNA from genes and create an initial draft of instructions. Cells use splicing to cut out unnecessary parts of the draft (introns) and stick together the important bits of information (exons).




Cancer cells include or exclude specific exons during splicing to create different versions of a protein from a single gene, some of which can promote cancer growth, survival, or drug resistance. This helps cancer adapt to different environments or stresses, making them more aggressive and harder to treat.

Historically, researchers have focused on specific splicing events or genes already suspected to be involved in cancer. The present study used a broader, "unbiased" approach, systematically analysing splicing across the entire genome to identify new potential cancer-driving splicing events.

The researchers created an algorithm called spotter. The model looked through vast amounts of genetic data to spot which exons are chosen by cancer cells during splicing to aid growth. spotter analysed data from many different types of cancer cells to spot which exons were important for cell survival.

"Not only can spotter identify potential cancer-driver exons, which we can then trace back to genes, but it can also rank which exons are more important than others in any given cancer sample. We can use this to validate each exon experimentally so that predictions made by the algorithm are confirmed," says Anglada-Girotto.

Testing predictions in the real world

Though spotter is powerful tool for predicting potential cancer-driving genes through splicing, it's still just a prediction model. To see if its predictions hold true in real-world conditions, the researchers looked at a large dataset of nearly 7,000 patient samples from 13 different types of cancer.




It's known that splicing plays a more significant role in aggressive, fast-growing cancers. The researchers used spotter to test whether the algorithm could find the specific exons responsible. They used the algorithm to shortlist eight exons, and designed synthetic drugs to target their splicing in cancer cell lines. As expected, the drugs were particularly effective in targeting rapidly-growing cancer cells.

"spotter can help us move beyond the general understanding of splicing's role in cancer to a much more detailed map of which specific parts of genes are being hijacked by cancer cells. Essentially, it's a way of finding new, highly-specific therapeutic targets," says Dr. Luis Serrano, co-corresponding author of the research and Director of the Centre for Genomic Regulation.

Advancing 'precision oncology'

The researchers also tested spotter's potential in predicting cancer's response to a drug. Changes in splicing can alter how a gene -- and the protein it produces -- responds to therapeutic molecules. The study explored how the splicing of certain exons can affect a cancer cells' sensitivity to these drugs.

The researchers combined predictions from spotter with data from large-scale experiments to identify exons linked to drug-sensitivity. They used the data to create models which can predict how a cancer cell will respond to a particular drug. The researchers tested their model on data from 49 ovarian cancer patients and found it could reliably distinguish which patients were likely to be more resistant or sensitive to chemotherapy.

"This could be part of a complementary strategy to understand a patient's cancer biology and help oncologists determine the best risk-benefit trade-off for cancer treatments and, ultimately, improve patient outcomes," says Dr. Luis Serrano, co-corresponding author of the research and Director of the Centre for Genomic Regulation.

The researchers have to overcome important limitations before their findings can translate into clinical applications. While spotter could identify potential cancer-driving exons, these are predictions which require extensive experimental validation to confirm their role in cancer. The study tested some predictions in cell lines, but researchers will need to carry out broader validation across more cancer types and patient samples.

"Moving from computational predictions and cell line experiments to effective clinical treatments takes time and involves many challenges. However, because splicing has not been as extensively studied as mutations, there is still a vast amount of uncharted territory to explore which is ripe for new discoveries, some of which could change the way we think about and treat cancer," concludes Dr. Serrano.
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Insulin cells don't need to team up | ScienceDaily
Our glycaemic balance is based on the ability of the pancreatic beta cells to detect glucose and secrete insulin to maintain our blood sugar levels. If these cells malfunction, the balance is broken, and diabetes develops. Until now, the scientific community agreed that beta cells needed the other hormone-producing cells of the pancreas to function properly. A team from the University of Geneva (UNIGE) has demonstrated the opposite: in adult mice whose pancreas contains only beta cells, glycaemia regulation and insulin sensitivity are even better than in standard animals. These results, which open major clinical prospects, can be read in the journal Nature Metabolism.


						
In 2010, the team led by Pedro Herrera, a professor in the Department of Genetic Medicine and Development and in the Diabetes Centre at the UNIGE Faculty of Medicine, discovered the remarkable ability of pancreatic cells to change function. If beta cells die prematurely, the endocrine cells normally responsible for producing other hormones, such as glucagon or somatostatin, can start producing insulin.

''Until now, it was thought that the differentiated adult cells of an organism could not regenerate and reorientate themselves functionally. Pharmacologically triggering this cellular plasticity could therefore form the basis of an entirely new therapy for diabetes. But what happens if all the cells of the endocrine pancreas abandon their original function to start producing insulin? It is what we wanted to find out in our new study,'' explains Pedro Herrera.

Non-beta cells are not essential

It was accepted that beta cells could only function correctly in the presence of the other hormone-producing cells -- alpha, delta and gamma cells -- grouped together in islets within the pancreas. ''To verify this, we produced mice in which, when they reach adulthood, all the non-beta cells in the pancreas can be selectively eliminated to observe how the beta cells manage to regulate glycaemia,'' explains Marta Perez Frances, a researcher in Pedro Herrera's laboratory and first author of this work. ''Surprisingly, not only were our mice perfectly capable of managing their blood sugar levels effectively, but they were even healthier than the control mice!"

Even when fed a high-fat diet or tested for resistance to insulin -- one of the main markers of diabetes -- these mice showed improved sensitivity to insulin in all the target tissues, and particularly in adipose tissue. Why? "There is an adaptation process in which the body recruits other hormonal cells from outside the pancreas to cope with the sudden reduction in glucagon and other pancreatic hormones,'' notes Pedro Herrera. ''But this clearly shows that non-beta cells of the pancreatic islets are not essential for maintaining glycaemic balance.'' These results are surprising and challenge the prevailing conception up until now.

Emerging new therapies 

Naturally, around 2% of pancreatic cells change their function in the event of insulin deficiency. The challenge is now to identify a molecule capable of inducing and amplifying this conversion. Another strategy would be to differentiate stem cells in vitro to produce new beta cells before transplanting them into the patients. ''Our results are proof that strategies focusing on insulin cells could really pay off,'' enthuses Pedro Herrera. ''The next stage of our work will therefore involve establishing the molecular and epigenetic profile of non-beta cells from diabetic and non-diabetic individuals in the hope of identifying the elements which could make it possible to induce the conversion of these cells in the pathological context of diabetes.''
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Finger wrap uses sweat to provide health monitoring at your fingertips--literally | ScienceDaily
A sweat-powered wearable has the potential to make continuous, personalized health monitoring as effortless as wearing a Band-Aid. Engineers at the University of California San Diego have developed an electronic finger wrap that monitors vital chemical levels -- such as glucose, vitamins, and even drugs -- present in the same fingertip sweat from which it derives its energy.


						
The advance was published Sept. 3 in Nature Electronics by the research group of Joseph Wang, a professor in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at UC San Diego.

The device, which wraps snugly around the finger, draws power from an unlikely source -- the fingertip's sweat. Fingertips, despite their small size, are among the body's most prolific sweat producers, each packed with over a thousand sweat glands. These glands can produce 100 to 1000 times more sweat than most other areas of the body, even during rest. This constant trickle of natural perspiration -- without any stimuli or physical activity -- offers a reliable energy source, fueling the device even during periods of inactivity or sleep.

The device is constructed from several electronic components printed onto a thin, flexible and stretchable polymer material. Its design allows it to conform to the finger while being durable enough to withstand repeated bending, stretching and movement. "It is based on a remarkable integration of energy harvesting and storage components, with multiple biosensors in a fluidic microchannel, along with the corresponding electronic controller, all at the fingertip," said Wang.

Central to its operation are biofuel cells that are positioned where the device contacts the fingertip. These cells have been specially engineered to efficiently collect and convert chemicals in sweat into electricity. This electricity is stored in a pair of stretchable, silver chloride-zinc batteries, which power a suite of sensors -- four in total -- each tasked with monitoring a specific biomarker: glucose, vitamin C, lactate and levodopa, a drug used for treating Parkinson's disease. As sweat is wicked through tiny paper microfluidic channels to these sensors, the device analyzes the biomarker levels, all while drawing energy it needs from the very sweat it's sampling. A small chip processes signals from the sensors and wirelessly transmits the data via Bluetooth low energy to a custom-designed smartphone or laptop application.

"This is automatic health monitoring at your fingertips," said study co-first author Shichao Ding, a postdoctoral researcher in Wang's research group at the UC San Diego Jacobs School of Engineering. "The wearer can be resting or asleep, and the device can still harvest energy and track biomarker levels."

In tests, a subject wore the device throughout the day to track glucose levels during meals, lactate levels during both desk work and exercise, vitamin C levels while drinking orange juice, and levodopa levels after eating fava beans, a natural source of the compound.

Ding and co-first author Tamoghna Saha say that the device can be customized to cater to individual health needs by detecting different sets of biomarkers. The researchers are working on developing a closed-loop system that not only monitors biomarkers, but also administers treatments based on the collected data. For instance, in the case of diabetes, such a device could continuously monitor glucose levels and automatically deliver insulin as needed, then assess the treatment's effectiveness by further monitoring biomarker levels.

"Autonomous power, sensing and treatment all in one device -- that's the ultimate goal," said Ding.
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Children's behavioral problems are linked to higher hair cortisol levels | ScienceDaily
Cortisol is the hormone secreted by the body to respond to stressful situations, so measuring the concentration of cortisol in the hair is very useful in analysing chronic stress. "Cortisol is usually present in the blood, saliva and urine, among other places, and indicates a momentary level of cortisol; however, cortisol accumulates in the hair, and that points to a degree of stress in the longer term, in other words, chronic stress," explained Ane Arregi-Otxotorena, a researcher in the UPV/EHU's Faculty of Psychology. To distinguish between momentary stress and chronic stress, Arregi uses a clear example: "The stress that occurs when you're going to buy bread one day and you realize you haven't got any money on you, is not the same as when you know you can't afford to buy bread on a daily basis."


						
The researcher in the Basque Environmental Health Research Group (B-EHRG) used hair samples of 11-year-old children to assess chronic stress. To conduct the research she extracted data from the INMA project; the INMA (Environment and Childhood) project gathers all kinds of data on children and families, starting with the mother's pregnancy, for long-term research purposes.

So the research concluded that, firstly, major behavioural problems are related to higher levels of cortisol in the hair. In addition, "we saw that maternal stress is related to children's behavioural problems. This means that maternal stress can also influence children's cortisol levels through their behavioural problems. Somehow along this two-stage path," Arregi explained.

Cortisol level is also influenced by environmental noise

Secondly, they also found something they had not expected: "Higher exposure to environmental noise is associated with lower cortisol levels. We saw that the higher the noise level is, the lower the cortisol levels are. When classifying the analysis by sex, this relationship was only significant in the case of the boys." According to the researchers, "the initial acute stress caused by noise may lead to a temporary increase in cortisol levels, but the chronic stress caused by long-term exposure to high noise levels can reduce the level of cortisol." To confirm the results relating to noise, and which were unexpected, the same research will be carried out within the broader European Athlete (Horizon 2020) project.

Environmental, social and individual factors

Broadly speaking, "in our research we detected these two factors, but that does not mean that other factors are not related, but we did not find any other kind of relationship," explained Arregi. "It is important to give these pieces of research a broader perspective while taking more than one stressful factor into account." So a model was created to investigate the relationship between environmental, social and individual factors and the cortisol concentration in children's hair. All the factors that may influence stress and which appear in the literature were taken into account: for example, green and blue spaces, air pollution, environmental noise; family and school relationships, parental stress level; sleep problems, physical activity, age, sex, etc.

As the UPV/EHU researcher pointed out, "much remains to be investigated relating to the factors that influence hair cortisol levels in children and young people, and studies so far have not taken into account the simultaneous influence of many factors." The model was created to tackle this. Arregi explained that in the model it is important to take many factors into consideration: "From now on, the model will allow us to find out which variables should be taken into account when measuring the cortisol level in the hair and which should not."

Future research would need to use this more complex approach to better understand the determinants of cortisol in children's hair; indeed, simultaneous exposure to various environmental, social and individual factors may influence the concentration of cortisol in the hair. Children being under the influence of chronic stress is related to many health problems; "childhood and adolescence are very vulnerable stages, because they are stages of rapid development. It is very important to know how different factors influence the health of children and adolescents at this stage so that they can become healthy adults," said the researcher.

"We believe that hair cortisol may be a useful tool when assessing how environmental exposures impact chronic stress. In short, this may help in the deployment of effective public policies; in fact, knowing what can cause the chronic stress of the population in a specific location may make it easier to implement policies to prevent it," she concluded.
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Targeted cancer therapies: Getting radioactive atoms to accumulate in tumors | ScienceDaily
Prostate cancer is the second most common cancer among men worldwide, following lung cancer. In the United States alone, nearly 300,000 new cases are diagnosed annually. While reducing testosterone and other male hormones can be an effective treatment for prostate cancer, this approach becomes ineffective once the disease progresses to metastatic castration-resistant prostate cancer (mCRPC). At this stage, the cancer advances quickly and becomes resistant to conventional hormonal therapies and chemotherapy.


						
A clever strategy for fighting mCRPC is to exploit the fact that these tumor cells usually overexpress a membrane protein called prostate-specific membrane antigen (PSMA). In particular, targeted alpha therapy involves attaching a radioactive atom like actinium-225 (225Ac) to a compound that binds strongly to PSMA. As the radioactive atom decays, it emits alpha particles that are harmful to nearby cells -- in this case, tumor cells. However, given that the production of 225Ac is very low, scientists are looking for more viable alternatives.

In a recent study, a research team led by Professor Tomoya Uehara from Chiba University, Japan, developed a novel compound for the targeted alpha therapy of prostate cancer using a different alpha particle emitting radionuclide: astatine-211 (211At). Other members of the team included Hiroyuki Suzuki and Kento Kannaka from Chiba University, as well as Kazuhiro Takahashi from Fukushima Medical University. Their findings, which were published in Volume 9 of EJNMMI Radiopharmacy and Chemistry on June 17, 2024, address one of the main issues plaguing 211At-based compounds for targeted alpha therapy: deastatination.

Simply put, deastatination refers to the natural process by which enzymes in the body cleave the 211At atom from the whole compound, effectively splitting the therapeutic part from the PSMA-targeting part. This not only renders the drug unable to address the cancer itself, but also releases a radioactive payload to other tissues in the body, which can damage the liver, stomach, and kidneys.

To avoid this problem, the researchers turned to a chemical structure they had previously studied. "Recently, we developed a neopentyl derivative with two hydroxy groups, which we referred to as an 'NpG structure,' as a 211At-labeling moiety that could stably retain 211At in vivo," explains Uehara, "Based on these past results, we hypothesized that the NpG structure could be used to design a variety of 211At-labeled PSMA-targeting derivatives."

The team put their theory to the test by designing and synthesizing a pair of such derivatives, each containing a different glutamic acid linker between the NpG structure and the PSMA-targeting region, namely asymmetric urea. These compounds were named NpG-L-PSMA and NpG-D-PSMA.

First, the researchers ran tests using iodine-125 (125I) bound to these compounds rather than 211At, given that 125I is more abundant and easier to procure. Through experiments in mice bearing tumors from a human prostate cancer cell line, they found that both [125I]I-NpG-D-PSMA and [125I]I-NpG-L-PSMA exhibited low accumulation in the stomach and thyroid, hinting at their high in vivo stability against deiodination. However, [125I]I-NpG-D-PSMA showed higher accumulation in tumor tissue than [125I]I-NpG-L-PSMA.

Thus, the team proceeded to run another series of experiments, now using [211At]At-NpG-D-PSMA. Just like its iodine-containing counterpart, this compound exhibited high accumulation in tumors and low accumulation in vital organs such as the liver and stomach.

Taken together, the results of these in vivo experiments highlight the potential of NpG-D-PSMA for targeted alpha therapy. "Our study showed that the neopentyl glycol structure, which can stably hold radiohalogens like 211At and 125I in vivo, may be applicable as a tumor-targeting agent. The use of the neopentyl glycol structure as a radiohalogen labeling moiety could enable the production of nuclear medicines for various types of tumors, thereby contributing greatly to human welfare," concludes Uehara.
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Communication helps parent relationships with new college students but has limits | ScienceDaily
When young adults first go off to college, more communication with parents generally leads to better relationships, but parents should avoid always initiating it, according to a study led by Washington State University researchers.


						
In a paper published in the journal Emerging Adulthood, WSU Assistant Professor Jennifer Duckworth and co-authors found that phone, text, video or in-person communication made first-year students feel better about the relationship with their parents. Students also felt better about the relationship when parents offered support or advice, and when they discussed important topics, such as studying and friendships. However, researchers found negative associations when parents initiated nearly all of the communication.

"That could be indicative of over-involved parenting," said Duckworth, a faculty member in WSU's human development department. "It can be a fine line, but students with so-called 'helicopter parents' could have a more negative view of their relationship with those parents."

The research shows that it's beneficial for parents to regularly stay involved in students' lives, provide support and discuss topics important to students without overwhelming them.

"Text messages are great for a quick check-in that can be very beneficial to the relationship quality," Duckworth said. "If a student feels they have a good relationship, that's indicative of well-being and positive behaviors like more studying and less alcohol and drug use."

The study also shows that frequent communication improves the relationship between familial units.

"We looked at daily levels of parent/student communication, and days with communication were better for the relationship than days without any communication," said Duckworth. "Similarly, days with more communication were better than days with less communication."

The researchers were surprised by how consistent the findings were.




"On days when they communicated, and students were honest with their parents and parents offered support or advice, the students reported they felt more positive about their relationship the following day," she said.

The study looked at the response results of 367 first-year WSU students who took a daily survey for seven consecutive days. The students were compensated up to $30 if they completed every survey, which was texted to their phones.

Breaking down the data, the authors found several differences. Female students reported more days of communication than males, with more time spent communicating. They discussed friendships and relationships more, but spent less time discussing time management than males.

Meanwhile, members of racially or ethnically minoritized groups reported fewer days communicating with their parents. While they spent less time communicating in general, students from minoritized groups spent more time talking on the telephone and video chatting with their parents than other groups. They also reported being less honest and spending less time talking about studying or grades, and drinking or substance use.

"We don't know why this is the case," Duckworth said. "It could reflect cultural or contextual differences, or differences in parenting styles. It's definitely an area for future research."

Duckworth wrote the paper with WSU colleagues Katherine Forsythe, Brittany Cooper and Laura Hill along with Matthew Bumpus, director of research and community impact at Innovia Foundation.
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How zebrafish map their environment | ScienceDaily
Researchers are turning to zebrafish to unlock the secrets of place cells, which play a crucial role in forming mental maps of space, social networks, and abstract relationships. Until now, place cells have only been found in mammals and birds, leaving the question of how other species internally represent the external world largely unanswered. A team of researchers at the Max Planck Institute for Biological Cybernetics has now found the first compelling evidence for place cells in the brain of the tiny larval zebrafish.


						
When we explore an unfamiliar city, we use various cues -- landmarks, a sense of how far we have walked in one direction, perhaps a river we cannot cross -- to create an internal map of our environment. Deep in the brain, in a structure called the hippocampus, a set of place cells play a key role in building our internal maps of the external world. These place cells fire when we are at specific locations in space and can self-organize into an array of different mental maps.

That much is known for mammals, including humans, and even for birds. However, the existence of place cells in other species is controversial. A group of researchers at the Max Planck Institute for Biological Cybernetics in Tubingen (Germany), led by Jennifer Li and Drew Robson, has now found the first conclusive evidence for place cells in zebrafish.

Recording the entire brain during natural behaviour

The researchers recorded the brain activity of young zebrafish as they explored their environment. These fish are completely transparent when they are only a few days old, making it possible to look into their tiny brains, which contain only 100,000 cells. One can even make individual active neurons light up using fluorescent calcium indicators, since all neuronal activity is associated with fluctuations in calcium ion concentrations. An earlier key invention of Li and Robson was essential for observing brain activity during navigation: tracking microscopes that move with the freely swimming fish.

Using this experimental design, the team analysed what spatial information is encoded in each neuron in the fish's brain. They identified a population of about 1000 place cells in each fish, most of which only fire when the animal is in a specific location, while a few respond to more than one area. "Collectively, the place cell population encodes spatial information," explains Jennifer Li. "From the firing patterns of the place cells, we were able to decode the location of each fish over time -- with an error of just a few millimetres."

Strikingly, most of the place cells were located in the telencephalon, an area of the zebrafish's forebrain, whose precise function has been a source of debate for several decades. "The high concentration of place cells in the telencephalon potentially confirms the longstanding conjecture that this brain region is a functional analogue of the mammalian hippocampus, in miniature," comments Drew Robson.




A flexible mechanism that integrates different inputs

However, Li and Robson needed additional evidence to conclude that the cells they had identified were indeed an analogue to mammalian place cells. The first feature to be tested was whether place cells use self-motion or external cues. In terms of human experience, a cue such as "I've been walking straight ahead at a brisk pace for about a minute" relies on self-motion, whereas "I can see the Eiffel Tower" is an external cue. In a series of experiments, the researchers manipulated both sources of information -- taking the fish out of their environment and placing them back, removing landmarks, or rotating the behavioural chamber. They found that the fish integrate both external and self-motion cues to create their internal maps -- just like we do.

Not only do the fish appear to refine their spatial representation map as they become more familiar with an unfamiliar environment, but they can also adapt to change: they use the same neuronal circuits to remember a second environment. When returned to their initial surroundings, they do not have to map it from scratch, but can partially recover the representation map they created previously. Thus, the place cell population exhibits a flexible memory system, a further hallmark of mammalian place cells.

An emerging model organism for a complex neuronal network

The authors of the study plan to use zebrafish as a new model organism to unravel the mysteries of place cells. In addition to their role in creating mental maps of space, these cells are also crucial for forming maps of social networks and abstract relationships, as well as for memory and planning. While mammalian place cells have been intensively investigated since their Nobel Prize-winning discovery more than 50 years ago, scientists still do not fully understand the neural networks that generate place cells or how they support such a wide range of mental functions.

The primary challenge has been the sheer complexity and size of mammalian place cell networks, which make it extremely difficult to study the entire network simultaneously. In contrast, the larval zebrafish brain is one of the smallest biological systems capable of generating place cells. Robson concludes: "Using this new minimal model, future studies can potentially trace all of the inputs to each place cell and create detailed models for how place cells acquire all their unique properties."
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How gene regulation changes over a lifetime | ScienceDaily
Gene regulation in our cells -- the decision when which proteins are produced for the various processes of the cell -- is strictly regulated. It has long been assumed that this regulation deteriorates with age. But until now, it has been unclear how exactly the regulation of individual processes and, above all, the coordination between the processes changes.


						
Professor Dr Andreas Beyer and his team from the University of Cologne's CECAD Cluster of Excellence for Aging Research have now used a mathematical model to show that the regulation of genes involved in the same process in the cell changes relatively little over the course of a person's life. However, the coordination between different cellular processes becomes less and less effective. The study was published under the title 'Loss of coordination between basic cellular processes in human aging' in Nature Aging.

The scientists analysed age-related changes in gene regulation in eight different human tissue samples in the age range from 20 to 80 years, for which they compiled several thousand data sets from three different databases. By applying their model to this data, the scientists investigated the extent to which the network of gene regulation changes in the course of aging. Surprisingly, they found that the control of most genes does not deteriorate with age. "Our results show how important it is not only to study individual genes and their effect on aging, but also to take a step back and look at the interaction and communication between the different processes," said first author Dr Ana Carolina Leote.

Professor Beyer summed up the result: "Aging affects the entire cell. To really understand these changes, we need to analyse all genes simultaneously using computer models that we apply to large data sets." Next, the team would like to generate such models for the proteins that are encoded in the genes. This is much more complex because several different proteins can be made from one gene.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240903144907.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Dangerous airborne fungus boosted by California droughts | ScienceDaily
Valley fever is an emerging fungal disease in the western United States that most often causes flu-like symptoms, but can also cause dangerous or even deadly complications. By analyzing data on reported cases of Valley fever in California, which have increased dramatically over the last two decades, researchers from University of California San Diego and University of California, Berkeley, have identified seasonal patterns that could help individuals and public health officials better prepare for future surges in Valley fever cases. The findings also have important implications for how the changing climate can exacerbate the threat of infectious diseases. The findings are published in The Lancet Regional Health -- Americas.


						
The researchers collaborated closely with the California Department of Health (CDPH) to analyze all reported Valley fever cases in California from 2000 to 2021. By comparing these to seasonal climate data, they discovered how the disease cycles seasonally across different California counties and identified how these cycles are influenced by drought periods. The researchers found that while most cases occur during the period from September to November, there were differences in seasonal patterns and timing between counties and years.

"Most seasonal infectious diseases show a peak in cases every year, so we were surprised to see that there were certain years during which few or no counties had a seasonal peak in Valley fever cases," said first author Alexandra Heaney, Ph.D., assistant professor at the UC San Diego Herbert Wertheim School of Public Health and Human Longevity Science. "This made us wonder what was driving these differences in seasonality between years, and based on the timing we observed, we hypothesized that drought might be playing a role."

The researchers found that on average, counties in the San Joaquin Valley and Central Coast regions had the most pronounced seasonal peaks, though the peaks started earlier in San Joaquin Valley.

"This is valuable information to time public health messaging aimed at educating the public about the symptoms of Valley fever and how to protect themselves," added Heaney.

Valley fever is caused by spores from the soil-dwelling Coccidioides fungus. People contract Valley fever by inhaling infectious spores that become aerosolized when the soil is disturbed by wind or human activity. Valley fever is most likely to affect people who are exposed to airborne dust frequently, including those who work outdoors. However, the disease is not contagious.

Valley fever has long been a problem in the American Southwest, but the number of cases has skyrocketed in recent years, tripling from 2014-2018 and again from 2018-2022, according to the CDPH. However, because it is still relatively rare, and because it causes similar symptoms to other respiratory infections, including COVID-19, Valley fever is often misdiagnosed. When left untreated, the fungus can cause severe damage to the respiratory system and spread to other parts of the body, such as the skin, bones and even the brain, the latter of which can be deadly.




"Knowing when the Valley fever season starts and how intense it will be can help health care practitioners know when they should be on high alert for new cases," said corresponding author Justin Remais, Ph.D., professor at UC Berkeley School of Public Health. "This is the first study to pin down exactly when disease risk is highest in all of California's endemic counties, as well as places where the disease is newly emerging."

The researchers observed that during drought periods, seasonal peaks in Valley fever cases are less severe. However, when the rains return, these peaks are particularly high. One hypothesis to explain this pattern is that droughts allow heat-resistant Coccidioides spores to outlast their less-hardy competitors. When rains return, the fungus is able to proliferate widely with less competition for moisture and nutrients.

Another hypothesis suggests that the links between Valley fever and drought may be due to drought's impact on rodents that host the Coccidioides fungus. Because rodent populations decline during droughts, and because dead rodents are thought to be an important source of nutrients for the fungus, it may be able to survive and spread more easily in drought conditions.

"This work is an important example of how infectious diseases are influenced by climate conditions," said Heaney. "Even though droughts appear to decrease Valley fever cases in the short term, the net effect is an increase in cases over time, particularly as we experience more frequent and severe droughts due to climate change."

Individuals can help protect themselves against Valley fever during dry and dusty periods by minimizing time outdoors and wearing face coverings that can block dust. The researchers also emphasize the need for more thorough monitoring of the Valley fever fungus, which can be difficult to detect.

The team is now expanding the range of their analyses to include other Valley fever hotspots in the United States.

"Arizona is much dustier than California and has very different climate dynamics, and about two thirds of cases in the United States occur in Arizona, so that's where we're looking next," said Heaney. "Understanding where, when, and in what conditions Valley fever is most prevalent is critical for public health officials, physicians, and the public to take precautions during periods of increased risk."
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Rising temperatures in Africa may increase perinatal deaths | ScienceDaily
Heatwaves in sub-Saharan Africa are predicted to become more common due to climate change. A new study by researchers at Karolinska Institutet and others, published in Nature Medicine, reveals a worrying correlation between high temperatures in the final week of pregnancy and an increased risk of stillbirth and early neonatal mortality.


						
"While temperatures are rising in sub-Saharan Africa, knowledge of how they affect pregnant women and their babies is scant," says the study's corresponding author Claudia Hanson, docent at the Department of Global Public Health, Karolinska Institutet, Sweden.

"Our results indicate that mother and newborn care in this region must be improved to ensure that hard-won improvements in reducing mortality are not lost to climate change," adds Andrea Pembe, professor at the Department of Obstetrics and Gynaecology, Muhimbili University of Health and Allied Sciences, Tanzania.

The study included over 138,000 births at 16 hospitals in four countries in sub-Saharan Africa: Benin, Malawi, Tanzania and Uganda. The researchers analysed the association between high temperatures in the week before birth and perinatal mortality, which is to say a death just before, during, or within 24 hours after birth. High temperatures were defined as an increase in average weekly temperature for a typically warm week (between 22 and 28 degC depending on country, corresponding to the 75th percentile) to an exceptionally warm week (between 24 and 29 degC, corresponding to the 99th percentile).

Babies whose mothers had been exposed to high temperatures the week before childbirth had a 34 per cent higher risk of perinatal death, a risk that doubled during the six hottest months of the year. Unlike in many other countries, a large proportion -- almost half -- of all stillbirths occurred during labour.

"Our study shows that there is an urgent need to develop and implement interventions that protect pregnant women and their babies during heatwaves," says co-lead author Jeroen de Bont, a postdoctoral researcher in Petter Ljungman's research group at the Institute of Environmental Medicine, Karolinska Institutet.

In sub-analyses of heat-associated mortality by timing of death (before, during or after labour), the researchers observed trends towards increased stillbirths during labour, but not all estimates reached statistical significance.

The next phase of the research needs to focus on redesigning maternity wards to mitigate the effects of heat on pregnant women and staff, including using improved construction techniques such as ceiling insulation, and creating adjacent green areas, which can bring additional health benefits. The researchers will also be studying how heat affects other maternal and childbirth outcomes, and how it interacts with environmental factors such as air pollution.

The study was primarily financed by the EU's Horizon 2020 research and innovation programme and was carried out in close collaboration with Makerere University, Uganda, Muhimbili University of Health and Allied Sciences, Tanzania, Centre de Recherche en Reproduction Humaine et en Demographie (CERRHUD), Benin, and Kamuzu University of Health Science, Malawi. The researchers report no conflicts of interest.

Facts: Every year, 1.9 million babies around the world die just before or during childbirth (stillbirth) and an additional 2.3 million die during the neonatal period (within the first 28 days of life). Sub-Saharan Africa is the region with the highest mortality rates. Reducing the stillbirth and neonatal mortality rates is one of the UN's sustainable development goals and the principal objective of the WHO's Every Newborn Action Plan initiative.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240903144859.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How cheerful is that water bottle? | ScienceDaily
New research from the University of Georgia Terry College of Business shows consumers use "happier" words to search for products when they are in a good mood. Researchers have connected those positive search terms with an increased likelihood of clicking on search engine ads.


						
The study connects marketing's more traditional research into how marketers manipulate and react to consumers' emotions and behavior at brick-and-mortar retailers to today's digital realities.

"There's a lot of research about how you feel when you're in a store, how you feel when you see a product, but now people begin the shopping process online before they step foot in a store," said Sarah Whitley, an assistant professor of marketing in UGA's Terry College. "They may operate differently in this online space, and we need to understand how emotions play a role."

Positive search terms may lead to more ad clicks

The research team analyzed a set of more than 5 million archived searches and ran experiments with 6,800 participants.

The team found people who were primed to be in a better mood by being shown pictures of positive things (e.g., babies, bubbles, sunshine, etc.) were significantly more likely to use cheerful words to describe their desired product in their online search. When search engine ads were presented in response to these more positive search terms, they were about 50% more likely to generate site visits than the same search terms without a "happy" modifier, regardless of product category.

For instance, test subjects who used positive emotion search terms -- such as joyful, cheerful, playful and inspiring -- to describe a water bottle were more than twice as likely to click on ads at the top of their search results than people who used non-emotion descriptors such as clear, metal and lightweight. Other products such as books and posters showed similar effects.




"The positive feeling has nothing to do with the product they are searching for; it's just something they are feeling at the moment," said Anindita Chakravarty, co-author of the study and Terry Dean's Advisory Council Distinguished Professor." When it happens they're feeling happy and need to search for a product at the same time, they are going to use more positive words when they type in their search query. And that's when the practical implications come in."

Marketers may want to target happier shoppers early in the buying process

The difference between ad clicks generated by cheerful and neutral searchers is connected to happy consumers' reduced skepticism about ads.

"When people are in a positive mood and experiencing positive emotions, they have rose-colored glasses on," Whitley said. "Every person carries around this knowledge in their head that allows them to see how marketers are trying to persuade them -- persuasion knowledge. "When you're in a positive mood, it dampers down that tendency to use your persuasion knowledge to avoid ads. You're less skeptical and view advertising content more positively."

Online marketers have long known more precise search terms and price-oriented search terms are clues that online consumers are closer to completing a purchase and more willing to click on an ad.

"If (consumers are) feeling positive, they may be less suspicious of your ads and more likely to click on them, and you'd have a larger ROI on your ad spending," said Whitley.

So, they spend money to have their ads shown when consumers search for specific product characteristics, logistics or deals that generate more return for their ad money.

In light of this new research, marketers may want to reserve some ad dollars to reach shoppers in a positive mood earlier in the buying process.

"Instead of just thinking about deal-based search terms, marketers might want to consider some of these positive emotion words in search terms that can indicate how the consumer is feeling at that moment," Whitley said. "Because if they're feeling positive, they may be less suspicious of your ads and more likely to click on them, and you'd have a larger ROI on your ad spending."
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Ketamine clinics vary widely in pregnancy-related safeguards | ScienceDaily
More hospitals and clinics now offer patients ketamine therapy for severe depression, post-traumatic stress disorder and other mental health conditions that haven't responded to other treatments.


						
While ketamine is a safe medication when used with medical supervision, it does have a little-known complication: it may be very harmful to a developing fetus. It should not be used during pregnancy.

But a new study suggests that ketamine prescribers aren't paying enough attention to this risk and should do more to make sure that patients receiving ketamine aren't pregnant and are aware of the need to use contraception while undergoing a course of treatment over multiple months.

The new article in the Journal of Clinical Psychiatry was written by researchers from the University of Michigan's academic medical center, Michigan Medicine. It reports the results of a survey and document review conducted of ketamine clinics nationwide, and a review of records from the ketamine clinic for depression at U-M Health.

In all, they found a wide variation in policies, practices and warnings about ketamine use related to pregnancy and reproduction. This is despite the fact that the 119 clinics that answered the survey report treating a total of more than 7,000 patients with ketamine per month, and estimate that a third of patients they serve are female and pre-menopausal.

Key findings

More than 75% of responding clinics said they have a formal pregnancy screening process, but only 20% actually require a pregnancy test at least once prior to or during treatment.




More than 90% of clinics said they note that pregnancy is a contraindication to ketamine treatment in their informed consent documents and/or conversations. But less than half of clinics reported discussing specific potential risks with patients.

The researchers also looked at informed consent documents on the websites of 70 other ketamine clinics. In all, 39% did not include language about pregnancy in their documents, and those that did were generally vague.

When it came to contraception counseling, only 26% of the clinics that answered the survey said they discuss the potential need for contraception with ketamine patients. Less than 15% of the clinics specifically recommend or require contraception use during treatment.

This is especially striking, the authors say, because more than 80% of clinics reported prescribing long-term maintenance ketamine, with nearly 70% of these saying their patients receive care for more than six months and many saying patients receive ketamine for a year or more.

The review of records from 24 patients treated with ketamine at U-M's clinic in the past showed all had taken a pregnancy test before beginning treatment and weekly during treatment, and but only half had documentation in their records that they were using contraception.

Inspiration for the study

Lead author Rachel Pacilio, M.D., a psychiatrist who recently joined Michigan Medicine as a clinical assistant professor after completing her residency at U-M Health, said the idea for the study came to her during a rotation in the perinatal psychiatry clinic.




Patients who were pregnant or had recently given birth asked her about ketamine as an option for their treatment-resistant depression. They had heard of the potential positive impact of the drug when given intravenously as an off-label use of a common anesthetic, or as an intranasal spray of esketamine that's marketed as Spravato and approved by the U.S. Food and Drug Administration.

"There was little guidance available to prescribers other than the general recommendation to avoid ketamine in patients who are pregnant, because of the unknown potential impact on a fetus or a breastfeeding newborn," says Pacilio. "That sparked our interest in surveying clinics to see how they were handling this during their intake processes, initial treatment courses, and during the maintenance therapy phase. As far as we know, this is the first time this has been looked into."

Variation in oversight 

Clinics offering intravenous ketamine require specialized staff and post-administration monitoring for each session. And the FDA specifically requires least two hours of in-person observation after dosing of intranasal Spravato to ensure safety and monitor for complications.

By contrast, other formulations of ketamine can be administered outside the clinical setting with minimal oversight. Some clinics surveyed reported prescribing sublingual ketamine for at-home use.

The new study did not include online, direct-to-consumer ketamine providers that offer treatment exclusively via telehealth consultations. It is unknown how these companies address reproductive and other safety concerns despite their growing popularity among patients.

"These data suggest that a large population of patients could be pregnant, or could become pregnant, while receiving ketamine treatment via multiple routes of administration. This risk increases with the duration of therapy which can last weeks for the initial course and a year or more for maintenance," said Pacilio. "Many patients do not know that they're pregnant in the first weeks, and animal studies of ketamine are very concerning for potential harm to the fetus during this time."

She noted that while many psychotropic medications have been studied extensively and found to be safe for use in pregnancy, including a variety of antidepressants, antipsychotics and other psychiatric drugs, there is no data to support the use of ketamine for psychiatric illness in pregnancy.

Pacilio pointed out that the FDA's risk mitigation program for Spravato, the nasal form of ketamine, does not include any provisions about pregnancy. A warning issued by the FDA last fall about the risks of compounded forms of ketamine available online also does not mention precautions about pregnancy.

"The variability in practice that we see among clinics in the community in this study is stark," said Pacilio. "The field is really in need of standardization around reproductive counseling, pregnancy testing and the recommendation for contraception during ketamine treatment."

If someone becomes pregnant while undergoing ketamine treatment, and has to stop receiving the drug for the remainder of the pregnancy, they are at risk for a depression relapse that could continue after the baby is born. Perinatal and postpartum depression are major risk factors for a range of issues in both the birthing parent and the infant.

Need for standard guidance

After sharing their findings about U-M patients in the new study with leaders of the U-M Health ketamine clinic, Pacilio said that the clinic began recommending the use of highly-reliable forms of contraception to patients who could become pregnant while receiving ketamine treatment.

Small standalone community clinics offering ketamine therapy may not have the same resources that a large clinic like U-M's does, so standard guidance could especially benefit them.

Interventions including improved patient education with an emphasis on the requirement for pregnancy prevention for the duration ketamine treatment during the informed consent process, routine pregnancy testing before and during treatment for appropriate patients, and effective contraceptive counseling are needed. Many of these could be easily implemented and have the potential to positively impact public health.

"Ketamine is a really effective, potentially lifesaving, treatment for the right patients, but not everyone is a good candidate for it," she said. "As psychiatrists, we need to ensure this treatment is being delivered in a way that benefits patients while preventing harm."

In a commentary in the journal about the U-M team's findings, psychiatrist and journal editor Marlene Freeman, M.D., wrote that based on the new findings, "It is imperative that best practices for women of reproductive age for the use of ketamine and esketamine are determined and utilized." She added that this is especially important in light of the changing landscape of abortion-related laws.

Freeman also noted that those who have used ketamine in any form during pregnancy, as well as other psychotropic medications, can join the National Pregnancy Registry for Psychiatric Medications during pregnancy and help provide much-needed information on the impacts of these medications.

In addition to Pacilio, the study's authors include Jamarie Geller, M.D., M.A., a psychiatry fellow at U-M, and faculty members Juan F. Lopez, M.D.; Sagar V. Parikh, M.D. and Paresh D. Patel, M.D., Ph.D.

The study was funded by U-M Department of Psychiatry.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240903144850.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Pregnancy-related heart failure is under-detected; AI-enabled stethoscope helped doctors diagnose twice as many cases | ScienceDaily
Heart failure during pregnancy is a dangerous and often under-detected condition because common symptoms -- shortness of breath, extreme fatigue and trouble breathing while lying down -- are easily mistaken for typical pregnancy discomforts. Late-breaking research presented at the European Society of Cardiology Congress on a Mayo Clinic study showed an artificial intelligence (AI)-enabled digital stethoscope helped doctors identify twice as many cases of heart failure compared to a control group that received usual obstetric care and screening. Full study findings are published in Nature Medicine.


						
The trial was conducted in Nigeria, where more women experience pregnancy-related heart failure than anywhere in the world. The results also indicate that screening including the AI-enabled digital stethoscope were 12-times more likely than traditional screening to flag heart pump weakness when evaluated at a ejection fraction threshold lower than 45%, which is the cutoff indicating a specific type of heart failure called peripartum cardiomyopathy.

"Recognizing this type of heart failure early is important to the mother's health and well-being," says Demilade Adedinsewo, M.D., a cardiologist at Mayo Clinic and lead investigator of the study. "The symptoms of peripartum cardiomyopathy can get progressively worse as pregnancy advances, or more commonly following childbirth, and can endanger the mother's life if her heart becomes too weak. Medicines can help when the condition is identified but severe cases may require intensive care, a mechanical heart pump, or sometimes a heart transplant, if not controlled with medical therapy."

The randomized, controlled, open-label clinical trial included nearly 1,200 participants who were screened for heart conditions through typical obstetric care or AI-enhanced solutions. Mayo Clinic researchers previously developed a foundational 12-lead AI-electrocardiogram (ECG) algorithm to predict a weak heart pump, clinically known as low ejection fraction. A version of this algorithm was further enhanced by Eko Health for its point-of-care digital stethoscope which is U.S. Food and Drug Administration (FDA)-cleared to detect heart failure with low ejection fraction.

The researchers found that doctors using AI-based screening with the digital stethoscope and 12-lead ECG detected weak heart function with high accuracy. Within the study cohort, the digital stethoscope helped flag twice as many cases of low ejection fraction <50% and doctors using it were 12-times more likely to identify an ejection fraction <45% as compared to usual care.

The AI-supported tools were evaluated at three different levels of ejection fraction used in clinical diagnosis. Less than 45% is the cut point for diagnosing peripartum cardiomyopathy. Less than 40% indicates heart failure with reduced ejection fraction and has strong evidence in favor of specific medications to reduce symptoms and the risk of death. An ejection fraction of less than 35% signals severely low heart pump function that often requires more intense management, including advanced heart failure therapies and an implantable defibrillator if pump function does not recover. Patients in the intervention group each had an echocardiogram at study entry to provide confirmation of the AI-predictions.

"This study provides evidence that we can better detect peripartum cardiomyopathy among women in Nigeria. However, there are more questions to be answered," says Dr. Adedinsewo. "Our next steps would be to evaluate usability and adoption of this tool by Nigerian healthcare providers (including doctors and nurses) and importantly, its impact on patient care. Peripartum cardiomyopathy affects approximately 1 in 2,000 women within the U.S. and as many as 1 in 700 African American women. Evaluating this AI tool in the U.S. will further test its abilities in varied populations and healthcare settings."

Funding for this clinical trial includes Mayo Clinic (Centers for Digital Health and Community Health and Engagement Research), the Mayo Clinic Building Interdisciplinary Research Careers in Women's Health (BIRCWH) Program funded by the National Institutes of Health (NIH), and Mayo Clinic's Center for Clinical and Translational Sciences (CCATS) funded by the NIH.
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New approach can help detect and predict mental health symptoms in teens | ScienceDaily
The majority of mental health disorders manifest during adolescence and relate to a multiplex interplay of neurobiological and environmental factors. Instead of considering these factors in isolation, a newly developed manifold learning technique can model brain-environmental interactions, which vastly improves detection of existing mental health symptoms and prediction of future ones compared to current methods. The study in Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, published by Elsevier, underscores the importance of considering the adolescent brain in conjunction with the environment in which it develops.


						
There is an increasing need to build more complex, yet nuanced, models of human biology and behavior, particularly as they relate to the development of mental health symptoms. Despite the importance of this problem, most work still considers the brain and environment in isolation or as univariate and linear interactions.

May I. Conley, MS, MPhil, PhD candidate, Yale University, Department of Psychology, co-lead author of the study says, "For a long time, developmental scientists have faced the challenge of testing theories that, in many ways, are hiding in plain sight. From the neighborhood to the family, we recognize youth's experiences in their environments and neurobiology both influence emotional and behavioral development. Yet, we haven't had methods that capture the complexity of this interaction precisely."

To address this, the investigators turned to manifold learning, a promising class of algorithms for uncovering latent structure from high-dimensional biomedical data like functional magnetic resonance imaging (fMRI). They developed the exogenous PHATE (E-PHATE) algorithm to model brain-environment interactions. Using the Adolescent Brain and Cognitive Development (ABCD) dataset, supported by the National institutes of Health and other federal partners, they used E-PHATE embeddings of participants' brain activation during emotional and cognitive processing to predict individual differences in cognition and emotional and behavioral symptoms, both cross-sectionally and longitudinally.

One of the most noteworthy findings of the study was the effect of combining additional environmental variables into the exogenous view of E-PHATE. Researchers saw a greater correlation of brain activity with mental health symptoms through modeling either the neighborhood or familial environments in E-PHATE, but by combining those metrics along with others, the model kept improving its representation. This was specific to adding environmental information, though, rather than an effect of the number of variables (which was tested with additional analyses). This finding reinforces the need to consider the multiple environments youth navigate in conjunction with how their brain takes in information from those environments.

Erica L. Busch, MS, MPhil, PhD candidate, Yale University, Department of Psychology, first author of the study, continues, "I was excited to see that the principles of modeling neuroimaging data I'd been developing for basic science questions could be quickly adapted for clinical applications and yielded such striking results and mechanistic insights. It also underscored how fruitful interdisciplinary collaborations can be; my fellow graduate student May Conley and her advisor Dr. Baskin-Sommers are experts in biopsychosocial models of mental health symptoms and combined with my computational experience, we each played key roles in defining the question and approaches of this project."

The work highlights the clinical applications of new machine learning and signal processing approaches. Specifically, it underscores the significance and complexity of the relationship between adolescent brains and environments as they relate to emotional and behavioral symptoms. The investigators present a general-purpose method with broad applications in both clinical and non-clinical domains.

Editor-in-Chief of Biological Psychiatry: Cognitive Neuroscience and Neuroimaging Cameron S. Carter, MD, University of California Irvine, comments, "Decades of developmental work suggests that both neurobiology and environmental context shape the development of mental health symptoms. This study demonstrates the suitability of more computational methods, like manifold learning, for modeling complex multimodal developmental data, and they have great potential to enhance research on the neurobiology of emotional and behavioral symptoms in adolescents."

The current study is novel along three main dimensions:
    	By characterizing both neural and environmental data as multivariate measurements.
    	By considering the interaction between them as nonlinear and lower-dimensional (i.e., existing along a latent manifold, like most real-world data does).
    	By allowing for simultaneous hypothesis- and data-driven discovery of a meaningful representation of these signals.

Senior author Arielle Baskin-Sommers, PhD, Yale University, Department of Psychology, concludes, "It is important that, as a field, we improve our ability to capture the complex transactions between the person and their environment. However, to estimate these transactions, new methods are needed to handle multiple types of data and estimate their interactions within individuals. The method produced from this interdisciplinary collaboration is one example of how we can estimate these complex transactions."
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Inflammation leaves a long-lasting impression on intestinal stem cells that reduces their ability to heal | ScienceDaily
Researchers at Baylor College of Medicine, the University of Michigan and collaborating institutions have discovered that inflammation in the gut leaves long-term marks on intestinal stem cells (ISCs) that reduce their ability to heal the intestine, even after inflammation has receded. This is important because it affects ISCs' response to future challenges. The study appeared in Cell Stem Cell.


						
"We study graft-vs-host disease (GVHD), a major cause of mortality after bone marrow transplantation, a potentially curative therapy for many blood diseases. One of our goals is to better understand GVHD and identify strategies to control it," said corresponding author Dr. Pavan Reddy, professor and director of the Dan L Duncan Comprehensive Cancer Center at Baylor and previously at the University of Michigan.

"GVHD is an inflammatory reaction in which immune T cells from the bone marrow transplant donor attack the host gut cells, mainly ISCs," said first author Dr. Dongchang Zhao, in Reddy's lab.

Although many ISCs perish during GVHD, survivors remain. However, it's not known whether they are fully functional or can return to their full functionality after the resolution of GVHD, which has fundamental implications for host resilience and repair.

"In the current study, we investigated the consequences of inflammation on ISCs in well-defined clinically relevant models of GVHD," Reddy said.

"Using cellular and animal models, we found that exposure to inflammation drove ISCs to change their metabolism in ways that resulted in the accumulation of succinate, a product of cellular processes, which in turn reprogramed the epigenome," Zhao said.

The epigenome is a system of chemical marks on the DNA that regulates the genes expressed by the cell. Inflammation-led epigenome reprogramming changed the expression of genes involved in cell reproduction. Overall, reprogrammed ISCs were less able of regenerating, a first step toward healing the intestine.

"We then investigated whether ISCs would be able to recuperate their regenerative ability after inflammation had resolved," Reddy said. "We found that ISCs had not overcome their initial exposure to inflammation. Despite mitigating GVHD inflammation for 28 days, ISCs retained a reduced regenerative capacity that led to poor recovery and increased mortality from challenges, such as non-lethal radiation exposure, in animal models. More research is on the way to design strategies to help ISCs 'forget' their encounter with inflammation and enhance their resilience against immune attacks."

Other contributors to this work include Visweswaran Ravikumar, Tyler J. Leach, Daniel Kraushaar, Emma Lauder, Lu Li, Yaping Sun, Katherine Oravecz-Wilson, Evan T. Keller, Fengju Chen, Laure Maneix, Robert R. Jenq, Robert Britton, Katherine Y. King, Ana E. Santibanez, Chad J. Creighton and Arvind Rao. The authors are affiliated with Baylor College of Medicine, University of Michigan and the University of Texas MD Anderson Cancer Center, Houston.

This work was supported by NIH grants (P01CA039542, P01HL149633, R01CA203542, R01HL152605, R01CA217156, R01AI165563 and CA125123) and by a Cancer Prevention and Research Institute of Texas (CPRIT) grant (RR220033).
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Scientists identify potential new immune system target to head off the spread of breast cancer cells | ScienceDaily
In a study using human breast cancer cells, scientists say they have potentially identified immune system white blood cells that appear to be the closest neighbors of breast cancer cells that are likely to spread. The researchers say the finding, focused on a white blood cell called a macrophage, may provide a new biological target for immunotherapies designed to destroy spreading cancer cells that are often markers for worsening disease.


						
A report on the findings was published online Aug. 20 in the journal Oncogene.

For the study, researchers at the Johns Hopkins Kimmel Cancer Center used special imaging techniques to see the organization of individual cells within tumors, and built on work by colleagues at the Johns Hopkins Giovanis Institute, whose previous work focused on identifying biomarkers on breast cancer cells that are likely to spread.

"One of the most exciting developments in cancer treatment is immunotherapy -- drugs that help the immune system attack a tumor," says Andrew Ewald, Ph.D., professor and director of the Department of Cell Biology and director of the Johns Hopkins Giovanis Institute. But he notes, such immunotherapies so far work only for a subset of patients, a clear indication that more -- and more specific -- cellular targets must be identified to broaden the effectiveness of such therapies.

The researchers' focus on immune system cells is logical, because such cells start their work by getting up close to cancer cells, says Ewald. Touches between cells start a kind of "handshake" process that lets immune cells such as macrophages identify a cell they encounter.

When those encounters occur, the immune system biologically "tags" some as "foreign" to the body and ripe for destruction, while leaving others alone. But one of the hallmarks of cancer cells is their ability to mask their identity and trick the immune system into leaving them alone to grow, change and spread.

In an effort to better determine which cells are closest to breast cancer cells, the Johns Hopkins scientists analyzed primary and metastatic breast cancer tissue samples from 24 people who died from breast cancer and who donated their tissues to Johns Hopkins researchers through a rapid autopsy program.




Kimmel Cancer Center oncologist and imaging expert Won Jin Ho, M.D., used an imaging tool called mass cytometry to analyze and map cells in the tissue samples.

Other scientists have mapped cells in such tissues, but the Johns Hopkins researchers say their study focused not on what surrounds an average cancer cell, but what is closest to those cancer cells that are most likely to spread.

Hundreds of cells span the width of a single tissue sample. "When we analyze dissociated cells, it's like looking at a smoothie of cells, all blended together, but with imaging, we get to see where all of the pieces are," says Ho, an assistant professor of oncology and director of the Mass Cytometry Facility at Johns Hopkins.

Ewald and former postdoctoral fellow Eloise Grasset, Ph.D., now at the National Centre for Scientific Research in France, previously identified the biomarker signature common to breast cancer cells that are likely to spread, or metastasize.

The researchers used 36 of such biomarkers to pinpoint metastasis-initiating cells and other "signatures" to identify cells next to them -- those that were up close (within about 10-20 microns), others about three to four cells out, and cells further away.

"What popped out at us, among immune system cells, was a subset of macrophages very close to or touching metastasis-initiating cells in the primary and metastatic tissue samples," says Ho. The macrophage subsets are a minority -- about 1%-5% -- of the cells present in the tumor.




The research team confirmed the presence of key macrophage subsets in another set of more than 100 breast cancer samples from a tumor bank published in a previous study, showing that such distinct macrophage subtypes are, indeed, components of the breast cancer microenvironment.

A type of white blood cell, macrophages can swallow and destroy "foreign" cells on their own, but also can recruit other immune system cells to fight off cells they identify as foreign to the body. Ho says that other studies have shown that tumors with many macrophages may indicate a poorer prognosis and less response to immunotherapy.

"As discovery-based scientists, we're looking for ways to change the immune system's spatial organization in the microenvironment surrounding cancer cells," says Ewald. "Eventually, we could develop biologic therapies to change how neighborhoods of cancer cells are organized."

Other researchers involved in the study are Atul Deshpande, Jae Lee, Yeonju Cho, Sarah Shin, Erin Coyne, Alexei Hernandez, Xuan Yuan, Zhehao Zhang and Ashley Cimino-Mathews from Johns Hopkins.

The authors affiliated with Johns Hopkins University did not declare any conflicts of interest under Johns Hopkins University policies.

Funding for the research was provided by the National Institutes of Health National Cancer Institute (U01CA284090, U54CA268083, P30CA006973, R21CA264004), the Hope Scarves Foundation, the Jayne Koskinas Ted Giovanis Foundation, the Breast Cancer Research Foundation, the Emerald Foundation, Break Through Cancer and the Maryland Cancer Moonshot.
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Unveiling the molecular mechanisms linking aging with neurodegenerative diseases | ScienceDaily
Aging is the prime cause of neurodegenerative diseases, such as Alzheimer's disease, Parkinson's disease, and amyotrophic lateral sclerosis. But what exactly increases the prevalence of these brain disorders as one grows older? The molecular forces linking aging, cellular senescence, and the onset of these neurodegenerative conditions are not well understood.


						
In a recent study published online on August 5 2024 in The EMBO Journal, researchers from Tokyo Medical and Dental University (TMDU) in Japan have uncovered a crucial piece of this puzzle by focusing on the role of a single nucleolar protein.

A research team led by Professor Hitoshi Okazawa revisited polyglutamine binding protein 3 (PQBP3), a protein they had discovered themselves over 20 years ago. Through a comprehensive screening of normal proteins that bind to disease-causing proteins in polyglutamine diseases such as Huntington's, they identified several proteins in the PQBP family. After exploring the functions and pathological relevance of PQBP1 and PQBP5, Prof. Okazawa and colleagues turned their attention to PQBP3.

To shed light on the role of this protein, the researchers employed cellular senescence as a model to study aging. Senescence refers to a state in which a cell no longer undergoes division, but remains alive and metabolically active. This state, which can be replicated in cell cultures, occurs naturally in our bodies and is typically observed in aging cells.

Through super-resolution fluorescence microscopic observations, the researchers observed something peculiar about the location of PQBP3. "PQBP3 typically localizes around the periphery of the nucleolus within the nucleus, but during senescence, PQBP3 relocated from the nucleolus to the nucleoplasm or cytoplasm," says Prof. Okazawa. He adds, "This relocation of PQBP3 was accompanied by leakage of nuclear DNA into the cytoplasm. Most importantly, we then observed via electron microscopy that the nuclear membrane structure was destabilized in cells where PQBP3 had moved to the cytoplasm."

To shed light on this destabilization of the nuclear membrane, the researchers conducted a bioinformatics analysis using protein interaction databases. The results suggested that PQBP3 binds to a protein called proteasome activator complex subunit 3 or PSME3, which plays a key role in the degradation of other proteins. Upon further investigation, the team found that, under normal circumstances, a portion of PQBP3 moves from the nucleolus to the nuclear membrane and binds to PSME3, suppressing its degradation of Lamin B1, another protein found in the nuclear membrane. However, the rate of these changes declines in senescent cells and thus Lamin B1 is degraded more rapidly, thereby failing to stabilize the nuclear membrane.

Finally, to link these findings to neurodegenerative disorders, the researchers conducted experiments in cell cultures and mouse models of spinocerebellar ataxia type 1 (SCA1), a polyglutamine disease. They found that PQBP3 was 'captured' by the so-called inclusion bodies, which are abnormal protein aggregates characteristic of SCA1. In turn, this lowered the levels of PQBP3 in the nucleolus, limiting its functionality and leading to the destabilization of the cellular membrane.

Taken together, the results of this study shed light on a possible common aspect of aging and neurodegenerative disorders. This newfound understanding of PQBP3 renders it a potential target for novel treatments as Prof. Okazawa remarks, "Since PQBP3 function loss can occur in both cellular senescence and neurodegeneration in brain neurons. Therefore, targeting PQBP3 theoretically makes it possible to improve both brain aging and neurodegeneration." However, in cells other than neurons, PQBP3 can be a risk factor for cancer, given that cellular senescence likely helps suppress cancer. "PQBP3 may be a double-edged sword, as it is involved in a fundamental biological problem of contrasting cellular pathologies, namely cancer and neurodegeneration," warns Prof. Okazawa.

In summary, unraveling the connection between aging and neurodegeneration could pave the way for novel and effective therapies for these diseases.
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Keep devices out of bed for better sleep | ScienceDaily
Despite what we've been led to believe, the timing of evening screen use, rather than the activity itself, negatively impacts youth sleep, a University of Otago study has found.


						
Current sleep guidelines recommend no screen use in the hour or two before bed. However, the researchers found screen time in the two hours before bed had little impact on youth sleep, it was screen time once in bed that caused problems.

Lead author Dr Bradley Brosnan, of the Edgar Diabetes and Obesity Research Centre, says screen time is a mainstay in adolescents' bedtime routines, and sleep guidelines need to be revaluated to better reflect modern life.

Published in JAMA Pediatrics, the study had 85 adolescents aged 11 to 14 years wear a body camera on their chest from three hours before bed until they got into bed, over the course of one week.

Along with the body camera capturing when, what and how they used their screens, a second infrared camera was placed in their bedrooms to capture their screen time while in bed. They also wore an actigraph, a watch-sized device which measures sleep.

"It quickly became obvious that adolescents spend a lot of their screen time while in bed," Dr Brosnan says.

The researchers found 99 per cent of participants used screens in the two hours before bed, more than half used screens once in bed, and a third used them after first trying to go to sleep for the night.




"Our most interesting findings were that this screen time before they got into bed had little impact on sleep that night.

"However, screen time once in bed did impair their sleep -- it stopped them from going to sleep for about half an hour, and reduced the amount of sleep they got that night."

This was particularly true for more interactive screen activities like gaming and multitasking -- when more than one device is used at the same time, such as watching a movie on Netflix on a laptop while playing Xbox on a gaming device.

"Every additional 10 minutes of this type of screen time reduced the amount of sleep they got that night by almost the same amount.

"Our findings suggest that the impact of screen time on sleep is primarily through time displacement delaying sleep onset rather than any direct effects of blue light or interactive engagement as we didn't find associations with sleep latency and wakefulness during the sleep period."

Dr Brosnan says a 'simple' sleep guideline -- in theory but not necessarily reality -- would be for devices to be kept out of the bedroom, allowing teenagers to use their devices before bed, but not in bed.

"We need to revisit sleep guidelines, so they fit the world we live in, and actually make sense -- the current ones aren't achievable or appropriate for how we live."
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From cavities to sleep apnea: Dentists can assume new role in saving lives | ScienceDaily
A patient dozes off in a dental chair despite the anxiety of an impending procedure. A seemingly unremarkable act but -- for dentists versed in the latest sleep research -- this red flag hints at a life-threatening condition.


						
In a research review published in the Journal of the American Dental Association, Rutgers Health researchers identified dentists as an unexpected player in the battle against life-threatening sleep disorders.

The review suggests dental professionals have unique opportunities to screen for conditions such as obstructive sleep apnea, a disorder that affects millions of Americans and is linked to serious health risks, including cardiovascular disease and neurodegeneration.

It also challenges dentists to look beyond teeth and gums to the broader landscape of patient health.

"We have a great opportunity to change lives for the better," said Davis Thomas, a clinical associate professor at the Rutgers School of Dental Medicine and senior author of the review. "Dentists can be the first line of defense in identifying sleep disorders. They often see symptoms long before physicians. Indicators like tooth grinding, tongue scalloping or even a patient dozing off in the chair can be early signs that something more is going on."

Sleep disorders such as obstructive sleep apnea affect more than half of Americans at some point in their lives. Many cases go undiagnosed, but dentists can play an important role in reducing those numbers.

The review outlines several key indicators that dental clinicians should look for during examinations, including enlarged jaw muscles, scalloped tongue edges, white lines on the cheeks, restricted visibility of the throat, dental wear patterns and tiny cracks on teeth.




These physical signs, combined with patient history and simple screening tools, can help dentists identify at-risk patients with up to 80 percent accuracy.

"It's not just about looking at teeth anymore," Thomas said. "We need to observe the whole patient, from their behavior in the waiting room to the subtle signs in their oral cavity."

Another sign of concern, according to the review authors, is bruxism, commonly known as teeth grinding. Contrary to long-held beliefs, the studies suggest teeth griding is often a symptom of underlying sleep issues rather than a standalone problem caused by dental misalignment.

"We've been treating the symptoms without addressing the root cause for far too long," Thomas said. "By understanding the neuroscience behind sleep disorders, we can provide more comprehensive care and potentially prevent serious health complications."

This shift in perspective could have far-reaching implications. By identifying patients at risk for sleep disorders, dentists can facilitate early intervention, potentially preventing complications such as hypertension, heart disease and stroke.

To implement these findings, Thomas and his team propose a simple protocol for dental practices: Incorporate sleep-related questions into patient history forms. Other recommendations include training dental staff to recognize physical signs of sleep disorders and using validated screening tools like the STOP-BANG (snoring, tiredness, observed apnea, blood pressure, body mass index, age, neck size, gender) questionnaire, which screens for obstructive sleep apnea and establish referral networks with sleep medicine specialists.

"We're not asking dentists to diagnose sleep disorders," Thomas said. "We're asking them to recognize the signs and make appropriate referrals. This simple act can be lifesaving."

Thomas recommends that dentists looking to incorporate sleep screening into their practices start with education.

"Attend sleep medicine conferences, take continuing education courses, and stay up-to-date with the latest research," he said. "The more we learn, the more we realize how much we don't know -- and how much we can do to help our patients."
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Researchers develop tool that measures health of a person's gut microbiome | ScienceDaily
A team of Mayo Clinic researchers has developed an innovative computational tool that analyzes the gut microbiome, a complex ecosystem of trillions of bacteria, fungi, viruses and other microorganisms within the digestive system, to provide insights into overall well-being.


						
In a new study published in Nature Communications, the tool demonstrated at least 80% accuracy in differentiating healthy individuals from those with any disease. The tool was developed by analyzing stool gut microbiome profiles from more than 8,000 samples representing various diseases, geographic regions and demographic groups.

The tool, called Gut Microbiome Wellness Index 2, could detect even subtle changes in gut health, identifying whether a person may be progressing toward or recovering from a disease. The researchers used bioinformatics and machine learning methods to analyze gut microbiome profiles in stool samples gathered from 54 published studies spanning 26 countries and six continents. This approach produced a diverse and comprehensive dataset.

This capability addresses longstanding challenges in human microbiome research, including defining what constitutes a "healthy" microbiome and identifying early indicators of potential health issues. It also fills a significant gap in existing measurement tools of health and wellness.

The gut microbiome plays a crucial role in digestion, metabolism and immune function, and researchers are finding an imbalance in the gut microbiome can be linked to various chronic diseases.

"Finally, we have a standardized index to quantitatively measure how 'healthy' a person's gut microbiome is," says Jaeyun Sung, Ph.D., the senior author and computational biologist at Mayo Clinic Center for Individualized Medicine's Microbiomics Program.

"Our tool is not intended to diagnose specific diseases but rather to serve as a proactive health indicator," he adds. "By identifying adverse changes in gut health before serious symptoms arise, the tool could potentially inform dietary or lifestyle modifications to prevent mild issues from escalating into more severe health conditions, or prompt further diagnostic testing. By being able to answer whether a person's gut is healthy or trending toward a diseased state, we ultimately aim to empower individuals to take proactive steps in managing their own health."

The tool development process involved identifying microbial species, carefully selecting the most relevant features and optimizing the machine learning model.




The end result is an index that screens a gut microbiome sample and quantifies how much it resembles a healthy (disease-free) or non-healthy (diseased) individual.

The study team first tested the index on a training set of more than 8,000 microbiome samples, and then validated its work on a new cohort of 1,140 samples.

The team also tested its tool across various clinical scenarios, including people who had undergone fecal microbiota transplantation, as well as people who made changes in dietary fiber intake or who had antibiotic exposure, to demonstrate its ability to detect shifts in gut health.

The Gut Microbiome Wellness Index 2 builds upon the team's original tool by incorporating a wider range of data and using refined computational methods. The team hopes this new version enhances precision in assessing gut health and monitoring changes in the gut microbiome.

Dr. Sung and his team plan to further develop the Gut Microbiome Health Index 2 by expanding its dataset to include a broader range of microbiome samples from diverse populations, and by adding more advanced artificial intelligence techniques to enhance the tool's predictive accuracy and adaptability.
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Artificial intelligence likely to play an increasing role in scientific publications | ScienceDaily
Artificial intelligence (AI), in various forms, has burst onto the scene in both society and medicine. Its role in medicine is still evolving, but undoubtedly, it will assist in the evaluation of images (radiographs, pathological reports, videos of colonoscopy,) as well as in preparing discharge summaries, consultative evaluations and diagnosis. It may also help in the long-awaited goal of precision medicine. In addition, it has and will play an increasing role in scientific publication in at least two areas, peer-review and drafting manuscripts.


						
According to former editor-in-chief of the Journal of the American Medical Association Howard Bauchner, MD, in the coming years, AI will transform the writing of scientific manuscripts, assist in reviewing them, and help editors select the most impactful papers. "Potentially it may help editors increase the influence of their journals," says Bauchner, professor of pediatrics at Boston University Chobanian & Avedisian School of Medicine.

In a guest editorial in the European Journal of Emergency Medicine, Bauchner examines how AI could be used by editors. "Given that identifying enough peer-reviewers is getting increasingly difficult, editors could use AI to provide an initial "score." An article with what is determined to have a good score could then be sent for external peer-review (with simply a cursory review by the editors). For articles with an inadequate score, the editors could still consider it for publication after reviewing it or even possibly depending upon the report, ask authors to revise the manuscript," he explains.

When AI becomes available to predict citations, which influences the journals' impact factor, Bauchner questions if editors should use the information. "First, editors should establish a vision for their journal -- what is its mission -- and is an individual article consistent with the mission and "in scope." Second, editors need to carefully consider the role of value-added pieces. How do they enhance the value of the journal. Third, editors need to maximize the reach of their journal, particularly in social media. Journals are communication networks. Fourth, editors need to understand the meaning of open science, including open peer-review, data-sharing, and open access. After an editor has thought through these issues, then yes, having AI assist in determining how much an article would be cited -- assuming the results of the study are valid, and simply not meant to attract attention -- is reasonable."

Bauchner points out that AI will not replace editors or peer-reviewers, but rather provide additional information about the quality of a manuscript making triaging manuscripts faster and more objective. "AI will play an increasing role in scientific publication -- particularly in peer-review and drafting of manuscripts. Given that in both areas there are important challenges, investigators, peer-reviewers, editors, and funders should welcome the assistance that AI will provide," he adds.
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Researchers give adult zebra finches back their ability to learn new songs | ScienceDaily
We all know the adage, "You can't teach an old dog new tricks." As we age, our ability to learn new skills, like mastering a foreign language or picking up a musical instrument, seems to fade. The culprit? A decline in brain plasticity -- the brain's capacity to rewire itself and adapt to new challenges. But what if we could rewind the clock on this age-related decline? A new study led by Daniela Vallentin at the Max Planck Institute for Biological Intelligence offers a tantalizing glimpse into this possibility.


						
Vallentin's team focused on zebra finches, songbirds known for their elaborate vocalizations. Like many animals, zebra finches have a critical period for song learning, within their first 90 days of life. After this window closes, their brains become less flexible, and inhibitory neurons put the brakes on further learning. The researchers wondered: Could they lift this neural blockade and restore the birds' youthful learning ability?

Using cutting-edge techniques like optogenetics, they precisely switched off these inhibitory neurons in adult zebra finches. The results were remarkable. The birds, once thought to be stuck with their existing repertoire, began to add new elements to their songs. "We observed an expansion of the adult animals' vocal repertoire that was previously thought impossible," says Fabian Heim, the study's lead author.

Implications for Human Aging

This discovery extends far beyond the realm of birdsong. It suggests that the brain's capacity for learning may be far more resilient than previously thought. Similar learning windows exist in humans, affecting everything from language acquisition to social development. If scientists can identify and manipulate the mechanisms that control these critical periods, it could open doors to new therapies for neurodegenerative diseases and injuries that impair learning. Imagine a future where the adage about old dogs and new tricks is finally retired.
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Open wide: Human mouth bacteria reproduce through rare form of cell division | ScienceDaily
One of the most diverse ecosystems on the planet is closer than you think -- right inside your mouth. Your mouth is a thriving ecosystem of more than 500 different species of bacteria living in distinct, structured communities called biofilms. Nearly all of these bacteria grow by splitting [or dividing] into two, with one mother cell giving rise to two daughter cells.


						
New research from the Marine Biological Laboratory (MBL) and ADA Forsyth uncovered an extraordinary mechanism of cell division in Corynebacterium matruchotii, one of the most common bacteria living in dental plaque. The filamentous bacterium doesn't just divide, it splits into multiple cells at once, a rare process called multiple fission. The research is published this week in Proceedings of the National Academy of Sciences. 

The team observed C. matruchotii cells dividing into up to 14 different cells at once, depending on the length of the original mother cell. These cells also only grow at one pole of the mother filament -- something called "tip extension."

C. matruchotii filaments act as a scaffolding within dental plaque, which is a biofilm. Dental plaque is just one microbial community within an immense population of microorganisms that live in and coexist with a healthy human body -- an environment known as the "human microbiome." This discovery sheds light on how these bacteria proliferate, compete for resources with other bacteria, and maintain their structural integrity within the intricate environment of dental plaque.

"Reefs have coral, forests have trees, and the dental plaque in our mouths has Corynebacterium. The Corynebacterium cells in dental plaque are like a big, bushy tree in the forest; they create a spatial structure that provides the habitat for many other species of bacteria around them," said paper co-author Jessica Mark Welch, senior scientist at ADA Forsyth and adjunct scientist at the MBL.

"These biofilms are like microscopic rainforests. The bacteria in these biofilms interact as they grow and divide. We think that the unusual C. matruchotii cell cycle enables this species to form these very dense networks at the core of the biofilm," said Scott Chimileski, MBL research scientist and lead author on the paper.

The Microbial Forest 

This research builds off of a 2016 paper that used an imaging technique developed at the MBL called CLASI-FISH (combinatorial labeling and spectral imaging fluorescent in situ hybridization) to visualize the spatial organization of dental plaque collected from healthy donors. This earlier study imaged bacterial consortia within dental plaque, which are called "hedgehogs" due to their appearance. One of the major findings from that original paper was that filamentous C. matruchotii cells acted as the basis of the hedgehog structure.




The present study took a deeper dive into the biology of C. matruchotii, using time-lapse microscopy to study how the filamentous cells grow. Rather than just capturing a snapshot of this microbial rainforest, the scientists were able to image bacterial growth dynamics of the miniature ecosystem in real time. They saw how these bacteria interact with each other, use the space, and -- in the case of C. matruchotii -- the incredible way they grow.

"To figure out how all the different kinds of bacteria work together in the plaque biofilm, we have to understand the basic biology of these bacteria, which live nowhere else but the human mouth," said Mark Welch.

Dentists recommend brushing your teeth (and therefore brushing away dental plaque) twice a day. Yet this biofilm comes back no matter how diligently you brush. By extrapolating from cell elongation experiments measured in micrometers per hour, the scientists found that C. matruchotii colonies could grow up to a half a millimeter per day.

Other species of Corynebacterium are found elsewhere in the human microbiome, such as the skin and inside the nasal cavity. Yet the skin and nasal Corynebacterium species are shorter, rod-shaped cells that aren't known to elongate by tip extension or divide by multiple fission.

"Something about this very dense, competitive habitat of the dental plaque may have driven the evolution of this way of growing," said Chimileski.

Exploratory Growth

C. matruchotii lack flagella, the organelles that allow bacteria to move around. Since these bacteria can't swim, researchers believe its unique elongation and cell division might be a way for it to explore its environment, similar to mycelial networks seen in fungi and Streptomyces bacteria that live in soil.




"If these cells have the ability to move preferentially towards nutrients or towards other species to form beneficial interactions -- this could help us understand how the spatial organization of plaque biofilms comes about," said Chimileski.

"Who would have thought that our familiar mouths would harbor a microbe whose reproductive strategy is virtually unique in the bacterial world," said co-author Gary Borisy, principal investigator at ADA Forsyth and former director of the Marine Biological Laboratory. "The next challenge is to understand the meaning of this strategy for the health of our mouths and our bodies."
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False-positive mammograms discourage some women from future screenings | ScienceDaily
Early detection of breast cancer through mammography screening continues to save lives. However, abnormal findings on mammograms can lead to women being recalled for additional imaging and biopsies, many of which turn out to be "false positives," meaning they do not result in a cancer diagnosis. False positives can also have financial implications for patients and cause significant emotional anxiety.


						
A major, new study led by the UC Davis Comprehensive Cancer Center has found that women who received a false-positive result that required additional imaging or biopsy were less likely to return for that follow-up screening.

The research was published in the Annals of Internal Medicine on Sept. 3. It analyzed data on more than 3.5 million screening mammograms nationwide performed between 2005-2017 on over 1 million patients aged 40 to 73.

"The finding raises concerns about the potential unintended consequence of false-positive results, where women may avoid screening mammograms in the future," said lead author Diana Miglioretti, cancer center researcher and chief of the Division of Biostatistics at UC Davis.

Findings are worrisome to researchers

The study found that 77% of women with a negative result from a mammogram returned for subsequent screening. But this percentage dropped to 61% after a false-positive finding requiring another mammogram in six months to confirm the results and 67% if a biopsy was recommended. The impact was even more pronounced for women who received false-positive results on two consecutive mammograms recommending short-interval follow-up -- only 56% returned their next screening mammogram.

The high rate of women who don't return for future screening is concerning to the research team.




"It is important for women with false-positive results to continue screening every one to two years," Miglioretti said, "Having a false-positive result, especially if it results in a diagnosis of benign breast disease, is associated with an increased risk of being diagnosed with breast cancer in the future."

The research also showed that Asian and Hispanic/Latinx women were the least likely to return for future screening mammograms after a false positive result, which may contribute to existing health disparities.

False-positive results are common, especially among younger women. They occur in 10-12% of mammograms in women 40-49 years of age. After 10 years of annual screenings, 50-60% of women can expect at least one false-positive and 7-12% at least one false-positive with a biopsy recommendation.

"It's important to understand that most women recalled for additional imaging due to a finding on a screening mammogram do not have breast cancer," Miglioretti said. "They should try not to be worried if they are recalled for additional work-up. it is a normal and common part of the screening process."

It is important for women to understand that about 10% of the time, additional imaging is necessary to get a better look at a finding on a screening mammogram.

Steps to consider

Miglioretti said women who feel anxious while waiting for their screening mammography results might consider requesting an on-the-spot interpretation of their mammogram. Some facilities provide this service along with same-day diagnostic work-up, if there is a suspicious finding.




She said it is also important for physicians to carefully explain false-positive results to their patients to reassure them that the result was negative and stress the importance of continued screening.

Other authors: Linn Abraham and Erin J. A. Bowles, Kaiser Permanente Washington Health Research Institute; Brian L. Sprague, University of Vermont; Christoph I. Lee, University of Washington; Michael C. S. Bissell, Picnic Health; Thao-Quyen H. Ho, University Medical Center, Ho Chi Minh city, Vietnam; Louise M. Henderson, University of North Carolina; Rebecca A. Hubbard, University of Pennsylvania; Anna N. A. Tosteson, Dartmouth; Karla Kerlikowske, University of California, San Francisco.

Funding:

National Cancer Institute P01CA154292, R01CA266377, R50CA211115; National Institute of General Medicine Science U54GM115516; Residual class settlement funds in the matter of April Krueger vs. Wyeth, Inc.
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Young adults let down by 'postcode lottery' for ADHD treatment in UK | ScienceDaily
A national survey in the UK conducted as part of University of Exeter research has found huge variation in treatment for ADHD, highlighting the struggle many young adults face once they turn 18.


						
Researchers have warned that the current system is failing many young adults as they transition from children's to adult's services -- suddenly finding themselves unable to access treatment because services do not link up effectively.

More than 750 people from across the country -- including commissioners, healthcare professionals working in primary care, and people with lived experience of ADHD -- completed the MAP National Survey, which highlights challenges that GPs face when prescribing ADHD medication.

ADHD affects up to seven per cent of children and up to five per cent of adults, with symptoms including patterns of hyperactivity, impulsivity and/or inattention which interfere with functioning in daily life. Failure to treat ADHD and gaps in treatment, especially as young people become adults, can have severe impacts for patients and families, increasing the risk of mental health crises and difficulties with work, education, and relationships. This failure also places additional pressure on those working in health services.

The survey found variations in "shared care" agreements between GPs, mental health specialists and patients -- which need to be in place for GPs to be able to prescribe ADHD medications. This was a particular problem when young people move to adult mental health services, suggesting the current system lets down adolescents at a critical time in their lives. Current NICE guidelines recommend GPs prescribe medication for adult ADHD patients under a shared care agreement with adult mental health services.

However, the survey found that such agreements are not always easy to set up, with evidence suggesting that GPs may not feel sufficiently supported to prescribe in this way. Indeed, if appropriate support is not in place, some GPs may not prescribe ADHD medication due to concerns around insurance and liability. This can be a particular problem for patients with a private diagnosis of ADHD, and leaves GPs unable to provide effective care, and many patients without access to the medication they need.

Furthermore, more than 40 per cent of survey respondents reported waiting times of two years or more for an appointment with adult mental health services. This leaves GPs with the responsibility for providing care, but without the support they need to offer the best care for their patients at a crucial time in their lives. This can include removing access to medication, despite the treatment having been successful during childhood. Issues with access to treatment for ADHD are also worst for some underserved groups, such as young women, and young people leaving care, which is increasing health inequalities.




The survey results come just as NHS England has announced the establishment of a taskforce and a major review of ADHD services. As stated by NHS England: "People with ADHD deserve a caring and effective service from the NHS and wider society. We know there is more to do, but we do not underestimate the complexity and challenges in realising this ambition."

Dr Anna Price, Senior Research Fellow at the University of Exeter, said: "Our findings highlight the need for a coordinated approach to address problems that lead to a postcode lottery for patients trying to access treatment for ADHD. GPs and other primary care professionals really need better support so that they can provide shared care prescribing of ADHD medication in line with UK guidelines.

"We know that failing to treat ADHD can have a huge impact. Turning 18 is often a crucial and sensitive time in life, and our research shows that lack of treatment at this time can be particularly damaging for young people who are learning to self-manage their health needs, at the same time as perhaps sitting important exams, leaving home for the first time, and embarking on careers or university study.

"We welcome the establishment of the NHS England taskforce and is a much-needed step towards better outcomes for people with ADHD."

University of Exeter experts have recently established a Science of ADHD and Neurodevelopment collaboration, working together with people who are experts by experience, and healthcare providers. The collaboration aims to develop solutions, such as curated digital interventions and standardised shared care agreement templates, to help people with ADHD to thrive.
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Global South cities lack cooling green spaces | ScienceDaily
Cities in the Global South are more exposed to extreme heat because they lack cooling green spaces, new research shows.


						
The study found that Global South cities have just 70% of the "cooling capacity" provided by urban greenery in the Global North.

With temperatures rising, combined with the "urban heat island" effects that make cities hotter than rural areas, heat-related illness and death in cities are becoming more common.

Urban green spaces can help reduce this risk, cooling down outdoor environments and providing vital refuges.

The research -- led by an international team including Nanjing, Exeter, Aarhus and North Carolina State universities -- finds there is "vast potential" to enhance urban cooling in the Global South and reduce inequality.

"Urban greenery is a really effective way of tackling what can be fatal effects of extreme heat and humidity," said Professor Tim Lenton, of the Global Systems Institute at the University of Exeter.

"Currently, the people dying due to climate change are often in the slums of cities in the Global South, such as the hottest parts of India.




"Our analysis suggests green spaces can cool the surface temperature in the average city by about 3degC during warm seasons -- a vital difference during extreme heat."

The cooling effect of urban green spaces, especially urban forests, is caused by shading and transpirational cooling (evaporation of water).

The new study used satellite data on the world's 500 largest cities to assess "cooling capacity" -- the extent to which urban green spaces cool down a city's surface temperatures.

All of the top ten cities for cooling capacity are in the USA: with Charlotte and Raleigh-Durham first, followed by Kansas and Baltimore. Many US cities have low population density -- leading to issues of urban "sprawl" -- but this brings benefits in terms of green spaces and resulting cooling.

Mogadishu in Somalia is the city with the lowest cooling capacity, followed by Sana'a in Yemen and Rosario in Argentina. Chicago is fourth-lowest -- the only US city on the list with cooling capacity below 1degC.

'Cooling benefit'

The Global South -- which includes Africa, Latin America and much of Asia -- contains the areas most at risk from extreme heat.




A previous study found that current climate policies will leave more than a fifth of humanity exposed to dangerously hot temperatures by 2100, with the largest at-risk populations in India and Nigeria.

The new study assessed population density and location to estimate the "cooling benefit" received by the average citizen -- as green areas are often found in the richer parts of a city.

Professor Chi Xu, of Nanjing University, said: "As well as Global South cities lagging behind in terms of cooling capacity, the cooling benefit for an average resident is 2.2degC -- compared to 3.4degC for a city dweller in the Global North.

"The differences are mostly due to quantity of vegetation, but efficiency of cooling is also better in the Global North -- possibly due to management of green spaces and different tree species."

Professor Jens-Christian Svenning, of the Center for Ecological Dynamics in a Novel Biosphere (ECONOVO) at Aarhus University, said: "The good news is that this nature-based solution to cooling can be substantially improved across the Global South, helping to tackle future heat stress for billions of people."

Professor Rob Dunn, of North Carolina State University, said: "It won't be easy to regreen cities. It can be expensive in the short-term. Yet, it will be key to making cities liveable in the immediate future. Also key will be working to prevent the loss of green space in those cities that have it, or at least that have a little.

"Changes could include ground-level green spaces and vertical and rooftop gardens, or even forests, to help protect city people from extreme heat."
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Blood stem cell breakthrough could transform bone marrow transplants | ScienceDaily
Melbourne researchers have made a world first breakthrough into creating blood stem cells that closely resemble those in the human body. And the discovery could soon lead to personalised treatments for children with leukaemia and bone marrow failure disorders.


						
The research, led by Murdoch Children's Research Institute (MCRI) and published in Nature Biotechnology, has overcome a major hurdle for producing human blood stem cells, which can create red cells, white blood cells and platelets, that closely match those in the human embryo.

MCRI Associate Professor Elizabeth Ng said the team had made a significant discovery in human blood stem cell development, paving the way for these lab grown cells to be used in blood stem cell and bone marrow transplants.

"The ability to take any cell from a patient, reprogram it into a stem cell and then turn these into specifically matched blood cells for transplantation will have a massive impact on these vulnerable patients' lives," she said.

"Prior to this study, developing human blood stem cells in the lab that were capable of being transplanted into an animal model of bone marrow failure to make healthy blood cells had not been achievable. We have developed a workflow that has created transplantable blood stem cells that closely mirror those in the human embryo.

"Importantly, these human cells can be created at the scale and purity required for clinical use."

In the study, immune deficient mice were injected with the lab engineered human blood stem cells. It found the blood stem cells became functional bone marrow at similar levels to that seen in umbilical cord blood cell transplants, a proven benchmark of success.




The research also found the lab grown stem cells could be frozen prior to being successfully transplanted into the mice. This mimicked the preservation process of donor blood stem cells before being transplanted into patients.

MCRI Professor Ed Stanley said the findings could lead to new treatment options for a range of blood disorders.

"Red blood cells are vital for oxygen transport and white blood cells are our immune defence, while platelets cause clotting to stop us bleeding," he said. Understanding how these cells develop and function is like decoding a complex puzzle.

"By perfecting stem cell methods that mimic the development of the normal blood stem cells found in our bodies we can understand and develop personalised treatments for a range of blood diseases, including leukaemias and bone marrow failure."

MCRI Professor Andrew Elefanty said while a blood stem cell transplant was often a key part of lifesaving treatment for childhood blood disorders, not all children found an ideally matched donor.

"Mismatched donor immune cells from the transplant can attack the recipient's own tissues, leading to severe illness or death," he said.




"Developing personalised, patient-specific blood stem cells will prevent these complications, address donor shortages and, alongside genome editing, help correct underlying causes of blood diseases."

Professor Elefanty said the next stage, likely in about five years with government funding, would be conducting a phase one clinical trial to test the safety of using these lab grown blood cells in humans.

Prof Elefanty, Prof Stanley and Associate Professor Ng are also Principal Investigators at the Melbourne node of the Novo Nordisk Foundation Center for Stem Cell Medicine (reNEW), a global consortium, which aims to pave the way for future stem cell-based treatments.

Researchers from the University of Melbourne, Peter MacCallum Cancer Centre, University of California Los Angeles, University College London and the University of Birmingham also contributed to the findings.
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Clinical trial finds finerenone reduces worsening heart failure and cardiovascular death | ScienceDaily
Finerenone reduced the composite of total first and recurrent heart failure (HF) events (hospitalizations for HF or urgent HF visits) and cardiovascular death in patients with HF and mildly reduced or preserved ejection fraction, according to an international clinical trial led by investigators from Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system. Heart failure events and cardiovascular death were less common in the finerenone group than in the placebo group. Overall, the rate of serious adverse events was similar across the groups, but rates of hyperkalemia -- elevated levels of potassium in the blood -- were higher for the group taking finerenone. Results were presented at the European Society of Cardiology Congress 2024 and published simultaneously in the New England Journal of Medicine.


						
"We saw benefit regardless of the ejection fraction and even in patients who were on other approved therapies," said trial principal investigator and corresponding author Scott Solomon, MD, the director of the Clinical Trials Outcomes Center at Mass General Brigham and the Edward D. Frohlich Distinguished Chair at Brigham and Women's Hospital. "This drug represents a new drug class that may become a pillar of therapy for this disease."

HF is the progressive decline in the heart's ability to fill with and pump blood. It affects over 60 million people worldwide. Approximately half of all people living with HF have mildly reduced or preserved left ventricular ejection fraction, a condition with limited treatment options. These findings suggest that the non-steroidal mineralocorticoid receptor antagonist finerenone could represent a new therapeutic option for patients.

The FINEARTS-HF trial, funded by Bayer, assigned 6,000 patients to receive either finerenone or placebo in addition to their existing therapies. The trial's limitations include few Black patients, although the percentage of Black patients was proportional to their regional population. "Our group continues to study novel therapies for heart failure," Solomon said. "There's huge residual risk in these patients and so more room for new therapies."

 Disclosures: Scott Solomon reports institutional research grants to Brigham and Women's Hospital from Alexion, Alnylam, Applied Therapeutics, AstraZeneca, Bellerophon, Bayer, BMS, Boston Scientific, Cytokinetics, Edgewise, Eidos/Bridgebio, Gossamer, GSK, Ionis, Lilly,NIH/NHLBI, Novartis, NovoNordisk, Respicardia, Sanofi Pasteur, Tenaya, Theracos, and US2.
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Wearable heart monitor increases diagnosis of irregular heart rhythm | ScienceDaily
Wearable, long-term continuous heart monitors helped identify 52% more cases of atrial fibrillation compared to usual care, but that did not lead to a reduction in hospitalizations due to stroke, according to a study led by the Duke Clinical Research Institute.


						
The findings, reported Sept. 1 at the European Society of Cardiology meeting and published in the Journal of the American College of Cardiology, provide inconclusive data about whether atrial fibrillation screening lowers stroke rates. The COVID pandemic led to an early halt of the study before fully enrolling, so it did not have enough participants to establish definitive results about stroke.

"Atrial fibrillation is often undiagnosed and can increase the risk of ischemic stroke, which is largely reversible by oral anticoagulation," said lead author Renato Lopes, M.D., Ph.D., a professor of medicine and member of the Duke Clinical Research institute.

"We still need definitive evidence that diagnosis of atrial fibrillation through systematic screening can lead to subsequent treatment with oral anticoagulation and therefore, lower stroke risk," Lopes said.

The study enrolled approximately 12,000 patients in the U.S. who were at least 70 years old with no history of atrial fibrillation. Roughly half the patients were randomly assigned to receive a long-term (14 days) continuous monitoring device, and the other half usual care.

Over a median of 15 months of follow-up, the study reported a 52% increase in the number of cases of atrial fibrillation diagnosed among the device-wearers compared to those in usual care. There was no increase in rates of hospitalization for bleeding, and no significant reduction in the rate of hospitalizations for all stroke compared with usual care.

The study was originally designed to enroll 52,000 patients, which would have given it the power to determine whether screening reduces the numbers of strokes. A large study population is needed because strokes occur in a subset of patients with atrial fibrillation.

"Despite the inconclusive results, we have a lot of lessons learned that might inform future studies" Lopes said. He said the study's design, which enabled patients to be enrolled and screened online in a virtual format with self-applied patch devices in their homes with only remote support, could be duplicated in future studies.

In addition to Lopes, study authors include Steven J. Atlas, Alan S. Go, teven A. Lubitz, David D. McManus, Rowena J. Dolor, Ranee Chatterjee, Michael B. Rothberg, David R. Rushlow, Lori A. Crosson, Ronald S. Aronson, Michael Patlakh, Dianne Gallup, Donna J. Mills, Emily C. O'Brien, and Daniel E. Singer.

The study received funding support from the Bristol-Myers Squibb/Pfizer Alliance.
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        Fungus-controlled robots tap into the unique power of nature
        In creating a pair of new robots, researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling 'biohybrid' robots that can potentially react to their environment better than their purely synthetic counterparts.

      

      
        Distorted galaxy forming cosmic question mark
        It's 7 billion years ago, and the universe's heyday of star formation is beginning to slow. What might our Milky Way galaxy have looked like at that time? Astronomers have found clues in the form of a cosmic question mark, the result of a rare alignment across light-years of space.

      

      
        A new role for intelligent tutors powered by AI in brain surgery?
        Researchers are designing real-time, intelligent tutors powered by AI. These systems mimic human surgical instructors in brain surgical training. Intelligent tutors help the learner acquire excellent skills by continuously assessing hand movements during simulated brain procedures and providing personalized verbal feedback.

      

      
        Flexible tentacle electrodes precisely record brain activity
        Researchers have developed ultra-flexible brain probes that accurately record brain activity without causing tissue damage. This opens up new avenues for the treatment of a range of neurological and neuropsychiatric disorders.

      

      
        'Forever chemicals' influence the development and function of the brain
        Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as 'forever chemicals'. They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved.

      

      
        Scientists use magnetic nanotech to safely rewarm frozen tissues for transplant
        Every day, people die waiting for an organ transplant. Time is at a premium, not just for those awaiting organs, but also for the organs themselves, which can deteriorate rapidly during transportation. Looking to extend the viability of human tissues, researchers report on their efforts to facilitate completely freezing, rather than cooling and then thawing, potentially life-saving organs. They demonstrate a magnetic nanoparticle's successful rewarming of animal tissues.

      

      
        Levels of one 'forever chemical' are increasing in groundwater
        Rain and water in ponds and lakes slowly seeps into the soil, moving through minute cracks to refill underground aquifers. Per- and polyfluoroalkyl substances (PFAS), often described as forever chemicals, can tag along into groundwater that's later removed for drinking. Researchers analyzed water from over 100 wells in Denmark for one particularly persistent PFAS: trifluoroacetate. They report steadily increasing levels of the forever chemical in recent decades.

      

      
        A new artificial intelligence tool for cancer
        The new approach marks a major step forward in the design of AI tools to support clinical decisions in cancer diagnosis, therapy. The model uses features of a tumor's microenvironment to forecast how a patient might respond to therapy and to help inform individualized treatments. The model can expedite the identification of patients not likely to benefit from standard treatments used in some forms of cancer.

      

      
        Uncollected waste and open burning leading causes of the plastic pollution crisis
        A new study shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory. Researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

      

      
        Major leap for nuclear clock paves way for ultraprecise timekeeping
        Nuclear clocks would measure time based on changes inside an atom's nucleus, which would make them less sensitive to external disturbances and potentially more accurate than atomic clocks. These clocks could lead to improved timekeeping and navigation, faster internet speeds, and advances in fundamental physics research. Scientists have demonstrated key components of a nuclear clock, such as precise frequency measurements of an energy jump in a thorium-229 nucleus.

      

      
        A sensory pen which can read Braille could improve literacy amongst the visually impaired
        A pen which can transform Braille into English text has been developed.

      

      
        New tool detects fake, AI-produced scientific articles
        A team has created a machine-learning algorithm that can detect up to 94% of bogus academic papers -- nearly twice as successfully as more common data-mining techniques.

      

      
        Assorted, distinctive behavior of molten uranium salt revealed by neutrons
        New research addresses the fundamental science necessary to increase the efficiency of nuclear energy. Researchers have now documented the unique chemistry dynamics and structure of high-temperature liquid uranium trichloride salt, a potential nuclear fuel source for next-generation reactors.

      

      
        Lab develops protein assembly road map for gas vesicles
        Bioengineers developed a road map for the protein-protein interactions that give rise to gas vesicles, naturally occurring nanobubbles with potential use in biomedical applications.

      

      
        Discovery of glass-forming liquid electrolytes as a new liquid category
        Chemists have found a novel glass-forming liquid electrolyte that exhibits specific lithium-ion conduction. They study the speciation and dipole reorientation dynamics in the glass-forming liquid electrolyte by means of Raman and dielectric relaxation spectroscopy to understand the specific lithium-ion conduction, contributing to advancements in battery electrolyte research.

      

      
        Novel green chemistry: A safe, low-cost, and eco-friendly conversion process for the synthesis of sulfonyl fluorides
        A research group has developed a safe, cost-effective, and environmentally-friendly method to synthesize sulfonyl fluorides. By reacting thiols and disulfides with SHC5 and potassium fluoride, they achieved a green synthesis process with non-toxic by-products. This method simplifies the production of sulfonyl fluorides, making it suitable for chemical and industrial applications, aligning with Sustainable Development Goals.

      

      
        Turning glycerol into gold: a new process makes biodiesel more profitable
        An electrooxidation process efficiently converts glycerol, a byproduct of biodiesel production, into high-value three-carbon compounds.

      

      
        Gigantic asteroid impact shifted the axis of Solar System's biggest moon
        Around 4 billion years ago, an asteroid hit the Jupiter moon Ganymede. Now, a researcher realized that the Solar System's biggest moon's axis has shifted as a result of the impact, which confirmed that the asteroid was around 20 times larger than the one that ended the age of the dinosaurs on Earth, and caused one of the biggest impacts with clear traces in the Solar System.

      

      
        Finger wrap uses sweat to provide health monitoring at your fingertips--literally
        A sweat-powered wearable has the potential to make continuous, personalized health monitoring as effortless as wearing a Band-Aid. Engineers have developed an electronic finger wrap that monitors vital chemical levels -- such as glucose, vitamins, and even drugs -- present in the same fingertip sweat from which it derives its energy.

      

      
        Mathematicians model a puzzling breakdown in cooperative behavior
        A model developed by evolutionary mathematicians shows that as conditions for cooperation improve between two species, mutually beneficial behavior can unexpectedly become unbalanced. Cooperative behavior pools in one species, the other consumes the spoils.

      

      
        How bright is the universe's glow? Study offers best measurement yet
        Over billions of years, the universe's stars and galaxies shined their light into space, leaving behind an imperceptibly faint night light known as the cosmic optical background. NASA's New Horizons spacecraft has traveled to the edge of Earth's solar system and captured the most accurate measurement of this glow to date.

      

      
        How cheerful is that water bottle?
        New research shows consumers use 'happier' words to search for products when they are in a good mood. Researchers have connected those positive search terms with an increased likelihood of clicking on search engine ads.

      

      
        Pregnancy-related heart failure is under-detected; AI-enabled stethoscope helped doctors diagnose twice as many cases
        Heart failure during pregnancy is a dangerous and often under-detected condition because common symptoms -- shortness of breath, extreme fatigue and trouble breathing while lying down -- are easily mistaken for typical pregnancy discomforts. A new study showed an artificial intelligence (AI)-enabled digital stethoscope helped doctors identify twice as many cases of heart failure compared to a control group that received usual obstetric care and screening.

      

      
        A double twist makes cracking easier to resist
        Additive manufacturing, precision robotics and architected design markedly increase crack resistance in concrete.

      

      
        Keep devices out of bed for better sleep
        Despite what we've been led to believe, the timing of evening screen use, rather than the activity itself, negatively impacts youth sleep, a new study has found.

      

      
        Artificial intelligence likely to play an increasing role in scientific publications
        In the coming years, AI is poised to transform the writing of scientific manuscripts, assist in reviewing them, and help editors select the most impactful papers.

      

      
        Wearable heart monitor increases diagnosis of irregular heart rhythm
        Wearable, long-term continuous heart monitors helped identify 52% more cases of atrial fibrillation compared to usual care, but that did not lead to a reduction in hospitalizations due to stroke, according to a new study.

      

      
        Study combines data, molecular simulations to accelerate drug discovery
        Researchers have found a new method to increase both speed and success rates in drug discovery. The study offers renewed promise when it comes to discovering new drugs.

      

      
        Topological quantum simulation unlocks new potential in quantum computers
        Researchers have successfully simulated higher-order topological (HOT) lattices with unprecedented accuracy using digital quantum computers. These complex lattice structures can help us understand advanced quantum materials with robust quantum states that are highly sought after in various technological applications.

      

      
        Transparency is often lacking in datasets used to train large language models
        The Data Provenance Explorer can help machine-learning practitioners make more informed choices about the data they train their models on, which could improve the accuracy of models deployed in the real world.

      

      
        Novel chemical tool aims to streamline drug-making process
        The invention of a tool capable of unlocking previously impossible organic chemical reactions has opened new pathways in the pharmaceutical industry to create effective drugs more quickly.

      

      
        Upcycling excess carbon dioxide with tiny microbes
        While some microbes can make people sick or spoil food, others are critical for survival. These tiny organisms can also be engineered to make specific molecules. Researchers have rewired one such microbe to help tackle greenhouse gases in the atmosphere: It takes in carbon dioxide (CO2) gas and produces mevalonate, a useful building block for pharmaceuticals.

      

      
        AI tool maps out cell metabolism with precision
        Scientists have developed an AI tool that creates detailed models of cellular metabolism, making it easier to understand how cells function.

      

      
        Dancing galaxies make a monster at the cosmic dawn
        Astronomers have spotted a pair of galaxies in the act of merging 12.8 billion years ago. The characteristics of these galaxies indicate that the merger will form a monster galaxy, one of the brightest types of objects in the Universe.

      

      
        Silicon chip propels 6G communications forward
        A team of scientists has unlocked the potential of 6G communications with a new polarization multiplexer. This allows multiple data streams to be transmitted simultaneously over the same frequency band, effectively doubling data capacity.

      

      
        PFAS-free synthesis of fluorinated pharmaceutical and agrochemical compounds
        Chemists have developed a method to furnish a range of molecules with a trifluoromethyl group attached to a sulfur, nitrogen or oxygen atom. Their procedure avoids the use of PFAS reagents. It thus provides an environmentally friendly synthesis route for pharmaceutical and agrochemical compounds that rely on the presence of the trifluoromethyl group.

      

      
        New process vaporizes plastic bags and bottles, yielding gases to make new, recycled plastics
        Chemists have developed a catalytic process that turns the largest component of today's plastic waste stream, polyolefin plastic bags and bottles, into gases -- propylene and isobutylene -- that are the building blocks of polypropylene and other types of plastics. The process uses inexpensive solid catalysts that can be scaled to industrial production, making this a potentially viable means of creating a circular economy for these throw-away plastics.

      

      
        Smart mask monitors breath for signs of health
        Researchers have developed a prototype for a smart mask that can be used to monitor a range of medical conditions, including respiratory ailments, such as asthma, COPD (chronic obstructive pulmonary disease), and post-COVID-19 infections.

      

      
        Getting the stink out of smoke-tainted wine
        Wildfires can damage crops, even if flames come nowhere near the plants. One outcome can be an unpleasant flavor and smell of wine that is made from grapes exposed to smoke. But researchers say that they have developed a way to lessen this smoke taint to improve the palatability of the wine.

      

      
        Unveiling actual role of metal cocatalysts
        Synchronizing periodic excitations of photocatalysts with a Michelson interferometer on operando FT-IR spectroscopy, researchers succeeded in observing and identifying the reactive electron species for photocatalytic hydrogen evolution. In contrast to the traditional belief, this study demonstrates that not the free electrons in metal cocatalysts but the electrons trapped in the periphery of cocatalysts directly contribute to the photocatalysis.

      

      
        A breakthrough in chiral molecule research opens new horizons for science
        Scientists have made a significant leap forward in the field of chiral molecules. The team achieved near-complete separation in quantum states for these essential components of life.

      

      
        Supercomputer simulations reveal the nature of turbulence in black hole accretion disks
        To understand the mysteries surrounding black holes, researchers at Tohoku University have created a simulation of accretion disk turbulence that possesses the highest-resolution currently available.

      

      
        New chemical tool for infection research: Visualizing the sphingomyelin metabolism
        Researchers resent a new molecule for visualizing the sphingomyelin metabolism. This offers prospects for innovative therapeutic approaches in infection research.

      

      
        VR headsets could be life changing for people with intellectual disability
        Immersive virtual reality could open up a whole new world for people with intellectual disability, enabling them to learn practical life skills much faster without relying on caregivers, according to a new study.

      

      
        Researchers create entangled quantum magnets with protected quantum excitations
        Researchers created a new quantum state of matter, dubbed a higher-order topological magnet, that may address key issues in quantum technology.

      

      
        Physics researchers identify new multiple Majorana zero modes in superconducting SnTe
        A collaborative research team has identified the world's first multiple Majorana zero modes (MZMs) in a single vortex of the superconducting topological crystalline insulator SnTe and exploited crystal symmetry to control the coupling between the MZMs. This discovery offers a new pathway to realizing fault-tolerant quantum computers.

      

      
        Tiny new lasers fill a long-standing gap in the rainbow of visible-light colors, opening new applications
        It's not easy being green. Scientists for years have made small red and blue lasers, but other colors, including green, have been a challenge. A team has now filled this technology gap by creating orange, yellow and green lasers tiny enough to fit on a chip, opening up a wide range of applications in quantum sensing, communications and information processing.

      

      
        Researchers unveil scalable graphene technology to revolutionize battery safety and performance
        Researchers have developed a pioneering technique for producing large-scale graphene current collectors. This breakthrough promises to significantly enhance the safety and performance of lithium-ion batteries (LIBs), addressing a critical challenge in energy storage technology.
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Fungus-controlled robots tap into the unique power of nature | ScienceDaily
Building a robot takes time, technical skill, the right materials -- and sometimes, a little fungus.


						
In creating a pair of new robots, Cornell University researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling "biohybrid" robots that can potentially react to their environment better than their purely synthetic counterparts.

The team's paper published in Science Robotics. The lead author is Anand Mishra, a research associate in the Organic Robotics Lab led by Rob Shepherd, professor of mechanical and aerospace engineering at Cornell University, and the paper's senior author.

"This paper is the first of many that will use the fungal kingdom to provide environmental sensing and command signals to robots to improve their levels of autonomy," Shepherd said. "By growing mycelium into the electronics of a robot, we were able to allow the biohybrid machine to sense and respond to the environment. In this case we used light as the input, but in the future it will be chemical. The potential for future robots could be to sense soil chemistry in row crops and decide when to add more fertilizer, for example, perhaps mitigating downstream effects of agriculture like harmful algal blooms."

Mycelia are the underground vegetative part of mushrooms. They have the ability to sense chemical and biological signals and respond to multiple inputs.

"Living systems respond to touch, they respond to light, they respond to heat, they respond to even some unknowns, like signals," Mishra said. "If you wanted to build future robots, how can they work in an unexpected environment? We can leverage these living systems, and any unknown input comes in, the robot will respond to that."

Two biohybrid robots were built: a soft robot shaped like a spider and a wheeled bot.

The robots completed three experiments. In the first, the robots walked and rolled, respectively, as a response to the natural continuous spikes in the mycelia's signal. Then the researchers stimulated the robots with ultraviolet light, which caused them to change their gaits, demonstrating mycelia's ability to react to their environment. In the third scenario, the researchers were able to override the mycelia's native signal entirely.

The research was supported by the National Science Foundation (NSF) CROPPS Science and Technology Center; the U.S. Department of Agriculture's National Institute of Food and Agriculture; and the NSF Signal in Soil program.
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Distorted galaxy forming cosmic question mark | ScienceDaily
It's 7 billion years ago, and the universe's heyday of star formation is beginning to slow. What might our Milky Way galaxy have looked like at that time? Astronomers using NASA's James Webb Space Telescope have found clues in the form of a cosmic question mark, the result of a rare alignment across light-years of space.


						
"We know of only three or four occurrences of similar gravitational lens configurations in the observable universe, which makes this find exciting, as it demonstrates the power of Webb and suggests maybe now we will find more of these," said astronomer Guillaume Desprez of Saint Mary's University in Halifax, Nova Scotia, a member of the team presenting the Webb results.

While this region has been observed previously with NASA's Hubble Space Telescope, the dusty red galaxy that forms the intriguing question-mark shape only came into view with Webb. This is a result of the wavelengths of light that Hubble detects getting trapped in cosmic dust, while longer wavelengths of infrared light are able to pass through and be detected by Webb's instruments.

Astronomers used both telescopes to observe the galaxy cluster MACS-J0417.5-1154, which acts like a magnifying glass because the cluster is so massive it warps the fabric of space-time. This allows astronomers to see enhanced detail in much more distant galaxies behind the cluster. However, the same gravitational effects that magnify the galaxies also cause distortion, resulting in galaxies that appear smeared across the sky in arcs and even appear multiple times. These optical illusions in space are called gravitational lensing.

The red galaxy revealed by Webb, along with a spiral galaxy it is interacting with that was previously detected by Hubble, are being magnified and distorted in an unusual way, which requires a particular, rare alignment between the distant galaxies, the lens, and the observer -- something astronomers call a hyperbolic umbilic gravitational lens. This accounts for the five images of the galaxy pair seen in Webb's image, four of which trace the top of the question mark. The dot of the question mark is an unrelated galaxy that happens to be in the right place and space-time, from our perspective.

In addition to producing a case study of the Webb NIRISS (Near-Infrared Imager and Slitless Spectrograph) instrument's ability to detect star formation locations within a galaxy billions of light-years away, the research team also couldn't resist highlighting the question mark shape. "This is just cool looking. Amazing images like this are why I got into astronomy when I was young," said astronomer Marcin Sawicki of Saint Mary's University, one of the lead researchers on the team.

"Knowing when, where, and how star formation occurs within galaxies is crucial to understanding how galaxies have evolved over the history of the universe," said astronomer Vicente Estrada-Carpenter of Saint Mary's University, who used both Hubble's ultraviolet and Webb's infrared data to show where new stars are forming in the galaxies. The results show that star formation is widespread in both. The spectral data also confirmed that the newfound dusty galaxy is located at the same distance as the face-on spiral galaxy, and they are likely beginning to interact.

"Both galaxies in the Question Mark Pair show active star formation in several compact regions, likely a result of gas from the two galaxies colliding," said Estrada-Carpenter. "However, neither galaxy's shape appears too disrupted, so we are probably seeing the beginning of their interaction with each other."

"These galaxies, seen billions of years ago when star formation was at its peak, are similar to the mass that the Milky Way galaxy would have been at that time. Webb is allowing us to study what the teenage years of our own galaxy would have been like," said Sawicki.

The Webb images and spectra in this research came from the Canadian NIRISS Unbiased Cluster Survey (CANUCS). The research paper is published in the Monthly Notices of the Royal Astronomical Society.
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A new role for intelligent tutors powered by AI in brain surgery? | ScienceDaily
Neurosurgery is perhaps one of the most demanding professions in healthcare. Surgeons spend long hours performing operations where expert performance means the difference between a good and bad patient outcome. While operative injuries are rare, when they occur, they can have serious, and lifelong consequences.


						
Researchers at the Neurosurgical Simulation and Artificial Intelligence Learning Centre at The Neuro (Montreal Neurological Institute-Hospital) of McGill University are striving to improve brain surgery training by designing real-time, intelligent tutors powered by AI. These systems are designed to mimic the role of human surgical instructors in brain surgical training. Intelligent tutors help the learner acquire excellent operative skills by continuously assessing hand movements during simulated brain procedures and providing personalized verbal feedback...

Educating the next generation of neurosurgeons is a long, expensive, and complex process. AI and simulation hold the potential to make the learning process easier while maintaining or enhancing the quality of graduating neurosurgeons' skills.

Their most recent study was the first randomized controlled trial comparing AI intelligent tutor instruction with human expert human instruction during simulated surgery. They divided 97 medical trainees into three groups, either receiving real-time AI feedback, in-person expert instruction or no real-time feedback.

The trainees who received AI instruction performed significantly better than those who received expert instruction and no real-time instruction. The study found that expert instruction alone led to poorer surgical learning outcomes. By employing their extensive expertise and the new opportunities provided by AI, surgical educators can provide new possibilities for learners to reach their potential as excellent surgeons.

"This study suggests the future of instruction in the operating room may involve human educators utilizing the capacity of AI to further enhance learner surgical skills acquisition," says Dr. Rolando Del Maestro, Director, Neurosurgical Simulation and Artificial Intelligence Learning Centre
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Flexible tentacle electrodes precisely record brain activity | ScienceDaily
Neurostimulators, also known as brain pacemakers, send electrical impulses to specific areas of the brain via special electrodes. It is estimated that some 200,000 people worldwide are now benefiting from this technology, including those who suffer from Parkinson's disease or from pathological muscle spasms. According to Mehmet Fatih Yanik, Professor of Neurotechnology at ETH Zurich, further research will greatly expand the potential applications: instead of using them exclusively to stimulate the brain, the electrodes can also be used to precisely record brain activity and analyse it for anomalies associated with neurological or psychiatric disorders. In a second step, it would be conceivable in future to treat these anomalies and disorders using electrical impulses.


						
To this end, Yanik and his team have now developed a new type of electrode that enables more detailed and more precise recordings of brain activity over an extended period of time. These electrodes are made of bundles of extremely fine and flexible fibres of electrically conductive gold encapsulated in a polymer. Thanks to a process developed by the ETH Zurich researchers, these bundles can be inserted into the brain very slowly, which is why they do not cause any detectable damage to brain tissue.

This sets the new electrodes apart from rival technologies. Of these, perhaps the best known in the public sphere is the one from Neuralink, an Elon Musk company. In all such systems, including Neuralink's, the electrodes are considerably wider. "The wider the probe, even if it is flexible, the greater the risk of damage to brain tissue," Yanik explains. "Our electrodes are so fine that they can be threaded past the long processes that extend from the nerve cells in the brain. They are only around as thick as the nerve-cell processes themselves."

The research team tested the new electrodes on the brains of rats using four bundles, each made up of 64 fibres. In principle, as Yanik explains, up to several hundred electrode fibres could be used to investigate the activity of an even greater number of brain cells. In the study, the electrodes were connected to a small recording device attached to the head of each rat, thereby enabling them to move freely.

No influence on brain activity

In the experiments, the research team was able to confirm that the probes are biocompatible and that they do not influence brain function. Because the electrodes are very close to the nerve cells, the signal quality is very good compared to other methods.

At the same time, the probes are suitable for long-term monitoring activities, with researchers recording signals from the same cells in the brains of animals for the entire duration of a ten-month experiment. Examinations showed that no brain-tissue damage occurred during this time. A further advantage is that the bundles can branch out in different directions, meaning that they can reach multiple brain areas.




Human testing to begin soon

In the study, the researcher used the new electrodes to track and analyse nerve-cell activity in various areas of the brains of rats over a period of several months. They were able to determine that nerve cells in different regions were "co-activated." Scientists believe that this large-scale, synchronous interaction of brain cells plays a key role in the processing of complex information and memory formation. "The technology is of high interest for basic research that investigates these functions and their impairments in neurological and psychiatric disorders," Yanik explains.

The group has teamed up with fellow researchers at the University College London in order to test diagnostic use of the new electrodes in the human brain. Specifically, the project involves epilepsy sufferers who do not respond to drug therapy. In such cases, neurosurgeons may remove a small part of the brain where the seizures originate. The idea is to use the group's method to precisely localise the affected area of the brain prior to tissue removal.

Brain-machine interfaces

There are also plans to use the new electrodes to stimulate brain cells in humans. "This could aid the development of more effective therapies for people with neurological and psychiatric disorders," says Yanik. In disorders such as depression, schizophrenia or OCD, there is often impairments in specific regions of the brain, which leads to problems in evaluation of information and decision making. Using the new electrodes, it might be possible to detect the pathological signals generated by the neural networks in the brain in advance, and then stimulate the brain in a way that would alleviate such disorders. Yanik also thinks that this technology may give rise to brain-machine interfaces for people with brain injuries. In such cases, the electrodes might be used to read their intentions and thereby, for example, to control prosthetics or a voice-output system.
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'Forever chemicals' influence the development and function of the brain | ScienceDaily
Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as "forever chemicals." They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team from the Helmholtz Centre for Environmental Research (UFZ) has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved. These genes are also present in humans. The test procedure developed at the UFZ could be used for the risk assessment of other neurotoxic chemicals. The study was recently published in Environmental Health Perspectives.


						
Because of their special properties -- heat resistance, water and grease repellence, and high durability -- PFAS are used in many everyday products (e.g. cosmetics, outdoor clothing, and coated cookware). But it is precisely these properties that make them so problematic. "Because some PFAS are chemically stable, they accumulate in the environment and enter our bodies via air, drinking water, and food," says UFZ toxicologist Prof Dr Tamara Tal. Even with careful consumption, it is nearly impossible to avoid this group of substances, which has been produced since the 1950s and now includes thousands of different compounds. "There is a great need for research, especially when it comes to developing fast, reliable, and cost-effective test systems for assessing the risks of PFAS exposure," says Tal. So far, the environmental and health consequences have been difficult to assess.

In their current study, the researchers investigated how PFAS exposure affects brain development. To do this, they used the zebrafish model, which is frequently used in toxicology research. One advantage of this model is that around 70% of the genes found in zebrafish (Danio rerio) are also found in humans. The findings from the zebrafish model can therefore likely be transferred to humans. In their experiments, the researchers exposed zebrafish to two substances from the PFAS group (PFOS and PFHxS), which have a similar structure. The researchers then used molecular biological and bioinformatic methods to investigate which genes in the brains of the fish larvae exposed to PFAS were disrupted compared to the control fish, which were not exposed. "In the zebrafish exposed to PFAS, the peroxisome proliferator-activated receptor (ppar) gene group, which is also present in a slightly modified form in humans, was particularly active," says Sebastian Gutsfeld, PhD student at the UFZ and first author of the study. "Toxicity studies have shown this to be the case as a result of exposure to PFAS -- albeit in the liver. We have now also been able to demonstrate this for the brain."

But what consequences does an altered activity of the ppar genes triggered by PFAS exposure have for brain development and behaviour of zebrafish larvae? The researchers investigated this in further studies using the zebrafish model. They used the CRISPR/Cas9 method, also known as gene scissors. "Using genetic scissors, we were able to selectively cut individual or several ppar genes and prevent them from functioning normally," explains Gutsfeld. "We wanted to find out which ppar genes are directly linked to a change in larval behaviour triggered by PFAS exposure." Proof of the underlying mechanism was directly provided. In contrast to genetically unaltered zebrafish, the knockdown fish in which the gene scissors were used should not show any behavioural changes after exposure to PFAS.

The two behavioural endpoints

In one series of experiments, the researchers continuously exposed zebrafish to PFOS or PFHxS during their early developmental phase between day one and day four and in another series of experiments only on day five. On the fifth day, the researchers then observed swimming behaviour. They used two different behavioural endpoints for this purpose. In one endpoint, swimming activity was measured during a prolonged dark phase. PFAS-exposed fish swam more than fish not exposed to PFAS, whether continuously exposed to PFAS during brain development or shortly before the behaviour test. Interestingly, hyperactivity was only present when the chemical was around. When the researchers removed PFOS or PFHxS, hyperactivity subsided. In the second endpoint, the startle response after a dark stimulus was measured. "In zebrafish exposed to PFOS for four days, we observed hyperactive swimming behaviour in response to the stimulus," says Gutsfeld. In contrast, zebrafish only exposed to PFOS or PFHxS on the fifth day did not have a hyperactive startle response.

Based on these responses, the researchers conclude that PFOS exposure is associated with abnormal consequences -- particularly during sensitive developmental phases of the brain. Using knockdown zebrafish, the researchers identified two genes from the ppar group that mediate the behaviour triggered by PFOS.

"Because these genes are also present in humans, it is possible that PFAS also have corresponding effects in humans," concludes Tal. The scientists working with Tal want to investigate the neuroactive effects of other PFAS in future research projects and expand the method so that it can ultimately be used to assess the risk of chemicals in the environment, including PFAS.
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Scientists use magnetic nanotech to safely rewarm frozen tissues for transplant | ScienceDaily
Every day, people die waiting for an organ transplant. Time is at a premium, not just for those awaiting organs, but also for the organs themselves, which can deteriorate rapidly during transportation. Looking to extend the viability of human tissues, researchers report in ACS' Nano Letters their efforts to facilitate completely freezing, rather than cooling and then thawing, potentially life-saving organs. They demonstrate a magnetic nanoparticle's successful rewarming of animal tissues.


						
As of August 2024, more than 114,000 people are on the U.S. national transplant waiting list, according to the Organ Procurement and Transplantation Network, and about 6,000 annually will die before receiving an organ transplant. One reason is the loss of organs in cold storage during transportation when delays cause them to warm prematurely. Methods have been developed to quickly freeze organs for longer-term storage without risking damage from ice crystal formation, but ice crystals can also form during warming. To address this problem, Yadong Yin and colleagues advanced a technique known as nanowarming, pioneered by collaborator John Bischof, to employ magnetic nanoparticles and magnetic fields to thaw frozen tissues rapidly, evenly and safely.

Recently, Yin and a team developed magnetic nanoparticles -- effectively extremely tiny bar magnets -- that, when exposed to alternating magnetic fields, generated heat. And that heat rapidly thawed animal tissues stored at -238 degrees Fahrenheit (-150 degrees Celsius) in a solution of the nanoparticles and a cryoprotective agent. The researchers worried, however, that uneven distribution of the nanoparticles within the tissues might trigger overheating where the particles congregated, which could lead to tissue damage and toxicity from the cryoprotective agent at elevated temperatures.

To reduce these risks, the researchers have continued their investigation, working on a two-stage approach that more finely controls nanowarming rates. They describe this process in the new Nano Letters study:
    	Cultured cells or animal tissues were immersed in a solution containing magnetic nanoparticles and a cryoprotective substance and then frozen with liquid nitrogen.
    	In the first stage of thawing, as before, an alternating magnetic field initiated rapid rewarming of animal tissues.
    	As the samples approached the melting temperature of the cryoprotective agent, the researchers applied a horizontal static magnetic field.
    	The second field realigned the nanoparticles, effectively tapping the brakes on heat production.

The heating slowed fastest in areas with more nanoparticles, which dampened concerns about problematic hotspots. Applying the method to cultured human skin fibroblasts and to pig carotid arteries, the researchers noted that cell viability remained high after rewarming over a few minutes, suggesting the thawing was both rapid and safe. The ability to finely control tissue rewarming moves us one step closer to long-term organ cryopreservation and the hope of more life-saving transplants for patients, the researchers say.

The authors acknowledge funding from the U.S. National Science Foundation.
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Levels of one 'forever chemical' are increasing in groundwater | ScienceDaily
Rain and water in ponds and lakes slowly seeps into the soil, moving through minute cracks to refill underground aquifers. Per- and polyfluoroalkyl substances (PFAS), often described as forever chemicals, can tag along into groundwater that's later removed for drinking. Researchers in ACS' Environmental Science & Technology Letters analyzed water from over 100 wells in Denmark for one particularly persistent PFAS: trifluoroacetate. They report steadily increasing levels of the forever chemical in recent decades.


						
Trifluoroacetate forms when fluorinated gases, such as refrigerants, and fluorinated pesticides partially degrade in the environment. Water passing through air and soil picks up trifluoroacetate, transporting the persistent and mobile compound into groundwater aquifers. However, potable groundwater sources haven't been widely tested for trifluoroacetate because there isn't a regulatory limit for it beyond the European Environment Agency's (EEA) limit on total PFAS in drinking water of 0.5 parts per billion (ppb). So, Christian Albers and Jurgen Sultenfuss wanted to thoroughly assess groundwater in Denmark for this contaminant, looking for potential changes in the past 60 years.

The researchers collected samples from 113 groundwater monitoring wells around Denmark. They analyzed the samples for trifluoroacetate and, using an established tritium-helium isotope method, calculated how long ago the water entered the underground aquifers. Overall, their data showed a trend of increasing trifluoroacetate concentrations since the 1960s. Specifically, groundwater from:
    	Before 1960 had unmeasurable levels.
    	1960 to 1980 contained 0.06 ppb on average.
    	1980 to 2000 contained 0.24 ppb on average.
    	2000 to the 2020s contained 0.6 ppb on average, which exceeds the EEA's total PFAS limit in drinking water.

The researchers attribute concentration differences within time periods to changing atmospheric deposition, plant uptake and local pesticide application. For example, pesticides that might be precursors for trifluoroacetate have been applied to agricultural areas within Denmark since the late 1960s. On the basis of those observations, the researchers say that trifluoroacetate concentrations could be used to categorize when groundwater entered aquifers, such as after 1985 or before 2000, rather than using more sophisticated and tedious dating methods that require isotopes. Additionally, Albers says some particularly high trifluoroacetate concentrations in groundwater less than 10 years old could suggest local sources have recently become more important, such as fluorinated pesticide applications.
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A new artificial intelligence tool for cancer | ScienceDaily
Scientists at Harvard Medical School have designed a versatile, ChatGPT-like AI model capable of performing an array of diagnostic tasks across multiple forms of cancers.


						
The new AI system, described Sept. 4 in Nature, goes a step beyond many current AI approaches to cancer diagnosis, the researchers said. (DOI 10.1038/s41586-024-07894-z)

Current AI systems are typically trained to perform specific tasks -- such as detecting cancer presence or predicting a tumor's genetic profile -- and they tend to work only in a handful of cancer types. By contrast, the new model can perform a wide array of tasks and was tested on 19 cancer types, giving it a flexibility like that of large language models such as ChatGPT.

While other foundation AI models for medical diagnosis based on pathology images have emerged recently, this is believed to be the first to predict patient outcomes and validate them across several international patient groups.

"Our ambition was to create a nimble, versatile ChatGPT-like AI platform that can perform a broad range of cancer evaluation tasks," said study senior author Kun-Hsing Yu, assistant professor of biomedical informatics in the Blavatnik Institute at Harvard Medical School. "Our model turned out to be very useful across multiple tasks related to cancer detection, prognosis, and treatment response across multiple cancers."

The AI model, which works by reading digital slides of tumor tissues, detects cancer cells and predicts a tumor's molecular profile based on cellular features seen on the image with superior accuracy to most current AI systems. It can forecast patient survival across multiple cancer types and accurately pinpoint features in the tissue that surrounds a tumor -- also known as the tumor microenvironment -- that are related to a patient's response to standard treatments, including surgery, chemotherapy, radiation, and immunotherapy. Finally, the team said, the tool appears capable of generating novel insights -- it identified specific tumor characteristics previously not known to be linked to patient survival.

The findings, the research team said, add to growing evidence that AI-powered approaches can enhance clinicians' ability to evaluate cancers efficiently and accurately, including the identification of patients who might not respond well to standard cancer therapies.




"If validated further and deployed widely, our approach, and approaches similar to ours, could identify early on cancer patients who may benefit from experimental treatments targeting certain molecular variations, a capability that is not uniformly available across the world," Yu said.

Training and performance

The team's latest work builds on Yu's previous research in AI systems for the evaluation of colon cancer and brain tumors. These earlier studies demonstrated the feasibility of the approach within specific cancer types and specific tasks.

The new model, called CHIEF (Clinical Histopathology Imaging Evaluation Foundation), was trained on 15 million unlabeled images chunked into sections of interest. The tool was then trained further on 60,000 whole-slide images of tissues including lung, breast, prostate, colorectal, stomach, esophageal, kidney, brain, liver, thyroid, pancreatic, cervical, uterine, ovarian, testicular, skin, soft tissue, adrenal gland, and bladder. Training the model to look both at specific sections of an image and the whole image allowed it to relate specific changes in one region to the overall context. This approach, the researchers said, enabled CHIEF to interpret an image more holistically by considering a broader context, instead of just focusing on a particular region.

Following training, the team tested CHIEF's performance on more than 19,400 whole-slide images from 32 independent datasets collected from 24 hospitals and patient cohorts across the globe.

Overall, CHIEF outperformed other state-of-the-art AI methods by up to 36 percent on the following tasks: cancer cell detection, tumor origin identification, predicting patient outcomes, and identifying the presence of genes and DNA patterns related to treatment response.Because of its versatile training, CHIEF performed equally well no matter how the tumor cells were obtained -- whether via biopsy or through surgical excision. And it was just as accurate, regardless of the technique used to digitize the cancer cell samples. This adaptability, the researchers said, renders CHIEF usable across different clinical settings and represents an important step beyond current models that tend to perform well only when reading tissues obtained through specific techniques.




Cancer detection

CHIEF achieved nearly 94 percent accuracy in cancer detection and significantly outperformed current AI approaches across 15 datasets containing 11 cancer types. In five biopsy datasets collected from independent cohorts, CHIEF achieved 96 percent accuracy across multiple cancer types including esophagus, stomach, colon, and prostate. When the researchers tested CHIEF on previously unseen slides from surgically removed tumors of the colon, lung, breast, endometrium, and cervix, the model performed with more than 90 percent accuracy.

Predicting tumors' molecular profiles

A tumor's genetic makeup holds critical clues to determine its future behavior and optimal treatments. To get this information, oncologists order DNA sequencing of tumor samples, but such detailed genomic profiling of cancer tissues is not done routinely nor uniformly across the world due to the cost and time involved in sending samples to specialized DNA sequencing labs. Even in well-resourced regions, the process could take several weeks. It's a gap that AI could fill, Yu said.

Quickly identifying cellular patterns on an image suggestive of specific genomic aberrations could offer a quick and cost-effective alternative to genomic sequencing, the researchers said.

CHIEF outperformed current AI methods for predicting genomic variations in a tumor by looking at the microscopic slides. This new AI approach successfully identified features associated with several important genes related to cancer growth and suppression, and it predicted key genetic mutations related to how well a tumor might respond to various standard therapies. CHIEF also detected specific DNA patterns related to how well a colon tumor might respond to a form of immunotherapy called immune checkpoint blockade. When looking at whole-tissue images, CHIEF identified mutations in 54 commonly mutated cancer genes with an overall accuracy of more than 70 percent, outperforming the current state-of-the-art AI method for genomic cancer prediction. Its accuracy was greater for specific genes in specific cancer types.

The team also tested CHIEF on its ability to predict mutations linked with response to FDA-approved targeted therapies across 18 genes spanning 15 anatomic sites. CHIEF attained high accuracy in multiple cancer types, including 96 percent in detecting a mutation in a gene called EZH2 common in a blood cancer called diffuse large B-cell lymphoma. It achieved 89 percent for BRAF gene mutation in thyroid cancer, and 91 percent for NTRK1 gene mutation in head and neck cancers.

Predicting patient survival

CHIEF successfully predicted patient survival based on tumor histopathology images obtained at the time of initial diagnosis. In all cancer types and all patient groups under study, CHIEF distinguished patients with longer-term survival from those with shorter-term survival. CHIEF outperformed other models by 8 percent. And in patients with more advanced cancers, CHIEF outperformed other AI models by 10 percent. In all, CHIEF's ability to predict high versus low death risk was tested and confirmed across patient samples from 17 different institutions.

Extracting novel insights about tumor behavior

The model identified tell-tale patterns on images related to tumor aggressiveness and patient survival. To visualize these areas of interest, CHIEF generated heat maps on an image. When human pathologists analyzed these AI-derived hot spots, they saw intriguing signals reflecting interactions between cancer cells and surrounding tissues. One such feature was the presence of greater numbers of immune cells in areas of the tumor in longer-term survivors, compared with shorter-term survivors. That finding, Yu noted, makes sense because a greater presence of immune cells may indicate the immune system has been activated to attack the tumor.

When looking at the tumors of shorter-term survivors, CHIEF identified regions of interest marked by the abnormal size ratios between various cell components, more atypical features on the nuclei of cells, weak connections between cells, and less presence of connective tissue in the area surrounding the tumor. These tumors also had a greater presence of dying cells around them. For example, in breast tumors, CHIEF pinpointed as an area of interest the presence of necrosis -- or cell death -- inside the tissues. On the flip side, breast cancers with higher survival rates were more likely to have preserved cellular architecture resembling heathy tissues. The visual features and zones of interest related to survival varied by cancer type, the team noted.

Next steps

The researchers said they plan to refine CHIEF's performance and augment its capabilities by:
    	Conducting additional training on images of tissues from rare diseases and non-cancerous conditions
    	Including samples from pre-malignant tissues before cells become fully cancerous
    	Exposing the model to more molecular data to enhance its ability to identify cancers with different levels of aggressiveness
    	Training the model to also predict the benefits and adverse effects of novel cancer treatments in addition to standard treatments
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Uncollected waste and open burning leading causes of the plastic pollution crisis | ScienceDaily
A new study from the University shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory.


						
University of Leeds researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

Their study, published in the journal Nature, calculated a staggering 52 million tonnes of plastic products entered the environment in 2020 -- which, laid out in a line would stretch around the World over 1,500 times.

It also revealed that more than two thirds of the planet's plastic pollution comes from uncollected rubbish with almost 1.2 billion people -- 15% of the global population -- living without access to waste collection services.

The findings further show that in 2020 roughly 30 million tonnes of plastics -- amounting to 57% of all plastic pollution -- was burned without any environmental controls in place, in homes, on streets and in dumpsites. Burning plastic comes with 'substantial' threats to human health, including neurodevelopmental, reproductive and birth defects.

The researchers also identified new plastic pollution hotspots, revealing India as the biggest contributor -- rather than China as has been suggested in previous models -- followed by Nigeria and Indonesia.

Lack of rubbish collection harms health, environment and economy

The researchers believe the study shows access to waste collection should be seen as a basic necessity and a vital aspect of sanitation, alongside water and sewerage services.




While uncontrolled burning of plastic has received very little attention in the past, the new calculations show it to be at least as big a problem as rubbish thrown into the environment, even once uncertainty in the model is taken into consideration.

Dr Costas Velis, academic on Resource Efficiency Systems from the School of Civil Engineering at Leeds, led the research. He said: "We need to start focusing much, much more on tackling open burning and uncollected waste before more lives are needlessly impacted by plastic pollution. It cannot be 'out of sight, out of mind'."

First author Dr Josh Cottom, Research Fellow in Plastics Pollution at Leeds, said: "Uncollected waste is the biggest source of plastic pollution, with at least 1.2 billion people living without waste collection services forced to 'self-manage' waste, often by dumping it on land, in rivers, or burning it in open fires."

Dr Cottom added: "The health risks resulting from plastic pollution affect some of the world's poorest communities, who are powerless to do anything about it. By improving basic solid waste management, we can both massively reduce plastic pollution and improve the lives of billions."

Each year, more than 400 million tonnes of plastic is produced. Many plastic products are single-use, hard to recycle, and can stay in the environment for decades or centuries, often being fragmented into smaller items. Some plastics contain potentially harmful chemical additives which could pose a threat to human health, particularly if they are burned in the open.

New plastic pollution hotspots revealed

According to the paper's estimated global data for 2020, the worst polluting countries were: India: 9.3 million tonnes -- around a fifth of the total amount; Nigeria: 3.5 million tonnes; and Indonesia: 3.4 million tonnes.




China, previously reported to be the worst, is now ranked fourth, with 2.8 million tonnes, as a result of improvements collecting and processing waste over recent years. The UK was ranked 135, with around 4,000 tonnes per year, with littering the biggest source.

Low and middle-income countries have much lower plastic waste generation, but a large proportion of it is either uncollected or disposed of in dumpsites. India emerges as the largest contributor because it has a large population, roughly 1.4 billion, and much of its waste isn't collected.

The contrast between plastic waste emissions from the Global North and the Global South is stark. Despite high plastic consumption, macroplastic pollution -- pollution from plastic objects larger than 5 millimeters -- is a comparatively small issue in the Global North as waste management systems function comprehensively. There, littering is the main cause of macroplastic pollution.

Growing fears for sub-Saharan Africa

While many countries in Sub-Saharan Africa have generally low levels of plastic pollution, they become hotspots when looked at on a per-capita basis with an average 12 kg plastic pollution per person per year, equivalent to over 400 plastic bottles. For comparison, the United Kingdom currently has the per-capita equivalent of less than three plastic bottles per person per year.

Researchers are worried this indicates Sub-Saharan Africa could become the world's largest source of plastic pollution in the next few decades, because many of its countries have poor waste management and the population is anticipated to grow rapidly.

World needs a 'Plastics Treaty' informed by science

Researchers say this first ever global inventory of plastic pollution provides a baseline -- comparable to those for climate change emissions -- that can be used by policymakers to tackle this looming environmental disaster. They want their work to help policymakers come up with waste management, resource recovery and wider circular economy plans, and want to see a new, ambitious and legally binding, global 'Plastics Treaty' aimed at tackling the sources of plastic pollution.

Dr Velis said: "This is an urgent global human health issue -- an ongoing crisis: people whose waste is not collected have no option but to dump or burn it: setting the plastics on fire may seem to make them 'disappear', but in fact the open burning of plastic waste can lead to substantial human health damage including neurodevelopmental, reproductive and birth defects; and much wider environmental pollution dispersion."
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Major leap for nuclear clock paves way for ultraprecise timekeeping | ScienceDaily
The world keeps time with the ticks of atomic clocks, but a new type of clock under development -- a nuclear clock -- could revolutionize how we measure time and probe fundamental physics.


						
An international research team led by scientists at JILA, a joint institute of the National Institute of Standards and Technology (NIST) and the University of Colorado Boulder, has demonstrated key elements of a nuclear clock. A nuclear clock is a novel type of timekeeping device that uses signals from the core, or nucleus, of an atom. The team used a specially designed ultraviolet laser to precisely measure the frequency of an energy jump in thorium nuclei embedded in a solid crystal. They also employed an optical frequency comb, which acts like an extremely accurate light ruler, to count the number of ultraviolet wave cycles that create this energy jump. While this laboratory demonstration is not a fully developed nuclear clock, it contains all the core technology for one.

Nuclear clocks could be much more accurate than current atomic clocks, which provide official international time and play major roles in technologies such as GPS, internet synchronization, and financial transactions. For the general public, this development could ultimately mean even more precise navigation systems (with or without GPS), faster internet speeds, more reliable network connections, and more secure digital communications.

Beyond everyday technology, nuclear clocks could improve tests of fundamental theories for how the universe works, potentially leading to new discoveries in physics. They could help detect dark matter or verify if the constants of nature are truly constant, allowing for verification of theories in particle physics without the need for large-scale particle accelerator facilities.

Laser Precision in Timekeeping

Atomic clocks measure time by tuning laser light to frequencies that cause electrons to jump between energy levels. Nuclear clocks would utilize energy jumps within an atom's tiny central region, known as the nucleus, where particles called protons and neutrons cram together. These energy jumps are much like flipping a light switch. Shining laser light with the exact amount of energy needed for this jump can flip this nuclear "switch."

A nuclear clock would have major advantages for clock precision. Compared with the electrons in atomic clocks, the nucleus is much less affected by outside disturbances such as stray electromagnetic fields. The laser light needed to cause energy jumps in nuclei is much higher in frequency than that required for atomic clocks. This higher frequency -- meaning more wave cycles per second -- is directly related to a greater number of "ticks" per second and therefore leads to more precise timekeeping.




But it is very hard to create a nuclear clock. To make energy jumps, most atomic nuclei need to be hit by coherent X-rays (a high-frequency form of light) with energies much greater than those that can be produced with current technology. So scientists have focused on thorium-229, an atom whose nucleus has a smaller energy jump than any other known atom, requiring ultraviolet light (which is lower in energy than X-rays).

In 1976, scientists discovered this thorium energy jump, known as a "nuclear transition" in physics language. In 2003, scientists proposed using this transition to create a clock, and they only directly observed it in 2016. Earlier this year, two different research teams used ultraviolet lasers they created in the lab to flip the nuclear "switch" and measure the wavelength of light needed for it.

In the new work, the JILA researchers and their colleagues create all the essential parts of a clock: the thorium-229 nuclear transition to provide the clock's "ticks," a laser to create precise energy jumps between the individual quantum states of the nucleus, and a frequency comb for direct measurements of these "ticks." This effort has achieved a level of precision that is one million times higher than the previous wavelength-based measurement. In addition, they compared this ultraviolet frequency directly to the optical frequency used in one of the world's most accurate atomic clocks, which uses strontium atoms, establishing the first direct frequency link between a nuclear transition and an atomic clock. This direct frequency link and increase in precision are a crucial step in developing the nuclear clock and integrating it with existing timekeeping systems.

The research has already yielded unprecedented results, including the ability to observe details in the thorium nucleus's shape that no one had ever observed before -- it's like seeing individual blades of grass from an airplane.

The team presents its results in the Sept. 4 issue of the journal Nature as a cover story.

Toward a Nuclear Future

While this isn't yet a functioning nuclear clock, it's a crucial step towards creating such a clock that could be both portable and highly stable. The use of thorium embedded in a solid crystal, combined with the nucleus's reduced sensitivity to external disturbances, paves the way for potentially compact and robust timekeeping devices.

"Imagine a wristwatch that wouldn't lose a second even if you left it running for billions of years," said NIST and JILA physicist Jun Ye. "While we're not quite there yet, this research brings us closer to that level of precision."

The research team included researchers from JILA, a joint institute of NIST and the University of Colorado Boulder; the Vienna Center for Quantum Science and Technology; and IMRA America, Inc.
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A sensory pen which can read Braille could improve literacy amongst the visually impaired | ScienceDaily
A pen which can transform Braille into English text has been developed by experts at the University of Bristol.


						
Braille literacy is frequently reported as being in decline, this is despite visually impaired people often expressing a desire to learn it, and Braille literacy being a highly valued skill by those who are capable. This is often attributed to the lack of available learning resources, particularly away from large urban centres.

The handheld device, which includes a one-centimetre sensor with 19 channels programmed to read Braille, has demonstrated high accuracy in early trials.

Lead author Dr George Jenkinson explained: "This device, Braille-tip, was designed to aid people's ability to learn independently, and will hopefully form part of the solution to increasing Braille literacy and allow people to reap the benefits of reading and writing."

Braille-tip is a compact soft tactile sensor which can be mounted on a standard pen and is designed to dynamically assist with reading and learning Braille.

Dr Jenkinson continued: "I used the handheld device to read multiple passages of Braille, and analysed how accurately it could process the tactile cues (Braille bumps) into English text."

Fluid channels are used to transmit tactile information from 19 sensitive areas under a silicone membrane to a single camera. Its sensory response is calibrated to detect raised Braille dots on embossed cardboard designed for Braille-readers, and its functionality is demonstrated by reading Braille aloud, with an 84.5% success rate when operated by hand.




The algorithm works in real time which means it does not rely on training or deep learning. It is predictable, explainable, and portable to other tactile sensors. This results in code that is robust, and straightforward to edit.

Braille is a standardised and highly structured communication medium. A variety of techniques are used by people to read Braille, where a common advanced technique involves using both index fingers from each hand. In this, the trailing finger may be used to check and re-read certain letters and to find the beginning of the next line while the leading finger continues to read. Braille-tip may be used like the leading finger, to assist learning readers.

The team plan to extend the functionality of the device so that it is easier to operate accurately.

George added: As soon as possible, the device should be tested with participants, and prototypes should be made available to the intended end-users so that their desires and the potential use for such a device can be assessed in earnest.

"A co-design approach that involves users is much more likely to have a positive real-world impact than an approach siloed in the laboratory.

"The pattern of the errors suggest that they came from the way the device was held and operated, suggesting that the algorithm and sensor are likely to be able to reach much higher accuracy close to 100% if the design is improved."

Braille is frequently included in public spaces and devices such as transport hubs, elevators, and cash point machines to increase accessibility for users. A device capable of reading Braille letters encountered in these public spaces would enable those who are visually impaired and Braille-illiterate to engage with the space or device, and give them the ability to practice reading Braille independently.
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New tool detects fake, AI-produced scientific articles | ScienceDaily
When ChatGPT and other generative artificial intelligence can produce scientific articles that look real -- especially to someone outside that field of research -- what's the best way to figure out which ones are fake?


						
Ahmed Abdeen Hamed, a visiting research fellow at Binghamton University, State University of New York, has created a machine-learning algorithm he calls xFakeSci that can detect up to 94% of bogus papers -- nearly twice as successfully as more common data-mining techniques.

"My main research is biomedical informatics, but because I work with medical publications, clinical trials, online resources and mining social media, I'm always concerned about the authenticity of the knowledge somebody is propagating," said Hamed, who is part of George J. Klir Professor of Systems Science Luis M. Rocha's Complex Adaptive Systems and Computational Intelligence Lab. "Biomedical articles in particular were hit badly during the global pandemic because some people were publicizing false research."

In a new paper published in the journal Scientific Reports, Hamed and collaborator Xindong Wu, a professor at Hefei University of Technology in China, created 50 fake articles for each of three popular medical topics -- Alzheimer's, cancer and depression -- and compared them to the same number of real articles on the same topics.

Hamed said when he asked ChatGPT for the AI-generated papers, "I tried to use exact same keywords that I used to extract the literature from the [National Institutes of Health's] PubMed database, so we would have a common basis of comparison. My intuition was that there must be a pattern exhibited in the fake world versus the actual world, but I had no idea what this pattern was."

After some experimentation, he programmed xFakeSci to analyze two major features about how the papers were written. One is the numbers of bigrams, which are two words that frequently appear together such as "climate change," "clinical trials" or "biomedical literature." The second is how those bigrams are linked to other words and concepts in the text.

"The first striking thing was that the number of bigrams were very few in the fake world, but in the real world, the bigrams were much more rich," Hamed said. "Also, in the fake world, despite the fact that were very few bigrams, they were so connected to everything else."

Hamed and Wu theorize that the writing styles are different because human researchers don't have the same goals as AIs prompted to produce a piece on a given topic.




"Because ChatGPT is still limited in its knowledge, it tries to convince you by using the most significant words," Hamed said. "It is not the job of a scientist to make a convincing argument to you. A real research paper reports honestly about what happened during an experiment and the method used. ChatGPT is about depth on a single point, while real science is about breadth."

To further develop xFakeSci, Hamed plans to expand the range of topics to see if the telltale word patterns hold for other research areas, going beyond medicine to include engineering, other scientific topics and the humanities. He also foresees AIs becoming increasingly sophisticated, so determining what is and isn't real will get increasingly difficult.

"We are always going to be playing catchup if we don't design something comprehensive," he said. "We have a lot of work ahead of us to look for a general pattern or universal algorithm that does not depend on which version of generative AI is used."

Because even though their algorithm catches 94% of AI-generated papers, he added, that means six out of 100 fakes are still getting through: "We need to be humble about what we've accomplished. We've done something very important by raising awareness."
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Assorted, distinctive behavior of molten uranium salt revealed by neutrons | ScienceDaily
The Department of Energy's Oak Ridge National Laboratory is a world leader in molten salt reactor technology development -- and its researchers additionally perform the fundamental science necessary to enable a future where nuclear energy becomes more efficient. In a recent paper published in the Journal of the American Chemical Society, researchers have documented for the first time the unique chemistry dynamics and structure of high-temperature liquid uranium trichloride (UCl3) salt, a potential nuclear fuel source for next-generation reactors.


						
"This is a first critical step in enabling good predictive models for the design of future reactors," said ORNL's Santanu Roy, who co-led the study. "A better ability to predict and calculate the microscopic behaviors is critical to design, and reliable data help develop better models."

For decades, molten salt reactors have been expected to possess the capacity to produce safe and affordable nuclear energy, with ORNL prototyping experiments in the 1960s successfully demonstrating the technology. Recently, as decarbonization has become an increasing priority around the world, many countries have re-energized efforts to make such nuclear reactors available for broad use.

Ideal system design for these future reactors relies on an understanding of the behavior of the liquid fuel salts that distinguish them from typical nuclear reactors that use solid uranium dioxide pellets. The chemical, structural and dynamical behavior of these fuel salts at the atomic level are challenging to understand, especially when they involve radioactive elements such as the actinide series -- to which uranium belongs -- because these salts only melt at extremely high temperatures and exhibit complex, exotic ion-ion coordination chemistry.

The research, a collaboration among ORNL, Argonne National Laboratory and the University of South Carolina, used a combination of computational approaches and an ORNL-based DOE Office of Science user facility, the Spallation Neutron Source, or SNS, to study the chemical bonding and atomic dynamics of UCl3in the molten state.

The SNS is one of the brightest neutron sources in the world, and it allows scientists to perform state-of-the-art neutron scattering studies, which reveal details about the positions, motions and magnetic properties of materials. When a beam of neutrons is aimed at a sample, many neutrons will pass through the material, but some interact directly with atomic nuclei and "bounce" away at an angle, like colliding balls in a game of pool.

Using special detectors, scientists count scattered neutrons, measure their energies and the angles at which they scatter, and map their final positions. This makes it possible for scientists to glean details about the nature of materials ranging from liquid crystals to superconducting ceramics, from proteins to plastics, and from metals to metallic glass magnets.




Each year, hundreds of scientists use ORNL's SNS for research that ultimately improves the quality of products from cell phones to pharmaceuticals -- but not all of them need to study a radioactive salt at 900 degrees Celsius, which is as hot as volcanic lava. After rigorous safety precautions and special containment developed in coordination with SNS beamline scientists, the team was able to do something no one has done before: measure the chemical bond lengths of molten UCl3and witness its surprising behavior as it reached the molten state.

"I've been studying actinides and uranium since I joined ORNL as a postdoc," said Alex Ivanov, who also co-led the study, "but I never expected that we could go to the molten state and find fascinating chemistry."

What they found was that, on average, the distance of the bonds holding the uranium and chlorine together actually shrunk as the substance became liquid -- contrary to the typical expectation that heat expands and cold contracts, which is often true in chemistry and life. More interestingly, among the various bonded atom pairs, the bonds were of inconsistent size, and they stretched in an oscillating pattern, sometimes achieving bond lengths much larger than in solid UCl3 but also tightening to extremely short bond lengths. Different dynamics, occurring at ultra-fast speed, were evident within the liquid.

"This is an uncharted part of chemistry and reveals the fundamental atomic structure of actinides under extreme conditions," said Ivanov.

The bonding data were also surprisingly complex. When the UCl3reached its tightest and shortest bond length, it briefly caused the bond to appear more covalent, instead of its typical ionic nature, again oscillating in and out of this state at extremely fast speeds -- less than one trillionth of a second.

This observed period of an apparent covalent bonding, while brief and cyclical, helps explain some inconsistencies in historical studies describing the behavior of molten UCl3. These findings, along with the broader results of the study, may help improve both experimental and computational approaches to the design of future reactors.

Moreover, these results improve fundamental understanding of actinide salts, which may be useful in tackling challenges with nuclear waste, pyroprocessing. and other current or future applications involving this series of elements.

The research was part of DOE's Molten Salts in Extreme Environments Energy Frontier Research Center, or MSEE EFRC, led by Brookhaven National Laboratory. The research was primarily conducted at the SNS and also used two other DOE Office of Science user facilities: Lawrence Berkeley National Laboratory's National Energy Research Scientific Computing Center and Argonne National Laboratory's Advanced Photon Source. The research also leveraged resources from ORNL's Compute and Data Environment for Science, or CADES.
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Lab develops protein assembly road map for gas vesicles | ScienceDaily
As far as water gear goes, floaties are not exactly high tech. But the tiny air-filled bubbles some microorganisms use as flotation devices when they compete for light on the water surface are a different story.


						
Known as gas vesicles (GVs), the micrometer-sized bubbles hold great promise for a host of biomedical applications, including imaging, sensing, cellular manipulation and tracking and more. The problem is researchers do not yet know how to make medically useful GV varieties in the lab.

Rice University bioengineers have now created a road map showing how a group of proteins interact to give rise to the bubbles' nanometer-thin shell. By detangling some of the complex molecular processes that take place during GV assembly, Rice bioengineer George Lu and his team in the Laboratory for Synthetic Macromolecular Assemblies are now one step closer to unlocking powerful new diagnostics and therapeutics based on these naturally occurring structures.

"GVs are essentially tiny bubbles of air, so they can be used together with ultrasound to make things inside our bodies visible such as cancer or specific parts of the body," said Manuel Iburg, a Rice postdoctoral researcher who is the lead author on a study published in The EMBO Journal. "However, GVs cannot be made in a test tube or on an assembly line, and we cannot manufacture them from scratch."

The family of GVs includes some of the smallest bubbles ever made, and they can subsist for months. Their stability over longer durations is due largely to the special structure of their protein shell, which is permeable to both individual water and gas molecules but has an inner surface that is highly water-repellent -- hence the GVs' ability to keep gas in even as they are submerged. And unlike synthetic nanobubbles, which are supplied with gas from without, GVs harness gas from the surrounding liquid.

The water-dwelling photosynthetic bacteria that use GVs to float closer to sunlight have specific genes encoding for the proteins that make up this special shell. However, despite knowing just how the tiny bubbles look and even why they tend to cluster together, researchers have yet to figure out the protein interactions that enable the structures' assembly process. Without some insight into the workings of these protein building blocks, plans for deploying lab-engineered GVs in medical applications have to be placed on hold.

To address the problem, the researchers honed in on a group of 11 proteins they knew were part of the assembly process and figured out a method to track how each of them, in turn, interacts with the others inside the living parent cells.




"We had to be extremely thorough and constantly check whether our cells were still making GVs," Iburg said. "One of the things we learned is that some of the GV proteins can be modified without too much trouble."

The researchers used this insight to add or subtract certain GV proteins as they were running the tests, which allowed them to figure out that interactions between some of the proteins required help from other proteins in order to unfold properly. They also checked whether these individual interactions changed over the course of the GV assembly process.

"Through many such permutations and iterations, we created a road map showing how all these different proteins have to interact to produce a GV inside the cell," Iburg said. "We learned from our experiments that this road map of GV interactions is very dense with many interdependent elements. Some of the GV proteins form subnetworks that seem to perform a smaller function in the overall process, some need to interact with many of the other parts of the assembling system, and some change their interactions over time."

"We think GVs have great potential to be used for new, fast and comfortable ultrasound-based diagnosis or even treatment options for patients," said Lu, an assistant professor of bioengineering at Rice and a Cancer Prevention and Research Institute of Texas (CPRIT) Scholar. "Our findings can also help researchers develop GVs that enable existing treatments to become even more precise, convenient and effective."
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Discovery of glass-forming liquid electrolytes as a new liquid category | ScienceDaily
As the world shifts towards a more sustainable future, the development of advanced electrochemical devices, such as rechargeable batteries with higher energy densities and efficient electrodeposition capabilities, has become increasingly crucial. In recent years, ultra-concentrated electrolyte solutions, where metal salts are dissolved at concentrations two to three times higher than those in a single solvent, or mixtures where metal salts are excessively dissolved in a single solvent, have gained attention as new electrolyte solutions.


						
These solutions remain liquid at room temperature and enable high ion conduction and high-efficiency, high-quality metal film formation. However, the physicochemical or thermodynamic definition of these liquids remains unclear. Moreover, identifying the dissolved species and understanding their structures, which are crucial for their use as electrolytes, is extremely challenging.

A research team from Niigata University, led by Prof. Yasuhiro Umebayashi and Dr. Jihae Han, along with Dr. Hikari Watanabe from Tokyo University of Science, from a solution chemistry perspective, has been studying the mechanisms of specific lithium-ion conduction in lithium solvate ionic liquids and highly concentrated electrolyte solutions. They found a novel glass-forming liquid electrolyte, a two-component mixture of cyclic sulfone and lithium salt, which exhibits a glass transition across a broad compositional range. Furthermore, to elucidate the uniquely high Li+ transference number in these mixtures, speciation and dipole reorientation dynamics were studied to provide evidence of large-size aggregate formation in these mixtures. These findings have been published in the Faraday Discussions on 10 June 2024.

The thermophysical properties of both lithium salt-1,3-propanesultone (PS) and lithium salt-sulfolane (SL) binary mixtures showed that only glass transition was observed in a certain lithium salt concentration range. Raman spectroscopy revealed that lithium ions exist in solution as contact ion pairs (CIPs) and aggregates (AGG) in solution. In addition, two-dimensional correlation analysis of Raman spectra and dielectric relaxation spectra (DRS) successfully attributed the observed relaxation in DRS. It suggests that AGGs generated at high lithium salt concentration have a large spatial scale and play an important role in the specific lithium-ion conduction.

To achieve the Sustainable Development Goals (SDGs) and the objectives of Society-5, there is a growing demand for next-generation energy storage devices that can store electric energy efficiently and are tailored for specific applications. The development of these devices, utilizing both liquid and solid electrolytes, has become more advanced.
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Novel green chemistry: A safe, low-cost, and eco-friendly conversion process for the synthesis of sulfonyl fluorides | ScienceDaily
For the first time in the world, thiols and disulfides were converted into sulfonyl fluorides using SHC5(r) and KF, expanding "click chemistry" with high efficiency and low environmental impact. This green process, yielding only NaCl and KCl as byproducts, is expected to become the preferred method in chemical and industrial synthesis.


						
The concept of "click chemistry" is known for its high chemical selectivity, high yield, and rapid connection of molecules. Since its inception, click chemistry has demonstrated broad utility across various fields, including synthesis, materials science, chemical biology, and pharmaceutical development, garnering immense popularity.

However, sulfonyl fluoride is a key compound in the sulfur-fluorine exchange (SuFEx) click reaction, which links molecules together, and its synthesis initially required the use of SO2F2 gas or KHF2, both of which are highly toxic and difficult to handle. To achieve the safe and environmentally-friendly synthesis of sulfonyl fluoride, synthetic chemists have explored various chemical reaction processes.

In this study, it was developed for the first time in the world that sulfonyl fluoride can be efficiently synthesized by reacting the easily-handled and highly-reactive SHC5(r) and KF (potassium fluoride) with thiols or disulfides. This is a green synthetic process that produces only non-toxic sodium and potassium salts as by-products, resulting in minimal environmental impact.

This chemical reaction enabled the environmentally-friendly and tailor-made synthesis of a broad scope of sulfonyl fluorides containing aromatic, aliphatic, and heterocyclic groups.

The synthetic protocol is very simple, enabling the low-cost, scalable, and safe production of sulfonyl fluorides. This new method is expected to become the first choice for sulfonyl fluoride synthesis in both the chemical and industrial sectors.

"Developing new organic synthetic protocols to create useful compounds, such as pharmaceuticals, is a highly important research theme, particularly from the perspective of the Sustainable Development Goals (SDGs)," says corresponding authors of the study Masayuki Kirihara, Shinobu Takizawa, and Mohamed S. H. Salem. "Furthermore, developing reaction processes that consider the environmental impact of by-products is becoming increasingly important. We will continue to disseminate research from Japan that focuses on the green synthesis of useful compounds with ripple effects across various fields."
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Turning glycerol into gold: a new process makes biodiesel more profitable | ScienceDaily
An electrochemical process developed by researchers at Tokyo Institute of Technology (Tokyo Tech), using sodium borate and a nickel-oxide catalyst, offers a promising solution for the valorization of glycerol, a low-value byproduct of biodiesel production. By manipulating borate-glycerol complex formation, this process enhances the selectivity and efficiency of glycerol electrooxidation, converting it into valuable three-carbon compounds such as dihydroxyacetone and glyceraldehyde, thereby enhancing the economic viability and environmental benefits of biodiesel production.


						
Biodiesel, a green alternative to conventional diesel, has been shown to reduce carbon dioxide emissions by up to 74%. Biodiesel is produced through transesterification, converting triglycerides into biodiesel and producing glycerol as a low-value byproduct. Since glycerol makes up about 10% of the output, efforts have focused on boosting its value. One method involves electrochemical oxidation, turning glycerol into high-value three-carbon compounds like dihydroxyacetone (DHA) and glyceraldehyde (GLYD), though past approaches often yielded unstable or low-value products under strong alkaline conditions.

In a study published in the Journal of Catalysis on 15 August 2024 researchers led by Associate Professor Tomohiro Hayashi from Tokyo Institute of Technology (Tokyo Tech) and Professor Chia-Ying Chiang from National Taiwan University of Science and Technology, Taiwan, have developed a highly selective and efficient glycerol electrooxidation (GEOR) process that can lead to the production of valuable 3-carbon (3C) products.

"Establishing an electrochemical route for a highly selective and efficient glycerol electrooxidation process to desirable 3C products is essential for biodiesel production," says Hayashi and Chiang.

Selective oxidation of glycerol is challenging due to its structure. Glycerol has three -OH groups: two on primary carbon atoms and one on a secondary carbon atom. This arrangement creates steric hindrance, making it hard for reactants to target specific -OH groups for oxidation. In alkaline conditions, the -OH groups also cause unwanted side reactions that break carbon-carbon bonds, resulting in two-carbon or one-carbon compounds instead of the desired three-carbon products.

To address this, the researchers conducted GEOR using sodium borate and bicarbonate buffer as a mild alkaline electrolyte and a nickel-oxide (NiOx) catalyst. The sodium borate helps protect certain -OH group, improving the selectivity of the reaction, while the NiOx catalyst enhances the efficiency of the electrooxidation process. Sodium borate forms coordination complexes with glycerol's primary and secondary alcohol groups to form GLYD and DHA respectively. However, the final product depends on the ratio of borate to glycerol. To understand how different concentrations of glycerol and borate affect the electrooxidation process, a fixed concentration of 0.1 M borate buffer was reacted with varying concentrations of glycerol (0.01, 1, 2.0 M) and a fixed concentration of 0.1 M glycerol with varying concentrations of borate buffer (0.01, 0.05, 0.10, and 0.15 M). while maintaining a pH of 9.2.

Higher borate concentrations were found to increase the selectivity for 3C products, particularly DHA, with the highest selectivity of up to 80% observed at a borate concentration of 0.15 M. This improvement is attributed to the increased buffer capacity provided by the borate solution, which helps maintain a stable pH during the reaction and stabilizes the borate-glycerol complex for further oxidation into 3C compounds. Conversely, increasing the glycerol concentration reduced both the yield and selectivity of 3C products. At a glycerol concentration of 1 M, GLYD was the main product, with a selectivity of 51%.

The difference in the type of 3C product was found to be related to the formation of different glycerol-borate complexes. Using Raman spectroscopy, the researchers found higher borate concentrations favor six-membered ring complexes, promoting secondary -OH oxidation and DHA production. Conversely, higher glycerol concentrations favor five-membered ring complexes, leading to primary -OH oxidation and GLYD formation.

"Five-membered ring complexes were more likely to form in the electrolyte with a borate-to-glycerol ratio of 0.1, whereas six-membered ring complexes became more prominent in the electrolyte with a borate-to-glycerol ratio of 1.5," says Hayashi and Chiang.

These findings present a promising strategy for transforming glycerol into valuable products, boosting the sustainability and profitability of biodiesel production.
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Gigantic asteroid impact shifted the axis of Solar System's biggest moon | ScienceDaily
Around 4 billion years ago, an asteroid hit the Jupiter moon Ganymede. Now, a Kobe University researcher realized that the Solar System's biggest moon's axis has shifted as a result of the impact, which confirmed that the asteroid was around 20 times larger than the one that ended the age of the dinosaurs on Earth, and caused one of the biggest impacts with clear traces in the Solar System.


						
Ganymede is the largest moon in the Solar System, bigger even than the planet Mercury, and is also interesting for the liquid water oceans beneath its icy surface. Like the Earth's moon, it is tidally locked, meaning that it always shows the same side to the planet it is orbiting and thus also has a far side. On large parts of its surface, the moon is covered by furrows that form concentric circles around one specific spot, which led researchers in the 1980s to conclude that they are the results of a major impact event. "The Jupiter moons Io, Europa, Ganymede and Callisto all have interesting individual characteristics, but the one that caught my attention was these furrows on Ganymede," says the Kobe University planetologist HIRATA Naoyuki. He continues, "We know that this feature was created by an asteroid impact about 4 billion years ago, but we were unsure how big this impact was and what effect it had on the moon."

Data from the remote object is scarce making research very difficult, and so Hirata was the first to realize that the purported location of the impact is almost precisely on the meridian farthest away from Jupiter. Drawing from similarities with an impact event on Pluto that caused the dwarf planet's rotational axis to shift and that we learned about through the New Horizons space probe, this implied that Ganymede, too, had undergone such a reorientation. Hirata is a specialist in simulating impact events on moons and asteroids, so this realization allowed him to calculate what kind of impact could have caused this reorientation to happen.

In the journal Scientific Reports, the Kobe University researcher now published that the asteroid probably had a diameter of around 300 kilometers, about 20 times as large as the one that hit the Earth 65 million years ago and ended the age of the dinosaurs, and created a transient crater between 1,400 and 1,600 kilometers in diameter. (Transient craters, widely used in lab and computational simulations, are the cavities produced directly after the crater excavation and before material settles in and around the crater.) According to his simulations, only an impact of this size would make it likely that the change in the distribution of mass could cause the moon's rotational axis to shift into its current position. This result holds true irrespective of where on the surface the impact occurred.

"I want to understand the origin and evolution of Ganymede and other Jupiter moons. The giant impact must have had a significant impact on the early evolution of Ganymede, but the thermal and structural effects of the impact on the interior of Ganymede have not yet been investigated at all. I believe that further research applying the internal evolution of ice moons could be carried out next," explains Hirata.

Interesting for its subsurface oceans, Ganymede is the final destination of ESA's JUICE space probe. If everything goes well, the spacecraft will enter orbit around the moon in 2034 and will make observations for six months, sending back a wealth of data that will help answer Hirata's questions.

This research was funded by the Japan Society for the Promotion of Science (grants 20K14538 and 20H04614) and the Hyogo Science and Technology Association.
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Finger wrap uses sweat to provide health monitoring at your fingertips--literally | ScienceDaily
A sweat-powered wearable has the potential to make continuous, personalized health monitoring as effortless as wearing a Band-Aid. Engineers at the University of California San Diego have developed an electronic finger wrap that monitors vital chemical levels -- such as glucose, vitamins, and even drugs -- present in the same fingertip sweat from which it derives its energy.


						
The advance was published Sept. 3 in Nature Electronics by the research group of Joseph Wang, a professor in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at UC San Diego.

The device, which wraps snugly around the finger, draws power from an unlikely source -- the fingertip's sweat. Fingertips, despite their small size, are among the body's most prolific sweat producers, each packed with over a thousand sweat glands. These glands can produce 100 to 1000 times more sweat than most other areas of the body, even during rest. This constant trickle of natural perspiration -- without any stimuli or physical activity -- offers a reliable energy source, fueling the device even during periods of inactivity or sleep.

The device is constructed from several electronic components printed onto a thin, flexible and stretchable polymer material. Its design allows it to conform to the finger while being durable enough to withstand repeated bending, stretching and movement. "It is based on a remarkable integration of energy harvesting and storage components, with multiple biosensors in a fluidic microchannel, along with the corresponding electronic controller, all at the fingertip," said Wang.

Central to its operation are biofuel cells that are positioned where the device contacts the fingertip. These cells have been specially engineered to efficiently collect and convert chemicals in sweat into electricity. This electricity is stored in a pair of stretchable, silver chloride-zinc batteries, which power a suite of sensors -- four in total -- each tasked with monitoring a specific biomarker: glucose, vitamin C, lactate and levodopa, a drug used for treating Parkinson's disease. As sweat is wicked through tiny paper microfluidic channels to these sensors, the device analyzes the biomarker levels, all while drawing energy it needs from the very sweat it's sampling. A small chip processes signals from the sensors and wirelessly transmits the data via Bluetooth low energy to a custom-designed smartphone or laptop application.

"This is automatic health monitoring at your fingertips," said study co-first author Shichao Ding, a postdoctoral researcher in Wang's research group at the UC San Diego Jacobs School of Engineering. "The wearer can be resting or asleep, and the device can still harvest energy and track biomarker levels."

In tests, a subject wore the device throughout the day to track glucose levels during meals, lactate levels during both desk work and exercise, vitamin C levels while drinking orange juice, and levodopa levels after eating fava beans, a natural source of the compound.

Ding and co-first author Tamoghna Saha say that the device can be customized to cater to individual health needs by detecting different sets of biomarkers. The researchers are working on developing a closed-loop system that not only monitors biomarkers, but also administers treatments based on the collected data. For instance, in the case of diabetes, such a device could continuously monitor glucose levels and automatically deliver insulin as needed, then assess the treatment's effectiveness by further monitoring biomarker levels.

"Autonomous power, sensing and treatment all in one device -- that's the ultimate goal," said Ding.
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Mathematicians model a puzzling breakdown in cooperative behavior | ScienceDaily
Darwin was puzzled by cooperation in nature -- it ran directly against natural selection and the notion of survival of the fittest. But over the past decades, evolutionary mathematicians have used game theory to better understand why mutual cooperation persists when evolution should favour self-serving cheaters.


						
At a basic level, cooperation flourishes when the costs to cooperation are low or the benefits large. When cooperation becomes too costly, it disappears -- at least in the realm of pure mathematics. Symbiotic relationships between species -- like those between pollinators and plants-are more complex, but follow similar patterns.

But new modelling published today in PNAS Nexus adds a wrinkle to that theory, indicating that cooperative behaviour between species may break down in situations where, theoretically at least, it should flourish.

"As we began to improve the conditions for cooperation in our model, the frequency of mutually beneficial behaviour in both species increases, as expected," says Dr. Christoph Hauert, a mathematician at the University of British Columbia who studies evolutionary dynamics.

"But as the frequency of cooperation in our simulation gets higher -- closer to 50 per cent -- suddenly there's a split. More cooperators pool in one species and fewer in the other -- and this asymmetry continues to get stronger as the conditions for cooperation get more benign."

While this 'symmetry breaking of cooperation' between two populations has been modelled by mathematicians before, this is the first model that enables individuals in each group to interact and join forces in a more natural way.

Dr. Hauert and colleague Dr. Gyorgy Szabo from the Hungarian Research Network used computational spatial models to arrange individuals from the two species on separate lattices facing one another. This enables cooperators to form clusters and reduce their exposure to (and exploitation by) cheaters by more frequently interacting with other cooperators.




"Because we chose symmetric interactions, the level of cooperation is the same in both populations," says Dr. Hauert. "Clusters can still form and protect cooperators but now they need to be synchronized across lattices because that's where the interactions occur."

"The odd symmetry breaking in cooperation shows parallels to phase transitions in magnetic materials and highlights the success of approaches developed in statistical and solid state physics," says Dr. Szabo.

"At the same time the model sheds light on spikes in dramatic changes in behaviour that can significantly affect the interactions in complex living systems."

The research was supported by the National Science and Engineering Research Council of Canada.

Mutualisms: cooperation between species

A model developed by evolutionary mathematicians in Canada and Europe shows that as cooperation becomes easier, it can unexpectedly break down. Watch a simulation of spatial interactions of cooperators and defectors for each species under different scenarios.
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How bright is the universe's glow? Study offers best measurement yet | ScienceDaily
Scientists have traveled to the edges of the solar system, virtually, at least, to capture the most accurate measurements to date of the faint glow that permeates the universe -- a phenomenon known as the cosmic optical background.


						
The new study, published Aug. 28 in The Astrophysical Journal, draws on observations from NASA's New Horizons spacecraft, which whizzed past Pluto in 2015 and is now nearly 5.5 billion miles from Earth. The research seeks to answer a deceptively simple question, said co-author Michael Shull, an astrophysicist at the University of Colorado Boulder.

"Is the sky really dark?" said Shull, professor emeritus in the Department of Astrophysical and Planetary Sciences.

Space may look black to human eyes, but scientists believe that it's not completely dark. Since the dawn of the cosmos, trillions of galaxies containing countless stars have formed and died, leaving behind an imperceptibly faint light. Think of it as the night light in space.

Shull and the team, led by Marc Postman at the Space Telescope Science Institute in Baltimore, calculated just how bright that glow is. Their findings suggest that the cosmic optical background is roughly 100 billion times fainter than the sunlight that reaches Earth's surface! -- far too faint for humans to see with the naked eye.

The results could help scientists shine a light on the history of the universe since the Big Bang.

"We're kind of like cosmic accountants, adding up every source of light we can account for in the universe," Shull said.




Into the dark

It's a type of number crunching that has captured the imagination of scientists for nearly 50 years, he added.

Shull explained that, after decades of research, astrophysicists think they have a pretty good idea of how the cosmos evolved. The first galaxies formed during an epoch known as the Cosmic Dawn several hundred million years after the Big Bang. The starlight from galaxies in the distant universe reached its brightest point about 10 billion years ago and has been dimming ever since.

Precise measurements of the cosmic optical background could help scientists confirm whether this picture of the cosmos makes sense -- or if there are mysterious, as-of-yet-undiscovered objects casting light into space.

Taking those kinds of measurements, however, isn't easy, especially not from Earth.

Earth's neighborhood is teeming with tiny grains of dust and other debris. Sunlight glints off this mess, washing out any signals that might be coming from the cosmic optical background.




"A metaphor I use is if you want to see the stars, you need to get out of Denver," Shull said. "You have to go way out, right to the northeast corner of Colorado where all you have ahead of you are South Dakota and Nebraska."

New Horizons has given scientists a once-in-a-lifetime opportunity to do something similar in space.

Cosmic accounting

The mission has uniquely Colorado origins. Alan Stern, who studied as a graduate student at CU Boulder under Shull and former Senior Research Associate Jack Brandt, leads the New Horizons mission. He's currently based at the Southwest Research Institute in Boulder, Colorado. The spacecraft also carries the Student Dust Counter, an instrument designed and built by students at CU Boulder's Laboratory for Atmospheric and Space Physics (LASP).

Over the course of several weeks in summer 2023, the researchers pointed New Horizons' Long Range Reconnaissance Imager (LORRI) at 25 patches of sky.

Even at the edge of the solar system, the team still had a lot of extra light to contend with. The Milky Way Galaxy, for example, sits within a halo that, like our solar system, gathers dust.

"You can't get away from dust," Shull said. "It's everywhere."

He and his colleagues estimated how much light that halo could generate, then subtracted it from what they were viewing with LORRI. After getting rid of additional sources of light, the team was left with the cosmic optical background.

In scientific terms, that background amounts to about 11 nanowatts per square meter per steradian. (A steradian is a patch of sky with a width about 130 times the diameter of the moon).

Shull said that this value lines up well with how many galaxies scientists believe should have formed since the Big Bang. Put differently, there don't seem to be any strange objects, such as exotic kinds of particles, out there in space producing a lot of light. But the researchers can't rule out such anomalies completely.

The team's measurements are likely to be the best estimates of the universe's glow for a long time. New Horizons is using its remaining fuel supplies to pursue other scientific priorities, and no other missions are currently heading toward those cold and dark corners of space.

"If they put a camera on a future mission, and we all wait a couple of decades for it to get out there, we could see a more exact measurement," Shull said.

Other co-authors of the new study include SWRI's Alan Stern and Tod Lauer at the U.S. National Science Foundation National Optical Infrared Astronomy Research Laboratory. Researchers from the Johns Hopkins University Applied Physics Laboratory, University of Texas at San Antonio and University of Virginia also participated.
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How cheerful is that water bottle? | ScienceDaily
New research from the University of Georgia Terry College of Business shows consumers use "happier" words to search for products when they are in a good mood. Researchers have connected those positive search terms with an increased likelihood of clicking on search engine ads.


						
The study connects marketing's more traditional research into how marketers manipulate and react to consumers' emotions and behavior at brick-and-mortar retailers to today's digital realities.

"There's a lot of research about how you feel when you're in a store, how you feel when you see a product, but now people begin the shopping process online before they step foot in a store," said Sarah Whitley, an assistant professor of marketing in UGA's Terry College. "They may operate differently in this online space, and we need to understand how emotions play a role."

Positive search terms may lead to more ad clicks

The research team analyzed a set of more than 5 million archived searches and ran experiments with 6,800 participants.

The team found people who were primed to be in a better mood by being shown pictures of positive things (e.g., babies, bubbles, sunshine, etc.) were significantly more likely to use cheerful words to describe their desired product in their online search. When search engine ads were presented in response to these more positive search terms, they were about 50% more likely to generate site visits than the same search terms without a "happy" modifier, regardless of product category.

For instance, test subjects who used positive emotion search terms -- such as joyful, cheerful, playful and inspiring -- to describe a water bottle were more than twice as likely to click on ads at the top of their search results than people who used non-emotion descriptors such as clear, metal and lightweight. Other products such as books and posters showed similar effects.




"The positive feeling has nothing to do with the product they are searching for; it's just something they are feeling at the moment," said Anindita Chakravarty, co-author of the study and Terry Dean's Advisory Council Distinguished Professor." When it happens they're feeling happy and need to search for a product at the same time, they are going to use more positive words when they type in their search query. And that's when the practical implications come in."

Marketers may want to target happier shoppers early in the buying process

The difference between ad clicks generated by cheerful and neutral searchers is connected to happy consumers' reduced skepticism about ads.

"When people are in a positive mood and experiencing positive emotions, they have rose-colored glasses on," Whitley said. "Every person carries around this knowledge in their head that allows them to see how marketers are trying to persuade them -- persuasion knowledge. "When you're in a positive mood, it dampers down that tendency to use your persuasion knowledge to avoid ads. You're less skeptical and view advertising content more positively."

Online marketers have long known more precise search terms and price-oriented search terms are clues that online consumers are closer to completing a purchase and more willing to click on an ad.

"If (consumers are) feeling positive, they may be less suspicious of your ads and more likely to click on them, and you'd have a larger ROI on your ad spending," said Whitley.

So, they spend money to have their ads shown when consumers search for specific product characteristics, logistics or deals that generate more return for their ad money.

In light of this new research, marketers may want to reserve some ad dollars to reach shoppers in a positive mood earlier in the buying process.

"Instead of just thinking about deal-based search terms, marketers might want to consider some of these positive emotion words in search terms that can indicate how the consumer is feeling at that moment," Whitley said. "Because if they're feeling positive, they may be less suspicious of your ads and more likely to click on them, and you'd have a larger ROI on your ad spending."
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Pregnancy-related heart failure is under-detected; AI-enabled stethoscope helped doctors diagnose twice as many cases | ScienceDaily
Heart failure during pregnancy is a dangerous and often under-detected condition because common symptoms -- shortness of breath, extreme fatigue and trouble breathing while lying down -- are easily mistaken for typical pregnancy discomforts. Late-breaking research presented at the European Society of Cardiology Congress on a Mayo Clinic study showed an artificial intelligence (AI)-enabled digital stethoscope helped doctors identify twice as many cases of heart failure compared to a control group that received usual obstetric care and screening. Full study findings are published in Nature Medicine.


						
The trial was conducted in Nigeria, where more women experience pregnancy-related heart failure than anywhere in the world. The results also indicate that screening including the AI-enabled digital stethoscope were 12-times more likely than traditional screening to flag heart pump weakness when evaluated at a ejection fraction threshold lower than 45%, which is the cutoff indicating a specific type of heart failure called peripartum cardiomyopathy.

"Recognizing this type of heart failure early is important to the mother's health and well-being," says Demilade Adedinsewo, M.D., a cardiologist at Mayo Clinic and lead investigator of the study. "The symptoms of peripartum cardiomyopathy can get progressively worse as pregnancy advances, or more commonly following childbirth, and can endanger the mother's life if her heart becomes too weak. Medicines can help when the condition is identified but severe cases may require intensive care, a mechanical heart pump, or sometimes a heart transplant, if not controlled with medical therapy."

The randomized, controlled, open-label clinical trial included nearly 1,200 participants who were screened for heart conditions through typical obstetric care or AI-enhanced solutions. Mayo Clinic researchers previously developed a foundational 12-lead AI-electrocardiogram (ECG) algorithm to predict a weak heart pump, clinically known as low ejection fraction. A version of this algorithm was further enhanced by Eko Health for its point-of-care digital stethoscope which is U.S. Food and Drug Administration (FDA)-cleared to detect heart failure with low ejection fraction.

The researchers found that doctors using AI-based screening with the digital stethoscope and 12-lead ECG detected weak heart function with high accuracy. Within the study cohort, the digital stethoscope helped flag twice as many cases of low ejection fraction <50% and doctors using it were 12-times more likely to identify an ejection fraction <45% as compared to usual care.

The AI-supported tools were evaluated at three different levels of ejection fraction used in clinical diagnosis. Less than 45% is the cut point for diagnosing peripartum cardiomyopathy. Less than 40% indicates heart failure with reduced ejection fraction and has strong evidence in favor of specific medications to reduce symptoms and the risk of death. An ejection fraction of less than 35% signals severely low heart pump function that often requires more intense management, including advanced heart failure therapies and an implantable defibrillator if pump function does not recover. Patients in the intervention group each had an echocardiogram at study entry to provide confirmation of the AI-predictions.

"This study provides evidence that we can better detect peripartum cardiomyopathy among women in Nigeria. However, there are more questions to be answered," says Dr. Adedinsewo. "Our next steps would be to evaluate usability and adoption of this tool by Nigerian healthcare providers (including doctors and nurses) and importantly, its impact on patient care. Peripartum cardiomyopathy affects approximately 1 in 2,000 women within the U.S. and as many as 1 in 700 African American women. Evaluating this AI tool in the U.S. will further test its abilities in varied populations and healthcare settings."

Funding for this clinical trial includes Mayo Clinic (Centers for Digital Health and Community Health and Engagement Research), the Mayo Clinic Building Interdisciplinary Research Careers in Women's Health (BIRCWH) Program funded by the National Institutes of Health (NIH), and Mayo Clinic's Center for Clinical and Translational Sciences (CCATS) funded by the NIH.
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A double twist makes cracking easier to resist | ScienceDaily
Taking inspiration from nature, researchers from Princeton Engineering have improved crack resistance in concrete components by coupling architected designs with additive manufacturing processes and industrial robots that can precisely control materials deposition.


						
In an article published Aug. 29 in the journal Nature Communications, researchers led by Reza Moini, an assistant professor of civil and environmental engineering at Princeton, describe how their designs increased resistance to cracking by as much as 63% compared to conventional cast concrete.

The researchers were inspired by the double-helical structures that make up the scales of an ancient fish lineage called coelacanths. Moini said that nature often uses clever architecture to mutually increase material properties such as strength and fracture resistance.

To generate these mechanical properties, the researchers proposed a design that arranges concrete into individual strands in three dimensions. The design uses robotic additive manufacturing to weakly connect each strand to its neighbor. The researchers used different design schemes to combine many stacks of strands into larger functional shapes, such as beams. The design schemes rely on slightly changing the orientation of each stack to create a double-helical arrangement (two orthogonal layers twisted across the height) in the beams that is key to improving the material's resistance to crack propagation.

The paper refers to the underlying resistance in crack propagation as a 'toughening mechanism.' The technique, detailed in the journal article, relies on a combination of mechanisms that can either shield cracks from propagating, interlock the fractured surfaces, or deflect cracks from a straight path once they are formed, Moini said.

Shashank Gupta, a graduate student at Princeton and co-author of the work, said that creating architected concrete material with the necessary high geometric fidelity at scale in building components such as beams and columns sometimes requires the use of robots. This is because it currently can be very challenging to create purposeful internal arrangements of materials for structural applications without the automation and precision of robotic fabrication. Additive manufacturing, in which a robot adds material strand-by-strand to create structures, allows designers to explore complex architectures that are not possible with conventional casting methods. In Moini's lab, researchers use large, industrial robots integrated with advanced real-time processing of materials that are capable of creating full-sized structural components that are also aesthetically pleasing.

As part of the work, the researchers also developed a customized solution to address the tendency of fresh concrete to deform under its weight. When a robot deposits concrete to form a structure, the weight of the upper layers can cause the concrete below to deform, compromising the geometric precision of the resulting architected structure. To address this, the researchers aimed to better control the concrete's rate of hardening to prevent distortion during fabrication. They used an advanced, two-component extrusion system implemented at the robot's nozzle in the lab, said Gupta, who led the extrusion efforts of the study. The specialized robotic system has two inlets: one inlet for concrete and another for a chemical accelerator. These materials are mixed within the nozzle just before extrusion, allowing the accelerator to expedite the concrete curing process while ensuring precise control over the structure and minimizing deformation. By precisely calibrating the amount of accelerator, the researchers gained better control over the structure and minimized deformation in the lower levels.
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Keep devices out of bed for better sleep | ScienceDaily
Despite what we've been led to believe, the timing of evening screen use, rather than the activity itself, negatively impacts youth sleep, a University of Otago study has found.


						
Current sleep guidelines recommend no screen use in the hour or two before bed. However, the researchers found screen time in the two hours before bed had little impact on youth sleep, it was screen time once in bed that caused problems.

Lead author Dr Bradley Brosnan, of the Edgar Diabetes and Obesity Research Centre, says screen time is a mainstay in adolescents' bedtime routines, and sleep guidelines need to be revaluated to better reflect modern life.

Published in JAMA Pediatrics, the study had 85 adolescents aged 11 to 14 years wear a body camera on their chest from three hours before bed until they got into bed, over the course of one week.

Along with the body camera capturing when, what and how they used their screens, a second infrared camera was placed in their bedrooms to capture their screen time while in bed. They also wore an actigraph, a watch-sized device which measures sleep.

"It quickly became obvious that adolescents spend a lot of their screen time while in bed," Dr Brosnan says.

The researchers found 99 per cent of participants used screens in the two hours before bed, more than half used screens once in bed, and a third used them after first trying to go to sleep for the night.




"Our most interesting findings were that this screen time before they got into bed had little impact on sleep that night.

"However, screen time once in bed did impair their sleep -- it stopped them from going to sleep for about half an hour, and reduced the amount of sleep they got that night."

This was particularly true for more interactive screen activities like gaming and multitasking -- when more than one device is used at the same time, such as watching a movie on Netflix on a laptop while playing Xbox on a gaming device.

"Every additional 10 minutes of this type of screen time reduced the amount of sleep they got that night by almost the same amount.

"Our findings suggest that the impact of screen time on sleep is primarily through time displacement delaying sleep onset rather than any direct effects of blue light or interactive engagement as we didn't find associations with sleep latency and wakefulness during the sleep period."

Dr Brosnan says a 'simple' sleep guideline -- in theory but not necessarily reality -- would be for devices to be kept out of the bedroom, allowing teenagers to use their devices before bed, but not in bed.

"We need to revisit sleep guidelines, so they fit the world we live in, and actually make sense -- the current ones aren't achievable or appropriate for how we live."
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Artificial intelligence likely to play an increasing role in scientific publications | ScienceDaily
Artificial intelligence (AI), in various forms, has burst onto the scene in both society and medicine. Its role in medicine is still evolving, but undoubtedly, it will assist in the evaluation of images (radiographs, pathological reports, videos of colonoscopy,) as well as in preparing discharge summaries, consultative evaluations and diagnosis. It may also help in the long-awaited goal of precision medicine. In addition, it has and will play an increasing role in scientific publication in at least two areas, peer-review and drafting manuscripts.


						
According to former editor-in-chief of the Journal of the American Medical Association Howard Bauchner, MD, in the coming years, AI will transform the writing of scientific manuscripts, assist in reviewing them, and help editors select the most impactful papers. "Potentially it may help editors increase the influence of their journals," says Bauchner, professor of pediatrics at Boston University Chobanian & Avedisian School of Medicine.

In a guest editorial in the European Journal of Emergency Medicine, Bauchner examines how AI could be used by editors. "Given that identifying enough peer-reviewers is getting increasingly difficult, editors could use AI to provide an initial "score." An article with what is determined to have a good score could then be sent for external peer-review (with simply a cursory review by the editors). For articles with an inadequate score, the editors could still consider it for publication after reviewing it or even possibly depending upon the report, ask authors to revise the manuscript," he explains.

When AI becomes available to predict citations, which influences the journals' impact factor, Bauchner questions if editors should use the information. "First, editors should establish a vision for their journal -- what is its mission -- and is an individual article consistent with the mission and "in scope." Second, editors need to carefully consider the role of value-added pieces. How do they enhance the value of the journal. Third, editors need to maximize the reach of their journal, particularly in social media. Journals are communication networks. Fourth, editors need to understand the meaning of open science, including open peer-review, data-sharing, and open access. After an editor has thought through these issues, then yes, having AI assist in determining how much an article would be cited -- assuming the results of the study are valid, and simply not meant to attract attention -- is reasonable."

Bauchner points out that AI will not replace editors or peer-reviewers, but rather provide additional information about the quality of a manuscript making triaging manuscripts faster and more objective. "AI will play an increasing role in scientific publication -- particularly in peer-review and drafting of manuscripts. Given that in both areas there are important challenges, investigators, peer-reviewers, editors, and funders should welcome the assistance that AI will provide," he adds.
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Wearable heart monitor increases diagnosis of irregular heart rhythm | ScienceDaily
Wearable, long-term continuous heart monitors helped identify 52% more cases of atrial fibrillation compared to usual care, but that did not lead to a reduction in hospitalizations due to stroke, according to a study led by the Duke Clinical Research Institute.


						
The findings, reported Sept. 1 at the European Society of Cardiology meeting and published in the Journal of the American College of Cardiology, provide inconclusive data about whether atrial fibrillation screening lowers stroke rates. The COVID pandemic led to an early halt of the study before fully enrolling, so it did not have enough participants to establish definitive results about stroke.

"Atrial fibrillation is often undiagnosed and can increase the risk of ischemic stroke, which is largely reversible by oral anticoagulation," said lead author Renato Lopes, M.D., Ph.D., a professor of medicine and member of the Duke Clinical Research institute.

"We still need definitive evidence that diagnosis of atrial fibrillation through systematic screening can lead to subsequent treatment with oral anticoagulation and therefore, lower stroke risk," Lopes said.

The study enrolled approximately 12,000 patients in the U.S. who were at least 70 years old with no history of atrial fibrillation. Roughly half the patients were randomly assigned to receive a long-term (14 days) continuous monitoring device, and the other half usual care.

Over a median of 15 months of follow-up, the study reported a 52% increase in the number of cases of atrial fibrillation diagnosed among the device-wearers compared to those in usual care. There was no increase in rates of hospitalization for bleeding, and no significant reduction in the rate of hospitalizations for all stroke compared with usual care.

The study was originally designed to enroll 52,000 patients, which would have given it the power to determine whether screening reduces the numbers of strokes. A large study population is needed because strokes occur in a subset of patients with atrial fibrillation.

"Despite the inconclusive results, we have a lot of lessons learned that might inform future studies" Lopes said. He said the study's design, which enabled patients to be enrolled and screened online in a virtual format with self-applied patch devices in their homes with only remote support, could be duplicated in future studies.

In addition to Lopes, study authors include Steven J. Atlas, Alan S. Go, teven A. Lubitz, David D. McManus, Rowena J. Dolor, Ranee Chatterjee, Michael B. Rothberg, David R. Rushlow, Lori A. Crosson, Ronald S. Aronson, Michael Patlakh, Dianne Gallup, Donna J. Mills, Emily C. O'Brien, and Daniel E. Singer.

The study received funding support from the Bristol-Myers Squibb/Pfizer Alliance.
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Study combines data, molecular simulations to accelerate drug discovery | ScienceDaily
Researchers from the University of Cincinnati College of Medicine and Cincinnati Children's Hospital have found a new method to increase both speed and success rates in drug discovery.


						
The study, published Aug. 30 in the journal Science Advances, offers renewed promise when it comes to discovering new drugs.

"The hope is we can speed up the timeline of drug discovery from years to months," said Alex Thorman, PhD, co-first author and a postdoctoral fellow in the Department of Environmental and Public Health Sciences in the College of Medicine.

Researchers combined two approaches for screening potential new drugs. First, they used a database from the Library of Integrated Network-based Cellular Signatures (LINCS) to screen tens of thousands of small molecules with potential therapeutic effects simultaneously. Then they combined the search with targeted docking simulations used to model the interaction between small molecules and their protein targets to find compounds of interest. That sped up the timing of the work from months to minutes -- taking weeks of work required for initial screening down to an afternoon.

Thorman said this faster screening method for compounds that could become drugs accelerates the drug research process. But it's not only speed that is crucial.

He added that this newer approach is more efficient at identifying potentially effective compounds.

"And the accuracy will only improve, hopefully offering new hope to many people who have diseases with no known cure, including those with cancer," Thorman said.




It can also create more targeted treatment options in precision medicine, an innovative approach to tailoring disease prevention and treatment that takes into account differences in people's genes, environments and lifestyles.

"An accelerated drug discovery process also could be a game changer in the ability to respond to public health crises, such as the COVID-19 pandemic," said Thorman. "The timeline for developing effective drugs could be expedited."

The other co-first authors were Jim Reigle, PhD, a postdoctoral fellow at Cincinnati Children's Hospital, and Somchai Chutipongtanate, PhD, an associate professor in the Department of Environmental and Public Health Sciences in the College of Medicine.

The corresponding authors of the study were Jarek Meller, PhD, a professor of biostatistics, health informatics and data sciences in the College of Medicine, and Andrew Herr, PhD, a professor of immunobiology in the Department of Pediatrics in the College of Medicine.

Other co-investigators included Mario Medvedovic, PhD, professor and director of the Center for Biostatistics and Bioinformatics Services in the College of Medicine, and David Hildeman, PhD, professor of immunobiology in the College of Medicine. Both Herr and Hildeman have faculty research labs at Cincinnati Children's Hospital.

This research was funded in part by grants from the National Institutes of Health, a Department of Veterans Affairs merit award, a UC Cancer Center Pilot Project Award and a Cincinnati Children's Hospital Innovation Fund award.

Those involved in the research are also co-inventors on three U.S. patents that are related to their work and have been filed by Cincinnati Children's Hospital.
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Topological quantum simulation unlocks new potential in quantum computers | ScienceDaily
Researchers from the National University of Singapore (NUS) have successfully simulated higher-order topological (HOT) lattices with unprecedented accuracy using digital quantum computers. These complex lattice structures can help us understand advanced quantum materials with robust quantum states that are highly sought after in various technological applications.


						
The study of topological states of matter and their HOT counterparts has attracted considerable attention among physicists and engineers. This fervent interest stems from the discovery of topological insulators -- materials that conduct electricity only on the surface or edges -- while their interiors remain insulating. Due to the unique mathematical properties of topology, the electrons flowing along the edges are not hampered by any defects or deformations present in the material. Hence, devices made from such topological materials hold great potential for more robust transport or signal transmission technology.

Using many-body quantum interactions, a team of researchers led by Assistant Professor Lee Ching Hua from the Department of Physics under the NUS Faculty of Science has developed a scalable approach to encode large, high-dimensional HOT lattices representative of actual topological materials into the simple spin chains that exist in current-day digital quantum computers. Their approach leverages the exponential amounts of information that can be stored using quantum computer qubits while minimising quantum computing resource requirements in a noise-resistant manner. This breakthrough opens up a new direction in the simulation of advanced quantum materials using digital quantum computers, thereby unlocking new potential in topological material engineering.

The findings from this research have been published in the journal Nature Communications.

Asst Prof Lee said, "Existing breakthrough studies in quantum advantage are limited to highly-specific tailored problems. Finding new applications for which quantum computers provide unique advantages is the central motivation of our work."

"Our approach allows us to explore the intricate signatures of topological materials on quantum computers with a level of precision that was previously unattainable, even for hypothetical materials existing in four dimensions" added Asst Prof Lee.

Despite the limitations of current noisy intermediate-scale quantum (NISQ) devices, the team is able to measure topological state dynamics and protected mid-gap spectra of higher-order topological lattices with unprecedented accuracy thanks to advanced in-house developed error mitigation techniques. This breakthrough demonstrates the potential of current quantum technology to explore new frontiers in material engineering. The ability to simulate high-dimensional HOT lattices opens new research directions in quantum materials and topological states, suggesting a potential route to achieving true quantum advantage in the future.
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Transparency is often lacking in datasets used to train large language models | ScienceDaily
In order to train more powerful large language models, researchers use vast dataset collections that blend diverse data from thousands of web sources.


						
But as these datasets are combined and recombined into multiple collections, important information about their origins and restrictions on how they can be used are often lost or confounded in the shuffle.

Not only does this raise legal and ethical concerns, it can also damage a model's performance. For instance, if a dataset is miscategorized, someone training a machine-learning model for a certain task may end up unwittingly using data that are not designed for that task.

In addition, data from unknown sources could contain biases that cause a model to make unfair predictions when deployed.

To improve data transparency, a team of multidisciplinary researchers from MIT and elsewhere launched a systematic audit of more than 1,800 text datasets on popular hosting sites. They found that more than 70 percent of these datasets omitted some licensing information, while about 50 percent had information that contained errors.

Building off these insights, they developed a user-friendly tool called the Data Provenance Explorer that automatically generates easy-to-read summaries of a dataset's creators, sources, licenses, and allowable uses.

"These types of tools can help regulators and practitioners make informed decisions about AI deployment, and further the responsible development of AI," says Alex "Sandy" Pentland, an MIT professor, leader of the Human Dynamics Group in the MIT Media Lab, and co-author of a new open-access paper about the project.




The Data Provenance Explorer could help AI practitioners build more effective models by enabling them to select training datasets that fit their model's intended purpose. In the long run, this could improve the accuracy of AI models in real-world situations, such as those used to evaluate loan applications or respond to customer queries.

"One of the best ways to understand the capabilities and limitations of an AI model is understanding what data it was trained on. When you have misattribution and confusion about where data came from, you have a serious transparency issue," says Robert Mahari, a graduate student in the MIT Human Dynamics Group, a JD candidate at Harvard Law School, and co-lead author on the paper.

Mahari and Pentland are joined on the paper by co-lead author Shayne Longpre, a graduate student in the Media Lab; Sara Hooker, who leads the research lab Cohere for AI; as well as others at MIT, the University of California at Irvine, the University of Lille in France, the University of Colorado at Boulder, Olin College, Carnegie Mellon University, Contextual AI, ML Commons, and Tidelift. The research is published today in Nature Machine Intelligence.

Focus on finetuning

Researchers often use a technique called fine-tuning to improve the capabilities of a large language model that will be deployed for a specific task, like question-answering. For finetuning, they carefully build curated datasets designed to boost a model's performance for this one task.

The MIT researchers focused on these fine-tuning datasets, which are often developed by researchers, academic organizations, or companies and licensed for specific uses.




When crowdsourced platforms aggregate such datasets into larger collections for practitioners to use for fine-tuning, some of that original license information is often left behind.

"These licenses ought to matter, and they should be enforceable," Mahari says.

For instance, if the licensing terms of a dataset are wrong or missing, someone could spend a great deal of money and time developing a model they might be forced to take down later because some training data contained private information.

"People can end up training models where they don't even understand the capabilities, concerns, or risk of those models, which ultimately stem from the data," Longpre adds.

To begin this study, the researchers formally defined data provenance as the combination of a dataset's sourcing, creating, and licensing heritage, as well as its characteristics. From there, they developed a structured auditing procedure to trace the data provenance of more than 1,800 text dataset collections from popular online repositories.

After finding that more than 70 percent of these datasets contained "unspecified" licenses that omitted much information, the researchers worked backward to fill in the blanks. Through their efforts, they reduced the number of datasets with "unspecified" licenses to around 30 percent.

Their work also revealed that the correct licenses were often more restrictive than those assigned by the repositories.

In addition, they found that nearly all dataset creators were concentrated in the global north, which could limit a model's capabilities if it is trained for deployment in a different region. For instance, a Turkish language dataset created predominantly by people in the U.S. and China might not contain any culturally significant aspects, Mahari explains.

"We almost delude ourselves into thinking the datasets are more diverse than they actually are," he says.

Interestingly, the researchers also saw a dramatic spike in restrictions placed on datasets created in 2023 and 2024, which might be driven by concerns from academics that their datasets could be used for unintended commercial purposes.

A user-friendly tool

To help others obtain this information without the need for a manual audit, the researchers built the Data Provenance Explorer. In addition to sorting and filtering datasets based on certain criteria, the tool allows users to download a data provenance card that provides a succinct, structured overview of dataset characteristics.

"We are hoping this is a step, not just to understand the landscape, but also help people going forward to make more informed choices about what data they are training on," Mahari says.

In the future, the researchers want to expand their analysis to investigate data provenance for multimodal data, including video and speech. They also want to study how terms of service on websites that serve as data sources are echoed in datasets.

As they expand their research, they are also reaching out to regulators to discuss their findings and the unique copyright implications of fine-tuning data.

"We need data provenance and transparency from the outset, when people are creating and releasing these datasets, to make it easier for others to derive these insights," Longpre says.
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Novel chemical tool aims to streamline drug-making process | ScienceDaily
The invention of a tool capable of unlocking previously impossible organic chemical reactions has opened new pathways in the pharmaceutical industry to create effective drugs more quickly.


						
Traditionally, most drugs are assembled using molecular fragments called alkyl building blocks, organic compounds that have a wide variety of applications. However, because of how difficult it can be to combine different types of these compounds into something new, this method of creation is limited, especially for complex medicines.

To help solve this issue, a team of chemists report the discovery of a particular type of stable nickel complex, a chemical compound that contains a nickel atom.

Since this compound can be made directly from classic chemical building blocks and is easily isolated, scientists can blend them with other building blocks in a manner that promises access to a new chemical space, said Christo Sevov, the principal investigator of the study and an associate professor in chemistry and biochemistry at The Ohio State University.

"There are really no reactions that can very reliably and selectively construct the bonds that we are now constructing with these alkyl fragments," Sevov said. "By attaching the nickel complexes to them as temporary caps, we found that we can then stitch on all sorts of other alkyl fragments to now make new alkyl-alkyl bonds."

The study was published in Nature.

On average, it can take a decade of research and development before a drug can successfully be brought to market. During this time, scientists also create thousands of failed drug candidates, further complicating an already extremely expensive and time-intensive process.




Despite how elusive nickel alkyl complexes have been for chemists, by relying on a unique merger of organic synthesis, inorganic chemistry and battery science, Sevov's team found a way to unlock their astonishing capabilities. "Using our tool, you can get much more selective molecules for targets that might have fewer side effects for the end user," said Sevov.

According to the study, while typical methods to construct a new molecule from a single chemical reaction can take much time and effort, their tool could easily allow researchers to make upwards of 96 new drug derivatives in the time it would normally take to make just one.

Essentially, this ability will reduce the time to market for life-saving medicines, increase drug efficacy while lowering the risk of side effects, and reduce research costs so chemists can work to target severe diseases that impact smaller groups, the researchers say. Such advances also pave the way for scientists to study the bonds that make up the fundamentals of basic chemistry and discover more about why these challenging bonds work, said Sevov.

The team is also already collaborating with scientists at numerous pharmaceutical companies who hope to use their tool to see how it impacts their workflow. "They're interested in making thousands of derivatives to fine-tune a molecule's structure and performance, so we teamed up with the pharmaceutical companies to really explore the power of it," Sevov said.

Ultimately, the team hopes to keep building on their tool by eventually turning their chemical reaction into a catalytic process, a method that would allow scientists to speed up other chemical reactions by providing an energy-saving way to do so.

"We're working on making it so much more efficient," Sevov said.

Other co-authors include Samir Al Zubaydi, Shivam Waske, Hunter Starbuck, Mayukh Majumder and Curtis E. Moore from Ohio State, as well as Volkan Akyildiz from Ataturk University and Dipannita Kalyani from Merck & Co., Inc. This work was supported by the National Institutes of Health and the Camille and Henry Dreyfus Teacher Scholar Award.
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Upcycling excess carbon dioxide with tiny microbes | ScienceDaily
While some microbes can make people sick or spoil food, others are critical for survival. These tiny organisms can also be engineered to make specific molecules. Researchers reporting in ACS Sustainable Chemistry & Engineering have rewired one such microbe to help tackle greenhouse gases in the atmosphere: It takes in carbon dioxide (CO2) gas and produces mevalonate, a useful building block for pharmaceuticals.


						
The increasing concentration of greenhouse gases in the atmosphere has led to widespread global warming. To begin to address the problem, greenhouse gas emissions, including CO2, need to be significantly reduced. On top of that, the CO2 already present could be removed. Methods to capture CO2 are in development, and one promising option involves microbes. Genetic engineering can modify their natural biosynthetic pathways, turning the microbes into miniature living factories that can produce all sorts of things -- for example, insulin.

One potential microbial factory is Cupriavidus necator H16, a bacterium favored thanks to its relatively unfussy nature about what it's fed. Because it can survive on little more than CO2 and hydrogen gas, the bacterium is a great candidate for capturing and converting the gases into larger molecules. But even though the microbe's DNA can be rewired to produce interesting products, it's not great at remembering those new instructions over time. To put it scientifically, the plasmids (the genetic instructions) are relatively unstable. Katalin Kovacs and colleagues wanted to see if they could improve C. necator's ability to remember its new instructions and produce useful carbon-based building blocks out of CO2 gas.

The team got to work hacking C. necator's biochemical pathways responsible for converting CO2 into larger six-carbon molecules. The key to improving the plasmid's stability lies in an enzyme called RubisCo, which allows the bacterium to utilize CO2. Essentially, the new plasmid was paired to the enzyme, so if a cell failed to remember the new instructions, it would fail to remember how to make RubisCo and die. Meanwhile, the remaining cells with better memories would survive and replicate, passing along the plasmid.

In tests, the newly engineered microbes produced significantly more of the six-carbon molecule mevalonate compared with a control strain. Mevalonate is a molecular building block for all sorts of substances in living and synthetic systems alike, including cholesterol and other steroid molecules with pharmaceutical applications. In fact, this research produced the largest amounts to date of mevalonate from CO2 or other single-carbon reactants using microbes. The researchers say this is a more economically feasible carbon fixation system than previous systems involving C. necator, and it could be expanded to other microbial strains as well.

The authors acknowledge funding from the Biotechnology and Biological Sciences Research Council and the Engineering and Physical Sciences Research Council of the United Kingdom.
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AI tool maps out cell metabolism with precision | ScienceDaily
Understanding how cells process nutrients and produce energy -- collectively known as metabolism -- is essential in biology. However, analyzing the vast amounts of data on cellular processes to determine metabolic states is a complex task.


						
Modern biology generates large datasets on various cellular activities. These "omics" datasets provide insights into different cellular functions, such as gene activity and protein levels. However, integrating and making sense of these datasets to understand cell metabolism is challenging.

Kinetic models offer a way to decode this complexity by providing mathematical representations of cellular metabolism. They act as detailed maps that describe how molecules interact and transform within a cell, depicting how substances are converted into energy and other products over time. This helps scientists understand the biochemical processes underpinning cellular metabolism. Despite their potential, developing kinetic models is challenging due to the difficulty in determining the parameters that control cellular processes.

A team of researchers led by Ljubisa Miskovic and Vassily Hatzimanikatis at EPFL has now created RENAISSANCE, an AI-based tool that simplifies the creation of kinetic models. RENAISSANCE combines various types of cellular data to accurately depict metabolic states, making it easier to understand how cells function. RENAISSANCE stands out as a major advancement in computational biology, opening new avenues for research and innovation in health and biotechnology.

The researchers used RENAISSANCE to create kinetic models that accurately reflected Escherichia coli's metabolic behavior. The tool successfully generated models that matched experimentally observed metabolic behaviors, simulating how the bacteria would adjust their metabolism over time in a bioreactor.

The kinetics models also proved to be robust, maintaining stability even when subjected to genetic and environmental condition perturbations. This indicates that the models can reliably predict the cellular response to different scenarios, enhancing their practical utility in research and industrial applications.

"Despite advancements in omics techniques, inadequate data coverage remains a persistent challenge," says Miskovic. "For instance, metabolomics and proteomics can detect and quantify only a limited number of metabolites and proteins. Modeling techniques that integrate and reconcile omics data from various sources can compensate for this limitation and enhance systems understanding. By combining omics data and other relevant information, such as extracellular medium content, physicochemical data, and expert knowledge, RENAISSANCE allows us to accurately quantify unknown intracellular metabolic states, including metabolic fluxes and metabolite concentrations."

RENAISSANCE's ability to accurately model cellular metabolism has significant implications, offering a powerful tool for studying metabolic changes whether they are induced by disease or not, and aiding in the development of new treatments and biotechnologies. Its ease of use and efficiency will enable a broader range of researchers in academia and industry to utilize kinetic models effectively and will foster collaboration.
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Dancing galaxies make a monster at the cosmic dawn | ScienceDaily
Astronomers have spotted a pair of galaxies in the act of merging 12.8 billion years ago. The characteristics of these galaxies indicate that the merger will form a monster galaxy, one of the brightest types of objects in the Universe. These results are important for understanding the early evolution of galaxies and black holes in the early Universe.


						
Quasars are bright objects powered by matter falling into a supermassive black hole at the center of a galaxy in the early Universe. The most accepted theory is that when two gas-rich galaxies merge to form a single larger galaxy, the gravitational interaction of the two galaxies causes gas to fall towards the supermassive black hole in one or both of the galaxies, causing quasar activity.

To test this theory, an international team of researchers led by Takuma Izumi used the ALMA (Atacama Large Millimeter/submillimeter Array) radio telescope to study the earliest known pair of close quasars. This pair was discovered by Yoshiki Matsuoka, at Ehime University in Japan, in images taken by the Subaru Telescope. Located in the direction of the constellation Virgo, this pair of quasars existed during the first 900 million years of the Universe. The pair is dim, indicating that the quasars are still in the early stages of their evolution. The ALMA observations mapped the host galaxies of the quasars and showed that the galaxies are linked by a "bridge" of gas and dust. This indicates that the two galaxies are in fact merging.

The ALMA observations also allowed the team to measure the amount of gas, the material for new star formation. The team found that the two galaxies are very rich in gas, suggesting that in addition to more vigorous quasar activity in the future, the merger will also trigger a rapid increase in star formation, known as a "starburst." The combination of starburst activity and vigorous quasar activity is expected to create a super-bright object in the early Universe known as a monster galaxy.
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Silicon chip propels 6G communications forward | ScienceDaily
A team of scientists has unlocked the potential of 6G communications with a new polarisation multiplexer.


						
Terahertz communications represent the next frontier in wireless technology, promising data transmission rates far exceeding current systems.

By operating at terahertz frequencies, these systems can support unprecedented bandwidth, enabling ultra-fast wireless communication and data transfer. However, one of the significant challenges in terahertz communications is effectively managing and utilising the available spectrum.

The team has developed the first ultra-wideband integrated terahertz polarisation (de)multiplexer implemented on a substrateless silicon base which they have successfully tested in the sub-terahertz J-band (220-330 GHz) for 6G communications and beyond.

The University of Adelaide's Professor Withawat Withayachumnankul from the School of Electrical and Mechanical Engineering led the team which also includes former PhD student at the University of Adelaide, Dr Weijie Gao, who is now a postdoctoral researcher working alongside Professor Masayuki Fujita at Osaka University.

"Our proposed polarisation multiplexer will allow multiple data streams to be transmitted simultaneously over the same frequency band, effectively doubling the data capacity," said Professor Withayachumnankul.

"This large relative bandwidth is a record for any integrated multiplexers found in any frequency range. If it were to be scaled to the centre frequency of the optical communications bands, such a bandwidth could cover all the optical communications bands."

A multiplexer makes it possible for several input signals to share one device or resource -- such as the data of several phone calls being carried on a single wire.




The new device that the team has developed can double the communication capacity under the same bandwidth with lower data loss than existing devices. It is made using standard fabrication processes enabling cost-effective large-scale production.

"This innovation not only enhances the efficiency of terahertz communication systems but also paves the way for more robust and reliable high-speed wireless networks," said Dr Gao.

"As a result, the polarisation multiplexer is a key enabler in realising the full potential of terahertz communications, driving forward advancements in various fields such as high-definition video streaming, augmented reality, and next-generation mobile networks such as 6G."

The groundbreaking challenges addressed in the team's work, which they have published in the journal Laser & Photonic Reviews significantly advance the practicality of photonics-enabled terahertz technologies.

"By overcoming key technical barriers, this innovation is poised to catalyse a surge of interest and research activity in the field," said Professor Fujita who is a co-author of the paper.

"We anticipate that within the next one to two years, researchers will begin to explore new applications and refine the technology."

Over the following three-to-five years, the team expects to see significant advancements in high-speed communications, leading to commercial prototypes and early-stage products.




"Within a decade, we foresee widespread adoption and integration of these terahertz technologies across various industries, revolutionising fields such as telecommunications, imaging, radar, and the internet of things," said Professor Withayachumnankul.

This latest polarisation multiplexer can be seamlessly integrated with the team's earlier beamforming devices on the same platform to achieve advanced communications functions.
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PFAS-free synthesis of fluorinated pharmaceutical and agrochemical compounds | ScienceDaily
Chemists at the University of Amsterdam have developed a method to furnish a range of molecules with a trifluoromethyl group attached to a sulphur, nitrogen or oxygen atom. Their procedure, which has just been published in Science, avoids the use of PFAS reagents. It thus provides an environmentally friendly synthesis route for pharmaceutical and agrochemical compounds that rely on the presence of the trifluoromethyl group.


						
The straightforward and effective method was developed at the Flow Chemistry group at the Van 't Hoff Institute for Molecular Sciences led by Prof. Timothy Noel, in cooperation with researchers in Italy, Spain and the UK, both from academia and industry. Applying the principles of flow chemistry, where reactions take place in closed systems of small tubes, makes for safe and controlled chemistry. It also offers greater versatility and flexibility over more common procedures using traditional chemical glassware.

Environmentally more friendly

Many pharmaceutical compounds (such as anti-depressants) as well as agrochemical compounds (such as pesticides) benefit from the presence of a trifluoromethyl (-CF3) group. It enhances hydrophobicity and increases metabolic stability, thus improving efficacy and lowering the required dose or concentration.

To introduce the fluorine atoms in these molecules, their synthesis often requires bespoke fluorinated reagents. Many of these are among the family of PFAS compounds and thus will face future legislation. The synthesis protocol now presented in the Science paper provides a viable alternative since it only requires caesium fluoride salt as the fluorine source. Such PFAS-free synthesis of fluorinated agents can provide an environmentally more friendly option for the synthesis of pharmaceutical compounds, which motivated scientists from AstraZeneca to participate in the research.

In addition, the new synthesis protocol enables coupling of the CF3 group through a sulphur (S), nitrogen (N) or oxygen (O) atom. Such fluorinated motifs confer unique features to drug molecules and agrochemicals, impacting their lipophilicity, oxidation resistance, and acid-base properties.

Integrated flow system

The Science paper presents a versatile microfluidic flow module for generating reactive N-, S- and O-CF3 anions. These are prepared in a packed bed flow reactor containing the caesium fluoride salt. Appropriate (S, O or N containing) precursors are then led through this reactor. They are fluorinated with high efficiency due to the high surface area of the salt in the packed bed as well and the improved mixing of the organic intermediates. Importantly, this approach also offers enhanced safety as all formed intermediates are contained within the microfluidic system.




Another important feature of the system is the integration of the anion generating module with a downstream reaction module. There, the N-, S- or O-CF3 anions react with appropriate substrates to achieve pharmaceutical and agrochemical active ingredients as the desired end products.

Implementation in an academic and industrial context

In combination, the anion generator module and the downstream reactor provide a streamlined platform for the derivatization of molecules bearing N-, S- and O-CF3 motifs. This innovative approach is poised to impact the development of new pharmaceutical drugs by enhancing their properties while improving safety and sustainability in their production processes. In their Science paper, the researchers report the combination of various anions with a range of substrates, resulting in multiple fluorinated products with relevance to pharmaceutical and agrochemical syntheses. In many cases the research team was able to report very satisfactory yields. Moreover, the operational parameters (e.g. reaction times) offer a good prospect for actual implementation in an academic as well as an industrial context.
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New process vaporizes plastic bags and bottles, yielding gases to make new, recycled plastics | ScienceDaily
A new chemical process can essentially vaporize plastics that dominate the waste stream today and turn them into hydrocarbon building blocks for new plastics.


						
The catalytic process, developed at the University of California, Berkeley, works equally well with the two dominant types of post-consumer plastic waste: polyethylene, the component of most single-use plastic bags; and polypropylene, the stuff of hard plastics, from microwavable dishes to luggage. It also efficiently degrades a mix of these types of plastics.

The process, if scaled up, could help bring about a circular economy for many throwaway plastics, with the plastic waste converted back into the monomers used to make polymers, thereby reducing the fossil fuels used to make new plastics. Clear plastic water bottles made of polyethylene tetraphthalate (PET), a polyester, were designed in the 1980s to be recycled this way. But the volume of polyester plastics is minuscule compared to that of polyethylene and polypropylene plastics, referred to as polyolefins.

"We have an enormous amount of polyethylene and polypropylene in everyday objects, from lunch bags to laundry soap bottles to milk jugs -- so much of what's around us is made of these polyolefins," said John Hartwig, a UC Berkeley professor of chemistry who led the research. "What we can now do, in principle, is take those objects and bring them back to the starting monomer by chemical reactions we've devised that cleave the typically stable carbon-carbon bonds. By doing so, we've come closer than anyone to give the same kind of circularity to polyethylene and polypropylene that you have for polyesters in water bottles."

Hartwig, graduate student Richard J. "RJ" Conk, chemical engineer Alexis Bell, who is a UC Berkeley Professor of the Graduate School, and their colleagues will publish the details of the catalytic process in the xx issue of the journal Science.

A circular economy for plastics

Polyethylene and polypropylene plastics constitute about two-thirds of post-consumer plastic waste worldwide. About 80% ends up in landfills, is incinerated or simply tossed into the streets, often ending up as microplastics in streams and the ocean. The rest is recycled as low-value plastic, becoming decking materials, flowerpots and sporks.




To reduce this waste, researchers have been looking for ways to turn the plastics into something more valuable, such as the monomers that are polymerized to produce new plastics. This would create a circular polymer economy for plastics, reducing the need to make new plastics from petroleum, which generates greenhouse gases.

Two years ago, Hartwig and his UC Berkeley team came up with a process for breaking down polyethylene plastic bags into the monomer propylene -- also called propene -- that could then be reused to make polypropylene plastics. This chemical process employed three different bespoke heavy metal catalysts: one to add a carbon-carbon double bond to the polyethylene polymer and the other two to break the chain at this double bond and repeatedly snip off a carbon atom and, with ethylene, make propylene (C3H6) molecules until the polymer disappeared. But the catalysts were dissolved in the liquid reaction and short-lived, making it hard to recover them in an active form.

In the new process, the expensive, soluble metal catalysts have been replaced by cheaper solid ones commonly used in the chemical industry for continuous flow processes that reuse the catalyst. Continuous flow processes can be scaled up to handle large volumes of material.

Conk first experimented with these catalysts after consulting with Bell, an expert on heterogeneous catalysts, in the Department of Chemical and Biomolecular Engineering.

Synthesizing a catalyst of sodium on alumina, Conk found that it efficiently broke or cracked various kinds of polyolefin polymer chains, leaving one of the two pieces with a reactive carbon-carbon double bond at the end. A second catalyst, tungsten oxide on silica, added the carbon atom at the end of the chain to ethylene gas, which is constantly streamed through the reaction chamber to form a propylene molecule. The latter process, called olefin metathesis, leaves behind a double bond that the catalyst can access again and again until the entire chain has been converted to propylene.

The same reaction occurs with polypropylene to form a combination of propene and a hydrocarbon called isobutylene. Isobutylene is used in the chemical industry to make polymers for products ranging from footballs to cosmetics and to make high-octane gasoline additives.




Surprisingly, the tungsten catalyst was even more effective than the sodium catalyst in breaking polypropylene chains.

"You can't get much cheaper than sodium," Hartwig said. "And tungsten is an earth-abundant metal used in the chemical industry in large scale, as opposed to our ruthenium metal catalysts that were more sensitive and more expensive. This combination of tungsten oxide on silica and sodium on alumina is like taking two different types of dirt and having them together disassemble the whole polymer chain into even higher yields of propene from ethylene and a combination of propene and isobutylene from polypropylene than we did with those more complex, expensive catalysts."

Like a string of pearls

One key advantage of the new catalysts is that they avoid the need to remove hydrogen to form a breakable carbon-carbon double bond in the polymer, which was a feature of the researchers' earlier process to deconstruct polyethylene. Such double bonds are an Achilles heel of a polymer, in the same way that the reactive carbon-oxygen bonds in polyester or PET make the plastic easier to recycle. Polyethylene and polypropylene don't have this Achilles heel -- their long chains of single carbon bonds are very strong.

"Think of the polyolefin polymer like a string of pearls," Hartwig said. "The locks at the end prevent them from falling out. But if you clip the string in the middle, now you can remove one pearl at a time."

The two catalysts together turned a nearly equal mixture of polyethylene and polypropylene into propylene and isobutylene -- both gases at room temperature -- with an efficiency of nearly 90%. For polyethylene or polypropylene alone, the yield was even higher.

Conk added plastic additives and different types of plastics to the reaction chamber to see how the catalytic reactions were affected by contaminants. Small amounts of these impurities barely affected the conversion efficiency, but small amounts of PET and polyvinyl chloride -- PVC -- significantly reduced the efficiency. This may not be a problem, however, because recycling methods already separate plastics by type.

Hartwig noted that while many researchers are hoping to redesign plastics from the ground up to be easily reused, today's hard-to-recycle plastics will be a problem for decades.

"One can argue that we should do away with all polyethylene and polypropylene and use only new circular materials. But the world's not going to do that for decades and decades. Polyolefins are cheap, and they have good properties, so everybody uses them," Hartwig said. "People say if we could figure out a way to make them circular, it would be a big deal, and that's what we've done. One can begin to imagine a commercial plant that would do this."

Other co-authors of the paper are graduate students Jules Stahler, Jake Shi, Natalie Lefton and John Brunn of UC Berkeley and Ji Yang of Lawrence Berkeley National Laboratory. Shi, Hartwig and Bell are also affiliated with Berkeley Lab. The work was funded by the Department of Energy (DE-AC02-05CH11231).
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Smart mask monitors breath for signs of health | ScienceDaily
Personalized wearable devices that monitor people's health are on the rise. From watches to patches and other types of sensors, these smart devices can monitor heart activity, inflammation levels, and more to help patients better manage their health from their own homes. Now, a new type of wearable device can be added to the list: a high-tech paper mask that monitors one's breath.


						
Caltech's Wei Gao, professor of medical engineering, and his colleagues have developed a prototype for a smart mask that can be used to monitor a range of medical conditions, including respiratory ailments, such as asthma, COPD (chronic obstructive pulmonary disease), and post-COVID-19 infections. In contrast to other smart masks being developed that monitor physical changes like the temperature, humidity, or rate of breath, this one, called EBCare, can analyze the chemicals in one's breath in real time. ("EBC" is an acronym used in this field that means "exhaled breath condensate.") For example, the mask could monitor asthma patients for levels of nitrite, a chemical that indicates airway inflammation.

"Monitoring a patient's breath is something that is routinely done, for example, to assess asthma and other respiratory conditions. However, this has required the patient to visit a clinic for sample collection, followed by a waiting period for lab results," says Gao, the lead investigator of a new study describing the mask in the journal Science. "Since COVID-19, people are wearing masks more. We can leverage this increased mask use for remote personalized monitoring to get real-time feedback about our own health in our home or office. For instance, we could use this information to assess how well a medical treatment may be working."

Gao, who is also a Heritage Medical Research Institute Investigator and Ronald and JoAnne Willens Scholar, has already developed a range of wearable biosensors that analyze human sweat to measure metabolites, nutrients, hormones, and protein levels. In this case, Gao's goal was to monitor the breath, which came with a new set of challenges.

To selectively analyze the chemicals or molecules in somebody's breath, it needs to be first cooled and condensed into a liquid. In clinical settings, this cooling step is done separately from the analysis. Moistbreath samples are chilled on buckets of ice or bulky refrigerated coolers. Gao's new mask, in contrast, is self-cooling. The breath is cooled by a passive cooling system that integrates hydrogel evaporative cooling with radiative cooling to effectively chill the breath on face masks.

"The mask represents a new paradigm for respiratory and metabolic disease management and precise medicine because we can easily get breath specimens and analyze the chemical molecules in breath in real time through daily masks," says Wenzheng Heng, lead author of the study and a graduate student at Caltech. "The breath condensate contains soluble gases as well as nonvolatile substances in the form of aerosols or droplets, such as metabolic substances, inflammatory indicators, and pathogens."

Once the breath has been converted into a liquid, a series of capillaries, belonging to a class of devices referred to as bioinspired microfluidics, immediately transports the liquid to sensors for analysis. "We learned from plants how to transport the water," says Gao. "Plants use capillary forces to draw water upward from the ground."

The results of the analysis are then transmitted wirelessly to a personal phone, tablet, or computer. "The smart mask can be prepared at a relatively low cost," says Gao. "It is designed to cost only about $1 in materials."




To test the masks, the team performed a set of human studies, primarily focused on patients with asthma or COPD. They specifically monitored the patients' breath for nitrite, a biomarker for inflammation in both conditions. The results showed that the masks accurately detected the biomarker, indicting inflammation in the patients' airways.

In another study, the team demonstrated that the masks accurately detected blood alcohol levels in human subjects, suggesting the masks could be used for on-site drinking-and-driving checks or other forms of alcohol-consumption monitoring.

They also looked at how the masks could potentially be used to evaluate blood urea levels in the monitoring and management of kidney disease. As kidney function declines, protein metabolism by-products like urea accumulate in the blood. At the same time, urea increases in saliva, which breaks down into ammonia gas, and this leads to higher ammonium levels in the breath condensate. The new study showed that the smart masks could accurately detect these ammonium levels, closely reflecting urea levels in the blood.

"These first studies are a proof of concept," says Gao. "We want to expand this technology to incorporate different markers related to various health conditions. This is a foundation for creating a mask that functions as a versatile general health-monitoring platform."

As for the comfort of the masks, participants reported favorable experiences, even those with breathing problems.

"The smart mask platform for EBC harvesting and analysis represents a major advance in the potential to monitor lung health in real time," says co-author Harry Rossiter, investigator at the Lundquist Institute for Biomedical Innovation at Harbor-UCLA and professor of medicine at the David Geffen School of Medicine at UCLA. "That concept, that biosensors for a wide range of compounds may be added in the future, highlights the game-changing potential of the smart mask for health monitoring and diagnostics."

The study titled "A smart mask for exhaled breath condensate harvesting and analysis" was funded by the National Institutes of Health, the National Science Foundation, the Tobacco Related Disease Research Program, and the U.S. Army Medical Research Acquisition Activity. Other Caltech authors include graduate students Shukun (Kevin) Yin, Canran Wang, Hong Han, and Jiahong Li, and postdoc Jihong Min, in addition to Ehsan Shirzaei Sani and Yu Song, former postdocs at Caltech.
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Getting the stink out of smoke-tainted wine | ScienceDaily
Wildfires can damage crops, even if flames come nowhere near the plants. One outcome can be an unpleasant flavor and smell of wine that is made from grapes exposed to smoke. But researchers report in ACS' Journal of Agricultural and Food Chemistry that they have developed a way to lessen this smoke taint to improve the palatability of the wine.


						
Volatile compounds are responsible for many of the appealing aromas and flavors of food and beverages, including wine. These compounds come from the grapes themselves, as well as during the fermentation and aging processes. But not all volatile compounds present in wine are desirable: Some, produced by bacteria or yeast, smell like nail polish remover, rotten eggs, burnt rubber or onions. And if grapes absorb volatile compounds from wildfires, the resulting wine can take on a disagreeable smoky, ashy or medicinal character that compromises quality and reduces value. Producers use a variety of adsorbents to remove these unpleasant compounds from wine. However, these techniques can also remove desirable constituents that contribute to the beverage's color, bouquet and flavor. So Kerry Wilkinson and colleagues decided to investigate whether the volatile compounds responsible for smoke taint could be selectively removed with the aid of molecularly imprinted polymers (MIPs).

MIPs are synthetic materials that can bind to one or more target compound. The researchers hoped to use the polymers to fish the smoky substances out of wine, while leaving the tasty and visually appealing components in place. The team added beads made of MIPS -- either contained in muslin or mesh bags or floating freely in the liquid -- and then used chemical analysis, as well as taste-testing panels of experts, members of the public, students and staff to evaluate the results. In some cases, the MIPs were regenerated by rinsing them after extraction to remove the smoke compounds, enabling them to be reused.

In terms of improving the wines' sensory characteristics and removing unpleasant volatile phenols, the researchers found that adding MIPs to wine after fermentation was more effective than adding MIPs during fermentation. In addition, regenerating the MIPs generally enhanced removal of smoke volatile compounds. Although the MIPs also adsorbed some desirable compounds associated with aroma, flavor and red wine color, the researchers say the project showed that the method can be used successfully to reduce the perception of smoke taint.

The authors acknowledge funding and support from the Australian Government as part of a Cooperative Research Centre Project; Wine Australia; Metabolomics South Australia, which is funded through Bioplatforms Australia Pty Ltd.; the National Collaborative Research Infrastructure Strategy; and the South Australian State Government. One author declared a potential conflict of interest as an employee of amaea.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240829132547.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Unveiling actual role of metal cocatalysts | ScienceDaily
Synchronizing periodic excitations of photocatalysts with a Michelson interferometer on operando FT-IR spectroscopy, researchers led by Toshiki Sugimoto succeeded in observing and identifying the reactive electron species for photocatalytic hydrogen evolution. In contrast to the traditional belief, this study demonstrates that not the free electrons in metal cocatalysts but the electrons trapped in the periphery of cocatalysts directly contribute to the photocatalysis.


						
Since the discovery of photoelectrochemical hydrogen evolution by Honda and Fujishima in 1972, heterogeneous photocatalysis has been intensively investigated and is still a hot topic in science and technology. In particular, understanding of reactive electron species and active reaction sites on photocatalytic reduction reaction are vital for designing and manufacturing innovative catalysts with improved evolution activity of hydrogen as sustainable energy carrier.

However, despite its fundamental importance, microscopic understanding on photocatalysis remains a highly challenging issue owing to an inherent difficulty in experimentally observing and extracting weak spectroscopic signals originating from the photoexcited reactive electron species. This is predominantly due to inevitable temperature increment for catalyst samples under actual photocatalytic reaction conditions upon continuous photon irradiation. In this case, the weak signals derived from reactive photoexcited electron species are readily overwhelmed by intense background signals originating from thermally excited nonreactive electrons.

Researchers (Dr. Hiromasa Sato and Prof. Toshiki Sugimoto) at Institute for Molecular Science / The Graduate University for Advanced Studies, SOKENDAI succeeded in significantly suppressing the signals derived from thermally excited electrons and observing the reactive photogenerated electrons contributing to the photocatalytic hydrogen evolution. Such innovation was achieved by a new method based on synchronization of the millisecond periodic excitations of photocatalysts with a Michelson interferometer used for FT-IR spectroscopy.

This demonstration was achieved for metal-loaded oxide photocatalysts under steam methane reforming and water splitting conditions. Although it has long been conventionally believed that loaded metal cocatalysts function as sinks for reactive photogenerated electrons and active sites for reduction reactions, they found that the free electron species in the metal cocatalysts were not directly involved in the photocatalytic reduction reaction. Alternatively, the electrons shallowly trapped in the in-gap states of oxides contributed to enhancing the hydrogen evolution rate upon the loading of metal cocatalysts. The electron abundance in the in-gap states, especially metal-induced semiconductor surface states, was clearly correlated to the reaction activity, suggesting that such metal-induced semiconductor surface states formed in the periphery of the metal cocatalyst play key roles in the photocatalytic hydrogen evolution.

These microscopic insights shift a paradigm on the traditionally believed role of metal cocatalysts in photocatalysis and provide a fundamental basis for rational design of the metal/oxide complex interfaces as promising platforms for nonthermal hydrogen evolution. Furthermore, the new approach of operando infrared spectroscopy is widely applicable to other various catalytic reaction systems and materials driven by the aid of photons and/or external electric field/potential. Therefore, the new approach would have great potential to uncover hidden key factors to enhance catalyst performance toward innovation of environmentally friendly energy technology for next-generation sustainable society.
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A breakthrough in chiral molecule research opens new horizons for science | ScienceDaily
This discovery challenges previous assumptions about the practical limits of quantum state control of chiral molecules and paves the way for new research directions in molecular physics and beyond.


						
Chiral molecules, which exist as two non-superimposable mirror image versions called enantiomers, similar to our left and right hands, are fundamental to the fabric of life. The ability to control these molecules and their quantum states has profound implications, from spatial separation of enantiomers in the gas phase to testing hypotheses about the origins of life's homochirality -- the preference for one mirror image over the other in biological systems.

Until now, the scientific community believed that perfect control over these molecules' quantum states was theoretically possible but practically unattainable. The team at the Fritz Haber Institute, however, has proven otherwise. By creating nearly ideal experimental conditions, they have shown that a 96% purity in the quantum state of one enantiomer (one of the two mirror images) is achievable, with only 4% of the other, moving significantly closer to the goal of 100% selectivity.

This breakthrough was made possible through the use of tailored microwave fields combined with ultraviolet radiation, allowing for unprecedented control over the molecules. In the experiment, a beam of molecules, with their rotational motions mostly suppressed (cooled to a rotational temperature of approximately 1 degree above absolute zero), traverses three interaction regions where it is exposed to resonant UV and microwave radiation. As a result, marking a significant advancement in molecular beam experiments, chosen rotational quantum states contain almost exclusively the selected enantiomer of a chiral molecule.

The new experiment opens up new possibilities for studying fundamental physics and chemistry effects involving chiral molecules. The team's method offers a new avenue for exploring parity violation in chiral molecules -- a phenomenon predicted by theory but not yet observed experimentally. This could have profound implications for our understanding of the universe's fundamental (a)symmetries.

In essence, this study shows that a nearly complete, enantiomer-specific state transfer is achievable and that this method can be applied to the large majority of chiral molecules. It is expected that this discovery will open up important new opportunities in molecular physics, including new research approaches and potential applications.
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Supercomputer simulations reveal the nature of turbulence in black hole accretion disks | ScienceDaily
Researchers at Tohoku University and Utsunomiya University have made a breakthrough in understanding the complex nature of turbulence in structures called "accretion disks" surrounding black holes, using state-of-the-art supercomputers to conduct the highest-resolution simulations to date. An accretion disk, as the name implies, is a disk-shaped gas that spirals inwards towards a central black hole.


						
There is a great interest in studying the unique and extreme properties of black holes. However, black holes do not allow light to escape, and therefore cannot be directly perceived by telescopes. In order to probe black holes and study them, we look at how they affect their surroundings instead. Accretion disks are one such way to indirectly observe the effects of black holes, as they emit electromagnetic radiation that can be seen by telescopes.

"Accurately simulating the behaviour of accretion disks significantly advances our understanding of physical phenomena around black holes," explains Yohei Kawazura, "It provides crucial insights for interpreting observational data from the Event Horizon Telescope."

The researchers utilized supercomputers such as RIKEN's "Fugaku" (the fastest computer in the world up until 2022) and NAOJ's "ATERUI II" to perform unprecedentedly high-resolution simulations. Although there have been previous numerical simulations of accretion disks, none have observed the inertial range because of the lack of computational resources. This study was the first to successfully reproduce the "inertial range" connecting large and small eddies in accretion disk turbulence.

It was also discovered that "slow magnetosonic waves" dominate this range. This finding explains why ions are selectively heated in accretion disks. The turbulent electromagnetic fields in accretion disks interact with charged particles, potentially accelerating some to extremely high energies.

In magnetohydronamics, magnetosonic waves (slow and fast) and Alfven waves make up the basic types of waves. Slow magnetosonic waves were found to dominate the inertial range, carrying about twice the energy of Alfven waves. The research also highlights a fundamental difference between accretion disk turbulence and solar wind turbulence, where Alfven waves dominate.

This advancement is expected to improve the physical interpretation of observational data from radio telescopes focused on regions near black holes.

The study was published in Science Advances on August 28, 2024.
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New chemical tool for infection research: Visualizing the sphingomyelin metabolism | ScienceDaily
At the end of the 19th century, the German pathologist Ludwig Thudichum isolated previously unknown fatty substances (lipids) from the brain. He named the new class of molecules sphingolipids -- after the Greek mythical creature Sphinx, out of respect for "the many riddles it posed to the researcher."


						
Since then, many diseases have been discovered that are caused by a faulty sphingolipid metabolism in the brain, including Fabry's disease and Gaucher's disease. Sphingolipids also have been connected to infectious diseases, for instance viral infections with Ebola, measles or Covid-19 as well as bacterial infections with Pseudomonas aeruginosa or Staphylococcus aureus, which can cause middle ear infection, skin and lung infections and many other diseases. In these infections the degradation of the molecule sphingomyelin by the enzyme sphingomyelinase is often a crucial step. However, visualizing the enzyme's activity was previously impossible.

A New Chemical Probe to Fill the Gap

Researchers from Wurzburg and Berlin have now succeeded in developing a sphingomyelin derivative that can be used to visualise the distribution of sphingomyelin and the activity of sphingomyelinase in infection processes.

The scientists are part of the Research Training Group 2581 "Metabolism, topology and compartmentalisation of membrane proximal lipid and signalling components in infection" funded by the German Research Foundation (DFG). Therein chemists, physicists and biologists collaborated to synthesize novel chemical compounds and test their applicability in infection research.

"The new molecules are trifunctional sphingomyelins based on the natural product sphingomyelin and equipped with three additional functions. It was difficult to design such molecules, that are accepted by the metabolism like its natural origin" says Professor Jurgen Seibel from the Institute of Organic Chemistry at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany.

Sphingomyelin Degradation During Development of Chlamydia Bacteria Imaged

The scientists demonstrated the function of their newly developed molecules not only by determining the activity of a bacterial sphingomyelinase on the surface of human cells. They also visualised sphingomyelin degradation within human cells during the course of an infection with intracellular Chlamydia bacteria, which are known to infect the human genital tract and are suspected to contribute to the development of cancer in infected tissues.

Within their host cells Chlamydia form a replicative organelle called an inclusion. The researchers showed that chlamydial inclusions mainly contain the cleaved forms of the trifunctional sphingomyelins. Using so-called expansion microscopy and click-chemistry, they observed that the proportion of metabolised sphingomyelin molecules increased during the maturation of non-infectious to infectious Chlamydia particles. By being able to visualise this infection process new targeted strategies against these infections can now be developed.

"The new chemical tool will certainly serve us well and readily can be used in many laboratories," Professor Seibel states. "Our aim is to use it to identify novel anti-infectious or immunotherapeutic strategies for drug development that can be used to combat infectious diseases by modulating sphingolipid metabolism."
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VR headsets could be life changing for people with intellectual disability | ScienceDaily
Immersive virtual reality could open up a whole new world for people with intellectual disability, enabling them to learn practical life skills much faster without relying on caregivers, according to a new study.


						
Australian researchers compared the effectiveness of immersive VR headsets and non-immersive virtual environments to teach 36 adults with an intellectual disability how to separate general waste from recycling, garden, and food organics.

The study, undertaken by University of South Australia and UNSW Sydney researchers, involved 12 virtual training sessions. The VR group using the immersive head-mounted displays scored significantly better in real life than those who used a tablet device for training.

The findings have been published in the Journal of Intellectual Disability Research.

UniSA Associate Professor Tobias Loetscher says people with intellectual disability need additional time to grasp and visualise concepts, and VR headsets enabled participants to experience realistic worlds and learn from hands-on experience.

"Research shows that 'learning by doing', otherwise known as experiential learning, seems more effective for this group compared to passive methods of learning," Assoc Prof Loetscher says.

"In our study, the VR group not only demonstrated real-world improvements in correctly sorting waste immediately after the VR training; they were able to sustain this improvement up to a week afterwards, in comparison to the non-immersive group."

UNSW Research Fellow Dr Stefan Michalski says immersive virtual reality allows individuals to experience activities in a safe, controlled, and repeatable environment.




"Opportunities for people with an intellectual disability to participate in hands-on learning are often minimal due to concerns around risk of injury, time constraints and lack of staff training," Dr Michalski says.

"However, immersive VR simulates real-world experiences, giving the sensation of being physically present in an environment without real-world risks."

Most people with intellectual disability experience significant challenges in performing basic life skills such as cooking, showering, and cleaning without caregiver assistance.

"Difficulties in performing these life skills prevents them from living independently and enjoying a better quality of life, so it's important we find effective methods for developing life skills in this population," according to first author, UniSA honours student Andrew Franze.

Cybersickness has been flagged as a potential drawback of using 3D headsets for training, but only one person in the VR group reported feeling dizzy, and their symptoms were short lived.

Most participants found the VR technology enjoyable, despite some hesitancy when using head-mounted displays for the first time.




The researchers used a waste management task in this study but say that immersive VR training could be used to teach other basic skills such as cooking and kitchen safety, personal hygiene, public transport navigation, and social skills.

"There is accumulating evidence that VR is beneficial, but we need to close the gap from research to implementation so that more people can benefit from this technology," Dr Michalski says.

"Our current work aims to address the unmet health needs of people with intellectual disability by using VR to prepare individuals for healthcare interactions, reducing the fear and anxiety associated with going to the doctor."
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Researchers create entangled quantum magnets with protected quantum excitations | ScienceDaily
When different quantum states combine, new collective states of matter can emerge. In the quantum realm, combining components such as atoms that possess quantum effects can give rise to macroscopic quantum states of matter, featuring exotic quantum excitations that do not exist anywhere else.


						
In a collaboration between Aalto University and the Institute of Physics CAS, researchers built an artificial quantum material, atom by atom, from magnetic titanium on top of a magnesium oxide substrate. They then carefully engineered how atoms interacted inside the material with the goal of birthing a new state of quantum matter. Jose Lado, assistant professor at Aalto University, created the theoretical design to engineer the material featuring topological quantum magnetism, and a group led by associate professor Kai Yang at the Institute of Physics CAS built and measured the artificial material using atomic manipulation with scanning tunneling microscopy.

As a result, the researchers demonstrated for the first time a new quantum state of matter known as a higher-order topological quantum magnet. The topological magnet could represent a new way to achieve substantial protection against decoherence in quantum technology.

The research was published today in Nature Nanotechnology

Beyond being interesting from the point of view of fundamental science, topological quantum many-body matter such as this new quantum magnet could have a groundbreaking impact on future quantum technologies.

'Creating a many-body topological quantum magnet makes it possible to explore an exciting new direction in physics. Excitations in topological quantum magnets have wildly different properties than those found in conventional magnets and could allow us to create new physical phenomena that are beyond the capabilities of current quantum materials,' Lado says.

Quantum magnets are materials that realize a quantum superposition of magnetic states, bringing quantum phenomena from the microscopic to the macroscopic scale. These materials feature exotic quantum excitations-including fractional excitations where electrons behave as if they were split into many parts-that do not exist anywhere outside of this material.

To manipulate how the atoms behaved inside the quantum material the researchers had assembled, they poked each individual atom with a tiny needle. This technique allows for the accurate probing of qubits at the atomic level. The needle, in reality an atomically sharp metal tip, served to excite the atoms' local magnetic moment, which resulted in topological excitations with enhanced coherence.

'Topological quantum excitations, such as those realized in the topological quantum magnet we now built, can feature substantial protection against decoherence. Ultimately, the protection offered by these exotic excitations can help us overcome some of the most pressing challenges of currently available qubits,' Lado says.

In their experiment, the researchers observed that the topological excitations were resistant to perturbations, a feature that was also predicted in Lado's theoretical design. The results also showed that the quantum coherence of the topological excitations was higher than their original individual components. This finding could point to a way of turning the researchers' artificial quantum material into a building block for quantum information that is protected from decoherence.
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Physics researchers identify new multiple Majorana zero modes in superconducting SnTe | ScienceDaily
A collaborative research team led by Prof. Junwei Liu, Associate Professor in the Department of Physics at the Hong Kong University of Science and Technology (HKUST), and Prof Jinfeng Jia and Prof Yaoyi Li from Shanghai Jiao Tong University (SJTU), has identified the world's first multiple Majorana zero modes (MZMs) in a single vortex of the superconducting topological crystalline insulator SnTe and exploited crystal symmetry to control the coupling between the MZMs. This discovery offers a new pathway to realizing fault-tolerant quantum computers, which is published in Nature.


						
MZM is a zero-energy topologically nontrivial quasiparticle in a superconductor obeys non-Abelian statistics, allowing for inequivalent braiding sequences, even though the total number of exchanges is the same. This contrasts with ordinary particles, such as electrons or photons, where different braiding always results in the same final state. This unique property protects MZMs from local perturbations, making them an ideal platform for robust fault-tolerant quantum computation. Although significant progress has been made in engineering artificial topological superconductors, the braiding and manipulation of MZMs remain extremely challenging due to their separation in real space, which complicates the necessary movements for hybridization.

The newly published work collaborated by the theoretical group at HKUST and experimental group at SJTU, took a completely different approach by taking advantage of the unique feature of crystal-symmetry-protected MZMs to eliminate these bottlenecks. They demonstrated for the first time the existence and hybridization of magnetic-mirror-symmetry-protected multiple MZMs in a single vortex of the superconducting topological crystalline insulator SnTe, using controlled methods that do not require real space movement or strong magnetic fields, leveraging their extensive experience in low-temperature scanning tunneling microscopy, high-quality sample growth, and large-scale theoretical simulations.

The experimental group at SJTU observed significant changes in the zero-bias peak, a strong indicator of MZMs, in the SnTe/Pb heterostructure under tilted magnetic fields (Fig 4a-b). The HKUST theoretical team subsequently performed extensive numerical simulations to unambiguously demonstrate that the anisotropic responses to tilted magnetic fields indeed originate from crystal-symmetry-protected MZMs. By utilizing the kernel polynomial method, they successfully simulated large vortex systems with hundreds of millions of orbitals, enabling further exploration of novel properties in vortex systems beyond just crystal-symmetry-protected MZMs. The research opens a new frontier for detection and manipulation of crystal-symmetry-protected multiple MZMs. Their findings pave the way for the experimental demonstration of non-Abelian statistics, and the construction of new types of topological qubits and quantum gates based on crystal-symmetry-protected multiple MZMs.

*Note: Prof. Junwei Liu from HKUST, Prof. Yaoyi Li from SJTU, and Prof. Jinfeng Jia from SJTU are the corresponding authors. Chun Yu Wan from HKUST, Dr. Tengteng Liu from SJTU and Dr. Hao Yang from SJTU are the co-first authors.
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Tiny new lasers fill a long-standing gap in the rainbow of visible-light colors, opening new applications | ScienceDaily
It's not easy makinggreen.


						
For years, scientists have fabricated small, high-quality lasers that generate red and blue light. However, the method they typically employ -- injecting electric current into semiconductors -- hasn't worked as well in building tiny lasers that emit light at yellow and green wavelengths. Researchers refer to the dearth of stable, miniature lasers in this region of the visible-light spectrum as the "green gap." Filling this gap opens new opportunities in underwater communications, medical treatments and more.

Green laser pointers have existed for 25 years, but they produce light only in a narrow spectrum of green and are not integrated in chips where they could work together with other devices to perform useful tasks.

Now scientists at the National Institute of Standards and Technology (NIST) have closed the green gap by modifying a tiny optical component: a ring-shaped microresonator, small enough to fit on a chip.

A miniature source of green laser light could improve underwater communication because water is nearly transparent to blue-green wavelengths in most aquatic environments. Other potential applications are in full-color laser projection displays and laser treatment of medical conditions, including diabetic retinopathy, a proliferation of blood vessels in the eye.

Compact lasers in this wavelength range are also important for applications in quantum computing and communication, as they could potentially store data in qubits, the fundamental unit of quantum information. Currently, these quantum applications depend on lasers that are larger in size, weight and power, limiting their ability to be deployed outside the laboratory.

For several years, a team led by Kartik Srinivasan of NIST and the Joint Quantum Institute (JQI), a research partnership between NIST and the University of Maryland, has used microresonators composed of silicon nitride to convert infrared laser light into other colors. When infrared light is pumped into the ring-shaped resonator, the light circles thousands of times until it reaches intensities high enough to interact strongly with the silicon nitride. That interaction, known as an optical parametric oscillation (OPO), produces two new wavelengths of light, called the idler and the signal.




In previous studies, the researchers generated a few individual colors of visible laser light. Depending on the dimensions of the microresonator, which determine the colors of light that are generated, scientists produced red, orange and yellow wavelengths, as well as a wavelength of 560 nanometers, right at the hairy edge between yellow and green light. However, the team could not generate the full complement of yellow and green colors necessary to fill the green gap.

"We didn't want to be good at hitting just a couple of wavelengths," said NIST scientist Yi Sun, a collaborator on the new study. "We wanted to access the entire range of wavelengths in the gap."

To fill the gap, the team modified the microresonator in two ways. First, the scientists slightly thickened it. By changing its dimensions, the researchers more easily generated light that penetrated deeper into the green gap, to wavelengths as short as 532 nanometers (billionths of a meter). With this extended range, the researchers covered the entire gap.

In addition, the team exposed the microresonator to more air by etching away some of the silicon dioxide layer below it. This had the effect of making the output colors less sensitive to the microring dimensions and the infrared pump wavelength. The lower sensitivity gave the researchers more control in generating slightly different green, yellow, orange and red wavelengths from their device.

As a result, the researchers found they could create more than 150 distinct wavelengths across the green gap and fine-tune them. "Previously, we could make big changes -- red to orange to yellow to green -- in the laser colors we could generate with OPO, but it was hard to make small adjustments within each of those color bands," Srinivasan noted.

The scientists are now working to boost the energy efficiency with which they produce the green-gap laser colors. Currently, the output power is only a few percent of that of the input laser. Better coupling between the input laser and the waveguide that channels the light into the microresonator, along with better methods of extracting the generated light, could significantly improve the efficiency.

The researchers, who include Jordan Stone and Xiyuan Lu from JQI, along with Zhimin Shi from Meta's Reality Labs Research in Redmond, Washington, reported their findings August 21 online in Light: Science and Applications.
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Researchers unveil scalable graphene technology to revolutionize battery safety and performance | ScienceDaily
Researchers at Swansea University, in collaboration with Wuhan University of Technology, Shenzhen University, have developed a pioneering technique for producing large-scale graphene current collectors.


						
This breakthrough promises to significantly enhance the safety and performance of lithium-ion batteries (LIBs), addressing a critical challenge in energy storage technology.

Published in Nature Chemical Engineering, the study details the first successful protocol for fabricating defect-free graphene foils on a commercial scale. These foils offer extraordinary thermal conductivity -- up to 1,400.8 W m-1 K-1 -- nearly ten times higher than traditional copper and aluminium current collectors used in LIBs.

"This is a significant step forward for battery technology," said Dr Rui Tan, co-lead author from Swansea University. "Our method allows for the production of graphene current collectors at a scale and quality that can be readily integrated into commercial battery manufacturing. This not only improves battery safety by efficiently managing heat but also enhances energy density and longevity."

One of the most pressing concerns in the development of high-energy LIBs, especially those used in electric vehicles, is thermal runaway -- a dangerous scenario where excessive heat leads to battery failure, often resulting in fires or explosions. These graphene current collectors are designed to mitigate this risk by efficiently dissipating heat and preventing the exothermic reactions that lead to thermal runaway.

"Our dense, aligned graphene structure provides a robust barrier against the formation of flammable gases and prevents oxygen from permeating the battery cells, which is crucial for avoiding catastrophic failures," explained Dr Jinlong Yang, co-lead author from Shenzhen University.

The newly developed process is not just a laboratory success but a scalable solution, capable of producing graphene foils in lengths ranging from meters to kilometres. In a significant demonstration of its potential, the researchers produced a 200-meter-long graphene foil with a thickness of 17 micrometers. This foil retained high electrical conductivity even after being bent over 100,000 times, making it ideal for use in flexible electronics and other advanced applications.

This new approach also allows for the production of graphene foils with customizable thicknesses, which could lead to even more efficient and safer batteries.

This innovation could have wide-reaching implications for the future of energy storage, particularly in electric vehicles and renewable energy systems, where safety and efficiency are paramount. This international collaborative research team led by Prof Liqiang Mai and Prof Daping He from Wuhan University of technology, Dr Jinlong Yang from Shenzhen University and Dr Rui Tan from Swansea University is continuing to refine their process, with ongoing efforts to reduce the thickness of the graphene foils and further enhance their mechanical properties, also exploring this new material beyond Li-ion batteries, such as redox flow batteries and sodium-ion batteries with the assistance from Professor Serena Margodonna's group at Swansea University.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Fungus-controlled robots tap into the unique power of nature
        In creating a pair of new robots, researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling 'biohybrid' robots that can potentially react to their environment better than their purely synthetic counterparts.

      

      
        How Earth's most intense heat wave ever impacted life in Antarctica
        An atmospheric river brought warm, moist air to the coldest and driest corner of the planet in 2022, pushing temperatures 70 degrees above average. A new study reveals what happened to Antarctica's smallest animals.

      

      
        Agriculture accelerated human genome evolution to capture energy from starchy foods
        Scientists have suspected that modern humans have more genes to digest starch than our hunter-gatherer ancestors, but the amylase locus of the genome is hard to study. Researchers have now developed new methods to isolate the multiple amylase genes and compare the locus to ancient genomes. They found that amylase gene number has increased from an average of eight to more than 11 over the past 12,000 years.

      

      
        Scientists uncover hidden source of snow melt: Dark brown carbon
        Researchers have quantified the effect of dark brown carbon on snow melt.

      

      
        Researchers identify mechanism underlying allergic itching, and show it can be blocked
        Researchers identified a mechanism for why some people will itch from an allergen or mosquito bite exposure, while others will not in a new study, and showed this pathway can be targeted to prevent allergic responses in preclinical models.

      

      
        At-risk butterflies more likely to survive with human help
        Some of the butterflies most in danger of fluttering out of existence fare better when their habitats are actively managed by humans, a recent study found. Scientists have long warned that insect populations worldwide are falling rapidly due to the combined effects of climate change, habitat loss and pesticides. The study analyzed data on 114 populations of 31 butterfly species in 10 U.S. states. Overall, the research team found that these at-risk butterflies are particularly vulnerable, with pop...

      

      
        Prescribing nature can improve happiness and reduce anxiety
        Green Social Prescribing is the practice of supporting people with mental health needs to engage in nature-based activities. Referrals will typically come from GPs, community mental health teams, or social workers, but people can also self-refer. Social Prescribing Link Workers, and other trusted professionals, then connect people to community groups and agencies for practical and emotional support. There are many different types of nature-based activities and therapies, including conservation, h...

      

      
        Kidney disease in cats: High-quality feline iPSCs generated without genetic footprint
        High-quality feline induced pluripotent stem cells (iPSCs) have now been generated. The feline iPSCs are also footprint- and feeder-free. Further research using these stem cells is expected to elucidate the pathogenesis of cats' chronic kidney disease and develop therapeutic agents.

      

      
        Spurring more biofilm growth for efficient wastewater treatment
        Wastewater treatment could be more effective using foamed plastic carriers in the moving bed biofilm reactor (MBBR) process, a research team has found. Their study showed that biofilm formation increased by 44 times compared with smooth plastic carriers.

      

      
        New population model identifies phases of human dispersal across Europe
        Researchers have developed a model that captures the dynamics of human dispersal across the continent during the last Ice Age in unprecedented detail.

      

      
        'Forever chemicals' influence the development and function of the brain
        Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as 'forever chemicals'. They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved.

      

      
        Levels of one 'forever chemical' are increasing in groundwater
        Rain and water in ponds and lakes slowly seeps into the soil, moving through minute cracks to refill underground aquifers. Per- and polyfluoroalkyl substances (PFAS), often described as forever chemicals, can tag along into groundwater that's later removed for drinking. Researchers analyzed water from over 100 wells in Denmark for one particularly persistent PFAS: trifluoroacetate. They report steadily increasing levels of the forever chemical in recent decades.

      

      
        Newly discovered gene may influence longevity
        It turns out that a particular gene has a great influence on longevity, a new study concludes. This may pave the way for new treatment.

      

      
        Investigational mpox mRNA vaccine reduces disease severity in primates compared to available vaccines
        The most frequently used mpox vaccine provides partial immunity to the disease but isn't always able to prevent severe symptoms or disease transmission. A new vaccine candidate from Moderna, mRNA-1769, more effectively limits symptoms and disease duration in primates that were infected with a lethal strain of the mpox virus when compared to a currently licensed modified vaccinia Ankara (MVA) vaccine.

      

      
        Uncollected waste and open burning leading causes of the plastic pollution crisis
        A new study shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory. Researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

      

      
        Novel immunotherapy improves recovery from spinal cord injury
        Researchers have designed, in mice, an approach to minimizing the damage from a spinal cord injury through the use of engineered immune cells. Mice given the treatment had improved recovery from injuries, demonstrating potential for developing the therapy for people.

      

      
        Chemists explain why dinosaur collagen may have survived for millions of years
        Chemists offer a new explanation for how collagen in dinosaur bones may have survived millions of years: An atomic-level interaction prevents its bonds from being broken down by water.

      

      
        New species of paua (abalone) found
        Biologists have discovered a new species of paua mollusk (also known as abalone) off New Zealand.

      

      
        Reef tourism encourages climate action
        New research has revealed that informing tourists visiting the Great Barrier Reef about climate impact doesn't negatively affect their experience and can help encourage climate action.

      

      
        Novel green chemistry: A safe, low-cost, and eco-friendly conversion process for the synthesis of sulfonyl fluorides
        A research group has developed a safe, cost-effective, and environmentally-friendly method to synthesize sulfonyl fluorides. By reacting thiols and disulfides with SHC5 and potassium fluoride, they achieved a green synthesis process with non-toxic by-products. This method simplifies the production of sulfonyl fluorides, making it suitable for chemical and industrial applications, aligning with Sustainable Development Goals.

      

      
        Turning glycerol into gold: a new process makes biodiesel more profitable
        An electrooxidation process efficiently converts glycerol, a byproduct of biodiesel production, into high-value three-carbon compounds.

      

      
        Mathematicians model a puzzling breakdown in cooperative behavior
        A model developed by evolutionary mathematicians shows that as conditions for cooperation improve between two species, mutually beneficial behavior can unexpectedly become unbalanced. Cooperative behavior pools in one species, the other consumes the spoils.

      

      
        How zebrafish map their environment
        Researchers are turning to zebrafish to unlock the secrets of place cells, which play a crucial role in forming mental maps of space, social networks, and abstract relationships. Until now, place cells have only been found in mammals and birds, leaving the question of how other species internally represent the external world largely unanswered.

      

      
        Dangerous airborne fungus boosted by California droughts
        Researchers have identified the seasonal and climate-based cycles of Valley fever, an emerging but dangerous fungal disease spread through dust in the air.

      

      
        Infertility challenges amongst endangered wild songbird population revealed in new study
        A groundbreaking study has provided the most comprehensive estimate to date of infertility rates in a threatened wild animal species.

      

      
        50-year generation gap in Minnesota's longest-lived fish
        The bigmouth buffalo is a fish that's native to Minnesota and known for its longevity. Researchers wanted to find out more about the species, especially how they migrate, spawn, and how often their offspring live into adulthood.

      

      
        Researchers develop tool that measures health of a person's gut microbiome
        A team of researchers has developed an innovative computational tool that analyzes the gut microbiome, a complex ecosystem of trillions of bacteria, fungi, viruses and other microorganisms within the digestive system, to provide insights into overall well-being.

      

      
        Researchers give adult zebra finches back their ability to learn new songs
        We all know the adage, 'You can't teach an old dog new tricks.' As we age, our ability to learn new skills, like mastering a foreign language or picking up a musical instrument, seems to fade. The culprit? A decline in brain plasticity - the brain's capacity to rewire itself and adapt to new challenges. But what if we could rewind the clock on this age-related decline? A new study offers a tantalizing glimpse into this possibility.

      

      
        Rein tension may affect horse behavior
        High rein tension was found to be associated with trotters opening their mouths, which indicates pain or discomfort in the mouth.

      

      
        Open wide: Human mouth bacteria reproduce through rare form of cell division
        New research has uncovered an extraordinary mechanism of cell division in Corynebacterium matruchotii, one of the most common bacteria living in dental plaque. The filamentous bacterium doesn't just divide, it splits into multiple cells at once, a rare process called multiple fission.

      

      
        Global South cities lack cooling green spaces
        Cities in the Global South are more exposed to extreme heat because they lack cooling green spaces, new research shows.

      

      
        The risk of global water scarcity is greater when accounting for the origin of rain
        Securing the world's water supply is one of the greatest challenges of our time. Researchers are now presenting an alternative method for quantifying the global risk of water scarcity. Results indicate higher risks to water supply than previously expected if accounting for the environmental conditions and governability where rain is produced.

      

      
        Blood stem cell breakthrough could transform bone marrow transplants
        Researchers have made a world first breakthrough into creating blood stem cells that closely resemble those in the human body. And the discovery could soon lead to personalized treatments for children with leukemia and bone marrow failure disorders.

      

      
        Genomic dark matter solves butterfly evolutionary riddle
        Researchers have uncovered a surprising genetic mechanism that influences the vibrant and complex patterns on butterfly wings. The team discovered that an RNA molecule, rather than a protein as previously thought, plays a pivotal role in determining the distribution of black pigment on butterfly wings.

      

      
        New species of Antarctic dragonfish highlights its threatened ecosystem
        A new species of Antarctic dragonfish, Akarotaxis gouldae or Banded Dragonfish, has been discovered in waters off the western Antarctic Peninsula. The species, named in honor of the recently decommissioned Antarctic research and supply vessel (ARSV) Laurence M. Gould and its crew, exemplifies both the unknown biodiversity and fragile state of the Antarctic ecosystem.

      

      
        Doughnut-shaped region found inside Earth's core deepens understanding of planet's magnetic field
        A doughnut-shaped region thousands of kilometers beneath our feet within Earth's liquid core has been discovered, providing new clues about the dynamics of our planet's magnetic field.

      

      
        Like people, vultures get set in their ways and have fewer friends as they age
        Young griffon vultures move frequently between sleeping sites in different locations, interacting with many friends. They get set in their ways as they age and roost in the same spots with the same individuals; older vultures follow the same paths. Roosts act as information hubs; older vultures may have a more thorough knowledge of where to find food resources and less need to learn about them from other vultures.

      

      
        What a submerged ancient bridge discovered in a Spanish cave reveals about early human settlement
        Geologists examined a submerged 25-foot bridge to tackle a long-lasting archaeological controversy: When humans settled on the islands in the western Mediterranean. Their findings narrow a historical gap between the settlement timelines of the eastern and western Mediterranean regions.

      

      
        Upcycling excess carbon dioxide with tiny microbes
        While some microbes can make people sick or spoil food, others are critical for survival. These tiny organisms can also be engineered to make specific molecules. Researchers have rewired one such microbe to help tackle greenhouse gases in the atmosphere: It takes in carbon dioxide (CO2) gas and produces mevalonate, a useful building block for pharmaceuticals.

      

      
        AI tool maps out cell metabolism with precision
        Scientists have developed an AI tool that creates detailed models of cellular metabolism, making it easier to understand how cells function.

      

      
        New discoveries about how mosquitoes mate may help the fight against malaria
        An international team has uncovered surprising details about mosquito mating, which could lead to improved malaria control techniques and even help develop precision drone flight. The team revealed that when a male Anopheles coluzzii mosquito hears the sound of female-specific wingbeats, his eyes 'activate' and he visually scans the immediate vicinity for a potential mate. This strong link between males hearing the female-like buzz and moving toward an object in their field of vision may open up ...

      

      
        Scientist's method could give months' warning of major earthquakes
        The public could have days or months of warning about a major earthquake through identification of prior low-level tectonic unrest over large areas, according to research by scientists who analyzed two major quakes in Alaska and California.

      

      
        TB under the sea: A marine sponge microbe provides insights into the evolution of tuberculosis
        The surprising discovery of a bacterium in a marine sponge from the Great Barrier Reef with striking similarity to Mycobacterium tuberculosis, the pathogen responsible for tuberculosis (TB), could unlock and inform future TB research and treatment strategies.

      

      
        New process vaporizes plastic bags and bottles, yielding gases to make new, recycled plastics
        Chemists have developed a catalytic process that turns the largest component of today's plastic waste stream, polyolefin plastic bags and bottles, into gases -- propylene and isobutylene -- that are the building blocks of polypropylene and other types of plastics. The process uses inexpensive solid catalysts that can be scaled to industrial production, making this a potentially viable means of creating a circular economy for these throw-away plastics.

      

      
        Number of fish species at risk of extinction fivefold higher than previous estimates, according to a new prediction
        Researchers predict that 12.7% of marine teleost fish species are at risk of extinction, up fivefold from the International Union for Conservation of Nature's prior estimate of 2.5%. Their report includes nearly 5,000 species that did not receive an IUCN conservation status due to insufficient data.

      

      
        Ancient gene gives spiders their narrow waist
        An ancient gene is crucial for the development of the distinctive waist that divides the spider body plan in two, according to a new study.

      

      
        How a salt giant radically reshaped Mediterranean marine biodiversity
        A new study paves the way to understanding biotic recovery after an ecological crisis in the Mediterranean Sea about 5.5 million years ago. Researchers have now been able to quantify how marine biota was impacted by the salinization of the Mediterranean: Only 11 percent of the endemic species survived the crisis, and the biodiversity did not recover for at least another 1.7 million years.

      

      
        Bacteria able to overcome cost of vancomycin resistance in lab setting
        Staphylococcus aureus has the potential to develop durable vancomycin resistance, according to a new study.

      

      
        Getting the stink out of smoke-tainted wine
        Wildfires can damage crops, even if flames come nowhere near the plants. One outcome can be an unpleasant flavor and smell of wine that is made from grapes exposed to smoke. But researchers say that they have developed a way to lessen this smoke taint to improve the palatability of the wine.

      

      
        Scientists discover how starfish get 'legless'
        Researchers have made a groundbreaking discovery about how sea stars (commonly known as starfish) manage to survive predatory attacks by shedding their own limbs. The team has identified a neurohormone responsible for triggering this remarkable feat of self-preservation.
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Fungus-controlled robots tap into the unique power of nature | ScienceDaily
Building a robot takes time, technical skill, the right materials -- and sometimes, a little fungus.


						
In creating a pair of new robots, Cornell University researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling "biohybrid" robots that can potentially react to their environment better than their purely synthetic counterparts.

The team's paper published in Science Robotics. The lead author is Anand Mishra, a research associate in the Organic Robotics Lab led by Rob Shepherd, professor of mechanical and aerospace engineering at Cornell University, and the paper's senior author.

"This paper is the first of many that will use the fungal kingdom to provide environmental sensing and command signals to robots to improve their levels of autonomy," Shepherd said. "By growing mycelium into the electronics of a robot, we were able to allow the biohybrid machine to sense and respond to the environment. In this case we used light as the input, but in the future it will be chemical. The potential for future robots could be to sense soil chemistry in row crops and decide when to add more fertilizer, for example, perhaps mitigating downstream effects of agriculture like harmful algal blooms."

Mycelia are the underground vegetative part of mushrooms. They have the ability to sense chemical and biological signals and respond to multiple inputs.

"Living systems respond to touch, they respond to light, they respond to heat, they respond to even some unknowns, like signals," Mishra said. "If you wanted to build future robots, how can they work in an unexpected environment? We can leverage these living systems, and any unknown input comes in, the robot will respond to that."

Two biohybrid robots were built: a soft robot shaped like a spider and a wheeled bot.

The robots completed three experiments. In the first, the robots walked and rolled, respectively, as a response to the natural continuous spikes in the mycelia's signal. Then the researchers stimulated the robots with ultraviolet light, which caused them to change their gaits, demonstrating mycelia's ability to react to their environment. In the third scenario, the researchers were able to override the mycelia's native signal entirely.

The research was supported by the National Science Foundation (NSF) CROPPS Science and Technology Center; the U.S. Department of Agriculture's National Institute of Food and Agriculture; and the NSF Signal in Soil program.
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How Earth's most intense heat wave ever impacted life in Antarctica | ScienceDaily
Summer 2024 is on track to be the hottest on record for hundreds of cities across the U.S. and globe. Even in Antarctica, during the peak of its winter, extreme heat pushed temperatures in parts of the continent more than 50degF above the July normal.


						
In a study published on July 31 in the journal Earth's Future, scientists, including researchers at the University of Colorado Boulder, revealed how heat waves, especially those occurring in Antarctica's cold seasons, may impact the animals living there. The research illustrates how extreme weather events intensified by climate change could have profound implications for the continent's fragile ecosystems.

In March 2022, the most intense heat wave ever recorded on Earth hit Antarctica, just as organisms in the southern region braced themselves for the long, harsh winter ahead. The extreme weather raised temperatures in parts of Antarctica to more than 70degF above average, melting glaciers and snow even in the McMurdo Dry Valleys, one of the planet's coldest and driest regions.

As part of a Long-Term Ecological Research (LTER) project in Antarctica, the research team found that the unexpected melt followed by a rapid refreeze likely disrupted the life cycles of many organisms and killed a large swath of some invertebrates in the McMurdo Dry Valleys.

"It's important that we pay attention to these signals, even if they're coming from microscopic organisms in soils in a polar desert," said Michael Gooseff, the paper's senior author and professor in the Department of Civil, Environment and Architectural Engineering at CU Boulder. "They're the early responders to changes that could cascade up to larger organisms, the landscape and even us, far away from Antarctica."

When Gooseff arrived in Antarctica in November 2021, the continent looked much like it had for the past two decades. As a fellow of the Institute of Arctic and Alpine Research (INSTAAR), Gooseff has led the LTER at the McMurdo Dry Valleys, a National Science Foundation-funded project, for the past decade. Nearly every Antarctic summer, he travels to the southern region to study its ecosystem and how organisms survive in extreme environmental conditions.

While most animals can't tolerate the region's dryness and cold, some microbes and invertebrates, including roundworms and water bears, thrive in this frozen desert. Water bears, or tardigrades, are tiny, eight-legged animals measuring 0.002 to 0.05 inches long. They can survive extreme conditions -- as cold as -328degF and as hot as 300 degF -- that would kill most other forms of life.




In 2022, all members of the polar expedition team left the continent in February, before the Antarctic summer ended. A month later, Antarctica experienced the most extreme heat wave on record, driven by an intense storm known as an atmospheric river, which transported moist air over long distances to the polar region.

The team's sensors in the McMurdo Dry Valleys recorded air temperatures, which typically hover around -4degF in March, rising above freezing and exceeding the average by 45degF.

Satellite imagery and stream discharge measurements showed that the sudden warming wetted the valleys' soil more than two months after the peak summer thaw, at a time when the land is typically dry.

In two days, after the heat wave passed, temperatures plummeted and the soil froze. This event happened during a critical transition period, when organisms hunker down and get ready for the dark, cold winter. Gooseff and his colleagues were curious about how animals in the valleys responded.

"These animals invest a significant amount of energy in preparing and shutting down for the winter," said Gooseff. "When things start to warm up the following summer, they use energy to become active again. One of our major concerns with unusual weather events like this heat wave is that these animals might start using a lot more energy, thinking it's summer, only to have to shut down again two days later. How many times can they go through that cycle before they exhaust their energy reserves?"

He and the team returned to Antarctica the following summer, in December 2022. They sampled the soil and compared organisms living in areas that became wet to those that stayed dry during the heat wave.




They observed a 50% decrease in the population of Scottnema, a common roundworm, in areas that got wet. Scottnema is adapted to extremely cold and dry climates.

"The heat wave made the environment appear warm enough for things to get wet, creating a false start to summer. Some of the biology responding to these temperatures might be seriously disrupted by this," Gooseff said.

Rapid swings between extremes in weather can disproportionately impact sensitive species like Scottnema, but they may have far less impact on other animals, such as tardigrades. These creatures have a higher tolerance for moisture, allowing them to proliferate as the environment becomes wetter.

"Changes in which species are in the soil and how big the populations are can have a major impact on the ecosystem's food web and nutrient cycling," Gooseff said.

Previous research has shown Scottnema is responsible for about 10% of the carbon processed in the Dry Valleys' soil ecosystem.

As climate change exacerbates extreme weather events in Antarctica, larger species are also being impacted. For example, in the summer of 2013, an unusual rainfall event along the Adelie Coast of East Antarctica killed all Adelie penguin chicks in the region. In July, temperatures in parts of East Antarctica climbed up to 50 degF above the usual winter average.

Gooseff and his team plan to continue documenting extreme weather events and their impacts on the Antarctic ecosystem.

What happens in Antarctica doesn't stay in Antarctica, Gooseff said.

"The loss of ice shelves has pretty dramatic impacts on the mass balance of our oceans, and it affects us even thousands of miles away."
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Agriculture accelerated human genome evolution to capture energy from starchy foods | ScienceDaily
Over the past 12,000 years, humans in Europe have dramatically increased their ability to digest carbohydrates, expanding the number of genes they have for enzymes that break down starch from an average of eight to more than 11, according to a new study by researchers from the U.S., Italy and United Kingdom.


						
The rise in the number of genes that code for these enzymes tracks the spread of agriculture across Europe from the Middle East, and with it, an increasingly starchy human diet rich in high-carbohydrate staples such as wheat and other grains. Having more copies of a gene usually translates to higher levels of the protein the genes code for -- in this case, the enzyme amylase, which is produced in saliva and the pancreas to break down starch into sugar to fuel the body.

The study, published today (Sept. 4) in the journal Nature, also provides a new method for identifying the causes of diseases that involve genes with multiple copies in the human genome, such as the genes for amylase.

The research was led by Peter Sudmant, assistant professor of integrative biology at the University of California, Berkeley, and Erik Garrison of the University of Tennessee Health Science Center in Memphis.

"If you take a piece of dry pasta and put it in your mouth, eventually it'll get a little bit sweet," Sudmant said. "That's your salivary amylase enzyme breaking the starches down into sugars. That happens in all humans, as well as in other primates."

Chimpanzee, bonobo and Neanderthal genomes all have a single copy of the gene on chromosome 1 that codes for the salivary amylase, referred to as AMY1. The same is true for the two pancreatic amylase genes, AMY2A and AMY2B. These three genes are located close to one another in a region of the primate genome known as the amylase locus.

Human genomes, however, harbor vastly different numbers of each amylase gene.




"Our study found that each copy of the human genome harbors one to 11 copies of AMY1, zero to three copies of AMY2A, and one to four copies of AMY2B," said UC Berkeley postdoctoral fellow Runyang Nicolas Lou, one of five first authors of the paper. "Copy number is correlated with gene expression and protein level and thus the ability to digest starch."

The researchers discovered that, while around 12,000 years ago humans across Europe had an average of about four copies of the salivary amylase gene, that number has increased to about seven. The combined number of copies of the two pancreatic amylase genes also increased by half a gene (0.5) on average over this time in Europe.

Survival advantage of multiple amylase genes

Overall, the incidence of chromosomes with multiple copies of amylase genes (that is, more total copies than chimpanzees and Neanderthals) increased sevenfold over the last 12,000 years, suggesting that this provided a survival advantage for our ancestors.

The researchers also found evidence for an increase in amylase genes in other agricultural populations around the world, and that the region of the chromosomes where these amylase genes are located looks similar in all these populations, no matter what specific starchy plant that culture domesticated. The findings demonstrate that as agriculture arose independently around the world, it seems to have rapidly altered the human genome in nearly identical ways in different populations to deal with increased carbohydrates in the diet.

In fact, the researchers found that the rate of evolution leading to changes in amylase gene copy number was 10,000 times faster than that of single DNA base pair changes in the human genome.




"It has long been hypothesized that the copy number of amylase genes had increased in Europeans since the dawn of agriculture, but we had never been able to sequence this locus fully before. It is extremely repetitive and complex," Sudmant said. "Now, we're finally able to fully capture these structurally complex regions, and with that, investigate the history of selection of the region, the timing of evolution and the diversity across worldwide populations. Now, we can start thinking about associations with human disease."

One suspected association is with tooth decay. Previous studies have suggested that having more copies of AMY1 is associated with more cavities, perhaps because the saliva does a better job of converting starch in chewed food into sugar, which feeds bacteria that eat away at teeth.

The research also provides a method for exploring other areas of the genome -- those involving the immune system, skin pigmentation and the production of mucus, for example -- that have undergone rapid gene duplication in recent human history, Garrison said.

"One of the exciting things we were able to do here is probe both modern and ancient genomes to dissect the history of structural evolution at this locus," he said.

These methods can also be applied to other species. Previous studies have shown that animals that hang out around humans -- dogs, pigs, rats and mice -- have more copies of the amylase gene than their wilder relatives, apparently to take advantage of the food we throw away.

"This is really the frontier, in my opinion," Garrison said. "We can, for the first time, look at all of these regions that we could never look at before, and not just in humans -- other species, too. Human disease studies have really struggled in identifying associations at complex loci, like amylase. Because the mutation rate is so high, traditional association methods can fail. We're really excited how far we can push our new methods to identify new genetic causes of disease."

From hunter-gatherer to agrarian

Scientists have long suspected that humans' ability to digest starch may have increased after our ancestors transitioned from a hunter-gatherer lifestyle to a settled, agricultural lifestyle. This shift was shown to be associated with more copies of the amylase genes in people from societies that domesticated plants.

But the area of the human genome where these copies reside has been difficult to study because traditional sequencing -- so-called short-read sequencing techniques that cut the genome into chunks of about 100 base pairs, sequence the millions of pieces and then reassemble them into a genome -- was unable to distinguish gene copies from one another. Complicating matters, some copies are inverted, that is, they are flipped and read from the opposite strand of DNA.

Long-read sequencing allows scientists to resolve this region, reading DNA sequences thousands of base pairs long to accurately capture repetitive stretches. At the time of the study, the Human Pangenome Reference Consortium (HPRC) had collected long-read sequences of 94 human haploid genomes, which Sudmant and colleagues used to assess the variety of contemporary amylase regions, called haplotypes. The team then assessed the same region in 519 ancient European genomes. The HPRC data helped avoid a common bias in comparative genomic studies, which have used a single, averaged human genome as a reference. The genomes from the HPRC, referred to as a pangenome, provide a more inclusive reference that more accurately captures human diversity.

Joana Rocha, a UC Berkeley postdoctoral fellow and co-first author of the paper, compared the region where amylase genes cluster to what she called "sculptures made of different Lego bricks. Those are the haplotype structures. Previous work had to take down the sculpture first and infer from a pile of bricks what the sculpture may have looked like. Long-read sequencing and pangenomic methods now allow us to directly examine the sculpture and thus offer us unprecedented power to study the evolutionary history and selective impact of different haplotype structures."

Using specially developed mathematical modeling, the researchers identified 28 different haplotype structures among the 94 long-read genomes and thousands of realigned short-read human genomes, all of which cluster into 11 groups, each with a unique combination of AMY1, AMY2A and AMY2B copy numbers.

"These remarkably complex, crazy structures -- regions of gene duplication, inversion and deletion in the human genome -- have evolved independently in different human populations over and over again, even before the rise of agriculture," Sudmant said.

Analysis of the many contemporary human genomes also pointed to an origin 280,000 years ago of an initial duplication event that added two copies of AMY1 to the human genome.

"That particular structure, which is predisposed to high mutation rates, emerged 280,000 years ago, setting the stage for later on, when we developed agriculture, for people who had more copies to have increased fitness, and then for these copy numbers to be selected for," Sudmant said. "Using our methods, for the first time we could really date the initial duplication event."

Alma Halgren, a UC Berkeley graduate student in bioengineering, and Davide Bolognini and Alessandro Raveane of Human Technopole in Milan, Italy, are also first authors of the paper. Other co-authors are Andrea Guarracino of UTHSC, Nicole Soranzo of Human Technopole and the University of Cambridge in the United Kingdom, and Jason Chin of the Foundation for Biological Data Science in Belmont, California. Sudmant's research is funded by the Institute of General Medical Sciences of the U.S. National Institutes of Health (R35GM142916).
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Scientists uncover hidden source of snow melt: Dark brown carbon | ScienceDaily
Wildfires leave potent climate heaters behind in their wake, particles that enhance the absorption of sunlight and warm the atmosphere. Dropped on snow like a wool poncho, these aerosols darken and decrease the surface reflectance of snowy places.


						
But it was not yet understood just how different types of smoke particles contribute to these effects. In a study recently published in npj Climate and Atmospheric Science, researchers at Washington University in St. Louis model how dark-brown carbon (d-BrC) -- light absorbing, water insoluble organic carbon -- from wildfires plays a much larger role as a snow-warming agent than previously recorded. It's 1.6 times as potent a warmer compared to what researchers previously thought was the main culprit, black carbon.

In the Tibetan Plateau and other midlatitude regions, deposition of water insoluble organic carbon on snow have been previously recorded, "But nobody really looked under the hood to investigate their snow melting potential," said Rajan Chakrabarty, a professor at WashU's McKelvey School of Engineering.

Chakrabarty's PhD student, Ganesh Chelluboyina, a McDonnell International Scholars Academy fellow, and Taveen Kapoor, a postdoctoral fellow, have spent the bulk of their time at WashU taking up that challenge.

The team likens d-BrC to an "evil cousin" of black carbon, and much like black carbon, wildfires deposit it upon snow caps like switching out a white t-shirt for dark brown poncho. These particles can't be washed away or bleached to the point of losing their absorptivity. And when the snow loses its reflectivity and warms up, this increases surrounding air temperatures and further notches up the warming cycle.

Without accounting for d-BrC, researchers have likely been underestimating the snow melt from wildfire smoke deposition, and this research will ensure more accurate climate models and measurements. As massive wildfires become more ubiquitous, policymakers will have to figure out how to mitigate this form of carbon to reduce anomalous snow melt. Though d-BrC absorbs slightly less light than black carbon, it makes up for it in quantity, being four times more abundant in wildfire plumes compared to BC.

The team plans to further document the real-world effects of d-BrC at work as they enter the experimental phase of research. How do you do snow-aerosol experiments without going to the field? In this case, they get a four-foot-tall snow globe for the lab.

"We'll be dropping atomized water droplets into the top of the chamber, creating snow, then deposit aerosols on it," Chelluboyina said.
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Researchers identify mechanism underlying allergic itching, and show it can be blocked | ScienceDaily
Why do some people feel itchy after a mosquito bite or exposure to an allergen like dust or pollen, while others do not? A new study has pinpointed the reason for these differences, finding the pathway by which immune and nerve cells interact and lead to itching. The researchers, led by allergy and immunology specialists at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system, then blocked this pathway in preclinical studies, suggesting a new treatment approach for allergies. The findings are published in Nature.


						
"Our research provides one explanation for why, in a world full of allergens, one person may be more likely to develop an allergic response than another," said senior and corresponding author Caroline Sokol, MD, PhD, an attending physician in the Allergy and Clinical Immunology Unit at MGH, and assistant professor of medicine at Harvard Medical School. "By establishing a pathway that controls allergen responsiveness, we have identified a new cellular and molecular circuit that can be targeted to treat and prevent allergic responses including itching. Our preclinical data suggests this may be a translatable approach for humans."

When it comes to detecting bacteria and viruses, the immune system is front and foremost at detecting pathogens and initiating long-lived immune responses against them. However, for allergens, the immune system takes a backseat to the sensory nervous system. In people who haven't been exposed to allergens before, their sensory nerves react directly to these allergens, causing itchiness and triggering local immune cells to start an allergic reaction. In those with chronic allergies, the immune system can affect these sensory nerves, leading to persistent itchiness.

Previous research from Sokol and colleagues showed that the skin's sensory nervous system -- specifically the neurons that lead to itch -- directly detect allergens with protease activity, an enzyme-driven process shared by many allergens. When thinking about why some people are more likely to develop allergies and chronic itch symptoms than others, the researchers hypothesized that innate immune cells might be able to establish a "threshold" in sensory neurons for allergen reactivity, and that the activity of these cells might define which people are more likely to develop allergies.

The researchers performed different cellular analyses and genetic sequencing to try and identify the involved mechanisms. They found that a poorly understood specific immune cell type in the skin, that they called GD3 cells, produce a molecule called IL-3 in response to environmental triggers that include the microbes that normally live on the skin. IL-3 acts directly on a subset of itch-inducing sensory neurons to prime their responsiveness to even low levels of protease allergens from common sources like house dust mites, environmental molds and mosquitos. IL-3 makes sensory nerves more reactive to allergens by priming them without directly causing itchiness. The researchers found that this process involves a signaling pathway that boosts the production of certain molecules, leading to the start of an allergic reaction.

Then, they performed additional experiments in mouse models and found removal of IL-3 or GD3 cells, as well as blocking its downstream signaling pathways, made the mice resistant to the itch and immune-activating ability of allergens.

Since the type of immune cells in the mouse model is similar to that of humans, the authors conclude these findings may explain the pathway's role in human allergies.

"Our data suggest that this pathway is also present in humans, which raises the possibility that by targeting the IL-3-mediated signaling pathway, we can generate novel therapeutics for preventing an allergy," said Sokol. "Even more importantly, if we can determine the specific factors that activate GD3 cells and create this IL-3-mediated circuit, we might be able to intervene in those factors and not only understand allergic sensitization but prevent it."

Disclosures: Sokol is a paid consultant for Bayer and Merck and receives sponsored research support from GSK. Aderhold is a current employee of Werewolf Therapeutics. McAlpine is a paid consultant of Granite Bio. Woolf is a founder of Nocion Therapeutics, QurAlis and BlackBox Bio, and is on the scientific advisory board of Lundbeck Pharma, Axonis and Tafalgie Therapeutics. Villani has a financial interest in 10X Genomics, a company that designs and manufactures gene sequencing technology for use in research, and such technology is being used in this research.

Funding: This work was supported by grant no. T32HL116275 and a National Eczema Association Catalyst Research grant, National Institutes of Health (NIH) grants K99/R00 HL151750, R01 HL158534, R01 AG082185 and the Cure Alzheimer's Fund, grant nos. R35 HL135752, NIH R35 NS105076-01 and R01 AT011447, grant nos. DP2CA247831, R01AI15116, AAAAI Foundation and D.Y.M. Leung/JACI Editors Faculty Development Award, Food Allergy Science Initiative, Massachusetts General Hospital Howard Goodman Scholarship, and the Broad Institute Next Generation Scholar and Massachusetts General Hospital Transformative Scholar Award. Sokol receives extra sponsored research support from GlaxoSmithKline.
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At-risk butterflies more likely to survive with human help | ScienceDaily
Some of the butterflies most in danger of fluttering out of existence fare better when their habitats are actively managed by humans, a recent study found.


						
A team led by Washington State University researchers Cheryl Schultz and Collin Edwards analyzed data on 114 populations of 31 butterfly species in 10 U.S. states. Scientists have long warned that insect populations worldwide are falling rapidly due to the combined effects of climate change, habitat loss and pesticides. Overall, the research team found that these at-risk butterflies are particularly vulnerable, with populations declining at an estimated rate of 8% a year, which translates to about a 50% drop over a decade.

The study findings, reported in the Journal of Applied Ecology, offer hope that habitat management can slow or even potentially reverse those sharp declines.

"The strongest signal we found is that in places where people are actively engaged with ways to manage the habitat, the butterflies are doing the best. That to me is super exciting because that means that habitat management can make a difference, even in the face of stressors like climate change," said Cheryl Schultz, a WSU professor of conservation biology and co-lead author on the study.

With warmer temperatures brought by climate change, many butterflies have been shifting the timing of their seasonal activities, often by becoming active earlier in the year. It is an open question in ecology as to when shifts in timing are good, bad or relatively neutral for a species.

"We found that for these butterflies, big shifts in timing were generally bad. Populations with greater shifts were more likely to be declining," said Edwards, a recent WSU postdoctoral fellow and co-lead author on the study. "However, we were excited to discover that habitat management appeared to be dampening the effect of climate change on butterfly timing. Populations that received more frequent management had smaller shifts in their timing."

In spite of the overall negative population trends identified for these species, the links the research team found between population trends, shifts in timing and management provide a path forward for butterfly conservation.




"This might not solve the impact of climate change, but we can mediate some of the effects," said co-author Elizabeth Crone, professor at University of California, Davis. "It's within our power at the local level to do something positive for these populations."

The study included species such as the Oregon silverspot, Taylor's checkerspot, Karner blue and frosted elfin. It also included the Fender's blue, which has become poster child for recovery efforts, after it bounded back from a few thousand butterflies in the 1990s to upwards of 30,000 today with the help of researchers like Schultz as well as public land managers and private landowners including many vineyards in the Willamette Valley.

In this study, researchers found that the type of habitat intervention selected by managers was appropriate, with activities such as prescribed burns, mowing, weeding and actively planting nectar or "host" plants for butterfly caterpillars, selected based on the needs of each area.

Volunteers can help in active management of local natural areas by assisting with new plantings and weeding out invasives, Schultz said. People can also support butterflies in their own backyard.

"We really encourage people to plant an abundance of wildflowers and plants which are both hosts for caterpillars and provide nectar for butterflies," said Schultz. "These should be 'clean plantings' meaning they are pesticide free. The more we can reduce pesticides in our environment, the better it's going to be for butterflies and insects."

This research received funding from the U.S. Strategic Environmental Research and Development Program, the U.S. Fish and Wildlife Service and the U.S. Geological Survey.
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Prescribing nature can improve happiness and reduce anxiety | ScienceDaily
A PS5.77m cross-governmental funded project has shown that expanding access to Green Social Prescribing can promote wellbeing and improve mental health.


						
Researchers from the University of Exeter -- in partnership with the University of Sheffield, Sheffield Hallam University, and University of Plymouth -- have today (September 4) published a report for the Department for Environment, Food & Rural Affairs (Defra) on their findings into efforts to increase access to Green Social Prescribing, and its effectiveness in tackling and preventing mental ill health.

Green Social Prescribing is the practice of supporting people with mental health needs to engage in nature-based activities. Referrals will typically come from GPs, community mental health teams, or social workers, but people can also self-refer. Social Prescribing Link Workers, and other trusted professionals, then connect people to community groups and agencies for practical and emotional support. There are many different types of nature-based activities and therapies, including conservation, horticulture and gardening, care farming, exercise and sports, or talking therapies in the outdoors.

Professor Ruth Garside of the European Centre for Environment and Human Health at the University of Exeter said: "Our findings are significant because it provides evidence that Green Social Prescribing is an effective way of supporting people with their mental health. But this is just the beginning and further government investment is now supporting the leadership and systems change that we know Green Social Prescribing needs to be successful. However, there must be an ongoing commitment from policymakers to understand the needs of communities and enable more diverse people to connect with nature, alongside investment in those organisations that provide nature-based activities."

In total, 8,339 people with mental health needs took part in nature-based activities at seven Green Social Prescribing Project Test and Learn pilots across England. Compared to many other social prescribing initiatives the project reached a broader range of people, including children and young people aged under 18, ethnic minority populations (21-percent), and people from socio-economically deprived areas (57-percent).

Prior to accessing nature-based activities participants' happiness, anxiety, life satisfaction, and feeling that their life was worthwhile was worse than national averages. After taking part in the project wellbeing had improved, and typically happiness and anxiety was in line with the national average. Levels of life satisfaction and feeling that life was worthwhile had also improved significantly.

Participants in Green Social Prescribing said:

"After the group I feel joyful, happy, calm. I have a sense of achievement and I feel my wellbeing increasing. I look forward to attending."




"It works better than medication for me. It works better than CBT for me. Most of my stuff is related to trauma, so NICE guidelines don't recommend medication for borderline personality disorder. I have my counselling and that is really valuable, but this is on a par with that."

With an average cost of PS507 per participant, researchers also found Green Social Prescribing to be a cost-effective method of supporting people across a wide spectrum of mental health needs. That's when compared to other interventions, such as Cognitive Behavioural Therapy (CBT), behavioural activation, and early intervention for psychosis and collaborative care for depression.

Marion Steiner is a GP in Bristol and part of the Bristol, North Somerset and South Gloucestershire Test and Learn Pilot Site project board. She said: "Connecting with nature is a lifelong resource with proven benefits for mental and physical health. It can cut through generations of adverse life events. But many of the patients I treat can't currently access nature in this way due to a range of personal, social, and cultural barriers. That's why Green Social Prescribing is so important. This project has the potential to reduce a range of prescribing and treatment costs for the NHS, as well as addressing many health needs and lowering the risk of several diseases, from diabetes to depression."

Dr Annette Haywood, Head of Public Health Section Sheffield Centre for Health and Related Research (SCHARR) and Principal Investigator of the study said: "I'm thrilled to have led on this national evaluation of Green Social Prescribing. There is already a wealth of evidence to show the positive impact that nature and outdoor activities can have on mental and physical health. The findings of this report add to this evidence-base, demonstrating that nature-based activities are a relatively cost-effective way to support people with a variety of mental health needs."

Funding for the project was provided by HM Treasury's Shared Outcomes Fund and various central government departments and external agencies. Partners included: Department of Health and Social Care, Department for Environment, Food and Rural Affairs, Natural England, NHS England, NHS Improvement, Public Health England, Sport England, Department for Levelling Up, Housing & Communities and the National Academy for Social Prescribing.
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Kidney disease in cats: High-quality feline iPSCs generated without genetic footprint | ScienceDaily
A common image of cats today comes in the form of cute cat memes online, but these furry felines commonly experience kidney disease. Amid advances in medicine to improve people's quality of life, an Osaka Metropolitan University-led team has, for the first time in the world, generated high-quality feline induced pluripotent stem cells (iPSCs), which have the potential to help companion animals and humans alike.


						
Human iPSCs have been generated using just four genes known as transcription factors, but feline iPSCs have been difficult to generate. Graduate School of Veterinary Science Professor Shingo Hatoya led the team in introducing six transcription factors via the Sendai virus vector to generate feline iPSCs from the cells of cats, including those derived from the uterus that were donated when cats were sterilized.

The team reports in Regenerative Therapy that these are the first high-quality feline iPSCs. They exhibit the properties that many iPS cells do, such as the formation of teratomas, which proves that they can differentiate into a variety of cells. The stem cells generated also do not have a genetic footprint, meaning there is lower risk that they form tumors when implanted in another cat. Furthermore, they can be maintained without feeder, such as fibroblast from mice, making them safer as they do not mix cells from different species.

"Especially in cats, chronic kidney disease and diabetes are serious problems," Professor Hatoya declared. "Establishing a method to have cells form a kidney or pancreas from feline iPSCs will be a challenge for future research."

Professor Hatoya, who previously reported on advancements in feeder-free canine iPSCs, added, "High-quality feline iPSCs made possible by this research are expected to be provided to researchers around the world for use in veterinary regenerative medicine research, understanding of the pathophysiology of genetic diseases, and development of new therapeutic agents."
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Spurring more biofilm growth for efficient wastewater treatment | ScienceDaily
For the sake of the environment and our quality of life, effective treatment of wastewater plays a vital role. A biological method to treat sewage using moving, biofilm-covered plastic items known as carriers has been gaining prominence, and an Osaka Metropolitan University-led team has found ways to make the process more efficient.


						
The moving bed biofilm reactor (MBBR) process purifies wastewater by putting these carriers in motion to get the biofilm's microorganisms into greater contact with organic matter and other impurities. The more biofilm that can be attached to the plastic carriers, the more microorganisms that are available to clean the wastewater.

OMU Professor Masayuki Azuma and Associate Professor Yoshihiro Ojima of the Graduate School of Engineering worked with a team from Kansaikako Co., an Osaka-based company specializing in water treatment-related products, and found that polypropylene carriers foamed to create uneven surfaces and more surface area allowed 44 times more biofilm formation than smooth plastic carriers.

Moreover, adding waste biomass such as composted seaweed when foaming further enhanced the performance of the foamed plastic carriers, especially in terms of nitrate removal during the MBBR process.

"Since there is a wide variety of wastewater, it will be necessary to prove that these foamed carriers also have superior suitability to various wastewater," stated Professor Azuma. "It is clear that the addition of waste biomass improves the performance of the carriers, so we expect that further performance enhancement can be achieved depending on the additive."

The findings were published in Environmental Technology & Innovation.
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New population model identifies phases of human dispersal across Europe | ScienceDaily
An interdisciplinary research team from the University of Cologne's Institute of Geophysics and Meteorology and the Department of Prehistoric Archaeology has developed a new model, the "Our Way Model." They modelled the movements and population densities over time and space during the Aurignacian (approximately 43,000 to 32,000 years ago) to better understand how the first anatomically modern humans populated Europe. The model reveals four phases of the process. The first phase saw a slow expansion of human settlement from the Levant to the Balkans, followed by the second phase of rapid expansion into western Europe. The subsequent third phase was characterized by a decline in human population, and the fourth phase brought regional increases in population density and further advances into previously unsettled areas of Great Britain and the Iberian Peninsula. The results have been published under the title 'Reconstruction of human dispersal during Aurignacian on pan-European scale' in Nature Communications.


						
The interdisciplinary collaboration between climate scientists and archaeologists enabled the team to examine how climate change influenced human dispersal quantitatively. Early anatomically modern humans survived as hunter-gatherers for extremely long periods. When they started spreading across Europe, global climatic conditions were different from today: The prevailing cooler and drier climate of the late Last Glacial Period was repeatedly interrupted by warmer interglacial periods, with some changes occurring abruptly and others gradually.

Reasons for human dispersal to Europe were likely diverse, including human exploratory spirit, evolution in social structure and progress in technology. The newly developed model, however, allowed the research team to clearly demonstrate how climate change impacted human dispersal. Previous numeric models of long-term dispersals of human populations on continental scales commonly relied on so called diffusion-reaction equations, i.e., a combination of slow, continuous dispersal in all directions driven by the constant reproducing and growing population. Agent-based models focusing on individual or group motivations of humans to migrate, in turn, are more popular on smaller scales. Recent new models feature data from paleoclimate models in their calculations, but focus on Net Primary Production, an indicator for the amount of stored CO2 in plants and animals, as a proxy for food availability and human mobility. The disadvantage of this approach is that it does not consider the accessibility and availability of these food sources, as only a fraction of them were usable by humans.

The research team assumes that early habitation in Europe involved highly complex processes of advance, retreat, abandonment and resettlement, driven by climatic changes as well as humans' ability to adapt. The "Our Way Model" simulates human dispersal in two main steps: first, combining climate and archaeological data to model the Human Existence Potential (HEP), and second, modelling the human population dynamics constrained by the HEP. HEP defines the likelihood of human existence under climate and environmental conditions for a given culture. This vital quantity is estimated using an HEP model that takes into account paleoclimatic data for known archaeological sites. This machine learning approach constructs the climatic constraints for the Aurignacian culture, estimating which climate conditions humans of that culture preferred to live in. The trained model is then applied to estimate the spatial and temporal HEP patterns using data simulated by the so-called Global Climate Model as well as oxygen isotope data from Greenland ice cores.

The results showed that a first phase of relatively slow westward expansion from the Levant to the Balkans (approximately 45,000 to 43,000 years ago) was followed by a second phase of rapid expansion into western Europe (approximately 43,250 to 41,000 years ago). Although interrupted by brief setbacks, Homo sapiens populations now rapidly reached an estimated number of 60,000 people across Europe, spread across all the known archaeological sites during this period. The subsequent third phase was characterized by a decline in the human population, both in terms of its size and density as well as the area occupied by the population (41,000 to 39,000 years ago). This development resulted from a prolonged severe cold period which lasted almost 3,000 years, known as the GS9/HE4 period. However, according to the model, humans survived in the climate shadows of large topography (e.g., the Alpes), which they had just occupied in the previous phase. In the fourth phase, when HEP conditions improved again, the population quickly recovered and grew further, starting at around 38,000 years ago. Regional increases in population density and further advances into previously unsettled areas of Great Britain and the Iberian Peninsula, which the model showed, are broadly in line with the archaeological evidence.

The HEP maps indicate that at the end of this process, parts of the human population were better adapted to cold climatic conditions than others, allowing them to push the boundaries of previously settled environments. "Regional studies can hardly capture all factors at play when trying to reconstruct human dispersal, including how they work together at different scales and contribute to overall long-term trends. This is a major advantage of the new modelling approach," said Dr Isabell Schmidt at the Department of Prehistoric Archaeology.

In further research, the team will test the underlying assumptions made in the model, focusing on the role of cultural evolution in the human dispersal process. The project Human and Earth System Coupled Research (HESCOR) at the University of Cologne will integrate further aspects of Human-Earth system interactions into the model.
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'Forever chemicals' influence the development and function of the brain | ScienceDaily
Some per- and polyfluoroalkyl substances (PFAS) are poorly degradable and are also known as "forever chemicals." They adversely affect health and can lead to liver damage, obesity, hormonal disorders, and cancer. A research team from the Helmholtz Centre for Environmental Research (UFZ) has investigated the effects of PFAS on the brain. Using a combination of modern molecular biology methods and the zebrafish model, the researchers revealed the mechanism of action and identified the genes involved. These genes are also present in humans. The test procedure developed at the UFZ could be used for the risk assessment of other neurotoxic chemicals. The study was recently published in Environmental Health Perspectives.


						
Because of their special properties -- heat resistance, water and grease repellence, and high durability -- PFAS are used in many everyday products (e.g. cosmetics, outdoor clothing, and coated cookware). But it is precisely these properties that make them so problematic. "Because some PFAS are chemically stable, they accumulate in the environment and enter our bodies via air, drinking water, and food," says UFZ toxicologist Prof Dr Tamara Tal. Even with careful consumption, it is nearly impossible to avoid this group of substances, which has been produced since the 1950s and now includes thousands of different compounds. "There is a great need for research, especially when it comes to developing fast, reliable, and cost-effective test systems for assessing the risks of PFAS exposure," says Tal. So far, the environmental and health consequences have been difficult to assess.

In their current study, the researchers investigated how PFAS exposure affects brain development. To do this, they used the zebrafish model, which is frequently used in toxicology research. One advantage of this model is that around 70% of the genes found in zebrafish (Danio rerio) are also found in humans. The findings from the zebrafish model can therefore likely be transferred to humans. In their experiments, the researchers exposed zebrafish to two substances from the PFAS group (PFOS and PFHxS), which have a similar structure. The researchers then used molecular biological and bioinformatic methods to investigate which genes in the brains of the fish larvae exposed to PFAS were disrupted compared to the control fish, which were not exposed. "In the zebrafish exposed to PFAS, the peroxisome proliferator-activated receptor (ppar) gene group, which is also present in a slightly modified form in humans, was particularly active," says Sebastian Gutsfeld, PhD student at the UFZ and first author of the study. "Toxicity studies have shown this to be the case as a result of exposure to PFAS -- albeit in the liver. We have now also been able to demonstrate this for the brain."

But what consequences does an altered activity of the ppar genes triggered by PFAS exposure have for brain development and behaviour of zebrafish larvae? The researchers investigated this in further studies using the zebrafish model. They used the CRISPR/Cas9 method, also known as gene scissors. "Using genetic scissors, we were able to selectively cut individual or several ppar genes and prevent them from functioning normally," explains Gutsfeld. "We wanted to find out which ppar genes are directly linked to a change in larval behaviour triggered by PFAS exposure." Proof of the underlying mechanism was directly provided. In contrast to genetically unaltered zebrafish, the knockdown fish in which the gene scissors were used should not show any behavioural changes after exposure to PFAS.

The two behavioural endpoints

In one series of experiments, the researchers continuously exposed zebrafish to PFOS or PFHxS during their early developmental phase between day one and day four and in another series of experiments only on day five. On the fifth day, the researchers then observed swimming behaviour. They used two different behavioural endpoints for this purpose. In one endpoint, swimming activity was measured during a prolonged dark phase. PFAS-exposed fish swam more than fish not exposed to PFAS, whether continuously exposed to PFAS during brain development or shortly before the behaviour test. Interestingly, hyperactivity was only present when the chemical was around. When the researchers removed PFOS or PFHxS, hyperactivity subsided. In the second endpoint, the startle response after a dark stimulus was measured. "In zebrafish exposed to PFOS for four days, we observed hyperactive swimming behaviour in response to the stimulus," says Gutsfeld. In contrast, zebrafish only exposed to PFOS or PFHxS on the fifth day did not have a hyperactive startle response.

Based on these responses, the researchers conclude that PFOS exposure is associated with abnormal consequences -- particularly during sensitive developmental phases of the brain. Using knockdown zebrafish, the researchers identified two genes from the ppar group that mediate the behaviour triggered by PFOS.

"Because these genes are also present in humans, it is possible that PFAS also have corresponding effects in humans," concludes Tal. The scientists working with Tal want to investigate the neuroactive effects of other PFAS in future research projects and expand the method so that it can ultimately be used to assess the risk of chemicals in the environment, including PFAS.
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Levels of one 'forever chemical' are increasing in groundwater | ScienceDaily
Rain and water in ponds and lakes slowly seeps into the soil, moving through minute cracks to refill underground aquifers. Per- and polyfluoroalkyl substances (PFAS), often described as forever chemicals, can tag along into groundwater that's later removed for drinking. Researchers in ACS' Environmental Science & Technology Letters analyzed water from over 100 wells in Denmark for one particularly persistent PFAS: trifluoroacetate. They report steadily increasing levels of the forever chemical in recent decades.


						
Trifluoroacetate forms when fluorinated gases, such as refrigerants, and fluorinated pesticides partially degrade in the environment. Water passing through air and soil picks up trifluoroacetate, transporting the persistent and mobile compound into groundwater aquifers. However, potable groundwater sources haven't been widely tested for trifluoroacetate because there isn't a regulatory limit for it beyond the European Environment Agency's (EEA) limit on total PFAS in drinking water of 0.5 parts per billion (ppb). So, Christian Albers and Jurgen Sultenfuss wanted to thoroughly assess groundwater in Denmark for this contaminant, looking for potential changes in the past 60 years.

The researchers collected samples from 113 groundwater monitoring wells around Denmark. They analyzed the samples for trifluoroacetate and, using an established tritium-helium isotope method, calculated how long ago the water entered the underground aquifers. Overall, their data showed a trend of increasing trifluoroacetate concentrations since the 1960s. Specifically, groundwater from:
    	Before 1960 had unmeasurable levels.
    	1960 to 1980 contained 0.06 ppb on average.
    	1980 to 2000 contained 0.24 ppb on average.
    	2000 to the 2020s contained 0.6 ppb on average, which exceeds the EEA's total PFAS limit in drinking water.

The researchers attribute concentration differences within time periods to changing atmospheric deposition, plant uptake and local pesticide application. For example, pesticides that might be precursors for trifluoroacetate have been applied to agricultural areas within Denmark since the late 1960s. On the basis of those observations, the researchers say that trifluoroacetate concentrations could be used to categorize when groundwater entered aquifers, such as after 1985 or before 2000, rather than using more sophisticated and tedious dating methods that require isotopes. Additionally, Albers says some particularly high trifluoroacetate concentrations in groundwater less than 10 years old could suggest local sources have recently become more important, such as fluorinated pesticide applications.
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Newly discovered gene may influence longevity | ScienceDaily

There is an abundance of advice out there on how to live a good, long life. Researchers are working hard to determine why some people live longer than others, and how we get the most out of our increasingly long lives.

Now researchers from the Center for Healthy Aging, Department of Cellular and Molecular Medicine at the University of Copenhagen have made a breakthrough. They have discovered that a particular protein known as OSER1 has a great influence on longevity.

"We identified this protein that can extend longevity (long duration of life, red.). It is a novel pro-longevity factor, and it is a protein that exists in various animals, such as fruit flies, nematodes, silkworms, and in humans," says Professor Lene Juel Rasmussen, senior author behind the new study.

Because the protein is present in various animals, the researchers conclude that new results also apply to humans:

"We identified a protein commonly present in different animal models and humans. We screened the proteins and linked the data from the animals to the human cohort also used in the study. This allows us to understand whether it is translatable into humans or not," says Zhiquan Li, who is a first author behind the new study and adds:

"If the gene only exists in animal models, it can be hard to translate to human health, which is why we, in the beginning, screened the potential longevity proteins that exist in many organisms, including humans. Because at the end of the day we are interested in identifying human longevity genes for possible interventions and drug discoveries."

Paves the way for new treatment




The researchers discovered OSER1 when they studied a larger group of proteins regulated by the major transcription factor FOXO, known as a longevity regulatory hub.

"We found 10 genes that, when -- we manipulated their expression -- longevity changed. We decided to focus on one of these genes that affected longevity most, called the OSER1 gene," says Zhiquan Li.

When a gene is associated with shorter a life span, the risk of premature aging and age-associated diseases increases. Therefore, knowledge of how OSER1 functions in the cells and preclinical animal models is vital to our overall knowledge of human aging and human health in general.

"We are currently focused on uncovering the role of OSER1 in humans, but the lack of existing literature presents a challenge, as very little has been published on this topic to date. This study is the first to demonstrate that OSER1 is a significant regulator of aging and longevity. In the future, we hope to provide insights into the specific age-related diseases and aging processes that OSER1 influences," says Zhiquan Li.

The researchers also hope that the identification and characterization of OSER1 will provide new drug targets for age-related diseases such as metabolic diseases, cardiovascular and neuro degenerative diseases.

"Thus, the discovery of this new pro-longevity factor allows us to understand longevity in humans better," says Zhiquan Li.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240904130839.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Investigational mpox mRNA vaccine reduces disease severity in primates compared to available vaccines | ScienceDaily
The most frequently used mpox vaccine provides partial immunity to the disease but isn't always able to prevent severe symptoms or disease transmission. A new vaccine candidate from Moderna, mRNA-1769, more effectively limits symptoms and disease duration in primates that were infected with a lethal strain of the mpox virus when compared to a currently licensed modified vaccinia Ankara (MVA) vaccine. The study publishes September 4 in the Cell Press journal Cell.


						
"This study is the first in a nonhuman primate model where we compare an investigational mRNA mpox vaccine directly to the current standard of care," says co-first author Alec Freyn, a virology researcher at Moderna. "When we put those vaccines head-to-head in primates, we saw improved responses from the mRNA vaccine in terms of not just protection from survival but also fewer lesions, shorter duration of disease, and less viral shedding in the blood and respiratory tract."

MVA vaccines, which were originally developed to combat smallpox, contain whole viruses that have been weakened so that they cannot cause disease in humans. However, this weakening also means that they provide limited protection compared to other vaccines such as the potent but potentially infectious ACAM2000. In comparison, using mRNA technology enables vaccines to be designed to include only the parts of the virus that are most likely to induce a lasting, protective immune response without exposing the person to a whole infectious virus. In this case, the investigational mpox mRNA vaccine is composed of four viral antigens that are critical for the virus to attach and enter host cells.

"With the mRNA vaccine, we're able to pick pieces of the virus that can give the most potent and most effective immune response," says senior author Galit Alter, virologist and immunologist at Moderna. "By doing that instead of being distracted by an entire virus, you're able to narrow down on the pieces of the virus that give you protection."

Though previous studies have shown that mRNA vaccines can prevent lethal mpox infections in nonhuman primates, their ability to limit disease severity hasn't previously been tested. To directly compare the investigational mRNA vaccine to MVA vaccines, the researchers vaccinated six macaques with each vaccine and then exposed them to a lethal strain of mpox virus eight weeks after their initial vaccine dose. They also exposed a control group of six unvaccinated animals to the virus. Following infection, the researchers monitored the animals' health for four weeks and collected blood samples to examine their immune response.

All 12 vaccinated animals survived the challenge, regardless of which vaccine was used, whereas five of six unvaccinated control animals succumbed to the disease. Though both vaccines reduced disease severity compared to the control group, mRNA-vaccinated animals lost less weight and had fewer lesions than MVA-vaccinated animals -- on average, animals in the control group had a maximum of 1,448 lesions, MVA-immunized animals had a maximum of 607 lesions, and mRNA-immunized animals had a maximum of 54 lesions. The mRNA vaccine also shortened disease duration (the number of days for which the animals showed lesions) by more than 10 days compared to the MVA vaccine and resulted in lower viral loads in both blood and throat swabs, suggesting that it might also be more effective at reducing transmission.

"With the mRNA technology, we're able to produce a vaccine that gives quite potent responses with a very tolerable safety profile," says senior author and virologist Jay Hooper of the United States Army Medical Research Institute for Infectious Diseases. "We've been trying to get a vaccine that will prevent spread like ACAM2000(r) but without the safety issues. This is showing that mRNA technology might be able to fill that niche."

When the researchers compared the immune response triggered by the mRNA and MVA vaccines, they found that the mRNA vaccine resulted in higher numbers of antibodies, as well as antibodies with more diverse immune functions. The team was able to identify different classes of antibodies that were associated with enhanced viral control and fewer lesions.




The mRNA vaccine also showed potential to induce cross-immunity to other Orthopoxviruses, whereas the MVA vaccine results in smaller immune responses that are not as strongly neutralizing for more remotely related Orthopoxviruses.

"We tested serum from the monkeys immunized with this vaccine against basically every Orthopoxvirus we could get our hands on," says Freyn. "It neutralized not only mpox but also vaccinia, cowpox, rabbitpox, camelpox, and ectromelia virus. We believe that this vaccine may protect from other Orthopoxvirus threats that may emerge in the future."

Moderna's mRNA-1769 vaccine is currently being assessed in a phase 1/2 clinical trial (NCT05995275) to determine the safety, tolerability, and immune response of a range of doses of mRNA-1769.
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Uncollected waste and open burning leading causes of the plastic pollution crisis | ScienceDaily
A new study from the University shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory.


						
University of Leeds researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

Their study, published in the journal Nature, calculated a staggering 52 million tonnes of plastic products entered the environment in 2020 -- which, laid out in a line would stretch around the World over 1,500 times.

It also revealed that more than two thirds of the planet's plastic pollution comes from uncollected rubbish with almost 1.2 billion people -- 15% of the global population -- living without access to waste collection services.

The findings further show that in 2020 roughly 30 million tonnes of plastics -- amounting to 57% of all plastic pollution -- was burned without any environmental controls in place, in homes, on streets and in dumpsites. Burning plastic comes with 'substantial' threats to human health, including neurodevelopmental, reproductive and birth defects.

The researchers also identified new plastic pollution hotspots, revealing India as the biggest contributor -- rather than China as has been suggested in previous models -- followed by Nigeria and Indonesia.

Lack of rubbish collection harms health, environment and economy

The researchers believe the study shows access to waste collection should be seen as a basic necessity and a vital aspect of sanitation, alongside water and sewerage services.




While uncontrolled burning of plastic has received very little attention in the past, the new calculations show it to be at least as big a problem as rubbish thrown into the environment, even once uncertainty in the model is taken into consideration.

Dr Costas Velis, academic on Resource Efficiency Systems from the School of Civil Engineering at Leeds, led the research. He said: "We need to start focusing much, much more on tackling open burning and uncollected waste before more lives are needlessly impacted by plastic pollution. It cannot be 'out of sight, out of mind'."

First author Dr Josh Cottom, Research Fellow in Plastics Pollution at Leeds, said: "Uncollected waste is the biggest source of plastic pollution, with at least 1.2 billion people living without waste collection services forced to 'self-manage' waste, often by dumping it on land, in rivers, or burning it in open fires."

Dr Cottom added: "The health risks resulting from plastic pollution affect some of the world's poorest communities, who are powerless to do anything about it. By improving basic solid waste management, we can both massively reduce plastic pollution and improve the lives of billions."

Each year, more than 400 million tonnes of plastic is produced. Many plastic products are single-use, hard to recycle, and can stay in the environment for decades or centuries, often being fragmented into smaller items. Some plastics contain potentially harmful chemical additives which could pose a threat to human health, particularly if they are burned in the open.

New plastic pollution hotspots revealed

According to the paper's estimated global data for 2020, the worst polluting countries were: India: 9.3 million tonnes -- around a fifth of the total amount; Nigeria: 3.5 million tonnes; and Indonesia: 3.4 million tonnes.




China, previously reported to be the worst, is now ranked fourth, with 2.8 million tonnes, as a result of improvements collecting and processing waste over recent years. The UK was ranked 135, with around 4,000 tonnes per year, with littering the biggest source.

Low and middle-income countries have much lower plastic waste generation, but a large proportion of it is either uncollected or disposed of in dumpsites. India emerges as the largest contributor because it has a large population, roughly 1.4 billion, and much of its waste isn't collected.

The contrast between plastic waste emissions from the Global North and the Global South is stark. Despite high plastic consumption, macroplastic pollution -- pollution from plastic objects larger than 5 millimeters -- is a comparatively small issue in the Global North as waste management systems function comprehensively. There, littering is the main cause of macroplastic pollution.

Growing fears for sub-Saharan Africa

While many countries in Sub-Saharan Africa have generally low levels of plastic pollution, they become hotspots when looked at on a per-capita basis with an average 12 kg plastic pollution per person per year, equivalent to over 400 plastic bottles. For comparison, the United Kingdom currently has the per-capita equivalent of less than three plastic bottles per person per year.

Researchers are worried this indicates Sub-Saharan Africa could become the world's largest source of plastic pollution in the next few decades, because many of its countries have poor waste management and the population is anticipated to grow rapidly.

World needs a 'Plastics Treaty' informed by science

Researchers say this first ever global inventory of plastic pollution provides a baseline -- comparable to those for climate change emissions -- that can be used by policymakers to tackle this looming environmental disaster. They want their work to help policymakers come up with waste management, resource recovery and wider circular economy plans, and want to see a new, ambitious and legally binding, global 'Plastics Treaty' aimed at tackling the sources of plastic pollution.

Dr Velis said: "This is an urgent global human health issue -- an ongoing crisis: people whose waste is not collected have no option but to dump or burn it: setting the plastics on fire may seem to make them 'disappear', but in fact the open burning of plastic waste can lead to substantial human health damage including neurodevelopmental, reproductive and birth defects; and much wider environmental pollution dispersion."
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Novel immunotherapy improves recovery from spinal cord injury | ScienceDaily
Severe injuries to the spinal cord damage nerve cells, disrupt communication with the brain and rest of the body, and lead to lasting disabilities for millions of people worldwide. The injury itself accounts for only a fraction of the overall damage inflicted on the spinal cord, tissue that runs from the brain stem to the lower back. Most of the damage is due to subsequent degenerative processes at the wound.


						
While there is substantial research into developing interventions to repair injured tissue, scientists at Washington University School of Medicine in St. Louis focused instead on developing, in mice, an immunotherapy to minimize the damage from traumatic spinal cord injury. Their findings show that immunotherapy can lessen such damage by protecting neurons at the injury site from being attacked by immune cells.

The study, published Sept. 4 in Nature, demonstrates success in mice given the immunotherapy and presents a novel approach with potential to help improve outcomes for people recovering from spinal cord injuries.

"Immune cells in the central nervous system have a reputation for being the bad guys that can harm the brain and spinal cord," said senior author Jonathan Kipnis, PhD, the Alan A. and Edith L. Wolff Distinguished Professor of Pathology & Immunology and a BJC Investigator at WashU Medicine. "But our study shows that it's possible to take advantage of immune cells' neuroprotective function, while controlling their inherent detrimental abilities, to help in the recovery from central nervous system injury."

Shortly after injury to the nervous system, immune cells flood the site. Among them is a mixture of activated T cells -- a subset of immune cells -- that either harm or protect the surrounding neurons. Wenqing Gao, PhD, a postdoctoral research associate in the Department of Pathology & Immunology and the study's first author, analyzed T cells from the spinal cords of injured mice and performed a genetic analysis to decode their identities. Her goal was to separate the harmful from the protective T cells and create numerous copies of the beneficial cells with which to treat the injured mice.

But there was a catch, she found. The protective T cells that swoop into the injury site can mistakenly attack the body's surrounding tissues when activated for too long, causing autoimmune disease. To improve the therapy's safety, Gao modified the cells to shut off after a few days.

Mice given the modified T cells had better mobility than did the untreated mice. The researchers saw the biggest improvements when the mice were infused with T cells within a week of the injury. None of the mice receiving immunotherapy developed a destructive autoimmune reaction.




"There are no effective treatments for traumatic injuries to the central nervous system," explained Gao. "We developed immunotherapy for such injuries by taking advantage of the protective immune cells that infiltrate the injury site and found that it dramatically improved mobility in mice."

In collaboration with WashU Medicine's Wilson Zachary Ray, MD, a spinal cord surgeon and the Henry G. & Edith R. Schwartz Professor of Neurosurgery, the researchers also looked every day for a week for T cells in the cerebral spinal fluid of patients with spinal cord injuries. They found a significant expansion of the T cells, confirming the feasibility of expanding protective T cells from such patients to generate the immunotherapy.

"Our future goal is to devise a clinical trial to test the therapy in people with such injuries, while expanding this work to neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS) as well as Alzheimer's and Parkinson's diseases," Gao said.

Added Kipnis: "Although the initial trigger in neurodegenerative diseases is different, the subsequent death of neurons may very well be mediated by similar processes, opening an opportunity for adapting our engineered cells for use as a therapy in neurodegeneration."

This work was supported by the BJC Investigators Program at WashU.
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Chemists explain why dinosaur collagen may have survived for millions of years | ScienceDaily
Collagen, a protein found in bones and connective tissue, has been found in dinosaur fossils as old as 195 million years. That far exceeds the normal half-life of the peptide bonds that hold proteins together, which is about 500 years.


						
A new study from MIT offers an explanation for how collagen can survive for so much longer than expected. The research team found that a special atomic-level interaction defends collagen from attack by water molecules. This barricade prevents water from breaking the peptide bonds through a process called hydrolysis.

"We provide evidence that that interaction prevents water from attacking the peptide bonds and cleaving them. That just flies in the face of what happens with a normal peptide bond, which has a half-life of only 500 years," says Ron Raines, the Firmenich Professor of Chemistry at MIT.

Raines is the senior author of the new study, which will appear in ACS Central Science. MIT postdoc Jinyi Yang PhD '24 is the lead author of the paper. MIT postdoc Volga Kojasoy and graduate student Gerard Porter are also authors of the study.

Water-resistant

Collagen is the most abundant protein in animals, and it is found in not only bones but also skin, muscles, and ligaments. It's made from long strands of protein that intertwine to form a tough triple helix.

"Collagen is the scaffold that holds us together," Raines says. "What makes the collagen protein so stable, and such a good choice for this scaffold, is that unlike most proteins, it's fibrous."

In the past decade, paleobiologists have found evidence of collagen preserved in dinosaur fossils, including an 80-million-year-old Tyrannosaurus rex fossil, and a sauropodomorph fossil that is nearly 200 million years old.




Over the past 25 years, Raines' lab has been studying collagen and how its structure enables its function. In the new study, they revealed why the peptide bonds that hold collagen together are so resistant to being broken down by water.

Peptide bonds are formed between a carbon atom from one amino acid and a nitrogen atom of the adjacent amino acid. The carbon atom also forms a double bond with an oxygen atom, forming a molecular structure called a carbonyl group. This carbonyl oxygen has a pair of electrons that don't form bonds with any other atoms. Those electrons, the researchers found, can be shared with the carbonyl group of a neighboring peptide bond.

Because this pair of electrons is being inserted into those peptide bonds, water molecules can't also get into the structure to disrupt the bond.

To demonstrate this, Raines and his colleagues created two interconverting mimics of collagen -- the one that usually forms a triple helix, which is known as trans, and another in which the angles of the peptide bonds are rotated into a different form, known as cis. They found that the trans form of collagen did not allow water to attack and hydrolyze the bond. In the cis form, water got in and the bonds were broken.

"A peptide bond is either cis or trans, and we can change the cis to trans ratio. By doing that, we can mimic the natural state of collagen or create an unprotected peptide bond. And we saw that when it was unprotected, it was not long for the world," Raines says.

"No weak link"

This sharing of electrons has also been seen in protein structures known as alpha helices, which are found in many proteins. These helices may also be protected from water, but the helices are always connected by protein sequences that are more exposed, which are still susceptible to hydrolysis.




"Collagen is all triple helices, from one end to the other," Raines says. "There's no weak link, and that's why I think it has survived."

Previously, some scientists have suggested other explanations for why collagen might be preserved for millions of years, including the possibility that the bones were so dehydrated that no water could reach the peptide bonds.

"I can't discount the contributions from other factors, but 200 million years is a long time, and I think you need something at the molecular level, at the atomic level in order to explain it," Raines says.

The research was funded by the National Institutes of Health and the National Science Foundation.
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New species of paua (abalone) found | ScienceDaily
The naming of a new species of paua (abalone mollusk) further highlights the importance of biodiversity research in Aotearoa.


						
Described in a study led by the University of Otago -- Otakou Whakaihu Waka and the Museum of New Zealand Te Papa Tongarewa, the species, Haliotis pirimoana, has only been found at Manawatawhi Three Kings Islands, off the northern North Island.

Lead author Kerry Walton, an invertebrate curator at Te Papa who is undertaking his PhD in the Department of Zoology, says this is one of many species that are only found on Manawatawhi.

"We are facing a biodiversity crisis. Species around the world are going extinct faster than we can discover and describe them," he says.

"The Manawatawhi paua may not be facing any short-term threats to its survival but it is another indicator of how unique and important that region of Aotearoa is."

Haliotis pirimoana resembles other small paua from the North Island but the shell has finer sculpture across its back and a subtly different shape.

Published in the international peer-reviewed journal Molluscan Research, the study aimed to understand how many species of small paua there are in the country.




To do this, the research team, including the Otago Department of Zoology's Associate Professor Nic Rawlence and Professor Hamish Spencer, and Dr Bruce Marshall from Te Papa, applied new "ancient DNA" methods to shells from the collections at Te Papa and NIWA.

"These new methods allow short and damaged fragments of DNA to be extracted and sequenced with far greater efficiency than previous methods, unlocking the genetic secrets trapped in these precious specimens," Associate Professor Rawlence says.

People can now more confidently discuss and interpret relationships between the different forms and populations of small paua in Aotearoa, he says.

Professor Spencer says that biodiversity is critical, and effective resource and conservation management relies on having a robust underlying understanding of it.

"We need to know what species are restricted to a region and how they might respond to change. This allows decision-makers to identify vulnerabilities and best manage resourcing," he says.

Mr Walton says while most species will not yield commercial applications, such as the next big pharmaceutical, people depend on biodiversity for new materials and medicines.

"Research in these areas is underpinned by biodiversity research, and it is our responsibility to protect biodiversity for future generations."

While there is a decent level of understanding of biodiversity in Aotearoa, new species are still being discovered and more than a third of our known marine mollusc species are yet to be named.

"With paua being the cultural icon that they are, we hope this work will raise a few eyebrows and encourage people to look more closely the next time they are at the coast."
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Reef tourism encourages climate action | ScienceDaily
University of Queensland research has revealed that informing tourists visiting the Great Barrier Reef about climate impact doesn't negatively affect their experience and can help encourage climate action.


						
The researchers surveyed 656 reef visitors about their experiences and behaviours during boat trips.

Dr Yolanda Waters from UQ's School of the Environment said the results showed information on climate change was positively received by visitors.

"Informing visitors about the impacts climate change has had on our marine environment doesn't diminish visitor's enjoyment of the Great Barrier Reef -- we found it might even do the opposite," Dr Waters said.

"80 per cent of participants wanted more information on climate change, specifically on what they could do to help."

Dr Waters said the findings were a win-win for both the climate and the tourism industry.

"In the world of tourism, there's this lingering idea that providing information on climate change might appear divisive or 'ruin' people's day, particularly in places that are vulnerable to degradation," she said.




"But our work shows there's an opportunity for tourism operators to enhance visitor experiences while simultaneously advancing climate action."

Five boat operators across Cairns and Townsville assisted in the study, with a portion of tourists given climate information via a marine biology presentation, posters around the vessel, a short informative video and regular mentions of climate change impacts and actions throughout the trip.

Adult passengers were then invited to complete a short five-minute survey during the return leg of the day trip.

Dr Waters believes the work provides further opportunity to improve climate communication and effectively promote climate change engagement among tourists.

"Tourism can be a powerful tool for climate action," she said.

"Our work shows that most tourists actually want more information, particularly about how they can make meaningful action.

"As the Great Barrier Reef faces escalating threats from climate change -- highlighted by the Queensland Government's latest Reef Outlook Report -- the need for proactive measures has never been more urgent.

"The reef's fragile ecosystems are under intense pressure, and how tourism responds can significantly impact both environmental outcomes and the sustainability of the industry moving forward."
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Novel green chemistry: A safe, low-cost, and eco-friendly conversion process for the synthesis of sulfonyl fluorides | ScienceDaily
For the first time in the world, thiols and disulfides were converted into sulfonyl fluorides using SHC5(r) and KF, expanding "click chemistry" with high efficiency and low environmental impact. This green process, yielding only NaCl and KCl as byproducts, is expected to become the preferred method in chemical and industrial synthesis.


						
The concept of "click chemistry" is known for its high chemical selectivity, high yield, and rapid connection of molecules. Since its inception, click chemistry has demonstrated broad utility across various fields, including synthesis, materials science, chemical biology, and pharmaceutical development, garnering immense popularity.

However, sulfonyl fluoride is a key compound in the sulfur-fluorine exchange (SuFEx) click reaction, which links molecules together, and its synthesis initially required the use of SO2F2 gas or KHF2, both of which are highly toxic and difficult to handle. To achieve the safe and environmentally-friendly synthesis of sulfonyl fluoride, synthetic chemists have explored various chemical reaction processes.

In this study, it was developed for the first time in the world that sulfonyl fluoride can be efficiently synthesized by reacting the easily-handled and highly-reactive SHC5(r) and KF (potassium fluoride) with thiols or disulfides. This is a green synthetic process that produces only non-toxic sodium and potassium salts as by-products, resulting in minimal environmental impact.

This chemical reaction enabled the environmentally-friendly and tailor-made synthesis of a broad scope of sulfonyl fluorides containing aromatic, aliphatic, and heterocyclic groups.

The synthetic protocol is very simple, enabling the low-cost, scalable, and safe production of sulfonyl fluorides. This new method is expected to become the first choice for sulfonyl fluoride synthesis in both the chemical and industrial sectors.

"Developing new organic synthetic protocols to create useful compounds, such as pharmaceuticals, is a highly important research theme, particularly from the perspective of the Sustainable Development Goals (SDGs)," says corresponding authors of the study Masayuki Kirihara, Shinobu Takizawa, and Mohamed S. H. Salem. "Furthermore, developing reaction processes that consider the environmental impact of by-products is becoming increasingly important. We will continue to disseminate research from Japan that focuses on the green synthesis of useful compounds with ripple effects across various fields."
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Turning glycerol into gold: a new process makes biodiesel more profitable | ScienceDaily
An electrochemical process developed by researchers at Tokyo Institute of Technology (Tokyo Tech), using sodium borate and a nickel-oxide catalyst, offers a promising solution for the valorization of glycerol, a low-value byproduct of biodiesel production. By manipulating borate-glycerol complex formation, this process enhances the selectivity and efficiency of glycerol electrooxidation, converting it into valuable three-carbon compounds such as dihydroxyacetone and glyceraldehyde, thereby enhancing the economic viability and environmental benefits of biodiesel production.


						
Biodiesel, a green alternative to conventional diesel, has been shown to reduce carbon dioxide emissions by up to 74%. Biodiesel is produced through transesterification, converting triglycerides into biodiesel and producing glycerol as a low-value byproduct. Since glycerol makes up about 10% of the output, efforts have focused on boosting its value. One method involves electrochemical oxidation, turning glycerol into high-value three-carbon compounds like dihydroxyacetone (DHA) and glyceraldehyde (GLYD), though past approaches often yielded unstable or low-value products under strong alkaline conditions.

In a study published in the Journal of Catalysis on 15 August 2024 researchers led by Associate Professor Tomohiro Hayashi from Tokyo Institute of Technology (Tokyo Tech) and Professor Chia-Ying Chiang from National Taiwan University of Science and Technology, Taiwan, have developed a highly selective and efficient glycerol electrooxidation (GEOR) process that can lead to the production of valuable 3-carbon (3C) products.

"Establishing an electrochemical route for a highly selective and efficient glycerol electrooxidation process to desirable 3C products is essential for biodiesel production," says Hayashi and Chiang.

Selective oxidation of glycerol is challenging due to its structure. Glycerol has three -OH groups: two on primary carbon atoms and one on a secondary carbon atom. This arrangement creates steric hindrance, making it hard for reactants to target specific -OH groups for oxidation. In alkaline conditions, the -OH groups also cause unwanted side reactions that break carbon-carbon bonds, resulting in two-carbon or one-carbon compounds instead of the desired three-carbon products.

To address this, the researchers conducted GEOR using sodium borate and bicarbonate buffer as a mild alkaline electrolyte and a nickel-oxide (NiOx) catalyst. The sodium borate helps protect certain -OH group, improving the selectivity of the reaction, while the NiOx catalyst enhances the efficiency of the electrooxidation process. Sodium borate forms coordination complexes with glycerol's primary and secondary alcohol groups to form GLYD and DHA respectively. However, the final product depends on the ratio of borate to glycerol. To understand how different concentrations of glycerol and borate affect the electrooxidation process, a fixed concentration of 0.1 M borate buffer was reacted with varying concentrations of glycerol (0.01, 1, 2.0 M) and a fixed concentration of 0.1 M glycerol with varying concentrations of borate buffer (0.01, 0.05, 0.10, and 0.15 M). while maintaining a pH of 9.2.

Higher borate concentrations were found to increase the selectivity for 3C products, particularly DHA, with the highest selectivity of up to 80% observed at a borate concentration of 0.15 M. This improvement is attributed to the increased buffer capacity provided by the borate solution, which helps maintain a stable pH during the reaction and stabilizes the borate-glycerol complex for further oxidation into 3C compounds. Conversely, increasing the glycerol concentration reduced both the yield and selectivity of 3C products. At a glycerol concentration of 1 M, GLYD was the main product, with a selectivity of 51%.

The difference in the type of 3C product was found to be related to the formation of different glycerol-borate complexes. Using Raman spectroscopy, the researchers found higher borate concentrations favor six-membered ring complexes, promoting secondary -OH oxidation and DHA production. Conversely, higher glycerol concentrations favor five-membered ring complexes, leading to primary -OH oxidation and GLYD formation.

"Five-membered ring complexes were more likely to form in the electrolyte with a borate-to-glycerol ratio of 0.1, whereas six-membered ring complexes became more prominent in the electrolyte with a borate-to-glycerol ratio of 1.5," says Hayashi and Chiang.

These findings present a promising strategy for transforming glycerol into valuable products, boosting the sustainability and profitability of biodiesel production.
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Mathematicians model a puzzling breakdown in cooperative behavior | ScienceDaily
Darwin was puzzled by cooperation in nature -- it ran directly against natural selection and the notion of survival of the fittest. But over the past decades, evolutionary mathematicians have used game theory to better understand why mutual cooperation persists when evolution should favour self-serving cheaters.


						
At a basic level, cooperation flourishes when the costs to cooperation are low or the benefits large. When cooperation becomes too costly, it disappears -- at least in the realm of pure mathematics. Symbiotic relationships between species -- like those between pollinators and plants-are more complex, but follow similar patterns.

But new modelling published today in PNAS Nexus adds a wrinkle to that theory, indicating that cooperative behaviour between species may break down in situations where, theoretically at least, it should flourish.

"As we began to improve the conditions for cooperation in our model, the frequency of mutually beneficial behaviour in both species increases, as expected," says Dr. Christoph Hauert, a mathematician at the University of British Columbia who studies evolutionary dynamics.

"But as the frequency of cooperation in our simulation gets higher -- closer to 50 per cent -- suddenly there's a split. More cooperators pool in one species and fewer in the other -- and this asymmetry continues to get stronger as the conditions for cooperation get more benign."

While this 'symmetry breaking of cooperation' between two populations has been modelled by mathematicians before, this is the first model that enables individuals in each group to interact and join forces in a more natural way.

Dr. Hauert and colleague Dr. Gyorgy Szabo from the Hungarian Research Network used computational spatial models to arrange individuals from the two species on separate lattices facing one another. This enables cooperators to form clusters and reduce their exposure to (and exploitation by) cheaters by more frequently interacting with other cooperators.




"Because we chose symmetric interactions, the level of cooperation is the same in both populations," says Dr. Hauert. "Clusters can still form and protect cooperators but now they need to be synchronized across lattices because that's where the interactions occur."

"The odd symmetry breaking in cooperation shows parallels to phase transitions in magnetic materials and highlights the success of approaches developed in statistical and solid state physics," says Dr. Szabo.

"At the same time the model sheds light on spikes in dramatic changes in behaviour that can significantly affect the interactions in complex living systems."

The research was supported by the National Science and Engineering Research Council of Canada.

Mutualisms: cooperation between species

A model developed by evolutionary mathematicians in Canada and Europe shows that as cooperation becomes easier, it can unexpectedly break down. Watch a simulation of spatial interactions of cooperators and defectors for each species under different scenarios.
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How zebrafish map their environment | ScienceDaily
Researchers are turning to zebrafish to unlock the secrets of place cells, which play a crucial role in forming mental maps of space, social networks, and abstract relationships. Until now, place cells have only been found in mammals and birds, leaving the question of how other species internally represent the external world largely unanswered. A team of researchers at the Max Planck Institute for Biological Cybernetics has now found the first compelling evidence for place cells in the brain of the tiny larval zebrafish.


						
When we explore an unfamiliar city, we use various cues -- landmarks, a sense of how far we have walked in one direction, perhaps a river we cannot cross -- to create an internal map of our environment. Deep in the brain, in a structure called the hippocampus, a set of place cells play a key role in building our internal maps of the external world. These place cells fire when we are at specific locations in space and can self-organize into an array of different mental maps.

That much is known for mammals, including humans, and even for birds. However, the existence of place cells in other species is controversial. A group of researchers at the Max Planck Institute for Biological Cybernetics in Tubingen (Germany), led by Jennifer Li and Drew Robson, has now found the first conclusive evidence for place cells in zebrafish.

Recording the entire brain during natural behaviour

The researchers recorded the brain activity of young zebrafish as they explored their environment. These fish are completely transparent when they are only a few days old, making it possible to look into their tiny brains, which contain only 100,000 cells. One can even make individual active neurons light up using fluorescent calcium indicators, since all neuronal activity is associated with fluctuations in calcium ion concentrations. An earlier key invention of Li and Robson was essential for observing brain activity during navigation: tracking microscopes that move with the freely swimming fish.

Using this experimental design, the team analysed what spatial information is encoded in each neuron in the fish's brain. They identified a population of about 1000 place cells in each fish, most of which only fire when the animal is in a specific location, while a few respond to more than one area. "Collectively, the place cell population encodes spatial information," explains Jennifer Li. "From the firing patterns of the place cells, we were able to decode the location of each fish over time -- with an error of just a few millimetres."

Strikingly, most of the place cells were located in the telencephalon, an area of the zebrafish's forebrain, whose precise function has been a source of debate for several decades. "The high concentration of place cells in the telencephalon potentially confirms the longstanding conjecture that this brain region is a functional analogue of the mammalian hippocampus, in miniature," comments Drew Robson.




A flexible mechanism that integrates different inputs

However, Li and Robson needed additional evidence to conclude that the cells they had identified were indeed an analogue to mammalian place cells. The first feature to be tested was whether place cells use self-motion or external cues. In terms of human experience, a cue such as "I've been walking straight ahead at a brisk pace for about a minute" relies on self-motion, whereas "I can see the Eiffel Tower" is an external cue. In a series of experiments, the researchers manipulated both sources of information -- taking the fish out of their environment and placing them back, removing landmarks, or rotating the behavioural chamber. They found that the fish integrate both external and self-motion cues to create their internal maps -- just like we do.

Not only do the fish appear to refine their spatial representation map as they become more familiar with an unfamiliar environment, but they can also adapt to change: they use the same neuronal circuits to remember a second environment. When returned to their initial surroundings, they do not have to map it from scratch, but can partially recover the representation map they created previously. Thus, the place cell population exhibits a flexible memory system, a further hallmark of mammalian place cells.

An emerging model organism for a complex neuronal network

The authors of the study plan to use zebrafish as a new model organism to unravel the mysteries of place cells. In addition to their role in creating mental maps of space, these cells are also crucial for forming maps of social networks and abstract relationships, as well as for memory and planning. While mammalian place cells have been intensively investigated since their Nobel Prize-winning discovery more than 50 years ago, scientists still do not fully understand the neural networks that generate place cells or how they support such a wide range of mental functions.

The primary challenge has been the sheer complexity and size of mammalian place cell networks, which make it extremely difficult to study the entire network simultaneously. In contrast, the larval zebrafish brain is one of the smallest biological systems capable of generating place cells. Robson concludes: "Using this new minimal model, future studies can potentially trace all of the inputs to each place cell and create detailed models for how place cells acquire all their unique properties."
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Dangerous airborne fungus boosted by California droughts | ScienceDaily
Valley fever is an emerging fungal disease in the western United States that most often causes flu-like symptoms, but can also cause dangerous or even deadly complications. By analyzing data on reported cases of Valley fever in California, which have increased dramatically over the last two decades, researchers from University of California San Diego and University of California, Berkeley, have identified seasonal patterns that could help individuals and public health officials better prepare for future surges in Valley fever cases. The findings also have important implications for how the changing climate can exacerbate the threat of infectious diseases. The findings are published in The Lancet Regional Health -- Americas.


						
The researchers collaborated closely with the California Department of Health (CDPH) to analyze all reported Valley fever cases in California from 2000 to 2021. By comparing these to seasonal climate data, they discovered how the disease cycles seasonally across different California counties and identified how these cycles are influenced by drought periods. The researchers found that while most cases occur during the period from September to November, there were differences in seasonal patterns and timing between counties and years.

"Most seasonal infectious diseases show a peak in cases every year, so we were surprised to see that there were certain years during which few or no counties had a seasonal peak in Valley fever cases," said first author Alexandra Heaney, Ph.D., assistant professor at the UC San Diego Herbert Wertheim School of Public Health and Human Longevity Science. "This made us wonder what was driving these differences in seasonality between years, and based on the timing we observed, we hypothesized that drought might be playing a role."

The researchers found that on average, counties in the San Joaquin Valley and Central Coast regions had the most pronounced seasonal peaks, though the peaks started earlier in San Joaquin Valley.

"This is valuable information to time public health messaging aimed at educating the public about the symptoms of Valley fever and how to protect themselves," added Heaney.

Valley fever is caused by spores from the soil-dwelling Coccidioides fungus. People contract Valley fever by inhaling infectious spores that become aerosolized when the soil is disturbed by wind or human activity. Valley fever is most likely to affect people who are exposed to airborne dust frequently, including those who work outdoors. However, the disease is not contagious.

Valley fever has long been a problem in the American Southwest, but the number of cases has skyrocketed in recent years, tripling from 2014-2018 and again from 2018-2022, according to the CDPH. However, because it is still relatively rare, and because it causes similar symptoms to other respiratory infections, including COVID-19, Valley fever is often misdiagnosed. When left untreated, the fungus can cause severe damage to the respiratory system and spread to other parts of the body, such as the skin, bones and even the brain, the latter of which can be deadly.




"Knowing when the Valley fever season starts and how intense it will be can help health care practitioners know when they should be on high alert for new cases," said corresponding author Justin Remais, Ph.D., professor at UC Berkeley School of Public Health. "This is the first study to pin down exactly when disease risk is highest in all of California's endemic counties, as well as places where the disease is newly emerging."

The researchers observed that during drought periods, seasonal peaks in Valley fever cases are less severe. However, when the rains return, these peaks are particularly high. One hypothesis to explain this pattern is that droughts allow heat-resistant Coccidioides spores to outlast their less-hardy competitors. When rains return, the fungus is able to proliferate widely with less competition for moisture and nutrients.

Another hypothesis suggests that the links between Valley fever and drought may be due to drought's impact on rodents that host the Coccidioides fungus. Because rodent populations decline during droughts, and because dead rodents are thought to be an important source of nutrients for the fungus, it may be able to survive and spread more easily in drought conditions.

"This work is an important example of how infectious diseases are influenced by climate conditions," said Heaney. "Even though droughts appear to decrease Valley fever cases in the short term, the net effect is an increase in cases over time, particularly as we experience more frequent and severe droughts due to climate change."

Individuals can help protect themselves against Valley fever during dry and dusty periods by minimizing time outdoors and wearing face coverings that can block dust. The researchers also emphasize the need for more thorough monitoring of the Valley fever fungus, which can be difficult to detect.

The team is now expanding the range of their analyses to include other Valley fever hotspots in the United States.

"Arizona is much dustier than California and has very different climate dynamics, and about two thirds of cases in the United States occur in Arizona, so that's where we're looking next," said Heaney. "Understanding where, when, and in what conditions Valley fever is most prevalent is critical for public health officials, physicians, and the public to take precautions during periods of increased risk."
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Infertility challenges amongst endangered wild songbird population revealed in new study | ScienceDaily
A groundbreaking study has provided the most comprehensive estimate to date of infertility rates in a threatened wild animal species.


						
Using 10 years of data, researchers from the University of Sheffield, the Zoological Society of London, and the University of Auckland, New Zealand, have uncovered critical insights into the reproductive challenges faced by the endangered hihi, a rare songbird native to New Zealand.

The first to establish a link between small population size, sex ratio bias, and reduced fertilisation rates in wild animals, the study highlights the significant reproductive challenges faced by threatened species with small population sizes and biassed sex ratios.

The research team analysed over 4,000 eggs and assessed the fertility of nearly 1,500 eggs that failed to hatch. The findings revealed that infertility accounts for an average of 17 per cent of hatching failures in the hihi, while the majority of hatching failures are caused by early embryo death.

The study revealed that embryos are most vulnerable within the first two days of development, with no significant difference in survival rates between male and female embryos or any impact from inbreeding. Additionally, infertility rates were observed to be higher during years when the population was smaller and male numbers exceeded female numbers, indicating that elevated stress from increased male harassment of females may play a role in these findings.

The hihi, known for its high levels of female harassment by males and frequent extra-pair paternity, is an example of the reproductive challenges faced by species with skewed sex ratios. In extreme cases, females may be subjected to up to 16 forced copulations per hour, a behaviour that is both energetically costly and stressful, potentially contributing to reduced fertility.

By considering the impacts of population size and sex ratio on fertility, conservationists can better manage the numbers and composition of animals in populations, therefore improving fertility rates.

Fay Morland, PhD student at the University of Sheffield, and lead author of the study, said: "One of our key findings is that embryo mortality at the very early stages of development is the most common reason hihi eggs fail to hatch, however, the exact causes of failure at this stage remain unknown. These results highlight the urgent need for more research into the reproductive challenges faced by threatened species, to better understand and mitigate the factors driving their risk of extinction."

Dr Nicola Hemmings, from the University of Sheffield's School of Biosciences, and leader of the research group that undertook the study, said: "Our research highlights the importance of understanding the factors that affect fertility in endangered species. The link between male-biassed sex ratios and lower fertility rates suggests that managing population composition could be crucial for improving reproductive success in conservation programs."
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50-year generation gap in Minnesota's longest-lived fish | ScienceDaily
A recent study in one of the most pristine spawning grounds for a Minnesota fish found a half-century gap between successful broods. And that number's climbing.


						
That's according to new research on the bigmouth buffalo (Ictiobus cyprinellus) from the University of Minnesota Duluth (UMD), recently published in Scientific Reports. The study was led by Alec Lackmann, PhD, an ichthyologist and assistant professor of Mathematics and Statistics, and Mark Clark, PhD, a professor of Biology, both from the Swenson College of Science and Engineering at UMD.

The bigmouth buffalo is a fish that's native to Minnesota and known for its longevity. Researchers wanted to find out more about the species, especially how they migrate, spawn, and how often their offspring live into adulthood. For three years, from 2021 through 2023, Lackmann and his team studied the recreational exploitation (bowfishing, spearfishing, hook-and-line angling) of the species, and analyzed the bigmouth buffalo migration in and around Rice Lake National Wildlife Refuge, near McGregor, Minnesota.

Results of the study include:
    	Discovery of one of the oldest known populations of vertebrate (median age of 79 years as of 2024)
    	A more than 60-year generation gap since the last major recruitment event occurred in this population, again exposing the stark vulnerability of bigmouth buffalo in Minnesota.
    	Confirmation that fish are successfully migrating and breeding, but the young are not surviving, likely due to the predator gauntlet they face on their way to adulthood.
    	Highlights the unique management challenges of bigmouth buffalo, including highly variable spawning durations year to year, and the need to protect adults as they grow and invest disproportionately more into reproduction.

Lackmann and Clark have studied buffalofishes before, and their research from 2019 went so far as to extend the previously thought maximum age of bigmouth buffalo from around 25 years of age, to more than 100 years of age through improved aging techniques. Lackmann et al.'s subsequent bigmouth buffalo studies in North Dakota (2021) and Canada (2023) documented environmental conditions related to their sporadic recruitment success, and his team's 2023 study published in Scientific Reports found the second genus of animal ever for which three or more species (buffalofishes) have known lifespans greater than 100 years.

"No one's really looked at the spawning phenology of bigmouth buffalo before," said Lackmann.

Over the course of the Rice Lake study, he and his team examined nearly 400 adult fish, taking measurements of each fish's length and weight, whether it had spawned, its physical features, and age. Researchers were able to conclude that water control measures established in 1953 were correlated with a reduced likelihood of later generations, and of the 390 fish studied, only one was from a hatch-year after 1971. The study also revealed bigmouth buffalo were successfully reproducing, but by mid?to?late summer, the young were conspicuously absent, having likely succumbed to predation by northern pike and other predators.




"We have found that more than 95 percent of the current population hatched prior to the 1960s," said Lackmann. With that much of a gap, it's surprising that the buffalofish have survived for generations. But, according to Lackmann, it speaks to the amazing attributes of these fish. "This species evolved to have a long lifespan for an adaptive reason: to bridge these long gaps that can naturally occur."

During the 1970s, the bigmouth buffalo was recorded as declining in Canada, Minnesota, and North Dakota and became a protected species in Canada. In the USA, population declines are exacerbated by wasteful recreational bowfishing, lack of fisheries management, and overall lack of knowledge.

For Lackmann, this study further underscores the importance of implementing basic principles of fisheries management to protect bigmouth buffalo and other native species. Lackmann acknowledges that steps are currently underway to protect native fishes in the state of Minnesota, such as the "No Junk Fish Bill" that became law this spring, but he says there remains much work to be done in practice. For example, unlimited exploitation across the entire year remains open on bigmouth buffalo throughout Minnesota as of September 2024.

"There is 50-year recruitment failure for bigmouth buffalo in this system, even though we know that they're migrating and spawning annually. This is something that's completely unparalleled in the animal kingdom as far as we know, for a species to be going so long without successfully having another generation," said Lackmann. "When you couple that with the current, unlimited and unregulated nature of their exploitation that's been increasing, especially in the past 10 years with the rise of bowfishing, there is extreme concern for the long-term sustainability of this species."

Multiple lines of evidence indicate that the long-lived bigmouth buffalo is vulnerable, that a precautionary approach is immediately needed, and that the unlimited and unregulated kill-fishery be closed. Lackmann et. al.

In addition to Lackmann and Clark from the University of Minnesota Duluth, the study was in collaboration with the Aitkin County Soil and Water Conservation District, the United States Fish and Wildlife Service, and North Dakota State University.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240903144838.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers develop tool that measures health of a person's gut microbiome | ScienceDaily
A team of Mayo Clinic researchers has developed an innovative computational tool that analyzes the gut microbiome, a complex ecosystem of trillions of bacteria, fungi, viruses and other microorganisms within the digestive system, to provide insights into overall well-being.


						
In a new study published in Nature Communications, the tool demonstrated at least 80% accuracy in differentiating healthy individuals from those with any disease. The tool was developed by analyzing stool gut microbiome profiles from more than 8,000 samples representing various diseases, geographic regions and demographic groups.

The tool, called Gut Microbiome Wellness Index 2, could detect even subtle changes in gut health, identifying whether a person may be progressing toward or recovering from a disease. The researchers used bioinformatics and machine learning methods to analyze gut microbiome profiles in stool samples gathered from 54 published studies spanning 26 countries and six continents. This approach produced a diverse and comprehensive dataset.

This capability addresses longstanding challenges in human microbiome research, including defining what constitutes a "healthy" microbiome and identifying early indicators of potential health issues. It also fills a significant gap in existing measurement tools of health and wellness.

The gut microbiome plays a crucial role in digestion, metabolism and immune function, and researchers are finding an imbalance in the gut microbiome can be linked to various chronic diseases.

"Finally, we have a standardized index to quantitatively measure how 'healthy' a person's gut microbiome is," says Jaeyun Sung, Ph.D., the senior author and computational biologist at Mayo Clinic Center for Individualized Medicine's Microbiomics Program.

"Our tool is not intended to diagnose specific diseases but rather to serve as a proactive health indicator," he adds. "By identifying adverse changes in gut health before serious symptoms arise, the tool could potentially inform dietary or lifestyle modifications to prevent mild issues from escalating into more severe health conditions, or prompt further diagnostic testing. By being able to answer whether a person's gut is healthy or trending toward a diseased state, we ultimately aim to empower individuals to take proactive steps in managing their own health."

The tool development process involved identifying microbial species, carefully selecting the most relevant features and optimizing the machine learning model.




The end result is an index that screens a gut microbiome sample and quantifies how much it resembles a healthy (disease-free) or non-healthy (diseased) individual.

The study team first tested the index on a training set of more than 8,000 microbiome samples, and then validated its work on a new cohort of 1,140 samples.

The team also tested its tool across various clinical scenarios, including people who had undergone fecal microbiota transplantation, as well as people who made changes in dietary fiber intake or who had antibiotic exposure, to demonstrate its ability to detect shifts in gut health.

The Gut Microbiome Wellness Index 2 builds upon the team's original tool by incorporating a wider range of data and using refined computational methods. The team hopes this new version enhances precision in assessing gut health and monitoring changes in the gut microbiome.

Dr. Sung and his team plan to further develop the Gut Microbiome Health Index 2 by expanding its dataset to include a broader range of microbiome samples from diverse populations, and by adding more advanced artificial intelligence techniques to enhance the tool's predictive accuracy and adaptability.
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Researchers give adult zebra finches back their ability to learn new songs | ScienceDaily
We all know the adage, "You can't teach an old dog new tricks." As we age, our ability to learn new skills, like mastering a foreign language or picking up a musical instrument, seems to fade. The culprit? A decline in brain plasticity -- the brain's capacity to rewire itself and adapt to new challenges. But what if we could rewind the clock on this age-related decline? A new study led by Daniela Vallentin at the Max Planck Institute for Biological Intelligence offers a tantalizing glimpse into this possibility.


						
Vallentin's team focused on zebra finches, songbirds known for their elaborate vocalizations. Like many animals, zebra finches have a critical period for song learning, within their first 90 days of life. After this window closes, their brains become less flexible, and inhibitory neurons put the brakes on further learning. The researchers wondered: Could they lift this neural blockade and restore the birds' youthful learning ability?

Using cutting-edge techniques like optogenetics, they precisely switched off these inhibitory neurons in adult zebra finches. The results were remarkable. The birds, once thought to be stuck with their existing repertoire, began to add new elements to their songs. "We observed an expansion of the adult animals' vocal repertoire that was previously thought impossible," says Fabian Heim, the study's lead author.

Implications for Human Aging

This discovery extends far beyond the realm of birdsong. It suggests that the brain's capacity for learning may be far more resilient than previously thought. Similar learning windows exist in humans, affecting everything from language acquisition to social development. If scientists can identify and manipulate the mechanisms that control these critical periods, it could open doors to new therapies for neurodegenerative diseases and injuries that impair learning. Imagine a future where the adage about old dogs and new tricks is finally retired.
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Rein tension may affect horse behavior | ScienceDaily
In a pilot study carried out at the University of Helsinki, high rein tension was found to be associated with trotters opening their mouths, which indicates pain or discomfort in the mouth.


						
Rein tension denotes the force employed by the rider or driver through the reins. It can be measured with a sensor attached between the bit and the rein.

"Our group has previously investigated mouth injuries in trotters, and we found that moderate and severe injuries were associated with certain bit types. It is possible that drivers ended up using those bit types due to problems experienced with lighter rein cues. This is why we wanted to explore rein tension," says researcher and veterinarian Kati Tuomolafrom the Faculty of Veterinary Medicine, University of Helsinki.

Eight horses and their drivers were recruited for the study. With the drivers driving their horses on a racetrack at walk and trot, the researchers measured rein tension and recorded video of the horses' behaviour from a moving vehicle. Each horse was equipped with a regular single-jointed bit. Subsequently, one researcher coded the horse's behaviour from the videos in accordance with a predetermined catalogue of behaviours. The coder was unaware of any findings associated with rein tension and mouth injuries among these horses

None of the horses had mouth injuries before the driving. After the drive, three horses had moderate bruises in their mouths. Their median rein tension was numerically higher (approximately 3.5 kg per rein) than that in horses without injuries (approximately 2 kg per rein), and they showed longer periods of rushed walk.

The median rein tension for a single rein varied between 0.5 kg and 3.7 kg, with the highest tension varying between 11 kg and 24 kg. According to the researchers, these rein tensions can be considered rather high, as prior studies have shown that horses avoid tension exceeding 0.6-1 kg. To investigate behavioural differences during different rein tensions, five 30-second periods were visually selected from the rein tension graphs of all horses, representing samples of tension ranging from low to high. During low rein tension, the horses mainly walked and mostly kept their mouths closed. During periods of higher rein tension, the horses mainly trotted either slowly or quickly, keeping their mouths open for longer periods of time.

"Horse trainers should monitor the horse's mouth behaviour, arousal state and ability to walk calmly, and adjust the training accordingly. The horse keeping its mouth widely or repeatedly open may indicate evasive behaviour, meaning discomfort or pain in the mouth. In addition, rushed walking may indicate high arousal, which in turn can increase the risk of mouth injuries," says Tuomola, the article's lead author.
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Open wide: Human mouth bacteria reproduce through rare form of cell division | ScienceDaily
One of the most diverse ecosystems on the planet is closer than you think -- right inside your mouth. Your mouth is a thriving ecosystem of more than 500 different species of bacteria living in distinct, structured communities called biofilms. Nearly all of these bacteria grow by splitting [or dividing] into two, with one mother cell giving rise to two daughter cells.


						
New research from the Marine Biological Laboratory (MBL) and ADA Forsyth uncovered an extraordinary mechanism of cell division in Corynebacterium matruchotii, one of the most common bacteria living in dental plaque. The filamentous bacterium doesn't just divide, it splits into multiple cells at once, a rare process called multiple fission. The research is published this week in Proceedings of the National Academy of Sciences. 

The team observed C. matruchotii cells dividing into up to 14 different cells at once, depending on the length of the original mother cell. These cells also only grow at one pole of the mother filament -- something called "tip extension."

C. matruchotii filaments act as a scaffolding within dental plaque, which is a biofilm. Dental plaque is just one microbial community within an immense population of microorganisms that live in and coexist with a healthy human body -- an environment known as the "human microbiome." This discovery sheds light on how these bacteria proliferate, compete for resources with other bacteria, and maintain their structural integrity within the intricate environment of dental plaque.

"Reefs have coral, forests have trees, and the dental plaque in our mouths has Corynebacterium. The Corynebacterium cells in dental plaque are like a big, bushy tree in the forest; they create a spatial structure that provides the habitat for many other species of bacteria around them," said paper co-author Jessica Mark Welch, senior scientist at ADA Forsyth and adjunct scientist at the MBL.

"These biofilms are like microscopic rainforests. The bacteria in these biofilms interact as they grow and divide. We think that the unusual C. matruchotii cell cycle enables this species to form these very dense networks at the core of the biofilm," said Scott Chimileski, MBL research scientist and lead author on the paper.

The Microbial Forest 

This research builds off of a 2016 paper that used an imaging technique developed at the MBL called CLASI-FISH (combinatorial labeling and spectral imaging fluorescent in situ hybridization) to visualize the spatial organization of dental plaque collected from healthy donors. This earlier study imaged bacterial consortia within dental plaque, which are called "hedgehogs" due to their appearance. One of the major findings from that original paper was that filamentous C. matruchotii cells acted as the basis of the hedgehog structure.




The present study took a deeper dive into the biology of C. matruchotii, using time-lapse microscopy to study how the filamentous cells grow. Rather than just capturing a snapshot of this microbial rainforest, the scientists were able to image bacterial growth dynamics of the miniature ecosystem in real time. They saw how these bacteria interact with each other, use the space, and -- in the case of C. matruchotii -- the incredible way they grow.

"To figure out how all the different kinds of bacteria work together in the plaque biofilm, we have to understand the basic biology of these bacteria, which live nowhere else but the human mouth," said Mark Welch.

Dentists recommend brushing your teeth (and therefore brushing away dental plaque) twice a day. Yet this biofilm comes back no matter how diligently you brush. By extrapolating from cell elongation experiments measured in micrometers per hour, the scientists found that C. matruchotii colonies could grow up to a half a millimeter per day.

Other species of Corynebacterium are found elsewhere in the human microbiome, such as the skin and inside the nasal cavity. Yet the skin and nasal Corynebacterium species are shorter, rod-shaped cells that aren't known to elongate by tip extension or divide by multiple fission.

"Something about this very dense, competitive habitat of the dental plaque may have driven the evolution of this way of growing," said Chimileski.

Exploratory Growth

C. matruchotii lack flagella, the organelles that allow bacteria to move around. Since these bacteria can't swim, researchers believe its unique elongation and cell division might be a way for it to explore its environment, similar to mycelial networks seen in fungi and Streptomyces bacteria that live in soil.




"If these cells have the ability to move preferentially towards nutrients or towards other species to form beneficial interactions -- this could help us understand how the spatial organization of plaque biofilms comes about," said Chimileski.

"Who would have thought that our familiar mouths would harbor a microbe whose reproductive strategy is virtually unique in the bacterial world," said co-author Gary Borisy, principal investigator at ADA Forsyth and former director of the Marine Biological Laboratory. "The next challenge is to understand the meaning of this strategy for the health of our mouths and our bodies."
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Global South cities lack cooling green spaces | ScienceDaily
Cities in the Global South are more exposed to extreme heat because they lack cooling green spaces, new research shows.


						
The study found that Global South cities have just 70% of the "cooling capacity" provided by urban greenery in the Global North.

With temperatures rising, combined with the "urban heat island" effects that make cities hotter than rural areas, heat-related illness and death in cities are becoming more common.

Urban green spaces can help reduce this risk, cooling down outdoor environments and providing vital refuges.

The research -- led by an international team including Nanjing, Exeter, Aarhus and North Carolina State universities -- finds there is "vast potential" to enhance urban cooling in the Global South and reduce inequality.

"Urban greenery is a really effective way of tackling what can be fatal effects of extreme heat and humidity," said Professor Tim Lenton, of the Global Systems Institute at the University of Exeter.

"Currently, the people dying due to climate change are often in the slums of cities in the Global South, such as the hottest parts of India.




"Our analysis suggests green spaces can cool the surface temperature in the average city by about 3degC during warm seasons -- a vital difference during extreme heat."

The cooling effect of urban green spaces, especially urban forests, is caused by shading and transpirational cooling (evaporation of water).

The new study used satellite data on the world's 500 largest cities to assess "cooling capacity" -- the extent to which urban green spaces cool down a city's surface temperatures.

All of the top ten cities for cooling capacity are in the USA: with Charlotte and Raleigh-Durham first, followed by Kansas and Baltimore. Many US cities have low population density -- leading to issues of urban "sprawl" -- but this brings benefits in terms of green spaces and resulting cooling.

Mogadishu in Somalia is the city with the lowest cooling capacity, followed by Sana'a in Yemen and Rosario in Argentina. Chicago is fourth-lowest -- the only US city on the list with cooling capacity below 1degC.

'Cooling benefit'

The Global South -- which includes Africa, Latin America and much of Asia -- contains the areas most at risk from extreme heat.




A previous study found that current climate policies will leave more than a fifth of humanity exposed to dangerously hot temperatures by 2100, with the largest at-risk populations in India and Nigeria.

The new study assessed population density and location to estimate the "cooling benefit" received by the average citizen -- as green areas are often found in the richer parts of a city.

Professor Chi Xu, of Nanjing University, said: "As well as Global South cities lagging behind in terms of cooling capacity, the cooling benefit for an average resident is 2.2degC -- compared to 3.4degC for a city dweller in the Global North.

"The differences are mostly due to quantity of vegetation, but efficiency of cooling is also better in the Global North -- possibly due to management of green spaces and different tree species."

Professor Jens-Christian Svenning, of the Center for Ecological Dynamics in a Novel Biosphere (ECONOVO) at Aarhus University, said: "The good news is that this nature-based solution to cooling can be substantially improved across the Global South, helping to tackle future heat stress for billions of people."

Professor Rob Dunn, of North Carolina State University, said: "It won't be easy to regreen cities. It can be expensive in the short-term. Yet, it will be key to making cities liveable in the immediate future. Also key will be working to prevent the loss of green space in those cities that have it, or at least that have a little.

"Changes could include ground-level green spaces and vertical and rooftop gardens, or even forests, to help protect city people from extreme heat."
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The risk of global water scarcity is greater when accounting for the origin of rain | ScienceDaily
Securing the world's water supply is one of the greatest challenges of our time. Research at Stockholm University is now presenting an alternative method for quantifying the global risk of water scarcity. Results indicate higher risks to water supply than previously expected if accounting for the environmental conditions and governability where rain is produced.


						
The common idea of global water supply is rain falling on the earth's surface and then stored in aquifers, lakes, and rivers. This idea is usually used to assess water security and the risk of water scarcity. However, a new study published in Nature Water shows how the water risks are dependent on governance and environmental conditions present upwind, which means the areas where the moisture for rain comes from.

"Water supply really originates beforehand, with moisture evaporated from land or in the ocean traveling in the atmosphere before falling as rain. This upwind moisture is commonly overlooked when assessing water availability," says Fernando Jaramillo, associate professor in physical geography at Stockholm University and responsible for the study.

When a lake or river is shared between different countries or authorities, assessments and regulations mainly apply an upstream perspective, considering conditions in the direction upriver from the water body. Instead, an upwind perspective considers the area where evaporated water is transported before ending up as rain. The area is known as a precipitationshed and can cover large areas of the earth's surface.

"For instance, in tropical South America, most of the Amazon basin is downstream of the Andes mountain range, whereas large areas of the Andes are in themselves downwind of the Amazon rainforest and depending on it, which makes these two regions dependent on each other for water supply," says Fernando Jaramillo.

The study examined 379 hydrological basins worldwide, revealing that risks to water security are significantly higher when considering the upwind origin of water.

"With this approach, we see that 32,900 km3/year of water requirements worldwide face very high risk, a near 50 percent increase, compared to the 20,500 km3/year resulting from the more traditional upstream focus," says Jose Posada, former doctoral student at Stockholm University and main author of the study.




Political control can have major consequences

Since a large amount of water is evaporated from plants, changes in land use can affect downwind water availability. If deforestation and agricultural development are predominant in upwind areas, the amount of moisture vegetation provides may decrease, reducing rainfall downwind and increasing the risk to water security.

"For coastal countries such as the Philippines, most of the rain comes from the sea, which means that land-use changes pose very little risk to water security. Rainfall in inland countries such as Niger, on the other hand, comes mainly from moisture that evaporates in neighboring countries such as Nigeria and Ghana . This puts many land-locked countries at high risk regarding how water security is affected by changes in land use," says Fernando Jaramillo.

In other words, political factors such as environmental management and regulations in areas where moisture first evaporates can affect water safety in completely different areas.

"For instance, the Congo River basin, heavily reliant on moisture from neighboring countries with low environmental performance and governance according to global indicators, faces considerable risks due to potential deforestation and unregulated land use changes in neighboring areas," says Lan Wang-Erlandsson, researcher at the Stockholm Resilience Centre at Stockholm University and co-author of the study.

Environmental regulation requires an upwind perspective.

The study reveals why the lack of governability and environmental performance in a country upwind may be relevant to the water supply of a country downwind. It stresses the codependence between upstream/downwind and downstream/upwind countries.

"It is not possible to ignore the interdependence between countries. In the end, all water is connected, so we should not only mind how we manage our water resources within a region or country but also how our neighboring countries do," says Lan Wang-Erlandsson.

"We hope that the findings of this study can help identify where and to whom cooperation strategies and efforts can be directed to mitigate the causes of water-related tensions, including atmospheric water flows in transboundary decision-making and water governance frameworks. We stress the need for international cooperation to effectively manage upwind moisture sources," concludes Fernando Jaramillo.
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Blood stem cell breakthrough could transform bone marrow transplants | ScienceDaily
Melbourne researchers have made a world first breakthrough into creating blood stem cells that closely resemble those in the human body. And the discovery could soon lead to personalised treatments for children with leukaemia and bone marrow failure disorders.


						
The research, led by Murdoch Children's Research Institute (MCRI) and published in Nature Biotechnology, has overcome a major hurdle for producing human blood stem cells, which can create red cells, white blood cells and platelets, that closely match those in the human embryo.

MCRI Associate Professor Elizabeth Ng said the team had made a significant discovery in human blood stem cell development, paving the way for these lab grown cells to be used in blood stem cell and bone marrow transplants.

"The ability to take any cell from a patient, reprogram it into a stem cell and then turn these into specifically matched blood cells for transplantation will have a massive impact on these vulnerable patients' lives," she said.

"Prior to this study, developing human blood stem cells in the lab that were capable of being transplanted into an animal model of bone marrow failure to make healthy blood cells had not been achievable. We have developed a workflow that has created transplantable blood stem cells that closely mirror those in the human embryo.

"Importantly, these human cells can be created at the scale and purity required for clinical use."

In the study, immune deficient mice were injected with the lab engineered human blood stem cells. It found the blood stem cells became functional bone marrow at similar levels to that seen in umbilical cord blood cell transplants, a proven benchmark of success.




The research also found the lab grown stem cells could be frozen prior to being successfully transplanted into the mice. This mimicked the preservation process of donor blood stem cells before being transplanted into patients.

MCRI Professor Ed Stanley said the findings could lead to new treatment options for a range of blood disorders.

"Red blood cells are vital for oxygen transport and white blood cells are our immune defence, while platelets cause clotting to stop us bleeding," he said. Understanding how these cells develop and function is like decoding a complex puzzle.

"By perfecting stem cell methods that mimic the development of the normal blood stem cells found in our bodies we can understand and develop personalised treatments for a range of blood diseases, including leukaemias and bone marrow failure."

MCRI Professor Andrew Elefanty said while a blood stem cell transplant was often a key part of lifesaving treatment for childhood blood disorders, not all children found an ideally matched donor.

"Mismatched donor immune cells from the transplant can attack the recipient's own tissues, leading to severe illness or death," he said.




"Developing personalised, patient-specific blood stem cells will prevent these complications, address donor shortages and, alongside genome editing, help correct underlying causes of blood diseases."

Professor Elefanty said the next stage, likely in about five years with government funding, would be conducting a phase one clinical trial to test the safety of using these lab grown blood cells in humans.

Prof Elefanty, Prof Stanley and Associate Professor Ng are also Principal Investigators at the Melbourne node of the Novo Nordisk Foundation Center for Stem Cell Medicine (reNEW), a global consortium, which aims to pave the way for future stem cell-based treatments.

Researchers from the University of Melbourne, Peter MacCallum Cancer Centre, University of California Los Angeles, University College London and the University of Birmingham also contributed to the findings.
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Genomic dark matter solves butterfly evolutionary riddle | ScienceDaily
A team of international researchers has uncovered a surprising genetic mechanism that influences the vibrant and complex patterns on butterfly wings. In a study published in the Proceedings of the National Academy of Sciences, the team, led by Luca Livraghi at the George Washington University and the University of Cambridge, discovered that an RNA molecule, rather than a protein as previously thought, plays a pivotal role in determining the distribution of black pigment on butterfly wings.


						
Precisely howbutterflies are able to generate the vibrant patterns and colors on their wings has fascinated biologists for centuries. The genetic code contained within the cells of developing butterfly wings dictates the specific arrangement of the color on the wing's scales -- the microscopic tiles that form wing patterns -- similar to the arrangement of colored pixels to form a digital image. Cracking this code is fundamental to understanding how our own genes build our anatomy. In the lab, researchers can manipulate that code in butterflies with gene-editing tools and observe the effect on visible traits, such as coloration on a wing.

Scientists have long known that protein-coding genes are crucial to these processes. These types of genes create proteins that can dictate when and where a specific scale should generate a particular pigment. When it comes to black pigments, researchers thought this process would be no different, and initially implicated a protein-coding gene. The new research, however, paints a different picture.

The team discovered a gene that produces an RNA molecule -- not a protein -- controls where dark pigments are made during butterfly metamorphosis. Using the genome-editing technique CRISPR, the researchers demonstrated that when you remove the gene that produces the RNA molecule, butterflies completely lose their black pigmented scales, showing a clear link between RNA activity and dark pigment development.

"What we found was astonishing," said Livraghi, a postdoctoral scientist at GW. "This RNA molecule directly influences where the black pigment appears on the wings, shaping the butterfly's color patterns in a way we hadn't anticipated."

The researchers further explored how the RNA molecule functions during wing development. By examining its activity, they observed a perfect correlation between where the RNA is expressed and where black scales form.

"We were amazed that this gene is turned on where the black scales will eventually develop on the wing, with exquisite precision" said Arnaud Martin, associate professor of biology at GW. "It is truly an evolutionary paintbrush in this sense, and a creative one, judging by its effects in several species."

The researchers examined the newly discovered RNA in several other butterflies whose evolutionary history diverged around 80 million years ago. They found that in each of these species, the RNA had evolved to control new placements in the patterns of dark pigments.




"The consistent result obtained from CRISPR mutants in several species really demonstrate that this RNA gene is not a recent invention, but a key ancestral mechanism to control wing pattern diversity," said Riccardo Papa, professor of biology at the University of Puerto Rico -- Rio Piedras.

"We and others have now looked at this genetic trait in many different butterfly species, and remarkably we are finding that this same RNA is used again and again, from longwing butterflies, to monarchs and painted lady butterflies," said Joe Hanly, a postdoctoral scientist and visiting fellow at GW. "It's clearly a crucial gene for the evolution of wing patterns. I wonder what other, similar phenomena biologists might have been missing because they weren't paying attention to the dark matter of the genome."

The findings not only challenge long-standing assumptions about genetic regulation but also open up new avenues for studying how visible traits evolve in animals.
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New species of Antarctic dragonfish highlights its threatened ecosystem | ScienceDaily

Described in the journal Zootaxa, Akarotaxis gouldae was initially identified through genetic analysis. Larval specimens collected off the coast of Antarctica while trawling for zooplankton were originally thought to be Akarotaxis nudiceps, a closely related dragonfish. However, after comparing their DNA to Akarotaxis nudiceps specimens housed in collections at VIMS, Yale University and the Museum national d'Histoire naturelle in Paris, France, significant variations in mitochondrial gene regions suggested the larval samples were a species unto themselves.

Lead author Andrew Corso conducted the research while earning his Ph.D. at W&M's Batten School of Coastal & Marine Sciences at VIMS under faculty advisors Eric Hilton and Deborah Steinberg. Using the DNA evidence as their guide, Corso and his colleagues requested the examination of adult Akarotaxis gouldae samples from numerous ichthyology collections around the world. Morphological differences became apparent between the two species once the adult samples were compared.

"There are two distinct bands on the sides of adult Akarotaxis gouldae that are not present on Akarotaxis nudiceps, so we were surprised that the species already existed in collections but had been previously overlooked," said Corso. "In the world of fish taxonomy, it's becoming common to distinguish species with genetics alone. Genetic testing is an extremely valuable tool, but our discovery highlights the importance of early life stage morphology and natural history collections like those at VIMS and other institutions."

Genetic testing also revealed evolutionary clues. Using a process called time-calibrated phylogeny, Corso and coauthor Thomas Desvignes from the Institute of Neuroscience at the University of Oregon estimated that Akarotaxis gouldae diverged as a separate species approximately 780,000 years ago. During this time, most of the Southern Ocean was covered in glaciers.

"This process essentially looks at the rate of genetic mutations as a guide for a species' evolutionary history," said Corso. "We hypothesize that a population of dragonfishes may have become isolated within deep trenches under glaciers, surviving on food pushed in by the moving ice. Once the glaciers retreated, this subpopulation had become distinct enough to be reproductively incompatible with Akarotaxis nudiceps."

Newly discovered, yet potentially threatened

Presently, Antarctic dragonfishes are poorly understood because they live in the remote Southern Ocean and spend most of their adult life in deep water. Prior research suggests these fishes engage in nest guarding in shallower coastal waters, and their offspring remain closer to the surface during their larval stage. Examination of female ovaries showed limited reproductive capacity. And while Akarotaxis nudiceps are distributed in waters surrounding the southern continent, analysis of larval sampling data suggests the distribution of Akarotaxis gouldae is limited to the waters around the western Antarctic Peninsula.




Dragonfishes are important prey items for many species, including Antarctica's iconic penguins, whose populations have declined dramatically in recent decades. A 2022 study by Corso linked warming waters and reduced ice in the Southern Ocean to declines in Antarctic silverfish populations.

"Akarotaxis gouldae appear to have one of the smallest ranges of any fish endemic to the Southern Ocean," said Corso. "This limited range combined with their low reproductive capacity and the presence of early life stages in shallower waters suggest that this is a vulnerable species that could be impacted by the krill fishery."

The waters surrounding the western Antarctic Peninsula are heavily targeted by the international Antarctic krill fishery, which is managed by the Conservation of Antarctic Marine Living Resources (CCAMLR). Commercial fishing vessels trawl for krill in waters between 0-250 meters deep, and CCAMLR emphasizes the difficulties in correctly identifying larval and juvenile finfish bycatch in these operations.

"Since we know so little about the biodiversity of this area, we feel caution should be taken in extracting resources until we have a better understanding of the impact to the greater ecosystem," said Corso.

Bringing attention to research while honoring a scientific legacy

The ARSV Laurence M. Gould was named after Laurence McKinnley Gould, the chief scientist on the first expedition to Antarctica. While most might assume Akarotaxis gouldae was also named in honor of the famous geologist, the researchers rather decided to honor the vessel for the significant scientific contributions of it and its crew.




The ARSV Laurence M. Gould supported the U.S. National Science Foundation's Antarctic Program from 1997 until the non-renewal of its charter in April of this year. It was one of two U.S. ARSVs dedicated to studying the Southern Ocean. While a replacement vessel is in the design phase, the U.S. National Science Foundation explained the Gould's charter was not renewed for economic reasons as well as shifting research priorities of the U.S. Antarctic Program.

The ARSV Laurence M. Gould and its crew provided significant support to Antarctic research carried out by VIMS and other institutions. Corso's advisor Steinberg conducts long-term studies focusing on the effects of climate change on zooplankton communities around the western Antarctic Peninsula and their impact on the marine food web. Such research relies on regular sampling intervals, which must be adjusted based on the availability of support vessels like the Gould.

"To me, the loss of the ARSV Laurence M. Gould marks a setback in the scientific study of the Antarctic region," said Corso. "Antarctica is warming faster than anywhere in the Southern Hemisphere, and there is untold biodiversity in the region that we're only beginning to understand. By naming this fish after the ship, we hope to honor its scientific contributions while also bringing attention to the need for additional resources to study this unique ecosystem."
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Doughnut-shaped region found inside Earth's core deepens understanding of planet's magnetic field | ScienceDaily
A doughnut-shaped region thousands of kilometres beneath our feet within Earth's liquid core has been discovered by scientists from The Australian National University (ANU), providing new clues about the dynamics of our planet's magnetic field.


						
The structure within Earth's liquid core is found only at low latitudes and sits parallel to the equator. According to ANU seismologists, it has remained undetected until now.

The Earth has two core layers: the inner core, a solid layer, and the outer core, a liquid layer. Surrounding the Earth's core is the mantle. The newly discovered doughnut-shaped region is at the top of Earth's outer core, where the liquid core meets the mantle.

Study co-author and ANU geophysicist, Professor Hrvoje Tkalcic, said the seismic waves detected are slower in the newly discovered region than in the rest of the liquid outer core.

"The region sits parallel to the equatorial plane, is confined to the low latitudes and has a doughnut shape," he said.

"We don't know the exact thickness of the doughnut, but we inferred that it reaches a few hundred kilometres beneath the core-mantle boundary."

Rather than using traditional seismic wave observation techniques and observing signals generated by earthquakes within the first hour, the ANU scientists analysed the similarities between waveforms many hours after the earthquake origin times, leading them to make the unique discovery.




"By understanding the geometry of the paths of the waves and how they traverse the outer core's volume, we reconstructed their travel times through the Earth, demonstrating that the newly discovered region has low seismic speeds," Professor Tkal?i? said.

"The peculiar structure remained hidden until now as previous studies collected data with less volumetric coverage of the outer core by observing waves that were typically confined within one hour after the origin times of large earthquakes.

"We were able to achieve much better volumetric coverage because we studied the reverberating waves for many hours after large earthquakes."

Study co-author, Dr Xiaolong Ma, said that the discovery uncovers some mysteries of the dynamics of Earth's magnetic field.

"There are still mysteries about the Earth's outer core that are yet to be solved, which requires multidisciplinary efforts from seismology, mineral physics, geomagnetism and geodynamics," Dr Ma said.

The outer core is predominantly made of liquid iron and nickel, and the vigorous movement of the electrically conductive liquid creates Earth's magnetic field, which shields around Earth and helps to sustain all life, protecting it from damaging solar winds and harmful radiation.




The scientists believe that knowing more about the Earth's outer core's composition, including light chemical elements, is fundamental to understanding the magnetic field and predicting when it could potentially cease or weaken.

"Our findings are interesting because this low velocity within the liquid core implies that we have a high concentration of light chemical elements in these regions that would cause the seismic waves to slow down. These light elements, alongside temperature differences, help stir liquid in the outer core," Professor Tkalcic said.

"The magnetic field is a fundamental ingredient that we need for life to be sustained on the surface of our planet.

"The dynamics of Earth's magnetic field is an area of strong interest in the scientific community, so our results could promote more research about the magnetic field on both Earth and other planets."

The research is published in Science Advances.
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Like people, vultures get set in their ways and have fewer friends as they age | ScienceDaily
If you'd rather be watching TV on your couch than dancing at the club, you might have something in common with aging griffon vultures. New research shows that young griffon vultures move frequently between sleeping sites in different locations and interact with many friends but get set in their ways as they age, roosting in the same spots with the same individuals. As moving between roosts becomes a grind, older vultures follow the same path, establishing movement routines, that are not seen in young vultures.


						
Younger vultures shy away from the most popular roosts, suggesting they might be intimidated by the older ones or that there's a vulture equivalent of "Hey you kids, get off my lawn."

The research, published in Proceedings of the National Academy of Sciences, shows that like many people, older vultures tend to have fewer, more selective friendships with stronger bonds. They may also have a more thorough knowledge of where to find food resources.

Eurasian griffon vultures, or Gyps fulvus, are large vultures that live in the Mediterranean, the Middle East and India. With wingspans up to 9 feet, they're much larger than North American turkey vultures and bigger than bald eagles.

Finding food can be tricky for vultures because it depends on locating animal carcasses -- an unpredictable and ephemeral source. When griffon vultures find a carcass, they tend to sleep or roost nearby and feed on it over a period of days. Roosting sites can thus be 'information hubs,' where vultures that recently fed signal to others about food sources; they then follow each other to carcasses and form friendships that help them stay in the loop about food.

The researchers wanted to know if an individual griffon vulture's movement patterns and social behavior changed over the course of its life. They used GPS data from 142 individually tagged birds in Israel gathered over a period of 15 years to cross-reference the vultures' ages with their movement and social interactions at roost sites.

"What we found was as they age, their loyalty to certain roost sites increases," said co-author Noa Pinter-Wollman, a UCLA professor of ecology and evolutionary biology. "Young vultures check out many different roosts but in middle age, they start going repeatedly to the same places."

The study showed young vultures sometimes returned to the same roost but usually chose different ones, rarely spending two nights in the same place. From young adulthood at around 5 years old through middle age, they spent about half their nights at the same "home" site and half elsewhere. In old age, they became true homebodies.




"When they are old, from the age of 10 onward, they no longer have the energy to be 'out and about' and return consistently to the same site," said corresponding author Orr Spiegel of Tel Aviv University. "Those who were adventurous at the age of 5 became more sedentary by age 10."

As the vultures grew older, the strength of their social bonds decreased as well for at least part of the year. The number of individuals they interacted with didn't change with age -- if they had five friends when young, they still had five when older. But the amount of time they spent with vultures outside of their close friend group plummeted. Older vultures spent most of their time with and roosted mostly with these close friends. Their movements also became more routine, eventually following a predictable pattern.

The study is unique because the researchers were able to track the movements and social behaviors of the same vultures for up to 12 nearly consecutive years over a 15-year period.

"We are able to show that the trends of individuals becoming more loyal to the same sites with age is not because the more exploratory individuals die earlier and live shorter lives, and the older, more sedentary individuals live longer lives," said first author and Tel Aviv University postdoctoral fellow Marta Acacio. "Individuals actually change their behavior with age, and this has rarely been shown in nature for long-lived birds due to the difficulty of tracking individuals for such a long time."

The research backs up findings from studies in other species that, with age, animals become more faithful to their known sites and routines -- and potentially become more selective in their social relationships. These behaviors are commonly attributed to aging in humans and can help improve understanding of how animal populations move about in their environments and relate to other members of their species, as well as identify better ways to protect them from threats. For griffon vultures, this could mean better protection of important roosting sites and using knowledge about their social interactions to reduce the risk of poisoning.

"It looks like they just get set in their ways," Pinter-Wollman said. "They've gathered information over the years, and they might as well use it. Carcasses are hard to come by and roosts are information hubs. Some roosts become popular for a reason; for example, they tend to be closer to reliable food sources and older vultures potentially monopolize these roosts."
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What a submerged ancient bridge discovered in a Spanish cave reveals about early human settlement | ScienceDaily
A new study led by the University of South Florida has shed light on the human colonization of the western Mediterranean, revealing that humans settled there much earlier than previously believed. This research, detailed in a recent issue of the journal, Communications Earth & Environment, challenges long-held assumptions and narrows the gap between the settlement timelines of islands throughout the Mediterranean region.


						
Reconstructing early human colonization on Mediterranean islands is challenging due to limited archaeological evidence. By studying a 25-foot submerged bridge, an interdisciplinary research team -- led by USF geology Professor Bogdan Onac -- was able to provide compelling evidence of earlier human activity inside Genovesa Cave, located in the Spanish island of Mallorca.

"The presence of this submerged bridge and other artifacts indicates a sophisticated level of activity, implying that early settlers recognized the cave's water resources and strategically built infrastructure to navigate it," Onac said.

The cave, located near Mallorca's coast, has passages now flooded due to rising sea levels, with distinct calcite encrustations forming during periods of high sea level. These formations, along with a light-colored band on the submerged bridge, serve as proxies for precisely tracking historical sea-level changes and dating the bridge's construction.

Mallorca, despite being the sixth largest island in the Mediterranean, was among the last to be colonized. Previous research suggested human presence as far back as 9,000 years, but inconsistencies and poor preservation of the radiocarbon dated material, such as nearby bones and pottery, led to doubts about these findings. Newer studies have used charcoal, ash and bones found on the island to create a timeline of human settlement about 4,400 years ago. This aligns the timeline of human presence with significant environmental events, such as the extinction of the goat-antelope genus Myotragus balearicus.

By analyzing overgrowths of minerals on the bridge and the elevation of a coloration band on the bridge, Onac and the team discovered the bridge was constructed nearly 6,000 years ago, more than two-thousand years older than the previous estimation -- narrowing the timeline gap between eastern and western Mediterranean settlements.

"This research underscores the importance of interdisciplinary collaboration in uncovering historical truths and advancing our understanding of human history," Onac said.

This study was supported by several National Science Foundation grants and involved extensive fieldwork, including underwater exploration and precise dating techniques. Onac will continue exploring cave systems, some of which have deposits that formed millions of years ago, so he can identify preindustrial sea levels and examine the impact of modern greenhouse warming on sea-level rise.

This research was done in collaboration with Harvard University, the University of New Mexico and the University of Balearic Islands.
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Upcycling excess carbon dioxide with tiny microbes | ScienceDaily
While some microbes can make people sick or spoil food, others are critical for survival. These tiny organisms can also be engineered to make specific molecules. Researchers reporting in ACS Sustainable Chemistry & Engineering have rewired one such microbe to help tackle greenhouse gases in the atmosphere: It takes in carbon dioxide (CO2) gas and produces mevalonate, a useful building block for pharmaceuticals.


						
The increasing concentration of greenhouse gases in the atmosphere has led to widespread global warming. To begin to address the problem, greenhouse gas emissions, including CO2, need to be significantly reduced. On top of that, the CO2 already present could be removed. Methods to capture CO2 are in development, and one promising option involves microbes. Genetic engineering can modify their natural biosynthetic pathways, turning the microbes into miniature living factories that can produce all sorts of things -- for example, insulin.

One potential microbial factory is Cupriavidus necator H16, a bacterium favored thanks to its relatively unfussy nature about what it's fed. Because it can survive on little more than CO2 and hydrogen gas, the bacterium is a great candidate for capturing and converting the gases into larger molecules. But even though the microbe's DNA can be rewired to produce interesting products, it's not great at remembering those new instructions over time. To put it scientifically, the plasmids (the genetic instructions) are relatively unstable. Katalin Kovacs and colleagues wanted to see if they could improve C. necator's ability to remember its new instructions and produce useful carbon-based building blocks out of CO2 gas.

The team got to work hacking C. necator's biochemical pathways responsible for converting CO2 into larger six-carbon molecules. The key to improving the plasmid's stability lies in an enzyme called RubisCo, which allows the bacterium to utilize CO2. Essentially, the new plasmid was paired to the enzyme, so if a cell failed to remember the new instructions, it would fail to remember how to make RubisCo and die. Meanwhile, the remaining cells with better memories would survive and replicate, passing along the plasmid.

In tests, the newly engineered microbes produced significantly more of the six-carbon molecule mevalonate compared with a control strain. Mevalonate is a molecular building block for all sorts of substances in living and synthetic systems alike, including cholesterol and other steroid molecules with pharmaceutical applications. In fact, this research produced the largest amounts to date of mevalonate from CO2 or other single-carbon reactants using microbes. The researchers say this is a more economically feasible carbon fixation system than previous systems involving C. necator, and it could be expanded to other microbial strains as well.

The authors acknowledge funding from the Biotechnology and Biological Sciences Research Council and the Engineering and Physical Sciences Research Council of the United Kingdom.
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AI tool maps out cell metabolism with precision | ScienceDaily
Understanding how cells process nutrients and produce energy -- collectively known as metabolism -- is essential in biology. However, analyzing the vast amounts of data on cellular processes to determine metabolic states is a complex task.


						
Modern biology generates large datasets on various cellular activities. These "omics" datasets provide insights into different cellular functions, such as gene activity and protein levels. However, integrating and making sense of these datasets to understand cell metabolism is challenging.

Kinetic models offer a way to decode this complexity by providing mathematical representations of cellular metabolism. They act as detailed maps that describe how molecules interact and transform within a cell, depicting how substances are converted into energy and other products over time. This helps scientists understand the biochemical processes underpinning cellular metabolism. Despite their potential, developing kinetic models is challenging due to the difficulty in determining the parameters that control cellular processes.

A team of researchers led by Ljubisa Miskovic and Vassily Hatzimanikatis at EPFL has now created RENAISSANCE, an AI-based tool that simplifies the creation of kinetic models. RENAISSANCE combines various types of cellular data to accurately depict metabolic states, making it easier to understand how cells function. RENAISSANCE stands out as a major advancement in computational biology, opening new avenues for research and innovation in health and biotechnology.

The researchers used RENAISSANCE to create kinetic models that accurately reflected Escherichia coli's metabolic behavior. The tool successfully generated models that matched experimentally observed metabolic behaviors, simulating how the bacteria would adjust their metabolism over time in a bioreactor.

The kinetics models also proved to be robust, maintaining stability even when subjected to genetic and environmental condition perturbations. This indicates that the models can reliably predict the cellular response to different scenarios, enhancing their practical utility in research and industrial applications.

"Despite advancements in omics techniques, inadequate data coverage remains a persistent challenge," says Miskovic. "For instance, metabolomics and proteomics can detect and quantify only a limited number of metabolites and proteins. Modeling techniques that integrate and reconcile omics data from various sources can compensate for this limitation and enhance systems understanding. By combining omics data and other relevant information, such as extracellular medium content, physicochemical data, and expert knowledge, RENAISSANCE allows us to accurately quantify unknown intracellular metabolic states, including metabolic fluxes and metabolite concentrations."

RENAISSANCE's ability to accurately model cellular metabolism has significant implications, offering a powerful tool for studying metabolic changes whether they are induced by disease or not, and aiding in the development of new treatments and biotechnologies. Its ease of use and efficiency will enable a broader range of researchers in academia and industry to utilize kinetic models effectively and will foster collaboration.
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New discoveries about how mosquitoes mate may help the fight against malaria | ScienceDaily
A high-pitched buzzing sound in your ear is an unmistakable sign that a female mosquito is out on the hunt -- for they, not males, drink blood. Hearing that tone might make you turn to try to swat the pest. But for a male mosquito, that tone means it's time to mate.


						
An international team led by researchers at the University of Washington has uncovered surprising details about mosquito mating, which could lead to improved malaria control techniques and even help develop precision drone flight. In a paper published Aug. 30 in the journal Current Biology, the team revealed that when a male Anopheles coluzzii mosquito hears the sound of female-specific wingbeats, his vision becomes active.

Many mosquito species have relatively poor vision, and Anopheles coluzzii -- a major spreader of malaria in Africa -- is no exception. But the team found that when a male hears the telltale buzz of female flight, his eyes "activate" and he visually scans the immediate vicinity for a potential mate. Even in a busy, crowded swarm of amorous mosquitoes, which is how A. coluzzii mates, the researchers found that the male can visually lock on to his target. He then speeds up and zooms deftly through the swarm -- and avoids colliding with others.

"We have discovered this incredibly strong association in male mosquitoes when they are seeking out a mate: They hear the sound of wingbeats at a specific frequency -- the kind that females make -- and that stimulus engages the visual system," said lead author Saumya Gupta, a UW postdoctoral researcher in biology. "It shows the complex interplay at work between different mosquito sensory systems."

This strong link between males hearing the female-like buzz and moving toward an object in their field of vision may open up a new route for mosquito control: a new generation of traps specific to the Anopheles mosquitoes that spread malaria.

"This sound is so attractive to males that it causes them to steer toward what they think might be the source, be it an actual female or, perhaps, a mosquito trap," said senior author Jeffrey Riffell, a UW professor of biology.

Like most Anopheles species, Anopheles coluzzii mate in large swarms at sunset. The bulk of the bugs in these swarms are males, with only a few females. To human eyes, the swarms may appear chaotic. Mosquitoes of both sexes rapidly zip past each other. Males must use their senses to both avoid collision and find a rare female.




Gupta, Riffell and their colleagues -- including scientists from Wageningen University in the Netherlands, the Health Sciences Research Institute in Burkina Faso, and the University of Montpelier in France -- wanted to understand the interplay between mosquitoes' senses and how they work together in these swarms. To test the flight behavior of individual male mosquitoes, they built a miniature arena that uses a curved, pixelated screen to mimic the visual chaos of a swarm. The arena is essentially a mosquito flight simulator. In it, the mosquito test subject, which is tethered and cannot freely move, can still see, smell and hear, and also beat its wings as if it is in flight.

In arena tests with dozens of male Anopheles coluzzii mosquitoes, the researchers discovered that males responded differently to an object in their field of vision based on what sound the researchers broadcast into the arena. If they played to a tone at 450 hertz -- the frequency at which female mosquito wings beat in these swarms -- males steered toward the object. But males did not try to turn toward the object if the researchers played a tone at 700 hertz, which is closer to the frequency at which their fellow males beat their wings.

The mosquito's perceived distance to the object also mattered. If the simulated object appeared more than three body lengths away, he would not turn toward it, even in the presence of female-like flight tones.

"The resolving power of the mosquito eye is about 1,000-fold less than the resolving power of the human eye," said Riffell. "Mosquitoes tend to use vision for more passive behaviors, like avoiding other objects and controlling their position."

In addition to their dramatic response to objects when hearing female flight tones, arena experiments revealed that males made a different set of subtle flight adjustments to other objects. They modified their wingbeat amplitude and frequency in response to an object in their field of view, even with no wingbeat sounds piped in through the speaker. The team hypothesized that these visually driven responses may be preparatory maneuvers to avoid an object. To learn more, they filmed male-only swarms in the laboratory. Analyses of those movements showed that males accelerated away when they neared another male.

"We believe our results indicate that males use close-range visual cues for collision avoidance within swarms," said Gupta. "However, hearing female flight tones appears to dramatically alter their behavior, suggesting the importance of integrating sound and visual information."

This research may demonstrate a new method for mosquito control by targeting how mosquitoes integrate auditory and visual cues. The males' strong and consistent attraction to visual cues when they hear the female buzz may be a vulnerability that researchers can utilize while designing the next generation of mosquito traps -- particularly traps for the Anopheles species, which are a major spreader of malaria pathogens.

"Mosquito swarms are a popular target for mosquito control efforts, because it really leads to a strong reduction in biting overall," said Riffell. "But today's measures, like insecticides, are increasingly less effective as mosquitoes evolve resistance. We need new approaches, like lures or traps, which will draw in mosquitoes with high fidelity."

Co-authors are Antoine Cribellier, Serge Poda and Florian Muijres of Wageningen University of Wageningen University in the Netherlands and Olivier Roux of the University of Montpelier in France. Roux and Poda are also with the Health Sciences Research Institute in Burkina Faso. The research was funded by the Human Frontiers Science Program, the National Institutes of Health, the Air Force Office of Scientific Research and the French National Research Agency.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240830110719.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientist's method could give months' warning of major earthquakes | ScienceDaily
The public could have days or months of warning about a major earthquake through identification of prior low-level tectonic unrest over large areas, according to research by a University of Alaska Fairbanks scientist who analyzed two major quakes in Alaska and California.


						
The work was led by research assistant professor Tarsilo Girona of the UAF Geophysical Institute.

Girona, a geophysicist and data scientist, studies precursory activity of volcanic eruptions and earthquakes. Geologist Kyriaki Drymoni of the Ludwig-Maximilians-Universita?t in Munich, Germany, is a co-author.

The detection method, based on machine learning, was published Aug. 28 in Nature Communications.

"Our paper demonstrates that advanced statistical techniques, particularly machine learning, have the potential to identify precursors to large-magnitude earthquakes by analyzing datasets derived from earthquake catalogs," Girona said.

The authors wrote a computer algorithm to search the data to look for abnormal seismic activity. Algorithms are a set of computer instructions that teach a program to interpret data, learn from it and make informed predictions or decisions.

They focused on two major earthquakes: the 2018 magnitude 7.1 Anchorage earthquake and the 2019 Ridgecrest, California, earthquake sequence of magnitudes 6.4 to 7.1.




They found that approximately three months of abnormal low-magnitude regional seismicity had occurred across about 15% to 25% of Southcentral Alaska and Southern California prior to each of the two studied earthquakes.

Their research finds that unrest preceding major earthquakes is mostly captured by seismic activity with magnitude below 1.5.

The Anchorage earthquake occurred Nov. 30, 2018, at 8:29 a.m., with an epicenter located approximately 10.5 miles north of the city. It caused extensive damage to some roads and highways, and several buildings sustained damage.

Using their data-trained program, Girona and Drymoni found with the Anchorage earthquake that the probability that a major earthquake would happen in 30 days or fewer increased abruptly up to approximately 80% around three months before the Nov. 30 earthquake. The probability increased to approximately 85% just a few days before it occurred. They had similar probability findings for the Ridgecrest earthquake sequence for a period beginning about 40 days prior to the onset of the quake sequence.

Girona and Drymoni propose a geologic cause for the low-magnitude precursor activity: A significant increase in pore fluid pressure within a fault.

Pore fluid pressure refers to the pressure of fluid within a rock. High pore fluid pressures can potentially lead to fault slip if the pressure is sufficient to overcome the frictional resistance between the blocks of rock on either side of the fault.




"Increased pore fluid pressure in faults that lead to major earthquakes changes the faults' mechanical properties, which in turn leads to uneven variations in the regional stress field," Drymoni said. "We propose that these uneven variations ... control the abnormal, precursory low-magnitude seismicity."

Machine learning is having a major positive impact on earthquake research, Girona said.

"Modern seismic networks produce enormous datasets that, when properly analyzed, can offer valuable insights into the precursors of seismic events," he said. "This is where advancements in machine learning and high-performance computing can play a transformative role, enabling researchers to identify meaningful patterns that could signal an impending earthquake."

The authors state that their algorithm will be tested in near-real-time situations to identify and address potential challenges for earthquake forecasting. The method should not be employed in new regions without training the algorithm with that area's historical seismicity, they add.

Producing reliable earthquake forecasts has a "deeply important and often controversial dimension," Girona said.

"Accurate forecasting has the potential to save lives and reduce economic losses by providing early warnings that allow for timely evacuations and preparation," he said. "However, the uncertainty inherent in earthquake forecasting also raises significant ethical and practical questions."

"False alarms can lead to unnecessary panic, economic disruption, and a loss of public trust, while missed predictions can have catastrophic consequences," he said.
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TB under the sea: A marine sponge microbe provides insights into the evolution of tuberculosis | ScienceDaily
The surprising discovery of a bacterium in a marine sponge from the Great Barrier Reef with striking similarity to Mycobacterium tuberculosis, the pathogen responsible for tuberculosis (TB), could unlock and inform future TB research and treatment strategies.


						
TB remains one of the world's deadliest infectious diseases, yet the origins of M. tuberculosis are still not fully understood.

In a new study published in PLOS Pathogens, research led by the Peter Doherty Institute for Infection and Immunity (Doherty Institute) details the newly identified bacterium, Mycobacterium spongiae, found in a marine sponge collected near Cooktown, Queensland.

Often referred to as 'chemical factories', marine sponges are a valuable source of bioactive compounds with potent anticancer, antibacterial, antiviral and anti-inflammatory properties. While studying a sponge specimen for its chemical-producing bacteria, researchers at the University of Queensland found a bacterium that puzzled them.

The sample was sent to the Doherty Institute, where the team conducted extensive analyses of the genes, proteins and lipids of M. spongiae. They discovered that it shares 80 per cent of its genetic material with M. tuberculosis, including some key genes associated with the bacteria's ability to cause disease. However, the researchers found that, unlike M. tuberculosis, M. spongiae does not cause disease in mice, making it non-virulent.

The University of Melbourne's Dr Sacha Pidot, a Laboratory Head at the Doherty Institute and co-lead author of the paper, said it was an exciting and important find.

"We were astounded to discover that this bacterium is a very close relative of M. tuberculosis," said Dr Pidot.




"This finding provides new insights into the evolution of M. tuberculosis, suggesting that these pathogens may have originated from marine mycobacteria."

The University of Melbourne's Professor Tim Stinear, a Laboratory Head at the Doherty Institute and co-lead author of the paper, said that that this new knowledge is an important building block for future research.

"While there is more work to be done in this space, this discovery is a valuable piece in the puzzle of understanding how TB came to be such a serious disease," said Professor Stinear.

"Our findings could help find weak links in M. tuberculosis to inform the development of new strategies such as vaccines to prevent and combat tuberculosis."

Authors were from Bio21 Institute, University of Queensland, Institut Pasteur, UK Health Security Agency, University of Otago and WEHI.
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New process vaporizes plastic bags and bottles, yielding gases to make new, recycled plastics | ScienceDaily
A new chemical process can essentially vaporize plastics that dominate the waste stream today and turn them into hydrocarbon building blocks for new plastics.


						
The catalytic process, developed at the University of California, Berkeley, works equally well with the two dominant types of post-consumer plastic waste: polyethylene, the component of most single-use plastic bags; and polypropylene, the stuff of hard plastics, from microwavable dishes to luggage. It also efficiently degrades a mix of these types of plastics.

The process, if scaled up, could help bring about a circular economy for many throwaway plastics, with the plastic waste converted back into the monomers used to make polymers, thereby reducing the fossil fuels used to make new plastics. Clear plastic water bottles made of polyethylene tetraphthalate (PET), a polyester, were designed in the 1980s to be recycled this way. But the volume of polyester plastics is minuscule compared to that of polyethylene and polypropylene plastics, referred to as polyolefins.

"We have an enormous amount of polyethylene and polypropylene in everyday objects, from lunch bags to laundry soap bottles to milk jugs -- so much of what's around us is made of these polyolefins," said John Hartwig, a UC Berkeley professor of chemistry who led the research. "What we can now do, in principle, is take those objects and bring them back to the starting monomer by chemical reactions we've devised that cleave the typically stable carbon-carbon bonds. By doing so, we've come closer than anyone to give the same kind of circularity to polyethylene and polypropylene that you have for polyesters in water bottles."

Hartwig, graduate student Richard J. "RJ" Conk, chemical engineer Alexis Bell, who is a UC Berkeley Professor of the Graduate School, and their colleagues will publish the details of the catalytic process in the xx issue of the journal Science.

A circular economy for plastics

Polyethylene and polypropylene plastics constitute about two-thirds of post-consumer plastic waste worldwide. About 80% ends up in landfills, is incinerated or simply tossed into the streets, often ending up as microplastics in streams and the ocean. The rest is recycled as low-value plastic, becoming decking materials, flowerpots and sporks.




To reduce this waste, researchers have been looking for ways to turn the plastics into something more valuable, such as the monomers that are polymerized to produce new plastics. This would create a circular polymer economy for plastics, reducing the need to make new plastics from petroleum, which generates greenhouse gases.

Two years ago, Hartwig and his UC Berkeley team came up with a process for breaking down polyethylene plastic bags into the monomer propylene -- also called propene -- that could then be reused to make polypropylene plastics. This chemical process employed three different bespoke heavy metal catalysts: one to add a carbon-carbon double bond to the polyethylene polymer and the other two to break the chain at this double bond and repeatedly snip off a carbon atom and, with ethylene, make propylene (C3H6) molecules until the polymer disappeared. But the catalysts were dissolved in the liquid reaction and short-lived, making it hard to recover them in an active form.

In the new process, the expensive, soluble metal catalysts have been replaced by cheaper solid ones commonly used in the chemical industry for continuous flow processes that reuse the catalyst. Continuous flow processes can be scaled up to handle large volumes of material.

Conk first experimented with these catalysts after consulting with Bell, an expert on heterogeneous catalysts, in the Department of Chemical and Biomolecular Engineering.

Synthesizing a catalyst of sodium on alumina, Conk found that it efficiently broke or cracked various kinds of polyolefin polymer chains, leaving one of the two pieces with a reactive carbon-carbon double bond at the end. A second catalyst, tungsten oxide on silica, added the carbon atom at the end of the chain to ethylene gas, which is constantly streamed through the reaction chamber to form a propylene molecule. The latter process, called olefin metathesis, leaves behind a double bond that the catalyst can access again and again until the entire chain has been converted to propylene.

The same reaction occurs with polypropylene to form a combination of propene and a hydrocarbon called isobutylene. Isobutylene is used in the chemical industry to make polymers for products ranging from footballs to cosmetics and to make high-octane gasoline additives.




Surprisingly, the tungsten catalyst was even more effective than the sodium catalyst in breaking polypropylene chains.

"You can't get much cheaper than sodium," Hartwig said. "And tungsten is an earth-abundant metal used in the chemical industry in large scale, as opposed to our ruthenium metal catalysts that were more sensitive and more expensive. This combination of tungsten oxide on silica and sodium on alumina is like taking two different types of dirt and having them together disassemble the whole polymer chain into even higher yields of propene from ethylene and a combination of propene and isobutylene from polypropylene than we did with those more complex, expensive catalysts."

Like a string of pearls

One key advantage of the new catalysts is that they avoid the need to remove hydrogen to form a breakable carbon-carbon double bond in the polymer, which was a feature of the researchers' earlier process to deconstruct polyethylene. Such double bonds are an Achilles heel of a polymer, in the same way that the reactive carbon-oxygen bonds in polyester or PET make the plastic easier to recycle. Polyethylene and polypropylene don't have this Achilles heel -- their long chains of single carbon bonds are very strong.

"Think of the polyolefin polymer like a string of pearls," Hartwig said. "The locks at the end prevent them from falling out. But if you clip the string in the middle, now you can remove one pearl at a time."

The two catalysts together turned a nearly equal mixture of polyethylene and polypropylene into propylene and isobutylene -- both gases at room temperature -- with an efficiency of nearly 90%. For polyethylene or polypropylene alone, the yield was even higher.

Conk added plastic additives and different types of plastics to the reaction chamber to see how the catalytic reactions were affected by contaminants. Small amounts of these impurities barely affected the conversion efficiency, but small amounts of PET and polyvinyl chloride -- PVC -- significantly reduced the efficiency. This may not be a problem, however, because recycling methods already separate plastics by type.

Hartwig noted that while many researchers are hoping to redesign plastics from the ground up to be easily reused, today's hard-to-recycle plastics will be a problem for decades.

"One can argue that we should do away with all polyethylene and polypropylene and use only new circular materials. But the world's not going to do that for decades and decades. Polyolefins are cheap, and they have good properties, so everybody uses them," Hartwig said. "People say if we could figure out a way to make them circular, it would be a big deal, and that's what we've done. One can begin to imagine a commercial plant that would do this."

Other co-authors of the paper are graduate students Jules Stahler, Jake Shi, Natalie Lefton and John Brunn of UC Berkeley and Ji Yang of Lawrence Berkeley National Laboratory. Shi, Hartwig and Bell are also affiliated with Berkeley Lab. The work was funded by the Department of Energy (DE-AC02-05CH11231).
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Number of fish species at risk of extinction fivefold higher than previous estimates, according to a new prediction | ScienceDaily
Researchers predict that 12.7% of marine teleost fish species are at risk of extinction, up fivefold from the International Union for Conservation of Nature's prior estimate of 2.5%. Nicolas Loiseau and Nicolas Mouquet from the MARBEC Unit (the Marine Biodiversity, Exploitation and Conservation Unit) in Montpellier, France, and colleagues report these findings in a study published August 29th in the open-access journal PLOS Biology. Their report includes nearly 5,000 species that did not receive an IUCN conservation status due to insufficient data.


						
The IUCN's Red List of Threatened Species tracks more than 150,000 species to guide global conservation efforts on behalf of the most threatened. However, 38% of marine fish species (or 4,992 species at the time of this research) are considered Data-Deficient and do not receive an official conservation status or the associated protections.

To better direct conservation efforts toward the species that need them, Loiseau and colleagues combined a machine learning model with an artificial neural network to predict the extinction risks of Data-Deficient species. The models were trained on occurrence data, biological traits, taxonomy and human uses from 13,195 species.

They categorized 78.5% of the 4,992 species as Non-Threatened or Threatened (which includes Critically Endangered, Endangered and Vulnerable IUCN categories). Predicted Threatened species increased fivefold (from 334 to 1,671) and predicted Non-Threatened species increased by a third (from 7,869 to 10,451).

Predicted Threatened species tended to have a small geographic range, large body size and low growth rate. The extinction risk was also correlated with shallow habitats. The South China Sea, the Philippine and Celebes Seas and the west coasts of Australia and North America emerged as hotspots for predicted Threatened species. The researchers recommend increased research and conservation efforts in these areas.

The researchers observed "a marked change in conservation priority ranking after species IUCN predictions," recommending that the Pacific Islands and Southern Hemisphere's polar and subpolar regions be prioritized to account for emerging at-risk species. Many species that remained Data-Deficient occur in the Coral Triangle, indicating that additional research is needed there.

The researchers note that models cannot replace direct evaluations of at-risk species but AI offers a unique opportunity to provide a rapid, extensive and cost-effective evaluation of extinction risk of species.

Loiseau adds, "Artificial Intelligence (AI) enables the reliable assessment of extinction risks for species that have not yet been evaluated by the International Union for Conservation of Nature (IUCN). Our analysis of 13,195 marine fish species reveals that the extinction risk is significantly higher than the IUCN's initial estimates, rising from 2.5% to 12.7%. We propose to incorporate recent advancements in forecasting species extinction risks into a new synthetic index called 'predicted IUCN status.' This index can serve as a valuable complement to the current 'measured IUCN status.'"
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Ancient gene gives spiders their narrow waist | ScienceDaily
An ancient gene is crucial for the development of the distinctive waist that divides the spider body plan in two, according to a study publishing August 29th in the open-access journal PLOS Biology by Emily Setton from the University of Wisconsin-Madison, US, and colleagues.


						
The spider body is divided into two sections, separated by a narrow waist. Compared to insects and crustaceans, relatively little is known about embryonic development in spiders, and the genes involved in the formation of the spider waist are poorly understood.

To investigate, researchers sequenced genes expressed in embryos of the Texas brown tarantula (Aphonopelma hentzi) at different stages of development. They identified 12 genes that are expressed at different levels in embryonic cells on either side of the waist. They silenced each of these candidate genes, one by one, in embryos of the common house spider (Parasteatoda tepidariorum) to understand their function in development. This revealed one gene -- which the authors named 'waist-less' -- that is required for the development of the spider waist. It is part of a family of genes called 'Iroquois', which have previously been studied in insects and vertebrates. However, an analysis of the evolutionary history of the Iroquois family suggests that waist-less was lost in the common ancestor of insects and crustaceans. This might explain why waist-less had not been studied previously, because research has tended to focus on insect and crustacean model organisms that lack the gene.

The results demonstrate that an ancient, but previously unstudied gene is critical for the development of the boundary between the front and rear body sections, which is a defining characteristic of chelicerates -- the group that includes spiders and mites. Further research is needed to understand the role of waist-less in other chelicerates, such as scorpions and harvestman, the authors say.

The authors add, "Our work identified a new and unexpected gene involved in patterning the iconic spider body plan. More broadly, this work highlights the function of new genes in ancient groups of animals."

An ancient gene is crucial for the development of the distinctive waist that divides the spider body plan in two, according to a study publishing August 29th in the open-access journal PLOS Biology by Emily Setton from the University of Wisconsin-Madison, US, and colleagues.

The spider body is divided into two sections, separated by a narrow waist. Compared to insects and crustaceans, relatively little is known about embryonic development in spiders, and the genes involved in the formation of the spider waist are poorly understood.

To investigate, researchers sequenced genes expressed in embryos of the Texas brown tarantula (Aphonopelma hentzi) at different stages of development. They identified 12 genes that are expressed at different levels in embryonic cells on either side of the waist. They silenced each of these candidate genes, one by one, in embryos of the common house spider (Parasteatoda tepidariorum) to understand their function in development. This revealed one gene -- which the authors named 'waist-less' -- that is required for the development of the spider waist. It is part of a family of genes called 'Iroquois', which have previously been studied in insects and vertebrates. However, an analysis of the evolutionary history of the Iroquois family suggests that waist-less was lost in the common ancestor of insects and crustaceans. This might explain why waist-less had not been studied previously, because research has tended to focus on insect and crustacean model organisms that lack the gene.

The results demonstrate that an ancient, but previously unstudied gene is critical for the development of the boundary between the front and rear body sections, which is a defining characteristic of chelicerates -- the group that includes spiders and mites. Further research is needed to understand the role of waist-less in other chelicerates, such as scorpions and harvestman, the authors say.

The authors add, "Our work identified a new and unexpected gene involved in patterning the iconic spider body plan. More broadly, this work highlights the function of new genes in ancient groups of animals."
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How a salt giant radically reshaped Mediterranean marine biodiversity | ScienceDaily
A new study paves the way to understanding biotic recovery after an ecological crisis in the Mediterranean Sea about 5.5 million years ago. An international team led by Konstantina Agiadi from the University of Vienna has now been able to quantify how marine biota was impacted by the salinization of the Mediterranean: Only 11 percent of the endemic species survived the crisis, and the biodiversity did not recover for at least another 1.7 million years. The study was just published in the journal Science.


						
Lithospheric movements throughout Earth history have repeatedly led to the isolation of regional seas from the world ocean and to the massive accumulations of salt. Salt giants of thousands of cubic kilometers have been found by geologists in Europe, Australia, Siberia, the Middle East, and elsewhere. These salt accumulations present valuable natural resources and have been exploited from antiquity until today in mines around the world (e.g. at the Hallstatt mine in Austria or the Khewra Salt Mine in Pakistan).

The Mediterranean salt giant is a kilometer-thick layer of salt beneath the Mediterranean Sea, which was first discovered in the early 1970s. It formed about 5.5 million years ago because of the disconnection from the Atlantic during the Messinian Salinity Crisis. In a study published in the journal Science, an international team of researchers -- comprising 29 scientists from 25 institutes across Europe -- led by Konstantina Agiadi from University of Vienna now was able to quantify the loss of biodiversity in the Mediterranean Sea due to the Messinian crisis and the biotic recovery afterwards.

Huge impact on marine biodiversity

After several decades of painstaking research on fossils dated from 12 to 3.6 million years found on land in the peri-Mediterranean countries and in deep-sea sediment cores, the team found that almost 67% of the marine species in the Mediterranean Sea after the crisis were different than those before the crisis. Only 86 of 779 endemic species (living exclusively in the Mediterranean before the crisis) survived the enormous change in living conditions after the separation from the Atlantic. The change in the configuration of the gateways, which led to the formation of the salt giant itself, resulted in abrupt salinity and temperature fluctuations, but also changed the migration pathways of marine organisms, the flow of larvae and plankton and disrupted central processes of the ecosystem. Due to these changes, a large proportion of the Mediterranean inhabitants of that time, such as tropical reef-building corals, died out.After the reconnection to the Atlantic and the invasion of new species like the Great White shark and oceanic dolphins, Mediterranean marine biodiversity presented a novel pattern, with the number of species decreasing from west to east, as it does today.

Recovery took longer than expected

Because peripheral seas like the Mediterranean are important biodiversity hotspots, it was very likely that the formation of salt giants throughout geologic history had a great impact, but it hadn't been quantified up to now. "Our study now provides the first statistical analysis of such a major ecological crisis," explains Konstantina Agiadi from the Department of Geology. Furthermore, it also quantifies for the first time the timescales of recovery after a marine environmental crisis, which is actually much longer than expected: "The biodiversity in terms of number of species only recovered after more than 1.7 million years," says the geoscientist. The methods used in the study also provide a model connecting plate tectonics, the birth and death of the oceans, Salt, and marine Life that could be applied to other regions of the world.

"The results open a bunch of new exciting questions," states Daniel Garcia-Castellanos from Geosciences Barcelona (CSIC), who is the senior author of this study: "How and where did 11% of the species survive the salinization of the Mediterranean? How did previous, larger salt formations change the ecosystems and the Earth System?" These questions are still to be explored, for instance also within the new Cost Action Network "SaltAges" starting in October, where researchers are invited to explore the social, biological and climatic impacts of salt ages.
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Bacteria able to overcome cost of vancomycin resistance in lab setting | ScienceDaily

Despite decades of widespread treatment with the antibiotic vancomycin, vancomycin resistance among the bacterium S. aureus is extremely uncommon -- only 16 such cases have reported in the U.S. to date. Vancomycin resistance mutations enable bacteria to grow in the presence of vancomycin, but they do so at a cost. Vancomycin-resistant S. aureus (VRSA) strains grow more slowly and will often lose their resistance mutations if vancomycin is not present. The reason behind vancomycin's durability and the potential for VRSA strains to further adapt have not been adequately explored.

In this study, researchers took four VRSA strains and grew them in the presence and absence of vancomycin to see how the strains would evolve. They found that strains grown in the presence of vancomycin developed additional mutations in the ddl gene, which has previously been associated with vancomycin dependence. These mutations enabled VRSA strains to grow faster when vancomycin was present. Unlike the original strains, which quickly lost vancomycin resistance, the evolved strains maintained resistance through several generations, even when vancomycin was no longer present.

The study shows that durability of vancomycin susceptibility to date should not be taken for granted. The trade-off that often comes with vancomycin resistance can be overcome if the bacteria is allowed to grow in the presence of vancomycin. As antibiotic resistance continues to grow as a public health threat, studies like this underscores the importance of developing new antibiotics.

The authors add: "The superbug MRSA has been held off by the antibiotic vancomycin for decades. A new study shows we will not be able to count on vancomycin forever."
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Getting the stink out of smoke-tainted wine | ScienceDaily
Wildfires can damage crops, even if flames come nowhere near the plants. One outcome can be an unpleasant flavor and smell of wine that is made from grapes exposed to smoke. But researchers report in ACS' Journal of Agricultural and Food Chemistry that they have developed a way to lessen this smoke taint to improve the palatability of the wine.


						
Volatile compounds are responsible for many of the appealing aromas and flavors of food and beverages, including wine. These compounds come from the grapes themselves, as well as during the fermentation and aging processes. But not all volatile compounds present in wine are desirable: Some, produced by bacteria or yeast, smell like nail polish remover, rotten eggs, burnt rubber or onions. And if grapes absorb volatile compounds from wildfires, the resulting wine can take on a disagreeable smoky, ashy or medicinal character that compromises quality and reduces value. Producers use a variety of adsorbents to remove these unpleasant compounds from wine. However, these techniques can also remove desirable constituents that contribute to the beverage's color, bouquet and flavor. So Kerry Wilkinson and colleagues decided to investigate whether the volatile compounds responsible for smoke taint could be selectively removed with the aid of molecularly imprinted polymers (MIPs).

MIPs are synthetic materials that can bind to one or more target compound. The researchers hoped to use the polymers to fish the smoky substances out of wine, while leaving the tasty and visually appealing components in place. The team added beads made of MIPS -- either contained in muslin or mesh bags or floating freely in the liquid -- and then used chemical analysis, as well as taste-testing panels of experts, members of the public, students and staff to evaluate the results. In some cases, the MIPs were regenerated by rinsing them after extraction to remove the smoke compounds, enabling them to be reused.

In terms of improving the wines' sensory characteristics and removing unpleasant volatile phenols, the researchers found that adding MIPs to wine after fermentation was more effective than adding MIPs during fermentation. In addition, regenerating the MIPs generally enhanced removal of smoke volatile compounds. Although the MIPs also adsorbed some desirable compounds associated with aroma, flavor and red wine color, the researchers say the project showed that the method can be used successfully to reduce the perception of smoke taint.

The authors acknowledge funding and support from the Australian Government as part of a Cooperative Research Centre Project; Wine Australia; Metabolomics South Australia, which is funded through Bioplatforms Australia Pty Ltd.; the National Collaborative Research Infrastructure Strategy; and the South Australian State Government. One author declared a potential conflict of interest as an employee of amaea.
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Scientists discover how starfish get 'legless' | ScienceDaily
Researchers at Queen Mary University of London have made a groundbreaking discovery about how sea stars (commonly known as starfish) manage to survive predatory attacks by shedding their own limbs. The team has identified a neurohormone responsible for triggering this remarkable feat of self-preservation.


						
Autotomy, the ability of an animal to detach a body part to evade predators, is a well-known survival strategy in the animal kingdom. While lizards shedding their tails are a familiar example, the mechanisms behind this process remain largely mysterious.

Now, scientists have unveiled a key piece of the puzzle. By studying the common European starfish, Asterias rubens, they identified a neurohormone akin to the human satiety hormone, cholecystokinin (CCK), as a regulator of arm detachment. Furthermore, the scientists propose that when this neurohormone is released in response to stress, such as a predator attack, it stimulates the contraction of a specialised muscle at the base of the starfish's arm, effectively causing it to break off.

Remarkably, starfish possess incredible regenerative abilities, allowing them to grow back lost limbs over time. Understanding the precise mechanisms behind this process could hold significant implications for regenerative medicine and the development of new treatments for limb injuries.

Dr Ana Tinoco, a member of the London-based research group who is now working at the University of Cadiz in Spain, explained, "Our findings shed light on the complex interplay of neurohormones and tissues involved in starfish autotomy. While we've identified a key player, it's likely that other factors contribute to this extraordinary ability."

Professor Maurice Elphick, Professor Animal Physiology and Neuroscience at Queen Mary University of London, who led the study, emphasised its broader significance. "This research not only unveils a fascinating aspect of starfish biology but also opens doors for exploring the regenerative potential of other animals, including humans. By deciphering the secrets of starfish self-amputation, we hope to advance our understanding of tissue regeneration and develop innovative therapies for limb injuries."

The study, published in the journal Current Biology, was funded by the BBSRC and Leverhulme Trust.
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        A new role for intelligent tutors powered by AI in brain surgery?
        Researchers are designing real-time, intelligent tutors powered by AI. These systems mimic human surgical instructors in brain surgical training. Intelligent tutors help the learner acquire excellent skills by continuously assessing hand movements during simulated brain procedures and providing personalized verbal feedback.

      

      
        At-risk butterflies more likely to survive with human help
        Some of the butterflies most in danger of fluttering out of existence fare better when their habitats are actively managed by humans, a recent study found. Scientists have long warned that insect populations worldwide are falling rapidly due to the combined effects of climate change, habitat loss and pesticides. The study analyzed data on 114 populations of 31 butterfly species in 10 U.S. states. Overall, the research team found that these at-risk butterflies are particularly vulnerable, with pop...

      

      
        Banning friendships can backfire: Moms who 'meddle' make bad behavior worse
        Bad behavior often occurs away from home, leading parents to blame and limit contact with peers. However, a new study shows that banning friendships can backfire, worsening behavior instead of improving it. When moms disapprove of their kids' friends in an effort to curb misbehavior, it often alienates the child from their peers, exacerbating the very issues they aimed to prevent. Meddling in friendships can harm a child's social standing and lead to greater adjustment difficulties.

      

      
        Uncollected waste and open burning leading causes of the plastic pollution crisis
        A new study shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory. Researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

      

      
        Reef tourism encourages climate action
        New research has revealed that informing tourists visiting the Great Barrier Reef about climate impact doesn't negatively affect their experience and can help encourage climate action.

      

      
        Children's behavioral problems are linked to higher hair cortisol levels
        In a study involving 11-year-olds, researchers have concluded that greater behavioral problems are linked to higher hair cortisol levels. The study also concluded that exposure to certain factors that can simultaneously cause chronic stress may determine the concentration of cortisol in the hair.

      

      
        Communication helps parent relationships with new college students but has limits
        When young adults first go off to college, more communication with parents generally leads to better relationships, but parents should avoid always initiating it, according to a new study. Researchers found that phone, text, video or in-person communication made first-year students feel better about the relationship with their parents. Students also felt better about the relationship when parents offered support or advice, and when they discussed important topics, such as studying and friendships...

      

      
        How cheerful is that water bottle?
        New research shows consumers use 'happier' words to search for products when they are in a good mood. Researchers have connected those positive search terms with an increased likelihood of clicking on search engine ads.

      

      
        Artificial intelligence likely to play an increasing role in scientific publications
        In the coming years, AI is poised to transform the writing of scientific manuscripts, assist in reviewing them, and help editors select the most impactful papers.

      

      
        The risk of global water scarcity is greater when accounting for the origin of rain
        Securing the world's water supply is one of the greatest challenges of our time. Researchers are now presenting an alternative method for quantifying the global risk of water scarcity. Results indicate higher risks to water supply than previously expected if accounting for the environmental conditions and governability where rain is produced.

      

      
        COVID-19 vaccination mandates boosted uptake among health care workers, study finds
        A new study has found that state-level COVID-19 vaccination mandates successfully increased vaccine rates among health care workers, a finding that, while perhaps unsurprising, provides evidence of room to improve vaccination rates even among a highly vaccinated, highly educated population.

      

      
        Morphing facial technology sheds light on the boundaries of self-recognition
        Facial recognition is a critical part of self-image and social interactions. In an era of advanced digital technology, we face intriguing questions about communication and identity. How does altering our facial identity affect our sense of 'self' and our interactions with others?

      

      
        Transparency is often lacking in datasets used to train large language models
        The Data Provenance Explorer can help machine-learning practitioners make more informed choices about the data they train their models on, which could improve the accuracy of models deployed in the real world.

      

      
        Researchers attempted to emulate a clinical trial using data from real patients
        Researchers used real-world clinical data to attempt to emulate a randomized controlled trial testing the effectiveness of two blood thinners, apixaban and warfarin, to prevent stroke in patients with non-valvular atrial fibrillation. The study provides a method to explore the effects of treatments in patients who are underrepresented or excluded from clinical trials.

      

      
        Children contribute to group projects when there are clear and common goals
        A new study examined children's responses during a game where targets could only be achieved by working together. The study's authors say the findings provide valuable insights into how groups of people can work together to overcome communal challenges, and demonstrate the effectiveness of setting clear and unambiguous targets.

      

      
        VR headsets could be life changing for people with intellectual disability
        Immersive virtual reality could open up a whole new world for people with intellectual disability, enabling them to learn practical life skills much faster without relying on caregivers, according to a new study.

      

      
        Researchers identify basic approaches for how people recognize words
        Recognizing spoken words is a split-second competition, and a new study defines how people approach that competition and ultimately recognize words. The researchers identified three main approaches by which people of all ages -- including those who use cochlear implants to hear -- recognize spoken language.

      

      
        Your brain ages at different paces according to social and physical environments
        Countries with greater inequalities -- whether economic, pollution or disease-based -- exhibited older brain ages.
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A new role for intelligent tutors powered by AI in brain surgery? | ScienceDaily
Neurosurgery is perhaps one of the most demanding professions in healthcare. Surgeons spend long hours performing operations where expert performance means the difference between a good and bad patient outcome. While operative injuries are rare, when they occur, they can have serious, and lifelong consequences.


						
Researchers at the Neurosurgical Simulation and Artificial Intelligence Learning Centre at The Neuro (Montreal Neurological Institute-Hospital) of McGill University are striving to improve brain surgery training by designing real-time, intelligent tutors powered by AI. These systems are designed to mimic the role of human surgical instructors in brain surgical training. Intelligent tutors help the learner acquire excellent operative skills by continuously assessing hand movements during simulated brain procedures and providing personalized verbal feedback...

Educating the next generation of neurosurgeons is a long, expensive, and complex process. AI and simulation hold the potential to make the learning process easier while maintaining or enhancing the quality of graduating neurosurgeons' skills.

Their most recent study was the first randomized controlled trial comparing AI intelligent tutor instruction with human expert human instruction during simulated surgery. They divided 97 medical trainees into three groups, either receiving real-time AI feedback, in-person expert instruction or no real-time feedback.

The trainees who received AI instruction performed significantly better than those who received expert instruction and no real-time instruction. The study found that expert instruction alone led to poorer surgical learning outcomes. By employing their extensive expertise and the new opportunities provided by AI, surgical educators can provide new possibilities for learners to reach their potential as excellent surgeons.

"This study suggests the future of instruction in the operating room may involve human educators utilizing the capacity of AI to further enhance learner surgical skills acquisition," says Dr. Rolando Del Maestro, Director, Neurosurgical Simulation and Artificial Intelligence Learning Centre
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At-risk butterflies more likely to survive with human help | ScienceDaily
Some of the butterflies most in danger of fluttering out of existence fare better when their habitats are actively managed by humans, a recent study found.


						
A team led by Washington State University researchers Cheryl Schultz and Collin Edwards analyzed data on 114 populations of 31 butterfly species in 10 U.S. states. Scientists have long warned that insect populations worldwide are falling rapidly due to the combined effects of climate change, habitat loss and pesticides. Overall, the research team found that these at-risk butterflies are particularly vulnerable, with populations declining at an estimated rate of 8% a year, which translates to about a 50% drop over a decade.

The study findings, reported in the Journal of Applied Ecology, offer hope that habitat management can slow or even potentially reverse those sharp declines.

"The strongest signal we found is that in places where people are actively engaged with ways to manage the habitat, the butterflies are doing the best. That to me is super exciting because that means that habitat management can make a difference, even in the face of stressors like climate change," said Cheryl Schultz, a WSU professor of conservation biology and co-lead author on the study.

With warmer temperatures brought by climate change, many butterflies have been shifting the timing of their seasonal activities, often by becoming active earlier in the year. It is an open question in ecology as to when shifts in timing are good, bad or relatively neutral for a species.

"We found that for these butterflies, big shifts in timing were generally bad. Populations with greater shifts were more likely to be declining," said Edwards, a recent WSU postdoctoral fellow and co-lead author on the study. "However, we were excited to discover that habitat management appeared to be dampening the effect of climate change on butterfly timing. Populations that received more frequent management had smaller shifts in their timing."

In spite of the overall negative population trends identified for these species, the links the research team found between population trends, shifts in timing and management provide a path forward for butterfly conservation.




"This might not solve the impact of climate change, but we can mediate some of the effects," said co-author Elizabeth Crone, professor at University of California, Davis. "It's within our power at the local level to do something positive for these populations."

The study included species such as the Oregon silverspot, Taylor's checkerspot, Karner blue and frosted elfin. It also included the Fender's blue, which has become poster child for recovery efforts, after it bounded back from a few thousand butterflies in the 1990s to upwards of 30,000 today with the help of researchers like Schultz as well as public land managers and private landowners including many vineyards in the Willamette Valley.

In this study, researchers found that the type of habitat intervention selected by managers was appropriate, with activities such as prescribed burns, mowing, weeding and actively planting nectar or "host" plants for butterfly caterpillars, selected based on the needs of each area.

Volunteers can help in active management of local natural areas by assisting with new plantings and weeding out invasives, Schultz said. People can also support butterflies in their own backyard.

"We really encourage people to plant an abundance of wildflowers and plants which are both hosts for caterpillars and provide nectar for butterflies," said Schultz. "These should be 'clean plantings' meaning they are pesticide free. The more we can reduce pesticides in our environment, the better it's going to be for butterflies and insects."

This research received funding from the U.S. Strategic Environmental Research and Development Program, the U.S. Fish and Wildlife Service and the U.S. Geological Survey.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/09/240904131019.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Banning friendships can backfire: Moms who 'meddle' make bad behavior worse | ScienceDaily
Delinquent activities almost always occur outside of the home and away from adult supervision, so it is only natural for parents to blame peers for their child's bad behavior. Not surprisingly, many parents also assume that they can prevent future problems by limiting contact with suspicious peers.


						
However, a new study cautions parents -- especially meddling moms -- to resist the temptation to prohibit friendships because doing so only makes a bad situation worse. How can this be?

Results from a new longitudinal study of middle school youth, published in The Journal of Child Psychology and Psychiatry, indicates that maternal disapproval of friends in response to child conduct problems damages the child's standing among peers, which exacerbates the behavior problems that friend prohibition was originally intended to prevent.

Brett Laursen, Ph.D., co-author and a professor of psychology at Florida Atlantic University, in collaboration with colleagues at Mykolas Romeris University in Vilnius Lithuania, followed a community sample of 292 boys and 270 girls (ages 9 to 14) over the course of a school year. Students completed surveys at the beginning, middle and end of the year. At each time point, peer status (being liked and being disliked) and classroom disruptiveness were gauged with peer nominations. Self-reports described conduct problems and perceived maternal disapproval of friends.

Results of the studyreveal that maternal efforts to intervene in problematic peer relationships by prohibiting friendships backfired. Mothers who disapproved of their children's friends inadvertently worsened their behavior problems. Specifically, mothers who responded to behavior problems (child-reported and peer-reported) with expressions of disapproval of friends inadvertently damaged the child's relations with peers, alienating classmates. Adjustment difficulties followed.

The study compared different forms of classmate responses to maternal friendship interference. The findings suggest that maternal disapproval of friends is more likely to elicit active disliking from classmates, rather than merely reducing the number of classmates who enjoy the child's company.

"The findings are important because they speak to the mechanism that translates disapproval of friends into elevated behavior problems. Maternal friend disapproval has counterproductive consequences for behavior problems because of the deleterious impact it has on peer status," said Laursen, in FAU's Charles E. Schmidt College of Science. "Youth may report restrictions and their reasons to friends. Or mothers may express their disapproval directly to friends. Neither are likely to be welcomed by recipients. Friends may respond by spreading contempt or ridicule throughout the peer group. Social opportunities are likely to wither as peers avoid affiliating with someone who is depicted as uncool."

The researchers suggest that another possibility is that mothers actually succeed in their efforts to disrupt a friendship.




"Imagine this scenario. A friendship ends because a mother prohibits it. Now the child needs a new friend. Who wants to be friends with someone who has an unpleasant, interfering mother? Chances are good that friend options are now quite limited and the child is forced to consider someone who also is rejected by peers; someone who has a hard time making friends," said Laursen. "All too often, such children are disliked because they have behavior problems. At the end of the day, interference in peer relationships may force the child to befriend a poorly adjusted classmate because they have no other alternatives."

Befriending children with behavior problems subjects them to pressure to conform to the disruptive behavior that mothers are trying to discourage. Then, too, the loss of peer status elevates the risk of behavior problems because it increases distress and challenges coping mechanisms. Finally, rejected children may be excluded from social interactions with typically developing peers, depriving them of the opportunity to develop age-appropriate social skills.

"Parents should consider positive alternatives to friend prohibition," said Laursen. "Focus on maintaining positive relationships with children, because warmth and support can be effective buffers against troublesome peer pressure, potentially disrupting the downward spiral of peer problems and adjustment difficulties."

The researchers also suggest that parents can create opportunities for constructive peer engagement in supervised settings and encourage participation in adult-sponsored clubs and activities, which potentially limit deviant behavior.
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Uncollected waste and open burning leading causes of the plastic pollution crisis | ScienceDaily
A new study from the University shines a light on the enormous scale of uncollected rubbish and open burning of plastic waste in the first ever global plastics pollution inventory.


						
University of Leeds researchers used A.I. to model waste management in more than 50,000 municipalities around the world. This model allowed the team to predict how much waste was generated globally and what happens to it.

Their study, published in the journal Nature, calculated a staggering 52 million tonnes of plastic products entered the environment in 2020 -- which, laid out in a line would stretch around the World over 1,500 times.

It also revealed that more than two thirds of the planet's plastic pollution comes from uncollected rubbish with almost 1.2 billion people -- 15% of the global population -- living without access to waste collection services.

The findings further show that in 2020 roughly 30 million tonnes of plastics -- amounting to 57% of all plastic pollution -- was burned without any environmental controls in place, in homes, on streets and in dumpsites. Burning plastic comes with 'substantial' threats to human health, including neurodevelopmental, reproductive and birth defects.

The researchers also identified new plastic pollution hotspots, revealing India as the biggest contributor -- rather than China as has been suggested in previous models -- followed by Nigeria and Indonesia.

Lack of rubbish collection harms health, environment and economy

The researchers believe the study shows access to waste collection should be seen as a basic necessity and a vital aspect of sanitation, alongside water and sewerage services.




While uncontrolled burning of plastic has received very little attention in the past, the new calculations show it to be at least as big a problem as rubbish thrown into the environment, even once uncertainty in the model is taken into consideration.

Dr Costas Velis, academic on Resource Efficiency Systems from the School of Civil Engineering at Leeds, led the research. He said: "We need to start focusing much, much more on tackling open burning and uncollected waste before more lives are needlessly impacted by plastic pollution. It cannot be 'out of sight, out of mind'."

First author Dr Josh Cottom, Research Fellow in Plastics Pollution at Leeds, said: "Uncollected waste is the biggest source of plastic pollution, with at least 1.2 billion people living without waste collection services forced to 'self-manage' waste, often by dumping it on land, in rivers, or burning it in open fires."

Dr Cottom added: "The health risks resulting from plastic pollution affect some of the world's poorest communities, who are powerless to do anything about it. By improving basic solid waste management, we can both massively reduce plastic pollution and improve the lives of billions."

Each year, more than 400 million tonnes of plastic is produced. Many plastic products are single-use, hard to recycle, and can stay in the environment for decades or centuries, often being fragmented into smaller items. Some plastics contain potentially harmful chemical additives which could pose a threat to human health, particularly if they are burned in the open.

New plastic pollution hotspots revealed

According to the paper's estimated global data for 2020, the worst polluting countries were: India: 9.3 million tonnes -- around a fifth of the total amount; Nigeria: 3.5 million tonnes; and Indonesia: 3.4 million tonnes.




China, previously reported to be the worst, is now ranked fourth, with 2.8 million tonnes, as a result of improvements collecting and processing waste over recent years. The UK was ranked 135, with around 4,000 tonnes per year, with littering the biggest source.

Low and middle-income countries have much lower plastic waste generation, but a large proportion of it is either uncollected or disposed of in dumpsites. India emerges as the largest contributor because it has a large population, roughly 1.4 billion, and much of its waste isn't collected.

The contrast between plastic waste emissions from the Global North and the Global South is stark. Despite high plastic consumption, macroplastic pollution -- pollution from plastic objects larger than 5 millimeters -- is a comparatively small issue in the Global North as waste management systems function comprehensively. There, littering is the main cause of macroplastic pollution.

Growing fears for sub-Saharan Africa

While many countries in Sub-Saharan Africa have generally low levels of plastic pollution, they become hotspots when looked at on a per-capita basis with an average 12 kg plastic pollution per person per year, equivalent to over 400 plastic bottles. For comparison, the United Kingdom currently has the per-capita equivalent of less than three plastic bottles per person per year.

Researchers are worried this indicates Sub-Saharan Africa could become the world's largest source of plastic pollution in the next few decades, because many of its countries have poor waste management and the population is anticipated to grow rapidly.

World needs a 'Plastics Treaty' informed by science

Researchers say this first ever global inventory of plastic pollution provides a baseline -- comparable to those for climate change emissions -- that can be used by policymakers to tackle this looming environmental disaster. They want their work to help policymakers come up with waste management, resource recovery and wider circular economy plans, and want to see a new, ambitious and legally binding, global 'Plastics Treaty' aimed at tackling the sources of plastic pollution.

Dr Velis said: "This is an urgent global human health issue -- an ongoing crisis: people whose waste is not collected have no option but to dump or burn it: setting the plastics on fire may seem to make them 'disappear', but in fact the open burning of plastic waste can lead to substantial human health damage including neurodevelopmental, reproductive and birth defects; and much wider environmental pollution dispersion."
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Reef tourism encourages climate action | ScienceDaily
University of Queensland research has revealed that informing tourists visiting the Great Barrier Reef about climate impact doesn't negatively affect their experience and can help encourage climate action.


						
The researchers surveyed 656 reef visitors about their experiences and behaviours during boat trips.

Dr Yolanda Waters from UQ's School of the Environment said the results showed information on climate change was positively received by visitors.

"Informing visitors about the impacts climate change has had on our marine environment doesn't diminish visitor's enjoyment of the Great Barrier Reef -- we found it might even do the opposite," Dr Waters said.

"80 per cent of participants wanted more information on climate change, specifically on what they could do to help."

Dr Waters said the findings were a win-win for both the climate and the tourism industry.

"In the world of tourism, there's this lingering idea that providing information on climate change might appear divisive or 'ruin' people's day, particularly in places that are vulnerable to degradation," she said.




"But our work shows there's an opportunity for tourism operators to enhance visitor experiences while simultaneously advancing climate action."

Five boat operators across Cairns and Townsville assisted in the study, with a portion of tourists given climate information via a marine biology presentation, posters around the vessel, a short informative video and regular mentions of climate change impacts and actions throughout the trip.

Adult passengers were then invited to complete a short five-minute survey during the return leg of the day trip.

Dr Waters believes the work provides further opportunity to improve climate communication and effectively promote climate change engagement among tourists.

"Tourism can be a powerful tool for climate action," she said.

"Our work shows that most tourists actually want more information, particularly about how they can make meaningful action.

"As the Great Barrier Reef faces escalating threats from climate change -- highlighted by the Queensland Government's latest Reef Outlook Report -- the need for proactive measures has never been more urgent.

"The reef's fragile ecosystems are under intense pressure, and how tourism responds can significantly impact both environmental outcomes and the sustainability of the industry moving forward."
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Children's behavioral problems are linked to higher hair cortisol levels | ScienceDaily
Cortisol is the hormone secreted by the body to respond to stressful situations, so measuring the concentration of cortisol in the hair is very useful in analysing chronic stress. "Cortisol is usually present in the blood, saliva and urine, among other places, and indicates a momentary level of cortisol; however, cortisol accumulates in the hair, and that points to a degree of stress in the longer term, in other words, chronic stress," explained Ane Arregi-Otxotorena, a researcher in the UPV/EHU's Faculty of Psychology. To distinguish between momentary stress and chronic stress, Arregi uses a clear example: "The stress that occurs when you're going to buy bread one day and you realize you haven't got any money on you, is not the same as when you know you can't afford to buy bread on a daily basis."


						
The researcher in the Basque Environmental Health Research Group (B-EHRG) used hair samples of 11-year-old children to assess chronic stress. To conduct the research she extracted data from the INMA project; the INMA (Environment and Childhood) project gathers all kinds of data on children and families, starting with the mother's pregnancy, for long-term research purposes.

So the research concluded that, firstly, major behavioural problems are related to higher levels of cortisol in the hair. In addition, "we saw that maternal stress is related to children's behavioural problems. This means that maternal stress can also influence children's cortisol levels through their behavioural problems. Somehow along this two-stage path," Arregi explained.

Cortisol level is also influenced by environmental noise

Secondly, they also found something they had not expected: "Higher exposure to environmental noise is associated with lower cortisol levels. We saw that the higher the noise level is, the lower the cortisol levels are. When classifying the analysis by sex, this relationship was only significant in the case of the boys." According to the researchers, "the initial acute stress caused by noise may lead to a temporary increase in cortisol levels, but the chronic stress caused by long-term exposure to high noise levels can reduce the level of cortisol." To confirm the results relating to noise, and which were unexpected, the same research will be carried out within the broader European Athlete (Horizon 2020) project.

Environmental, social and individual factors

Broadly speaking, "in our research we detected these two factors, but that does not mean that other factors are not related, but we did not find any other kind of relationship," explained Arregi. "It is important to give these pieces of research a broader perspective while taking more than one stressful factor into account." So a model was created to investigate the relationship between environmental, social and individual factors and the cortisol concentration in children's hair. All the factors that may influence stress and which appear in the literature were taken into account: for example, green and blue spaces, air pollution, environmental noise; family and school relationships, parental stress level; sleep problems, physical activity, age, sex, etc.

As the UPV/EHU researcher pointed out, "much remains to be investigated relating to the factors that influence hair cortisol levels in children and young people, and studies so far have not taken into account the simultaneous influence of many factors." The model was created to tackle this. Arregi explained that in the model it is important to take many factors into consideration: "From now on, the model will allow us to find out which variables should be taken into account when measuring the cortisol level in the hair and which should not."

Future research would need to use this more complex approach to better understand the determinants of cortisol in children's hair; indeed, simultaneous exposure to various environmental, social and individual factors may influence the concentration of cortisol in the hair. Children being under the influence of chronic stress is related to many health problems; "childhood and adolescence are very vulnerable stages, because they are stages of rapid development. It is very important to know how different factors influence the health of children and adolescents at this stage so that they can become healthy adults," said the researcher.

"We believe that hair cortisol may be a useful tool when assessing how environmental exposures impact chronic stress. In short, this may help in the deployment of effective public policies; in fact, knowing what can cause the chronic stress of the population in a specific location may make it easier to implement policies to prevent it," she concluded.
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Communication helps parent relationships with new college students but has limits | ScienceDaily
When young adults first go off to college, more communication with parents generally leads to better relationships, but parents should avoid always initiating it, according to a study led by Washington State University researchers.


						
In a paper published in the journal Emerging Adulthood, WSU Assistant Professor Jennifer Duckworth and co-authors found that phone, text, video or in-person communication made first-year students feel better about the relationship with their parents. Students also felt better about the relationship when parents offered support or advice, and when they discussed important topics, such as studying and friendships. However, researchers found negative associations when parents initiated nearly all of the communication.

"That could be indicative of over-involved parenting," said Duckworth, a faculty member in WSU's human development department. "It can be a fine line, but students with so-called 'helicopter parents' could have a more negative view of their relationship with those parents."

The research shows that it's beneficial for parents to regularly stay involved in students' lives, provide support and discuss topics important to students without overwhelming them.

"Text messages are great for a quick check-in that can be very beneficial to the relationship quality," Duckworth said. "If a student feels they have a good relationship, that's indicative of well-being and positive behaviors like more studying and less alcohol and drug use."

The study also shows that frequent communication improves the relationship between familial units.

"We looked at daily levels of parent/student communication, and days with communication were better for the relationship than days without any communication," said Duckworth. "Similarly, days with more communication were better than days with less communication."

The researchers were surprised by how consistent the findings were.




"On days when they communicated, and students were honest with their parents and parents offered support or advice, the students reported they felt more positive about their relationship the following day," she said.

The study looked at the response results of 367 first-year WSU students who took a daily survey for seven consecutive days. The students were compensated up to $30 if they completed every survey, which was texted to their phones.

Breaking down the data, the authors found several differences. Female students reported more days of communication than males, with more time spent communicating. They discussed friendships and relationships more, but spent less time discussing time management than males.

Meanwhile, members of racially or ethnically minoritized groups reported fewer days communicating with their parents. While they spent less time communicating in general, students from minoritized groups spent more time talking on the telephone and video chatting with their parents than other groups. They also reported being less honest and spending less time talking about studying or grades, and drinking or substance use.

"We don't know why this is the case," Duckworth said. "It could reflect cultural or contextual differences, or differences in parenting styles. It's definitely an area for future research."

Duckworth wrote the paper with WSU colleagues Katherine Forsythe, Brittany Cooper and Laura Hill along with Matthew Bumpus, director of research and community impact at Innovia Foundation.
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How cheerful is that water bottle? | ScienceDaily
New research from the University of Georgia Terry College of Business shows consumers use "happier" words to search for products when they are in a good mood. Researchers have connected those positive search terms with an increased likelihood of clicking on search engine ads.


						
The study connects marketing's more traditional research into how marketers manipulate and react to consumers' emotions and behavior at brick-and-mortar retailers to today's digital realities.

"There's a lot of research about how you feel when you're in a store, how you feel when you see a product, but now people begin the shopping process online before they step foot in a store," said Sarah Whitley, an assistant professor of marketing in UGA's Terry College. "They may operate differently in this online space, and we need to understand how emotions play a role."

Positive search terms may lead to more ad clicks

The research team analyzed a set of more than 5 million archived searches and ran experiments with 6,800 participants.

The team found people who were primed to be in a better mood by being shown pictures of positive things (e.g., babies, bubbles, sunshine, etc.) were significantly more likely to use cheerful words to describe their desired product in their online search. When search engine ads were presented in response to these more positive search terms, they were about 50% more likely to generate site visits than the same search terms without a "happy" modifier, regardless of product category.

For instance, test subjects who used positive emotion search terms -- such as joyful, cheerful, playful and inspiring -- to describe a water bottle were more than twice as likely to click on ads at the top of their search results than people who used non-emotion descriptors such as clear, metal and lightweight. Other products such as books and posters showed similar effects.




"The positive feeling has nothing to do with the product they are searching for; it's just something they are feeling at the moment," said Anindita Chakravarty, co-author of the study and Terry Dean's Advisory Council Distinguished Professor." When it happens they're feeling happy and need to search for a product at the same time, they are going to use more positive words when they type in their search query. And that's when the practical implications come in."

Marketers may want to target happier shoppers early in the buying process

The difference between ad clicks generated by cheerful and neutral searchers is connected to happy consumers' reduced skepticism about ads.

"When people are in a positive mood and experiencing positive emotions, they have rose-colored glasses on," Whitley said. "Every person carries around this knowledge in their head that allows them to see how marketers are trying to persuade them -- persuasion knowledge. "When you're in a positive mood, it dampers down that tendency to use your persuasion knowledge to avoid ads. You're less skeptical and view advertising content more positively."

Online marketers have long known more precise search terms and price-oriented search terms are clues that online consumers are closer to completing a purchase and more willing to click on an ad.

"If (consumers are) feeling positive, they may be less suspicious of your ads and more likely to click on them, and you'd have a larger ROI on your ad spending," said Whitley.

So, they spend money to have their ads shown when consumers search for specific product characteristics, logistics or deals that generate more return for their ad money.

In light of this new research, marketers may want to reserve some ad dollars to reach shoppers in a positive mood earlier in the buying process.

"Instead of just thinking about deal-based search terms, marketers might want to consider some of these positive emotion words in search terms that can indicate how the consumer is feeling at that moment," Whitley said. "Because if they're feeling positive, they may be less suspicious of your ads and more likely to click on them, and you'd have a larger ROI on your ad spending."
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Artificial intelligence likely to play an increasing role in scientific publications | ScienceDaily
Artificial intelligence (AI), in various forms, has burst onto the scene in both society and medicine. Its role in medicine is still evolving, but undoubtedly, it will assist in the evaluation of images (radiographs, pathological reports, videos of colonoscopy,) as well as in preparing discharge summaries, consultative evaluations and diagnosis. It may also help in the long-awaited goal of precision medicine. In addition, it has and will play an increasing role in scientific publication in at least two areas, peer-review and drafting manuscripts.


						
According to former editor-in-chief of the Journal of the American Medical Association Howard Bauchner, MD, in the coming years, AI will transform the writing of scientific manuscripts, assist in reviewing them, and help editors select the most impactful papers. "Potentially it may help editors increase the influence of their journals," says Bauchner, professor of pediatrics at Boston University Chobanian & Avedisian School of Medicine.

In a guest editorial in the European Journal of Emergency Medicine, Bauchner examines how AI could be used by editors. "Given that identifying enough peer-reviewers is getting increasingly difficult, editors could use AI to provide an initial "score." An article with what is determined to have a good score could then be sent for external peer-review (with simply a cursory review by the editors). For articles with an inadequate score, the editors could still consider it for publication after reviewing it or even possibly depending upon the report, ask authors to revise the manuscript," he explains.

When AI becomes available to predict citations, which influences the journals' impact factor, Bauchner questions if editors should use the information. "First, editors should establish a vision for their journal -- what is its mission -- and is an individual article consistent with the mission and "in scope." Second, editors need to carefully consider the role of value-added pieces. How do they enhance the value of the journal. Third, editors need to maximize the reach of their journal, particularly in social media. Journals are communication networks. Fourth, editors need to understand the meaning of open science, including open peer-review, data-sharing, and open access. After an editor has thought through these issues, then yes, having AI assist in determining how much an article would be cited -- assuming the results of the study are valid, and simply not meant to attract attention -- is reasonable."

Bauchner points out that AI will not replace editors or peer-reviewers, but rather provide additional information about the quality of a manuscript making triaging manuscripts faster and more objective. "AI will play an increasing role in scientific publication -- particularly in peer-review and drafting of manuscripts. Given that in both areas there are important challenges, investigators, peer-reviewers, editors, and funders should welcome the assistance that AI will provide," he adds.
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The risk of global water scarcity is greater when accounting for the origin of rain | ScienceDaily
Securing the world's water supply is one of the greatest challenges of our time. Research at Stockholm University is now presenting an alternative method for quantifying the global risk of water scarcity. Results indicate higher risks to water supply than previously expected if accounting for the environmental conditions and governability where rain is produced.


						
The common idea of global water supply is rain falling on the earth's surface and then stored in aquifers, lakes, and rivers. This idea is usually used to assess water security and the risk of water scarcity. However, a new study published in Nature Water shows how the water risks are dependent on governance and environmental conditions present upwind, which means the areas where the moisture for rain comes from.

"Water supply really originates beforehand, with moisture evaporated from land or in the ocean traveling in the atmosphere before falling as rain. This upwind moisture is commonly overlooked when assessing water availability," says Fernando Jaramillo, associate professor in physical geography at Stockholm University and responsible for the study.

When a lake or river is shared between different countries or authorities, assessments and regulations mainly apply an upstream perspective, considering conditions in the direction upriver from the water body. Instead, an upwind perspective considers the area where evaporated water is transported before ending up as rain. The area is known as a precipitationshed and can cover large areas of the earth's surface.

"For instance, in tropical South America, most of the Amazon basin is downstream of the Andes mountain range, whereas large areas of the Andes are in themselves downwind of the Amazon rainforest and depending on it, which makes these two regions dependent on each other for water supply," says Fernando Jaramillo.

The study examined 379 hydrological basins worldwide, revealing that risks to water security are significantly higher when considering the upwind origin of water.

"With this approach, we see that 32,900 km3/year of water requirements worldwide face very high risk, a near 50 percent increase, compared to the 20,500 km3/year resulting from the more traditional upstream focus," says Jose Posada, former doctoral student at Stockholm University and main author of the study.




Political control can have major consequences

Since a large amount of water is evaporated from plants, changes in land use can affect downwind water availability. If deforestation and agricultural development are predominant in upwind areas, the amount of moisture vegetation provides may decrease, reducing rainfall downwind and increasing the risk to water security.

"For coastal countries such as the Philippines, most of the rain comes from the sea, which means that land-use changes pose very little risk to water security. Rainfall in inland countries such as Niger, on the other hand, comes mainly from moisture that evaporates in neighboring countries such as Nigeria and Ghana . This puts many land-locked countries at high risk regarding how water security is affected by changes in land use," says Fernando Jaramillo.

In other words, political factors such as environmental management and regulations in areas where moisture first evaporates can affect water safety in completely different areas.

"For instance, the Congo River basin, heavily reliant on moisture from neighboring countries with low environmental performance and governance according to global indicators, faces considerable risks due to potential deforestation and unregulated land use changes in neighboring areas," says Lan Wang-Erlandsson, researcher at the Stockholm Resilience Centre at Stockholm University and co-author of the study.

Environmental regulation requires an upwind perspective.

The study reveals why the lack of governability and environmental performance in a country upwind may be relevant to the water supply of a country downwind. It stresses the codependence between upstream/downwind and downstream/upwind countries.

"It is not possible to ignore the interdependence between countries. In the end, all water is connected, so we should not only mind how we manage our water resources within a region or country but also how our neighboring countries do," says Lan Wang-Erlandsson.

"We hope that the findings of this study can help identify where and to whom cooperation strategies and efforts can be directed to mitigate the causes of water-related tensions, including atmospheric water flows in transboundary decision-making and water governance frameworks. We stress the need for international cooperation to effectively manage upwind moisture sources," concludes Fernando Jaramillo.
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COVID-19 vaccination mandates boosted uptake among health care workers, study finds | ScienceDaily
At the peak of the COVID-19 pandemic in 2021, governments and health care centers across the country faced a difficult but important question: Should health care workers be required to obtain the COVID-19 vaccine?


						
It was an economic quandary as much as an ethical one. Vaccine mandates could cause reductions in staff, either from workers missing time due to recovery from the vaccine or from opting to seek employment elsewhere. Additionally, health care workers are highly educated on the value of vaccines and had seen firsthand the perils of COVID-19, reasons to think them capable of making the best decisions for themselves and their patients.

Now, a new study from researchers at Tulane University has found that state-level COVID-19 vaccination mandates successfully increased vaccine rates among health care workers, a finding that, while perhaps unsurprising, provides evidence that the policy can boost vaccination rates even among a highly vaccinated, highly educated population.

The study, published in JAMA Network Open, examined vaccination rates among more than 30,000 health care workers in 45 states, 16 of which issued COVID vaccination mandates. Researchers found a 3-4% increase in vaccinations among the group, an improvement on an already lofty baseline vaccination rate of 86%. The study only found increases in vaccination rates in states that required vaccinations and provided no option to opt-out.

"It's great from a government perspective to see this policy increase vaccination rates in an already very highly vaccinated population," said corresponding author Charles Stoecker, a health economist with Tulane University School of Public Health and Tropical Medicine. "These results also show that how we craft these regulations matters. States that provided an option to take a regular COVID test in lieu of getting vaccinated didn't see the same impacts as the strict mandate states."

The findings provide valuable insight on the role vaccine mandates can play in the event of a future pandemic and why such mandates may be justified.

"The federal government has shown that it will defer to the states on this issue, and states have rolled back their mandates, but now we know we have this toolkit," Stoecker said. "In the event of a new pandemic, this shows we're leaving some vaccination coverage on the table if we let even highly educated health care workers decide for themselves."

The vaccination increases were primarily seen in health care workers between the ages of 25-49 years. The 16 states which passed and upheld vaccine mandates without opt-outs were California, Colorado, Connecticut, Delaware, Illinois, Maine, Maryland, Massachusetts, New Jersey, New Mexico, New York, Oregon, Pennsylvania, Rhode Island, Washington, and Washington, DC.

Stoecker said the next step would be to examine how these mandates affected disease transmission, which could help quantify the economic impact such policies have.

"The ultimate goal would be to be able to assign economic benefits to the vaccinations that happened because of the mandates," Stoecker said.
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Morphing facial technology sheds light on the boundaries of self-recognition | ScienceDaily
Facial recognition is a critical part of self-image and social interactions. In an era of advanced digital technology, we face intriguing questions about communication and identity. How does altering our facial identity affect our sense of "self" and our interactions with others? These are questions Dr. Shunichi Kasahara, a researcher in the Cybernetic Humanity Studio at the Okinawa Institute of Science and Technology (OIST) is investigating, using real-time morphing of facial images (turning our faces into someone else's and vice versa). The studio was established in 2023 as a platform for joint research between OIST and Sony Computer Science Laboratories, Inc.


						
Dr. Kasahara and his collaborators have investigated the dynamics of face recognition using motor-visual synchrony -- the coordination between a person's physical movements and the visual feedback they receive from those movements. They found that whether we influence the movement of our self-image or not, levels of identification with our face remain consistent. Therefore, our sense of agency, or subjective feelings of control, do not impact our level of identification with our self-image. Their results have been published in Scientific Reports.

The effect of agency on perceptions of identity 

With psychological experiments using displays and cameras, the scientists investigated where the "self-identification boundary" is and what impacts this boundary. Participants were seated and asked to look at screens showing their faces gradually changing. At some point, the participants could notice a change in their facial identity and were asked to press a button when they felt that the image on the screen was no longer them. The experiment was done in both directions: the image changing from self to other and other to self.

"It's like watching your face in a mirror as you move it and you identify yourself, but your face slowly changes up to a point and you realize this is no longer you," Dr. Kasahara explained.

The researchers examined how three movement conditions affect the facial boundary: synchronous, asynchronous, and static. They hypothesized that if the motions are synchronized, participants would identify with the images to a greater extent. Surprisingly, they found that whether movements were synchronized or not, their facial identity boundaries were similar. Additionally, participants were more likely to identify with static images of themselves than images with their faces moving.

Interestingly, the direction of morphing -- whether from self to other or other to self -- influenced how participants perceived their own facial boundaries: participants were more likely to identify with their facial images when these images morphed from self to other rather than from other to self. Overall, the results suggest that a sense of agency of facial movements does not significantly impact our ability to judge our facial identity.




"Consider the example of deepfakes, which are essentially a form of asynchronous movement. When I remain still but the visual representation moves, it creates an asynchronous situation. Even in these deepfake scenarios, we can still experience a feeling of identity connection with ourselves," Dr. Kasahara explained. "This suggests that even when we see a fake or manipulated version of our image, for example, someone else using our face, we might still identify with that face. Our findings raise important questions about our perception of self and identity in the digital age."

How does identity impact perceptions of control?

What about the other way around? How does our sense of identity impact our sense of agency? Dr. Kasahara recently published a paper in collaboration with Professor of Psychology at Rikkyo University, Dr. Wen Wen, who specializes in research on our sense of agency. They investigated how recognizing oneself through facial features might affect how people perceive control over their own movements.

During experiments, participants observed either their own face or another person's face on a screen and could interact and control the facial and head movements. They were asked to observe the screen for about 20 seconds while moving their faces and changing their facial expressions. The motion of the face was controlled either only by their own facial and head motion or by an average of the participant's and the experimenter's motion (full control vs. partial control). Thereafter, they were asked "how much did you feel that this face looks like you?" and "how much control did you feel over this presented face?"

Again, the main findings were intriguing: participants reported a higher sense of agency over the "other face" rather than the "self-face." Additionally, controlling someone else's face resulted in more variety of facial movements than controlling one's own face.

"We gave the participants a different face, but they could control the facial movements of this face -- similar to deepfake technology, where AI can transfer movement to other objects. This AI technology allows us to go beyond the conventional experience of simply looking into a mirror, enabling us to disentangle and investigate the relationship between facial movements and visual identity," Dr. Kasahara stated.

"Based on previous research, one might expect that if I see my own face, I will feel more control over it. Conversely, if it's not my face, I might expect to feel less control because it's someone else's face. That's the intuitive expectation. However, the results are the opposite -- when people see their own face, they report a lower sense of agency. Conversely, when they see another person's face, they're more likely to feel a sense of agency." These surprising results challenge what we thought we knew about how we see ourselves in images.

Dr. Kasahara emphasized that the acceptance of technology in society plays a crucial role in technological advancements and human evolution: "The relationship between technology and human evolution is cyclical; we evolve together. But concerns about certain computer technology may lead to restrictions. My goal is to help foster acceptance within society and update our understanding of "the self" in relation to human-computer integration technology."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240830110924.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Transparency is often lacking in datasets used to train large language models | ScienceDaily
In order to train more powerful large language models, researchers use vast dataset collections that blend diverse data from thousands of web sources.


						
But as these datasets are combined and recombined into multiple collections, important information about their origins and restrictions on how they can be used are often lost or confounded in the shuffle.

Not only does this raise legal and ethical concerns, it can also damage a model's performance. For instance, if a dataset is miscategorized, someone training a machine-learning model for a certain task may end up unwittingly using data that are not designed for that task.

In addition, data from unknown sources could contain biases that cause a model to make unfair predictions when deployed.

To improve data transparency, a team of multidisciplinary researchers from MIT and elsewhere launched a systematic audit of more than 1,800 text datasets on popular hosting sites. They found that more than 70 percent of these datasets omitted some licensing information, while about 50 percent had information that contained errors.

Building off these insights, they developed a user-friendly tool called the Data Provenance Explorer that automatically generates easy-to-read summaries of a dataset's creators, sources, licenses, and allowable uses.

"These types of tools can help regulators and practitioners make informed decisions about AI deployment, and further the responsible development of AI," says Alex "Sandy" Pentland, an MIT professor, leader of the Human Dynamics Group in the MIT Media Lab, and co-author of a new open-access paper about the project.




The Data Provenance Explorer could help AI practitioners build more effective models by enabling them to select training datasets that fit their model's intended purpose. In the long run, this could improve the accuracy of AI models in real-world situations, such as those used to evaluate loan applications or respond to customer queries.

"One of the best ways to understand the capabilities and limitations of an AI model is understanding what data it was trained on. When you have misattribution and confusion about where data came from, you have a serious transparency issue," says Robert Mahari, a graduate student in the MIT Human Dynamics Group, a JD candidate at Harvard Law School, and co-lead author on the paper.

Mahari and Pentland are joined on the paper by co-lead author Shayne Longpre, a graduate student in the Media Lab; Sara Hooker, who leads the research lab Cohere for AI; as well as others at MIT, the University of California at Irvine, the University of Lille in France, the University of Colorado at Boulder, Olin College, Carnegie Mellon University, Contextual AI, ML Commons, and Tidelift. The research is published today in Nature Machine Intelligence.

Focus on finetuning

Researchers often use a technique called fine-tuning to improve the capabilities of a large language model that will be deployed for a specific task, like question-answering. For finetuning, they carefully build curated datasets designed to boost a model's performance for this one task.

The MIT researchers focused on these fine-tuning datasets, which are often developed by researchers, academic organizations, or companies and licensed for specific uses.




When crowdsourced platforms aggregate such datasets into larger collections for practitioners to use for fine-tuning, some of that original license information is often left behind.

"These licenses ought to matter, and they should be enforceable," Mahari says.

For instance, if the licensing terms of a dataset are wrong or missing, someone could spend a great deal of money and time developing a model they might be forced to take down later because some training data contained private information.

"People can end up training models where they don't even understand the capabilities, concerns, or risk of those models, which ultimately stem from the data," Longpre adds.

To begin this study, the researchers formally defined data provenance as the combination of a dataset's sourcing, creating, and licensing heritage, as well as its characteristics. From there, they developed a structured auditing procedure to trace the data provenance of more than 1,800 text dataset collections from popular online repositories.

After finding that more than 70 percent of these datasets contained "unspecified" licenses that omitted much information, the researchers worked backward to fill in the blanks. Through their efforts, they reduced the number of datasets with "unspecified" licenses to around 30 percent.

Their work also revealed that the correct licenses were often more restrictive than those assigned by the repositories.

In addition, they found that nearly all dataset creators were concentrated in the global north, which could limit a model's capabilities if it is trained for deployment in a different region. For instance, a Turkish language dataset created predominantly by people in the U.S. and China might not contain any culturally significant aspects, Mahari explains.

"We almost delude ourselves into thinking the datasets are more diverse than they actually are," he says.

Interestingly, the researchers also saw a dramatic spike in restrictions placed on datasets created in 2023 and 2024, which might be driven by concerns from academics that their datasets could be used for unintended commercial purposes.

A user-friendly tool

To help others obtain this information without the need for a manual audit, the researchers built the Data Provenance Explorer. In addition to sorting and filtering datasets based on certain criteria, the tool allows users to download a data provenance card that provides a succinct, structured overview of dataset characteristics.

"We are hoping this is a step, not just to understand the landscape, but also help people going forward to make more informed choices about what data they are training on," Mahari says.

In the future, the researchers want to expand their analysis to investigate data provenance for multimodal data, including video and speech. They also want to study how terms of service on websites that serve as data sources are echoed in datasets.

As they expand their research, they are also reaching out to regulators to discuss their findings and the unique copyright implications of fine-tuning data.

"We need data provenance and transparency from the outset, when people are creating and releasing these datasets, to make it easier for others to derive these insights," Longpre says.
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Researchers attempted to emulate a clinical trial using data from real patients | ScienceDaily
Researchers used real-world clinical data to attempt to emulate a randomized controlled trial testing the effectiveness of two blood thinners, apixaban and warfarin, to prevent stroke in patients with non-valvular atrial fibrillation. The study, led by Emma Maud Powell at the London School of Hygiene and Tropical Medicine, UK, and publishing August 29th in the open-access journal PLOS Medicine, provides a method to explore the effects of treatments in patients who are underrepresented or excluded from clinical trials.


						
Patients experiencing atrial fibrillation -- a potentially dangerous medical condition in which the upper chambers of the heart beat irregularly -- will often be prescribed blood thinners such as apixaban or warfarin to prevent a stroke. However, these treatment recommendations are based on results from randomized controlled trials, and it is unknown if they are applicable to populations of patients who were not included in the trial or present only in very low numbers.

In the new study, researchers used routinely collected health data from patients in the United Kingdom to attempt to emulate a previous randomized controlled trial that compared the effectiveness of apixaban and warfarin. They attempted to emulate the patient eligibility, selection and analysis approaches as the previous trial. They found that patients prescribed apixaban had similar outcomes to patients prescribed warfarin, but unlike the previous trial, they did not find that apixaban was superior. The researchers observed the differences in results may have been linked to higher quality of warfarin control, sub-optimal dosing of apixaban, and differences in the ethnicity of patients and use of concomitant medications compared with the clinical trial population.

Overall, the study established that using an existing randomized controlled trial (the reference trial) as a guide for the design of observational analysis of real patient data is an effective and valid way to estimate the treatment effects and risks of blood thinners given to patients with atrial fibrillation. The methods developed in this study can be used to investigate the effects of these medications in patient groups that are excluded from or underrepresented in these clinical trials, such as the elderly, those with multiple conditions and people with a higher risk of bleeding. This method can also help medical researchers to understand whether results from randomized controlled trials are transferable to "real-world" practices, and provides a framework that can be adapted to investigate treatment effects for other conditions.

The authors add, "Our study aimed to emulate a reference trial in oral anticoagulants in patients with atrial fibrillation using routinely collected UK healthcare data. Reference-trial informed design provides a framework for the study of treatment effects in patient groups excluded from or under-represented in trials."
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Children contribute to group projects when there are clear and common goals | ScienceDaily
Children can work together to reach a target that benefits a whole group even if it is at a personal cost to themselves, a new study has shown.


						
Researchers invited groups of six to 10-year-olds to take part in a game where they were each given containers of water and could decide how much of it to offer into a common pool.

If the group contributed a certain amount of water it resulted in benefits for the whole group, but children also obtained benefits for any water they kept.

At the same time, the participants were either given feedback about their own outcomes in the game or about everyone's outcomes.

The results showed the majority of groups achieved their objectives and cooperated until the last round of the game, even when children observed the outcomes of others within their groups.

However, those who did see everyone's outcomes were somewhat less likely to keep reaching the threshold as the game progressed, and differences in individual outcomes became more noticeable.

Researchers say the findings provide valuable insights into how groups of people can work together to overcome communal challenges and demonstrate the effectiveness of setting clear and unambiguous targets.




The study is published in the journal Psychological Science and involved researchers from the University of Plymouth (UK), Freie Universitat Berlin and the Max Planck Institute for Human Development (Germany), and the IESE Business School (Spain).

Dr Patricia Kanngiesser, Associate Professor in Psychology at the University of Plymouth and the study's lead author, said: "A lot of the challenges facing society today involve choices between one's self-interest and contributing to the greater good. That is certainly the case if we think about things like climate action, where targets can only be achieved if people and nations work together. Our study shows that working towards a clear target can yield results that ultimately benefit everyone. And even children as young as six can do it."

The study is the latest by Dr Kanngiesser and Plymouth colleague Dr Jan Woike to use games to study human behaviour and investigate ways to promote cooperation.

It also allowed them to explore findings from previous research, which showed that having the opportunity to compare own and others' outcomes can lead to competition and decrease willingness to contribute to the common good.

For the purposes of this study, children had the opportunity to talk during the game and spoke, for example, about reaching the common goal.

When children had the chance to see everyone's outcomes, they compared their own and others' performances more frequently.




They also talked more in general and mentioned the act of giving water more, showing that children reacted to different situations in a flexible manner and increased their efforts to coordinate when circumstances demanded it.

Dr Kanngiesser added: "This game focused on children at an age where they develop a sense of competition. We might have expected that to become a factor when the children realised how others in their group were behaving, but that was largely not the case. It demonstrates that with meaningful targets and the right feedback, we can help individuals to look beyond their own self-interest towards action that has the potential to benefit society more broadly."

How the game worked

The study recruited 240 children from Germany and India. In the game, groups of three children were given containers of water and were invited to contribute a proportion of their water to a common pool. They individually kept any water that they did not contribute.

Reaching a certain threshold in that pool would enable them to help a thirsty animal and everyone in the group received the same amount of additional water, irrespective of the degree to which they had contributed. The more water each child collected, the more rewards the child received at the end of the game. This created an incentive for children to try to keep as much of their own water as possible.

The game consisted of eight rounds. Children in half of the groups were only shown how much water they had collected themselves after each round. In the other groups, children saw how much they and everyone else had collected.
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VR headsets could be life changing for people with intellectual disability | ScienceDaily
Immersive virtual reality could open up a whole new world for people with intellectual disability, enabling them to learn practical life skills much faster without relying on caregivers, according to a new study.


						
Australian researchers compared the effectiveness of immersive VR headsets and non-immersive virtual environments to teach 36 adults with an intellectual disability how to separate general waste from recycling, garden, and food organics.

The study, undertaken by University of South Australia and UNSW Sydney researchers, involved 12 virtual training sessions. The VR group using the immersive head-mounted displays scored significantly better in real life than those who used a tablet device for training.

The findings have been published in the Journal of Intellectual Disability Research.

UniSA Associate Professor Tobias Loetscher says people with intellectual disability need additional time to grasp and visualise concepts, and VR headsets enabled participants to experience realistic worlds and learn from hands-on experience.

"Research shows that 'learning by doing', otherwise known as experiential learning, seems more effective for this group compared to passive methods of learning," Assoc Prof Loetscher says.

"In our study, the VR group not only demonstrated real-world improvements in correctly sorting waste immediately after the VR training; they were able to sustain this improvement up to a week afterwards, in comparison to the non-immersive group."

UNSW Research Fellow Dr Stefan Michalski says immersive virtual reality allows individuals to experience activities in a safe, controlled, and repeatable environment.




"Opportunities for people with an intellectual disability to participate in hands-on learning are often minimal due to concerns around risk of injury, time constraints and lack of staff training," Dr Michalski says.

"However, immersive VR simulates real-world experiences, giving the sensation of being physically present in an environment without real-world risks."

Most people with intellectual disability experience significant challenges in performing basic life skills such as cooking, showering, and cleaning without caregiver assistance.

"Difficulties in performing these life skills prevents them from living independently and enjoying a better quality of life, so it's important we find effective methods for developing life skills in this population," according to first author, UniSA honours student Andrew Franze.

Cybersickness has been flagged as a potential drawback of using 3D headsets for training, but only one person in the VR group reported feeling dizzy, and their symptoms were short lived.

Most participants found the VR technology enjoyable, despite some hesitancy when using head-mounted displays for the first time.




The researchers used a waste management task in this study but say that immersive VR training could be used to teach other basic skills such as cooking and kitchen safety, personal hygiene, public transport navigation, and social skills.

"There is accumulating evidence that VR is beneficial, but we need to close the gap from research to implementation so that more people can benefit from this technology," Dr Michalski says.

"Our current work aims to address the unmet health needs of people with intellectual disability by using VR to prepare individuals for healthcare interactions, reducing the fear and anxiety associated with going to the doctor."
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Researchers identify basic approaches for how people recognize words | ScienceDaily
University of Iowa researchers have defined how people recognize words.


						
In a new study with people who use cochlear implants to hear, the researchers identified three main approaches that people with or without hearing impairment use to recognize words, an essential building block for understanding spoken language. Which approach depends on the person, regardless of hearing aptitude or ability: Some wait a bit before identifying a word, while others may tussle between two or more words before deciding which word has been heard.

When a person hears a word, the brain briefly considers hundreds, if not thousands, of options and rules out most of them in less than a second. When someone hears "Hawkeyes," for example, the brain might briefly consider "hot dogs," "hawk," "hockey," and other similar-sounding words before settling on the target word.

While the brain operates quickly and differences in word-recognition strategies may be subtle, the findings in this study are important because they could open new ways for hearing specialists to identify word-recognition difficulties in early childhood or in older adults (who tend to lose hearing) and more effectively manage those conditions.

"With this study, we found people don't all work the same way, even at the level of how they recognize a single word," says Bob McMurray, F. Wendell Miller Professor in the Department of Psychological and Brain Sciences and the study's corresponding author. "People seem to adopt their own unique solutions to the challenge of recognizing words. There's not one way to be a language user. That's kind of wild when you think about it."

McMurray has been studying word recognition in children and in older adults for three decades. His research has shown differences in how people across all ages recognize spoken language. But those differences tended to be so slight that it made it difficult to precisely categorize. So, McMurray and his research team turned to people who use cochlear implants -- devices used by the profoundly deaf or severely hard-of-hearing that bypass the normal pathways by which people hear, using electrodes to deliver sound.

"It's like replacing millions of hair cells and thousands of frequencies with 22 electrodes. It just smears everything together. But it works, because the brain can adapt," McMurray says.




The research team enlisted 101 participants from the Iowa Cochlear Implant Clinical Research Center at University of Iowa Health Care Medical Center. The participants listened through loudspeakers as a word was spoken, then selected among four images on a computer screen the one that matched the word they had heard. The hearing and selection activities were recorded with eye-tracking technology, which allowed the researchers to follow, in a fraction of a second, how and when each participant decided on a word they had heard.

The experiments revealed that the cochlear-implant users -- even with a different way to hear -- employed the same basic process when choosing spoken words as normal hearing people.

The researchers termed three word-recognition dimensions:
    	Wait and See
    	Sustained Activation
    	Slow Activation

Most cochlear implant participants utilized Wait and See to some degree, the researchers found, meaning they waited for as much as a quarter of a second after hearing the word to firmly decide which word they heard.

Previous research in McMurray's lab has shown that children with early hearing loss have Wait and See tendencies, but this hasn't been observed more generally.

"Maybe it's a way for them to avoid a bunch of other word competitors in their heads," McMurray says. "They can kind of slow down and keep it simple."

The researchers also learned that some cochlear implant participants tended toward Sustained Activation, in which listeners tussle for a bit between words before settling on what they think is the word they heard, or they utilize Slow Activation, meaning they're slower to recognize words. Importantly, every listener seems to adopt a hybrid, with a different degree of each strategy.




The dimensions match the patterns by which people without hearing impairment, from youth to older ages, tend to recognize words, as shown in a previous study by McMurray's team.

"Now that we've identified the dimensions with our cochlear implant population, we can look at people without hearing impairment, and we see that the exact same dimensions apply," McMurray says. "What we see very clearly with how cochlear implant users recognize words is also going on under the hood in lots of people."

The researchers now hope to apply the findings to develop strategies that may help people who are at the extreme ends of a particular word-recognition dimension. About 15% of adults in the United States have hearing loss, which could cascade into cognitive decline, fewer social interactions, and greater isolation.

"We aim to have a more refined way than simply asking them, 'How well are you listening; do you struggle to perceive speech in the real world?'" McMurray says.

The study, "Cochlear implant users reveal the underlying dimensions of real-time word recognition," was published online Aug. 29 in the journal Nature Communications.

Contributing authors, all from Iowa, include Francis Smith, Marissa Huffman, Kristin Rooff, John Muegge, Charlotte Jeppsen, Ethan Kutlu, and Sarah Colby.

The National Institutes of Health and the U.S. National Science Foundation funded the research, as part of its 30 years of funding the Iowa Cochlear Implant Clinical Research Center.
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Your brain ages at different paces according to social and physical environments | ScienceDaily
Countries with greater inequalities -- whether economic, pollution or disease-based -- exhibited older brain ages, according to a study published in Nature Medicine, involving the University of Surrey.


						
The pace at which the brain ages can vary significantly among individuals, leading to a gap between the estimated biological age of the brain and the chronological age (the actual number of years a person has lived). This difference may be affected by several things, such as environmental factors like pollution and social factors like income or health inequalities, especially in older people and those with dementia. Until now, it was unclear how these combined factors could either accelerate or delay brain ageing across diverse geographical populations.

In the study, a team of international researchers developed ways to measure brain ageing using advanced brain clocks based on deep learning of brain networks. This study involved a diverse dataset of 5,306 participants from 15 countries, including Latin American and Caribbean (LAC) nations and non-LAC countries. By analysing data from functional magnetic resonance imaging (fMRI) and electroencephalography (EEG), the researchers quantified brain age gaps in healthy individuals and those with neurodegenerative conditions such as mild cognitive impairment (MCI), Alzheimer's disease, and frontotemporal lobe degeneration (FTLD).

Dr Daniel Abasolo, co-author of the study and Head of the Centre for Biomedical Engineering at the University of Surrey, said:

"Our research shows that in countries where inequality is higher, people's brains tend to age faster, especially in areas of the brain most affected by ageing. We found that factors like socioeconomic inequality, air pollution, and the impact of diseases play a big role in this faster ageing process, particularly in poorer countries."

Participants with a diagnosis of dementia, particularly Alzheimer's disease, exhibited the most critical brain age gaps. The research also highlighted sex differences in brain ageing, with women in LAC countries showing greater brain age gaps, particularly in those with Alzheimer's disease. These differences were linked to biological sex and gender disparities in health and social conditions. Variations in signal quality, demographics, or acquisition methods did not explain the results. These findings underscore the role of environmental and social factors in brain health disparities.

The findings of this study have profound implications for neuroscience and brain health, particularly in understanding the interaction between macro factors (exposome) and the mechanisms that underlie brain ageing across diverse populations in healthy ageing and dementia. The study's approach, which integrates multiple dimensions of diversity into brain health research, offers a new framework for personalized medicine. This framework could be crucial for identifying individuals at risk of neurodegenerative diseases and developing targeted interventions to mitigate these risks. Moreover, the study's results highlight the importance of considering the biological embedding of environmental and social factors in public health policies. Policymakers can reduce brain age gaps and promote healthier ageing across populations by addressing issues such as socioeconomic inequality and environmental pollution.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Fungus-controlled robots tap into the unique power of nature
        In creating a pair of new robots, researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling 'biohybrid' robots that can potentially react to their environment better than their purely synthetic counterparts.

      

      
        Distorted galaxy forming cosmic question mark
        It's 7 billion years ago, and the universe's heyday of star formation is beginning to slow. What might our Milky Way galaxy have looked like at that time? Astronomers have found clues in the form of a cosmic question mark, the result of a rare alignment across light-years of space.

      

      
        Chemists explain why dinosaur collagen may have survived for millions of years
        Chemists offer a new explanation for how collagen in dinosaur bones may have survived millions of years: An atomic-level interaction prevents its bonds from being broken down by water.

      

      
        Gigantic asteroid impact shifted the axis of Solar System's biggest moon
        Around 4 billion years ago, an asteroid hit the Jupiter moon Ganymede. Now, a researcher realized that the Solar System's biggest moon's axis has shifted as a result of the impact, which confirmed that the asteroid was around 20 times larger than the one that ended the age of the dinosaurs on Earth, and caused one of the biggest impacts with clear traces in the Solar System.

      

      
        How bright is the universe's glow? Study offers best measurement yet
        Over billions of years, the universe's stars and galaxies shined their light into space, leaving behind an imperceptibly faint night light known as the cosmic optical background. NASA's New Horizons spacecraft has traveled to the edge of Earth's solar system and captured the most accurate measurement of this glow to date.

      

      
        50-year generation gap in Minnesota's longest-lived fish
        The bigmouth buffalo is a fish that's native to Minnesota and known for its longevity. Researchers wanted to find out more about the species, especially how they migrate, spawn, and how often their offspring live into adulthood.

      

      
        New species of Antarctic dragonfish highlights its threatened ecosystem
        A new species of Antarctic dragonfish, Akarotaxis gouldae or Banded Dragonfish, has been discovered in waters off the western Antarctic Peninsula. The species, named in honor of the recently decommissioned Antarctic research and supply vessel (ARSV) Laurence M. Gould and its crew, exemplifies both the unknown biodiversity and fragile state of the Antarctic ecosystem.

      

      
        Doughnut-shaped region found inside Earth's core deepens understanding of planet's magnetic field
        A doughnut-shaped region thousands of kilometers beneath our feet within Earth's liquid core has been discovered, providing new clues about the dynamics of our planet's magnetic field.

      

      
        What a submerged ancient bridge discovered in a Spanish cave reveals about early human settlement
        Geologists examined a submerged 25-foot bridge to tackle a long-lasting archaeological controversy: When humans settled on the islands in the western Mediterranean. Their findings narrow a historical gap between the settlement timelines of the eastern and western Mediterranean regions.

      

      
        Dancing galaxies make a monster at the cosmic dawn
        Astronomers have spotted a pair of galaxies in the act of merging 12.8 billion years ago. The characteristics of these galaxies indicate that the merger will form a monster galaxy, one of the brightest types of objects in the Universe.

      

      
        Ancient gene gives spiders their narrow waist
        An ancient gene is crucial for the development of the distinctive waist that divides the spider body plan in two, according to a new study.

      

      
        Scientists discover how starfish get 'legless'
        Researchers have made a groundbreaking discovery about how sea stars (commonly known as starfish) manage to survive predatory attacks by shedding their own limbs. The team has identified a neurohormone responsible for triggering this remarkable feat of self-preservation.

      

      
        Ancient sea cow attacked by a crocodile and sharks sheds new light on prehistoric food chains
        A new study showing how a prehistoric sea cow was preyed upon by not one, but two different carnivores -- a crocodilian and a shark -- is revealing clues into both the predation tactics of ancient creatures and the wider food chain millions of years ago.

      

      
        Supercomputer simulations reveal the nature of turbulence in black hole accretion disks
        To understand the mysteries surrounding black holes, researchers at Tohoku University have created a simulation of accretion disk turbulence that possesses the highest-resolution currently available.

      

      
        Land-sea 'tag-team' devastated ocean life millions of years ago reveal scientists
        A 'tag-team' between the oceans and continents millions of years ago devastated marine life and altered the course of evolution on Earth, according to a new study. Scientists say a string of severe environmental crises which happened between 185 and 85 million years ago triggered mass extinctions among ocean-living species.

      

      
        Researchers map 50,000 of DNA's mysterious 'knots' in the human genome
        Innovative study of DNA's hidden structures may open up new approaches for treatment and diagnosis of diseases, including cancer.

      

      
        Can fungi turn food waste into the next culinary sensation?
        Fungi can transform plant and animal products into delicious foods like cheese, miso and beer. A researcher argues that a type of filamentous mold -- Neurospora intermedia -- could also turn food waste into culinary treats. Currently, only Indonesians have discovered this secret; they grow the mold on leftover soy pulp from making tofu to create oncom. A new study suggests that it can transform many types of food waste into novel and tasty foods.

      

      
        This tiny backyard bug does the fastest backflips on earth
        Move over, Sonic. There's a new spin-jumping champion in town -- the globular springtail (Dicyrtomina minuta). This diminutive hexapod backflips into the air, spinning to over 60 times its body height in the blink of an eye, and a new study features the first in-depth look at its jumping prowess.
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Fungus-controlled robots tap into the unique power of nature | ScienceDaily
Building a robot takes time, technical skill, the right materials -- and sometimes, a little fungus.


						
In creating a pair of new robots, Cornell University researchers cultivated an unlikely component, one found on the forest floor: fungal mycelia. By harnessing mycelia's innate electrical signals, the researchers discovered a new way of controlling "biohybrid" robots that can potentially react to their environment better than their purely synthetic counterparts.

The team's paper published in Science Robotics. The lead author is Anand Mishra, a research associate in the Organic Robotics Lab led by Rob Shepherd, professor of mechanical and aerospace engineering at Cornell University, and the paper's senior author.

"This paper is the first of many that will use the fungal kingdom to provide environmental sensing and command signals to robots to improve their levels of autonomy," Shepherd said. "By growing mycelium into the electronics of a robot, we were able to allow the biohybrid machine to sense and respond to the environment. In this case we used light as the input, but in the future it will be chemical. The potential for future robots could be to sense soil chemistry in row crops and decide when to add more fertilizer, for example, perhaps mitigating downstream effects of agriculture like harmful algal blooms."

Mycelia are the underground vegetative part of mushrooms. They have the ability to sense chemical and biological signals and respond to multiple inputs.

"Living systems respond to touch, they respond to light, they respond to heat, they respond to even some unknowns, like signals," Mishra said. "If you wanted to build future robots, how can they work in an unexpected environment? We can leverage these living systems, and any unknown input comes in, the robot will respond to that."

Two biohybrid robots were built: a soft robot shaped like a spider and a wheeled bot.

The robots completed three experiments. In the first, the robots walked and rolled, respectively, as a response to the natural continuous spikes in the mycelia's signal. Then the researchers stimulated the robots with ultraviolet light, which caused them to change their gaits, demonstrating mycelia's ability to react to their environment. In the third scenario, the researchers were able to override the mycelia's native signal entirely.

The research was supported by the National Science Foundation (NSF) CROPPS Science and Technology Center; the U.S. Department of Agriculture's National Institute of Food and Agriculture; and the NSF Signal in Soil program.
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Distorted galaxy forming cosmic question mark | ScienceDaily
It's 7 billion years ago, and the universe's heyday of star formation is beginning to slow. What might our Milky Way galaxy have looked like at that time? Astronomers using NASA's James Webb Space Telescope have found clues in the form of a cosmic question mark, the result of a rare alignment across light-years of space.


						
"We know of only three or four occurrences of similar gravitational lens configurations in the observable universe, which makes this find exciting, as it demonstrates the power of Webb and suggests maybe now we will find more of these," said astronomer Guillaume Desprez of Saint Mary's University in Halifax, Nova Scotia, a member of the team presenting the Webb results.

While this region has been observed previously with NASA's Hubble Space Telescope, the dusty red galaxy that forms the intriguing question-mark shape only came into view with Webb. This is a result of the wavelengths of light that Hubble detects getting trapped in cosmic dust, while longer wavelengths of infrared light are able to pass through and be detected by Webb's instruments.

Astronomers used both telescopes to observe the galaxy cluster MACS-J0417.5-1154, which acts like a magnifying glass because the cluster is so massive it warps the fabric of space-time. This allows astronomers to see enhanced detail in much more distant galaxies behind the cluster. However, the same gravitational effects that magnify the galaxies also cause distortion, resulting in galaxies that appear smeared across the sky in arcs and even appear multiple times. These optical illusions in space are called gravitational lensing.

The red galaxy revealed by Webb, along with a spiral galaxy it is interacting with that was previously detected by Hubble, are being magnified and distorted in an unusual way, which requires a particular, rare alignment between the distant galaxies, the lens, and the observer -- something astronomers call a hyperbolic umbilic gravitational lens. This accounts for the five images of the galaxy pair seen in Webb's image, four of which trace the top of the question mark. The dot of the question mark is an unrelated galaxy that happens to be in the right place and space-time, from our perspective.

In addition to producing a case study of the Webb NIRISS (Near-Infrared Imager and Slitless Spectrograph) instrument's ability to detect star formation locations within a galaxy billions of light-years away, the research team also couldn't resist highlighting the question mark shape. "This is just cool looking. Amazing images like this are why I got into astronomy when I was young," said astronomer Marcin Sawicki of Saint Mary's University, one of the lead researchers on the team.

"Knowing when, where, and how star formation occurs within galaxies is crucial to understanding how galaxies have evolved over the history of the universe," said astronomer Vicente Estrada-Carpenter of Saint Mary's University, who used both Hubble's ultraviolet and Webb's infrared data to show where new stars are forming in the galaxies. The results show that star formation is widespread in both. The spectral data also confirmed that the newfound dusty galaxy is located at the same distance as the face-on spiral galaxy, and they are likely beginning to interact.

"Both galaxies in the Question Mark Pair show active star formation in several compact regions, likely a result of gas from the two galaxies colliding," said Estrada-Carpenter. "However, neither galaxy's shape appears too disrupted, so we are probably seeing the beginning of their interaction with each other."

"These galaxies, seen billions of years ago when star formation was at its peak, are similar to the mass that the Milky Way galaxy would have been at that time. Webb is allowing us to study what the teenage years of our own galaxy would have been like," said Sawicki.

The Webb images and spectra in this research came from the Canadian NIRISS Unbiased Cluster Survey (CANUCS). The research paper is published in the Monthly Notices of the Royal Astronomical Society.
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Chemists explain why dinosaur collagen may have survived for millions of years | ScienceDaily
Collagen, a protein found in bones and connective tissue, has been found in dinosaur fossils as old as 195 million years. That far exceeds the normal half-life of the peptide bonds that hold proteins together, which is about 500 years.


						
A new study from MIT offers an explanation for how collagen can survive for so much longer than expected. The research team found that a special atomic-level interaction defends collagen from attack by water molecules. This barricade prevents water from breaking the peptide bonds through a process called hydrolysis.

"We provide evidence that that interaction prevents water from attacking the peptide bonds and cleaving them. That just flies in the face of what happens with a normal peptide bond, which has a half-life of only 500 years," says Ron Raines, the Firmenich Professor of Chemistry at MIT.

Raines is the senior author of the new study, which will appear in ACS Central Science. MIT postdoc Jinyi Yang PhD '24 is the lead author of the paper. MIT postdoc Volga Kojasoy and graduate student Gerard Porter are also authors of the study.

Water-resistant

Collagen is the most abundant protein in animals, and it is found in not only bones but also skin, muscles, and ligaments. It's made from long strands of protein that intertwine to form a tough triple helix.

"Collagen is the scaffold that holds us together," Raines says. "What makes the collagen protein so stable, and such a good choice for this scaffold, is that unlike most proteins, it's fibrous."

In the past decade, paleobiologists have found evidence of collagen preserved in dinosaur fossils, including an 80-million-year-old Tyrannosaurus rex fossil, and a sauropodomorph fossil that is nearly 200 million years old.




Over the past 25 years, Raines' lab has been studying collagen and how its structure enables its function. In the new study, they revealed why the peptide bonds that hold collagen together are so resistant to being broken down by water.

Peptide bonds are formed between a carbon atom from one amino acid and a nitrogen atom of the adjacent amino acid. The carbon atom also forms a double bond with an oxygen atom, forming a molecular structure called a carbonyl group. This carbonyl oxygen has a pair of electrons that don't form bonds with any other atoms. Those electrons, the researchers found, can be shared with the carbonyl group of a neighboring peptide bond.

Because this pair of electrons is being inserted into those peptide bonds, water molecules can't also get into the structure to disrupt the bond.

To demonstrate this, Raines and his colleagues created two interconverting mimics of collagen -- the one that usually forms a triple helix, which is known as trans, and another in which the angles of the peptide bonds are rotated into a different form, known as cis. They found that the trans form of collagen did not allow water to attack and hydrolyze the bond. In the cis form, water got in and the bonds were broken.

"A peptide bond is either cis or trans, and we can change the cis to trans ratio. By doing that, we can mimic the natural state of collagen or create an unprotected peptide bond. And we saw that when it was unprotected, it was not long for the world," Raines says.

"No weak link"

This sharing of electrons has also been seen in protein structures known as alpha helices, which are found in many proteins. These helices may also be protected from water, but the helices are always connected by protein sequences that are more exposed, which are still susceptible to hydrolysis.




"Collagen is all triple helices, from one end to the other," Raines says. "There's no weak link, and that's why I think it has survived."

Previously, some scientists have suggested other explanations for why collagen might be preserved for millions of years, including the possibility that the bones were so dehydrated that no water could reach the peptide bonds.

"I can't discount the contributions from other factors, but 200 million years is a long time, and I think you need something at the molecular level, at the atomic level in order to explain it," Raines says.

The research was funded by the National Institutes of Health and the National Science Foundation.
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Gigantic asteroid impact shifted the axis of Solar System's biggest moon | ScienceDaily
Around 4 billion years ago, an asteroid hit the Jupiter moon Ganymede. Now, a Kobe University researcher realized that the Solar System's biggest moon's axis has shifted as a result of the impact, which confirmed that the asteroid was around 20 times larger than the one that ended the age of the dinosaurs on Earth, and caused one of the biggest impacts with clear traces in the Solar System.


						
Ganymede is the largest moon in the Solar System, bigger even than the planet Mercury, and is also interesting for the liquid water oceans beneath its icy surface. Like the Earth's moon, it is tidally locked, meaning that it always shows the same side to the planet it is orbiting and thus also has a far side. On large parts of its surface, the moon is covered by furrows that form concentric circles around one specific spot, which led researchers in the 1980s to conclude that they are the results of a major impact event. "The Jupiter moons Io, Europa, Ganymede and Callisto all have interesting individual characteristics, but the one that caught my attention was these furrows on Ganymede," says the Kobe University planetologist HIRATA Naoyuki. He continues, "We know that this feature was created by an asteroid impact about 4 billion years ago, but we were unsure how big this impact was and what effect it had on the moon."

Data from the remote object is scarce making research very difficult, and so Hirata was the first to realize that the purported location of the impact is almost precisely on the meridian farthest away from Jupiter. Drawing from similarities with an impact event on Pluto that caused the dwarf planet's rotational axis to shift and that we learned about through the New Horizons space probe, this implied that Ganymede, too, had undergone such a reorientation. Hirata is a specialist in simulating impact events on moons and asteroids, so this realization allowed him to calculate what kind of impact could have caused this reorientation to happen.

In the journal Scientific Reports, the Kobe University researcher now published that the asteroid probably had a diameter of around 300 kilometers, about 20 times as large as the one that hit the Earth 65 million years ago and ended the age of the dinosaurs, and created a transient crater between 1,400 and 1,600 kilometers in diameter. (Transient craters, widely used in lab and computational simulations, are the cavities produced directly after the crater excavation and before material settles in and around the crater.) According to his simulations, only an impact of this size would make it likely that the change in the distribution of mass could cause the moon's rotational axis to shift into its current position. This result holds true irrespective of where on the surface the impact occurred.

"I want to understand the origin and evolution of Ganymede and other Jupiter moons. The giant impact must have had a significant impact on the early evolution of Ganymede, but the thermal and structural effects of the impact on the interior of Ganymede have not yet been investigated at all. I believe that further research applying the internal evolution of ice moons could be carried out next," explains Hirata.

Interesting for its subsurface oceans, Ganymede is the final destination of ESA's JUICE space probe. If everything goes well, the spacecraft will enter orbit around the moon in 2034 and will make observations for six months, sending back a wealth of data that will help answer Hirata's questions.

This research was funded by the Japan Society for the Promotion of Science (grants 20K14538 and 20H04614) and the Hyogo Science and Technology Association.
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How bright is the universe's glow? Study offers best measurement yet | ScienceDaily
Scientists have traveled to the edges of the solar system, virtually, at least, to capture the most accurate measurements to date of the faint glow that permeates the universe -- a phenomenon known as the cosmic optical background.


						
The new study, published Aug. 28 in The Astrophysical Journal, draws on observations from NASA's New Horizons spacecraft, which whizzed past Pluto in 2015 and is now nearly 5.5 billion miles from Earth. The research seeks to answer a deceptively simple question, said co-author Michael Shull, an astrophysicist at the University of Colorado Boulder.

"Is the sky really dark?" said Shull, professor emeritus in the Department of Astrophysical and Planetary Sciences.

Space may look black to human eyes, but scientists believe that it's not completely dark. Since the dawn of the cosmos, trillions of galaxies containing countless stars have formed and died, leaving behind an imperceptibly faint light. Think of it as the night light in space.

Shull and the team, led by Marc Postman at the Space Telescope Science Institute in Baltimore, calculated just how bright that glow is. Their findings suggest that the cosmic optical background is roughly 100 billion times fainter than the sunlight that reaches Earth's surface! -- far too faint for humans to see with the naked eye.

The results could help scientists shine a light on the history of the universe since the Big Bang.

"We're kind of like cosmic accountants, adding up every source of light we can account for in the universe," Shull said.




Into the dark

It's a type of number crunching that has captured the imagination of scientists for nearly 50 years, he added.

Shull explained that, after decades of research, astrophysicists think they have a pretty good idea of how the cosmos evolved. The first galaxies formed during an epoch known as the Cosmic Dawn several hundred million years after the Big Bang. The starlight from galaxies in the distant universe reached its brightest point about 10 billion years ago and has been dimming ever since.

Precise measurements of the cosmic optical background could help scientists confirm whether this picture of the cosmos makes sense -- or if there are mysterious, as-of-yet-undiscovered objects casting light into space.

Taking those kinds of measurements, however, isn't easy, especially not from Earth.

Earth's neighborhood is teeming with tiny grains of dust and other debris. Sunlight glints off this mess, washing out any signals that might be coming from the cosmic optical background.




"A metaphor I use is if you want to see the stars, you need to get out of Denver," Shull said. "You have to go way out, right to the northeast corner of Colorado where all you have ahead of you are South Dakota and Nebraska."

New Horizons has given scientists a once-in-a-lifetime opportunity to do something similar in space.

Cosmic accounting

The mission has uniquely Colorado origins. Alan Stern, who studied as a graduate student at CU Boulder under Shull and former Senior Research Associate Jack Brandt, leads the New Horizons mission. He's currently based at the Southwest Research Institute in Boulder, Colorado. The spacecraft also carries the Student Dust Counter, an instrument designed and built by students at CU Boulder's Laboratory for Atmospheric and Space Physics (LASP).

Over the course of several weeks in summer 2023, the researchers pointed New Horizons' Long Range Reconnaissance Imager (LORRI) at 25 patches of sky.

Even at the edge of the solar system, the team still had a lot of extra light to contend with. The Milky Way Galaxy, for example, sits within a halo that, like our solar system, gathers dust.

"You can't get away from dust," Shull said. "It's everywhere."

He and his colleagues estimated how much light that halo could generate, then subtracted it from what they were viewing with LORRI. After getting rid of additional sources of light, the team was left with the cosmic optical background.

In scientific terms, that background amounts to about 11 nanowatts per square meter per steradian. (A steradian is a patch of sky with a width about 130 times the diameter of the moon).

Shull said that this value lines up well with how many galaxies scientists believe should have formed since the Big Bang. Put differently, there don't seem to be any strange objects, such as exotic kinds of particles, out there in space producing a lot of light. But the researchers can't rule out such anomalies completely.

The team's measurements are likely to be the best estimates of the universe's glow for a long time. New Horizons is using its remaining fuel supplies to pursue other scientific priorities, and no other missions are currently heading toward those cold and dark corners of space.

"If they put a camera on a future mission, and we all wait a couple of decades for it to get out there, we could see a more exact measurement," Shull said.

Other co-authors of the new study include SWRI's Alan Stern and Tod Lauer at the U.S. National Science Foundation National Optical Infrared Astronomy Research Laboratory. Researchers from the Johns Hopkins University Applied Physics Laboratory, University of Texas at San Antonio and University of Virginia also participated.
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50-year generation gap in Minnesota's longest-lived fish | ScienceDaily
A recent study in one of the most pristine spawning grounds for a Minnesota fish found a half-century gap between successful broods. And that number's climbing.


						
That's according to new research on the bigmouth buffalo (Ictiobus cyprinellus) from the University of Minnesota Duluth (UMD), recently published in Scientific Reports. The study was led by Alec Lackmann, PhD, an ichthyologist and assistant professor of Mathematics and Statistics, and Mark Clark, PhD, a professor of Biology, both from the Swenson College of Science and Engineering at UMD.

The bigmouth buffalo is a fish that's native to Minnesota and known for its longevity. Researchers wanted to find out more about the species, especially how they migrate, spawn, and how often their offspring live into adulthood. For three years, from 2021 through 2023, Lackmann and his team studied the recreational exploitation (bowfishing, spearfishing, hook-and-line angling) of the species, and analyzed the bigmouth buffalo migration in and around Rice Lake National Wildlife Refuge, near McGregor, Minnesota.

Results of the study include:
    	Discovery of one of the oldest known populations of vertebrate (median age of 79 years as of 2024)
    	A more than 60-year generation gap since the last major recruitment event occurred in this population, again exposing the stark vulnerability of bigmouth buffalo in Minnesota.
    	Confirmation that fish are successfully migrating and breeding, but the young are not surviving, likely due to the predator gauntlet they face on their way to adulthood.
    	Highlights the unique management challenges of bigmouth buffalo, including highly variable spawning durations year to year, and the need to protect adults as they grow and invest disproportionately more into reproduction.

Lackmann and Clark have studied buffalofishes before, and their research from 2019 went so far as to extend the previously thought maximum age of bigmouth buffalo from around 25 years of age, to more than 100 years of age through improved aging techniques. Lackmann et al.'s subsequent bigmouth buffalo studies in North Dakota (2021) and Canada (2023) documented environmental conditions related to their sporadic recruitment success, and his team's 2023 study published in Scientific Reports found the second genus of animal ever for which three or more species (buffalofishes) have known lifespans greater than 100 years.

"No one's really looked at the spawning phenology of bigmouth buffalo before," said Lackmann.

Over the course of the Rice Lake study, he and his team examined nearly 400 adult fish, taking measurements of each fish's length and weight, whether it had spawned, its physical features, and age. Researchers were able to conclude that water control measures established in 1953 were correlated with a reduced likelihood of later generations, and of the 390 fish studied, only one was from a hatch-year after 1971. The study also revealed bigmouth buffalo were successfully reproducing, but by mid?to?late summer, the young were conspicuously absent, having likely succumbed to predation by northern pike and other predators.




"We have found that more than 95 percent of the current population hatched prior to the 1960s," said Lackmann. With that much of a gap, it's surprising that the buffalofish have survived for generations. But, according to Lackmann, it speaks to the amazing attributes of these fish. "This species evolved to have a long lifespan for an adaptive reason: to bridge these long gaps that can naturally occur."

During the 1970s, the bigmouth buffalo was recorded as declining in Canada, Minnesota, and North Dakota and became a protected species in Canada. In the USA, population declines are exacerbated by wasteful recreational bowfishing, lack of fisheries management, and overall lack of knowledge.

For Lackmann, this study further underscores the importance of implementing basic principles of fisheries management to protect bigmouth buffalo and other native species. Lackmann acknowledges that steps are currently underway to protect native fishes in the state of Minnesota, such as the "No Junk Fish Bill" that became law this spring, but he says there remains much work to be done in practice. For example, unlimited exploitation across the entire year remains open on bigmouth buffalo throughout Minnesota as of September 2024.

"There is 50-year recruitment failure for bigmouth buffalo in this system, even though we know that they're migrating and spawning annually. This is something that's completely unparalleled in the animal kingdom as far as we know, for a species to be going so long without successfully having another generation," said Lackmann. "When you couple that with the current, unlimited and unregulated nature of their exploitation that's been increasing, especially in the past 10 years with the rise of bowfishing, there is extreme concern for the long-term sustainability of this species."

Multiple lines of evidence indicate that the long-lived bigmouth buffalo is vulnerable, that a precautionary approach is immediately needed, and that the unlimited and unregulated kill-fishery be closed. Lackmann et. al.

In addition to Lackmann and Clark from the University of Minnesota Duluth, the study was in collaboration with the Aitkin County Soil and Water Conservation District, the United States Fish and Wildlife Service, and North Dakota State University.
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New species of Antarctic dragonfish highlights its threatened ecosystem | ScienceDaily

Described in the journal Zootaxa, Akarotaxis gouldae was initially identified through genetic analysis. Larval specimens collected off the coast of Antarctica while trawling for zooplankton were originally thought to be Akarotaxis nudiceps, a closely related dragonfish. However, after comparing their DNA to Akarotaxis nudiceps specimens housed in collections at VIMS, Yale University and the Museum national d'Histoire naturelle in Paris, France, significant variations in mitochondrial gene regions suggested the larval samples were a species unto themselves.

Lead author Andrew Corso conducted the research while earning his Ph.D. at W&M's Batten School of Coastal & Marine Sciences at VIMS under faculty advisors Eric Hilton and Deborah Steinberg. Using the DNA evidence as their guide, Corso and his colleagues requested the examination of adult Akarotaxis gouldae samples from numerous ichthyology collections around the world. Morphological differences became apparent between the two species once the adult samples were compared.

"There are two distinct bands on the sides of adult Akarotaxis gouldae that are not present on Akarotaxis nudiceps, so we were surprised that the species already existed in collections but had been previously overlooked," said Corso. "In the world of fish taxonomy, it's becoming common to distinguish species with genetics alone. Genetic testing is an extremely valuable tool, but our discovery highlights the importance of early life stage morphology and natural history collections like those at VIMS and other institutions."

Genetic testing also revealed evolutionary clues. Using a process called time-calibrated phylogeny, Corso and coauthor Thomas Desvignes from the Institute of Neuroscience at the University of Oregon estimated that Akarotaxis gouldae diverged as a separate species approximately 780,000 years ago. During this time, most of the Southern Ocean was covered in glaciers.

"This process essentially looks at the rate of genetic mutations as a guide for a species' evolutionary history," said Corso. "We hypothesize that a population of dragonfishes may have become isolated within deep trenches under glaciers, surviving on food pushed in by the moving ice. Once the glaciers retreated, this subpopulation had become distinct enough to be reproductively incompatible with Akarotaxis nudiceps."

Newly discovered, yet potentially threatened

Presently, Antarctic dragonfishes are poorly understood because they live in the remote Southern Ocean and spend most of their adult life in deep water. Prior research suggests these fishes engage in nest guarding in shallower coastal waters, and their offspring remain closer to the surface during their larval stage. Examination of female ovaries showed limited reproductive capacity. And while Akarotaxis nudiceps are distributed in waters surrounding the southern continent, analysis of larval sampling data suggests the distribution of Akarotaxis gouldae is limited to the waters around the western Antarctic Peninsula.




Dragonfishes are important prey items for many species, including Antarctica's iconic penguins, whose populations have declined dramatically in recent decades. A 2022 study by Corso linked warming waters and reduced ice in the Southern Ocean to declines in Antarctic silverfish populations.

"Akarotaxis gouldae appear to have one of the smallest ranges of any fish endemic to the Southern Ocean," said Corso. "This limited range combined with their low reproductive capacity and the presence of early life stages in shallower waters suggest that this is a vulnerable species that could be impacted by the krill fishery."

The waters surrounding the western Antarctic Peninsula are heavily targeted by the international Antarctic krill fishery, which is managed by the Conservation of Antarctic Marine Living Resources (CCAMLR). Commercial fishing vessels trawl for krill in waters between 0-250 meters deep, and CCAMLR emphasizes the difficulties in correctly identifying larval and juvenile finfish bycatch in these operations.

"Since we know so little about the biodiversity of this area, we feel caution should be taken in extracting resources until we have a better understanding of the impact to the greater ecosystem," said Corso.

Bringing attention to research while honoring a scientific legacy

The ARSV Laurence M. Gould was named after Laurence McKinnley Gould, the chief scientist on the first expedition to Antarctica. While most might assume Akarotaxis gouldae was also named in honor of the famous geologist, the researchers rather decided to honor the vessel for the significant scientific contributions of it and its crew.




The ARSV Laurence M. Gould supported the U.S. National Science Foundation's Antarctic Program from 1997 until the non-renewal of its charter in April of this year. It was one of two U.S. ARSVs dedicated to studying the Southern Ocean. While a replacement vessel is in the design phase, the U.S. National Science Foundation explained the Gould's charter was not renewed for economic reasons as well as shifting research priorities of the U.S. Antarctic Program.

The ARSV Laurence M. Gould and its crew provided significant support to Antarctic research carried out by VIMS and other institutions. Corso's advisor Steinberg conducts long-term studies focusing on the effects of climate change on zooplankton communities around the western Antarctic Peninsula and their impact on the marine food web. Such research relies on regular sampling intervals, which must be adjusted based on the availability of support vessels like the Gould.

"To me, the loss of the ARSV Laurence M. Gould marks a setback in the scientific study of the Antarctic region," said Corso. "Antarctica is warming faster than anywhere in the Southern Hemisphere, and there is untold biodiversity in the region that we're only beginning to understand. By naming this fish after the ship, we hope to honor its scientific contributions while also bringing attention to the need for additional resources to study this unique ecosystem."
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Doughnut-shaped region found inside Earth's core deepens understanding of planet's magnetic field | ScienceDaily
A doughnut-shaped region thousands of kilometres beneath our feet within Earth's liquid core has been discovered by scientists from The Australian National University (ANU), providing new clues about the dynamics of our planet's magnetic field.


						
The structure within Earth's liquid core is found only at low latitudes and sits parallel to the equator. According to ANU seismologists, it has remained undetected until now.

The Earth has two core layers: the inner core, a solid layer, and the outer core, a liquid layer. Surrounding the Earth's core is the mantle. The newly discovered doughnut-shaped region is at the top of Earth's outer core, where the liquid core meets the mantle.

Study co-author and ANU geophysicist, Professor Hrvoje Tkalcic, said the seismic waves detected are slower in the newly discovered region than in the rest of the liquid outer core.

"The region sits parallel to the equatorial plane, is confined to the low latitudes and has a doughnut shape," he said.

"We don't know the exact thickness of the doughnut, but we inferred that it reaches a few hundred kilometres beneath the core-mantle boundary."

Rather than using traditional seismic wave observation techniques and observing signals generated by earthquakes within the first hour, the ANU scientists analysed the similarities between waveforms many hours after the earthquake origin times, leading them to make the unique discovery.




"By understanding the geometry of the paths of the waves and how they traverse the outer core's volume, we reconstructed their travel times through the Earth, demonstrating that the newly discovered region has low seismic speeds," Professor Tkal?i? said.

"The peculiar structure remained hidden until now as previous studies collected data with less volumetric coverage of the outer core by observing waves that were typically confined within one hour after the origin times of large earthquakes.

"We were able to achieve much better volumetric coverage because we studied the reverberating waves for many hours after large earthquakes."

Study co-author, Dr Xiaolong Ma, said that the discovery uncovers some mysteries of the dynamics of Earth's magnetic field.

"There are still mysteries about the Earth's outer core that are yet to be solved, which requires multidisciplinary efforts from seismology, mineral physics, geomagnetism and geodynamics," Dr Ma said.

The outer core is predominantly made of liquid iron and nickel, and the vigorous movement of the electrically conductive liquid creates Earth's magnetic field, which shields around Earth and helps to sustain all life, protecting it from damaging solar winds and harmful radiation.




The scientists believe that knowing more about the Earth's outer core's composition, including light chemical elements, is fundamental to understanding the magnetic field and predicting when it could potentially cease or weaken.

"Our findings are interesting because this low velocity within the liquid core implies that we have a high concentration of light chemical elements in these regions that would cause the seismic waves to slow down. These light elements, alongside temperature differences, help stir liquid in the outer core," Professor Tkalcic said.

"The magnetic field is a fundamental ingredient that we need for life to be sustained on the surface of our planet.

"The dynamics of Earth's magnetic field is an area of strong interest in the scientific community, so our results could promote more research about the magnetic field on both Earth and other planets."

The research is published in Science Advances.
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What a submerged ancient bridge discovered in a Spanish cave reveals about early human settlement | ScienceDaily
A new study led by the University of South Florida has shed light on the human colonization of the western Mediterranean, revealing that humans settled there much earlier than previously believed. This research, detailed in a recent issue of the journal, Communications Earth & Environment, challenges long-held assumptions and narrows the gap between the settlement timelines of islands throughout the Mediterranean region.


						
Reconstructing early human colonization on Mediterranean islands is challenging due to limited archaeological evidence. By studying a 25-foot submerged bridge, an interdisciplinary research team -- led by USF geology Professor Bogdan Onac -- was able to provide compelling evidence of earlier human activity inside Genovesa Cave, located in the Spanish island of Mallorca.

"The presence of this submerged bridge and other artifacts indicates a sophisticated level of activity, implying that early settlers recognized the cave's water resources and strategically built infrastructure to navigate it," Onac said.

The cave, located near Mallorca's coast, has passages now flooded due to rising sea levels, with distinct calcite encrustations forming during periods of high sea level. These formations, along with a light-colored band on the submerged bridge, serve as proxies for precisely tracking historical sea-level changes and dating the bridge's construction.

Mallorca, despite being the sixth largest island in the Mediterranean, was among the last to be colonized. Previous research suggested human presence as far back as 9,000 years, but inconsistencies and poor preservation of the radiocarbon dated material, such as nearby bones and pottery, led to doubts about these findings. Newer studies have used charcoal, ash and bones found on the island to create a timeline of human settlement about 4,400 years ago. This aligns the timeline of human presence with significant environmental events, such as the extinction of the goat-antelope genus Myotragus balearicus.

By analyzing overgrowths of minerals on the bridge and the elevation of a coloration band on the bridge, Onac and the team discovered the bridge was constructed nearly 6,000 years ago, more than two-thousand years older than the previous estimation -- narrowing the timeline gap between eastern and western Mediterranean settlements.

"This research underscores the importance of interdisciplinary collaboration in uncovering historical truths and advancing our understanding of human history," Onac said.

This study was supported by several National Science Foundation grants and involved extensive fieldwork, including underwater exploration and precise dating techniques. Onac will continue exploring cave systems, some of which have deposits that formed millions of years ago, so he can identify preindustrial sea levels and examine the impact of modern greenhouse warming on sea-level rise.

This research was done in collaboration with Harvard University, the University of New Mexico and the University of Balearic Islands.
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Dancing galaxies make a monster at the cosmic dawn | ScienceDaily
Astronomers have spotted a pair of galaxies in the act of merging 12.8 billion years ago. The characteristics of these galaxies indicate that the merger will form a monster galaxy, one of the brightest types of objects in the Universe. These results are important for understanding the early evolution of galaxies and black holes in the early Universe.


						
Quasars are bright objects powered by matter falling into a supermassive black hole at the center of a galaxy in the early Universe. The most accepted theory is that when two gas-rich galaxies merge to form a single larger galaxy, the gravitational interaction of the two galaxies causes gas to fall towards the supermassive black hole in one or both of the galaxies, causing quasar activity.

To test this theory, an international team of researchers led by Takuma Izumi used the ALMA (Atacama Large Millimeter/submillimeter Array) radio telescope to study the earliest known pair of close quasars. This pair was discovered by Yoshiki Matsuoka, at Ehime University in Japan, in images taken by the Subaru Telescope. Located in the direction of the constellation Virgo, this pair of quasars existed during the first 900 million years of the Universe. The pair is dim, indicating that the quasars are still in the early stages of their evolution. The ALMA observations mapped the host galaxies of the quasars and showed that the galaxies are linked by a "bridge" of gas and dust. This indicates that the two galaxies are in fact merging.

The ALMA observations also allowed the team to measure the amount of gas, the material for new star formation. The team found that the two galaxies are very rich in gas, suggesting that in addition to more vigorous quasar activity in the future, the merger will also trigger a rapid increase in star formation, known as a "starburst." The combination of starburst activity and vigorous quasar activity is expected to create a super-bright object in the early Universe known as a monster galaxy.
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Ancient gene gives spiders their narrow waist | ScienceDaily
An ancient gene is crucial for the development of the distinctive waist that divides the spider body plan in two, according to a study publishing August 29th in the open-access journal PLOS Biology by Emily Setton from the University of Wisconsin-Madison, US, and colleagues.


						
The spider body is divided into two sections, separated by a narrow waist. Compared to insects and crustaceans, relatively little is known about embryonic development in spiders, and the genes involved in the formation of the spider waist are poorly understood.

To investigate, researchers sequenced genes expressed in embryos of the Texas brown tarantula (Aphonopelma hentzi) at different stages of development. They identified 12 genes that are expressed at different levels in embryonic cells on either side of the waist. They silenced each of these candidate genes, one by one, in embryos of the common house spider (Parasteatoda tepidariorum) to understand their function in development. This revealed one gene -- which the authors named 'waist-less' -- that is required for the development of the spider waist. It is part of a family of genes called 'Iroquois', which have previously been studied in insects and vertebrates. However, an analysis of the evolutionary history of the Iroquois family suggests that waist-less was lost in the common ancestor of insects and crustaceans. This might explain why waist-less had not been studied previously, because research has tended to focus on insect and crustacean model organisms that lack the gene.

The results demonstrate that an ancient, but previously unstudied gene is critical for the development of the boundary between the front and rear body sections, which is a defining characteristic of chelicerates -- the group that includes spiders and mites. Further research is needed to understand the role of waist-less in other chelicerates, such as scorpions and harvestman, the authors say.

The authors add, "Our work identified a new and unexpected gene involved in patterning the iconic spider body plan. More broadly, this work highlights the function of new genes in ancient groups of animals."

An ancient gene is crucial for the development of the distinctive waist that divides the spider body plan in two, according to a study publishing August 29th in the open-access journal PLOS Biology by Emily Setton from the University of Wisconsin-Madison, US, and colleagues.

The spider body is divided into two sections, separated by a narrow waist. Compared to insects and crustaceans, relatively little is known about embryonic development in spiders, and the genes involved in the formation of the spider waist are poorly understood.

To investigate, researchers sequenced genes expressed in embryos of the Texas brown tarantula (Aphonopelma hentzi) at different stages of development. They identified 12 genes that are expressed at different levels in embryonic cells on either side of the waist. They silenced each of these candidate genes, one by one, in embryos of the common house spider (Parasteatoda tepidariorum) to understand their function in development. This revealed one gene -- which the authors named 'waist-less' -- that is required for the development of the spider waist. It is part of a family of genes called 'Iroquois', which have previously been studied in insects and vertebrates. However, an analysis of the evolutionary history of the Iroquois family suggests that waist-less was lost in the common ancestor of insects and crustaceans. This might explain why waist-less had not been studied previously, because research has tended to focus on insect and crustacean model organisms that lack the gene.

The results demonstrate that an ancient, but previously unstudied gene is critical for the development of the boundary between the front and rear body sections, which is a defining characteristic of chelicerates -- the group that includes spiders and mites. Further research is needed to understand the role of waist-less in other chelicerates, such as scorpions and harvestman, the authors say.

The authors add, "Our work identified a new and unexpected gene involved in patterning the iconic spider body plan. More broadly, this work highlights the function of new genes in ancient groups of animals."
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Scientists discover how starfish get 'legless' | ScienceDaily
Researchers at Queen Mary University of London have made a groundbreaking discovery about how sea stars (commonly known as starfish) manage to survive predatory attacks by shedding their own limbs. The team has identified a neurohormone responsible for triggering this remarkable feat of self-preservation.


						
Autotomy, the ability of an animal to detach a body part to evade predators, is a well-known survival strategy in the animal kingdom. While lizards shedding their tails are a familiar example, the mechanisms behind this process remain largely mysterious.

Now, scientists have unveiled a key piece of the puzzle. By studying the common European starfish, Asterias rubens, they identified a neurohormone akin to the human satiety hormone, cholecystokinin (CCK), as a regulator of arm detachment. Furthermore, the scientists propose that when this neurohormone is released in response to stress, such as a predator attack, it stimulates the contraction of a specialised muscle at the base of the starfish's arm, effectively causing it to break off.

Remarkably, starfish possess incredible regenerative abilities, allowing them to grow back lost limbs over time. Understanding the precise mechanisms behind this process could hold significant implications for regenerative medicine and the development of new treatments for limb injuries.

Dr Ana Tinoco, a member of the London-based research group who is now working at the University of Cadiz in Spain, explained, "Our findings shed light on the complex interplay of neurohormones and tissues involved in starfish autotomy. While we've identified a key player, it's likely that other factors contribute to this extraordinary ability."

Professor Maurice Elphick, Professor Animal Physiology and Neuroscience at Queen Mary University of London, who led the study, emphasised its broader significance. "This research not only unveils a fascinating aspect of starfish biology but also opens doors for exploring the regenerative potential of other animals, including humans. By deciphering the secrets of starfish self-amputation, we hope to advance our understanding of tissue regeneration and develop innovative therapies for limb injuries."

The study, published in the journal Current Biology, was funded by the BBSRC and Leverhulme Trust.
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Ancient sea cow attacked by a crocodile and sharks sheds new light on prehistoric food chains | ScienceDaily
A new study describing how a prehistoric sea cow was preyed upon by not one, but two different carnivores -- a crocodilian and a shark -- is revealing clues into both the predation patterns of ancient creatures and the wider food chain millions of years ago.


						
Published in the peer-reviewed Journal of Vertebrate Paleontology, the findings mark one of the few examples of a creature being preyed upon by different animals during the Early to Middle Miocene epoch (23 million to 11.6 million years ago).

Predation marks in the skull indicate that the dugongine sea cow, belonging to the extinct genus Culebratherium, was first attacked by the ancient crocodile and then scavenged by a tiger shark (Galeocerdo aduncus) in what is now northwestern Venezuela.

"Conspicuous" deep tooth impacts concentrated on the sea cow's snout, suggest the crocodile first tried to grasp its prey by the snout in an attempt to suffocate it.

Two further large incisions, with a round starting impact, demonstrate the crocodile then dragged the sea cow, followed by tearing it. Marks on the fossils with striations and slashing, indicate the crocodile likely then executed a 'death roll' while grasping its prey -- a behaviour commonly observed in modern crocodiles.

A tooth of a tiger shark (Galeocerdo aduncus) found in the sea cow's neck, along with shark bite marks observed throughout the skeleton, show how the remains of the creature was then picked apart by the scavengers.

The team of experts from the University of Zurich, the Natural History Museum of Los Angeles County, as well as Venezuelan institutes Museo Paleontologico de Urumaco and the Universidad Nacional Experimental Francisco de Miranda, state their findings add to evidence that suggests the food chain, millions of years ago, behaved in a similar way to the present day.




"Today, often when we observe a predator in the wild, we find the carcass of prey which demonstrates its function as a food source for other animals too; but fossil records of this are rarer.

"We have been unsure as to which animals would serve this purpose as a food source for multiple predators. Our previous research has identified sperm whales scavenged by several shark species, and this new research highlights the importance of sea cows within the food chain," explains lead-author Aldo Benites-Palomino, from the Department of Paleontology at Zurich.

While evidence of food chain interactions are not scarce in the fossil record, they are mostly represented by fragmentary fossils exhibiting marks of ambiguous significance. Differentiating between marks of active predation and scavenging events is therefore often challenging.

"Our findings constitute one of the few records documenting multiple predators over a single prey, and as such provide a glimpse of food chain networks in this region during the Miocene."

The team's find was made in outcrops of the Early to Middle Miocene Agua Clara Formation, south of the city of Coro, Venezuela. Among remains, they found a fragmentary skeleton that includes a partial skull and eighteen associated vertebrae.

Describing the dig, co-author Professor of Palaeobiology Marcelo R Sanchez-Villagra explained the discovery as "remarkable" -- in particular for where it was uncovered, a site 100 kilometers away from previous fossil finds.




"We first learned about the site through word of mouth from a local farmer who had noticed some unusual "rocks." Intrigued, we decided to investigate," says Sanchez-Villagra, who is the Director at the Palaeontological Institute & Museum at Zurich.

"Initially, we were unfamiliar with the site's geology, and the first fossils we unearthed were parts of skulls. It took us some time to determine what they were -- sea cow remains, which are quite peculiar in appearance.

"By consulting geological maps and examining the sediments at the new locality, we were able to determine the age of the rocks in which the fossils were found.

"Excavating the partial skeleton required several visits to the site. We managed to unearth much of the vertebral column, and since these are relatively large animals, we had to remove a significant amount of sediment.

"The region is known for evidence of predation on aquatic mammals, and one factor that enabled us to observe such evidence was the excellent preservation of the fossil's cortical layer, which is attributed to the fine sediments in which it was embedded.

"After locating the fossil site, our team organized a paleontological rescue operation, employing extraction techniques with full casing protection.

"The operation took about seven hours, with a team of five people working on the fossil. The subsequent preparation took several months, especially the meticulous work of preparing and restoring the cranial elements."
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Supercomputer simulations reveal the nature of turbulence in black hole accretion disks | ScienceDaily
Researchers at Tohoku University and Utsunomiya University have made a breakthrough in understanding the complex nature of turbulence in structures called "accretion disks" surrounding black holes, using state-of-the-art supercomputers to conduct the highest-resolution simulations to date. An accretion disk, as the name implies, is a disk-shaped gas that spirals inwards towards a central black hole.


						
There is a great interest in studying the unique and extreme properties of black holes. However, black holes do not allow light to escape, and therefore cannot be directly perceived by telescopes. In order to probe black holes and study them, we look at how they affect their surroundings instead. Accretion disks are one such way to indirectly observe the effects of black holes, as they emit electromagnetic radiation that can be seen by telescopes.

"Accurately simulating the behaviour of accretion disks significantly advances our understanding of physical phenomena around black holes," explains Yohei Kawazura, "It provides crucial insights for interpreting observational data from the Event Horizon Telescope."

The researchers utilized supercomputers such as RIKEN's "Fugaku" (the fastest computer in the world up until 2022) and NAOJ's "ATERUI II" to perform unprecedentedly high-resolution simulations. Although there have been previous numerical simulations of accretion disks, none have observed the inertial range because of the lack of computational resources. This study was the first to successfully reproduce the "inertial range" connecting large and small eddies in accretion disk turbulence.

It was also discovered that "slow magnetosonic waves" dominate this range. This finding explains why ions are selectively heated in accretion disks. The turbulent electromagnetic fields in accretion disks interact with charged particles, potentially accelerating some to extremely high energies.

In magnetohydronamics, magnetosonic waves (slow and fast) and Alfven waves make up the basic types of waves. Slow magnetosonic waves were found to dominate the inertial range, carrying about twice the energy of Alfven waves. The research also highlights a fundamental difference between accretion disk turbulence and solar wind turbulence, where Alfven waves dominate.

This advancement is expected to improve the physical interpretation of observational data from radio telescopes focused on regions near black holes.

The study was published in Science Advances on August 28, 2024.
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Land-sea 'tag-team' devastated ocean life millions of years ago reveal scientists | ScienceDaily
Scientists have revealed how a "tag-team" between the oceans and continents millions of years ago devastated marine life -- and altered the course of evolution on Earth.


						
Their study has unearthed a new explanation for a string of severe environmental crises, called oceanic anoxic events, which happened between 185 and 85 million years ago.

These occurred when the seas became critically depleted of dissolved oxygen.

Experts from the University of Southampton, which led the study, said these events triggered significant biological upheavals, including mass extinctions of marine species.

The findings are published today Thursday 29 August in Nature Geoscience.

Lead author Tom Gernon, a Professor of Earth Science at Southampton, said: "Oceanic anoxic events were like hitting the reset button on the planet's ecosystems.

"The challenge was understanding which geological forces hit the button."

The study was undertaken by Southampton in collaboration with academics from the universities of Leeds, Bristol in the UK, Adelaide in Australia, Utrecht in the Netherlands, Waterloo in Canada, and Yale in the US.




The researchers examined the impact of plate tectonic forces on ocean chemistry during the Jurassic and Cretaceous Periods, collectively known as the Mesozoic era.

This chapter of Earth's history is often dubbed the age of the dinosaurs, said Prof Gernon, and is famously exposed along the Jurassic Coast on the UK's south coast as well as along the cliffs of Whitby in Yorkshire and Eastbourne in East Sussex.

The team combined statistical analyses and sophisticated computer models to explore how chemical cycles in the ocean could have feasibly responded to the breakup of the supercontinent Gondwana, the great landmass once roamed by the dinosaurs.

Prof Gernon added: "The Mesozoic era witnessed the breakup of this landmass, in turn bringing intense volcanic activity worldwide.

"As tectonic plates shifted and new seafloors formed, large amounts of phosphorus, a nutrient essential for life, were released from weathering volcanic rocks into the oceans.

"Crucially, we found evidence of multiple pulses of chemical weathering on both the seafloor and continents, which alternately disrupted the oceans.




"It's like a geological tag-team," said Prof Gernon.

Experts from the universities found the timing of these weathering pulses matched up with most oceanic anoxic events in the rock record.

They propose that the weathering-related influx of phosphorus to the ocean acted like a natural fertiliser, boosting the growth of marine organisms.

However, the researchers said these fertilisation episodes came at a major cost for marine ecosystems.

The increase in biological activity led to huge amounts of organic matter sinking to the ocean floor, where it consumed large quantities of oxygen, said co-author Benjamin Mills, a Professor of Earth System Evolution at the University of Leeds.

He added: "This process eventually caused swathes of the oceans to become anoxic, or oxygen-depleted, creating 'dead zones' where most marine life perished.

"The anoxic events typically lasted around one to two million years and had profound impacts on marine ecosystems, the legacy of which are even felt today.

"The rocks rich in organic matter that accumulated during these events are by far the largest source of commercial oil and gas reserves globally.

As well as explaining the cause of extreme biological turmoil in the Mesozoic, the study's findings highlight the devastating effects that nutrient overloading can have on marine environments today.

The team of researchers xplained how present-day human activities have reduced mean oceanic oxygen levels by about two per cent -- leading to a significant expanse in anoxic water masses.

Prof Gernon added: "Studying geological events offers valuable insights that can help us grasp how the Earth may respond to future climatic and environmental stresses."

Overall, the team's findings reveal a stronger-than-expected connection between the Earth's solid interior and its surface environment and biosphere, especially during periods of tectonic and climatic upheaval.

"It's remarkable how a chain of events within the Earth can impact the surface, often with devastating effects," added Prof Gernon.

"Tearing continents apart can have profound repercussions for the course of evolution."
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Researchers map 50,000 of DNA's mysterious 'knots' in the human genome | ScienceDaily
Innovative study of DNA's hidden structures may open up new approaches for treatment and diagnosis of diseases, including cancer.


						
DNA is well-known for its double helix shape. But the human genome also contains more than 50,000 unusual 'knot'-like DNA structures called i-motifs, researchers at the Garvan Institute of Medical Research have discovered.

Published today in The EMBO Journalis the first comprehensive map of these unique DNA structures, shedding light on their potential roles in gene regulation involved in disease.

In a landmark 2018 study, Garvan scientists were the first to directly visualise i-motifs inside living human cells using a new antibody tool they developed to recognise and attach to i-motifs. The current research builds on those findings by deploying this antibody to identify i-motif locations across the entire genome.

"In this study, we mapped more than 50,000 i-motif sites in the human genome that occur in all three of the cell types we examined," says senior author Professor Daniel Christ, Head of the Antibody Therapeutics Lab and Director of the Centre for Targeted Therapy at Garvan. "That's a remarkably high number for a DNA structure whose existence in cells was once considered controversial. Our findings confirm that i-motifs are not just laboratory curiosities but widespread -- and likely to play key roles in genomic function."

Curious DNA i-motifs could play a dynamic role in gene activity

I-motifs are DNA structures that differ from the iconic double helix shape. They form when stretches of cytosine letters on the same DNA strand pair with each other, creating a four-stranded, twisted structure protruding from the double helix.




The researchers found that i-motifs are not randomly scattered but concentrated in key functional areas of the genome, including regions that control gene activity.

"We discovered that i-motifs are associated with genes that are highly active during specific times in the cell cycle. This suggests they play a dynamic role in regulating gene activity," says Cristian David Pena Martinez, a research officer in the Antibody Therapeutics Lab and first author of the study.

"We also found that i-motifs form in the promoter region of oncogenes, for instance the MYC oncogene, which encodes one of cancer's most notorious 'undruggable' targets. This presents an exciting opportunity to target disease-linked genes through the i-motif structure," he says.

I-motifs hold promise for new type of therapies and diagnostics 

"The widespread presence of i-motifs near these 'holy grail' sequences involved in hard-to-treat cancers opens up new possibilities for new diagnostic and therapeutic approaches. It might be possible to design drugs that target i-motifs to influence gene expression, which could expand current treatment options," says Associate Professor Sarah Kummerfeld, Chief Scientific Officer at Garvan and co-author of the study.

Professor Christ adds that mapping i-motifs was only possible thanks to Garvan's world-leading expertise in antibody development and genomics. "This study is an example of how fundamental research and technological innovation can come together to make paradigm-shifting discoveries," he says.

This research was supported by funding from the National Health and Medical Research Council.

Professor Daniel Christ is a Conjoint Professor at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney. Associate Professor Sarah Kummerfeld is a Conjoint Associate Professor at St Vincent's Clinical School, Faculty of Medicine and Health, UNSW Sydney.
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Can fungi turn food waste into the next culinary sensation? | ScienceDaily
Chef-turned-chemist Vayu Hill-Maini has a passion: to turn food waste into culinary treats using fungi.


						
One of his collaborators is Rasmus Munk, head chef and co-owner of the Michelin two-star restaurant Alchemist in Copenhagen, who serves a dessert -- orange-colored Neurospora mold grown on rice -- inspired by Hill-Maini.

For the past two years, Hill-Maini has worked with a team of chefs at Blue Hill at Stone Barns, a Michelin two-star restaurant in Pocantico Hills, New York, to generate tasty morsels from Neurospora mold grown on grains and pulses, including the pulp left over from making oat milk. At Blue Hill, you may soon be served a patty of grain covered with orange Neurospora with a side of moldy bread -- orange Neurospora grown on rice bread that, when fried, smells and tastes like a toasted cheese sandwich.

That's only the beginning for Hill-Maini, a Miller postdoctoral fellow at the University of California, Berkeley. Working in the lab of Jay Keasling, UC Berkeley professor of chemical and biomolecular engineering, he has devoted himself to learning everything there is to know about Neurospora intermedia -- a widespread fungus that is traditionally used in Indonesia to make a food called oncom (pronounced ahn' cham) from soy pulp -- so it can be adapted broadly to Western food waste and Western palates.

"Our food system is very inefficient. A third or so of all food that's produced in the U.S. alone is wasted, and it isn't just eggshells in your trash. It's on an industrial scale," said Hill-Maini. "What happens to all the grain that was involved in the brewing process, all the oats that didn't make it into the oat milk, the soybeans that didn't make it into the soy milk? It's thrown out."

When a fellow chef from Indonesia introduced him to fermented oncom, he said it struck him that "this food is a beautiful example of how we can take waste, ferment it and make human food from it. So let's learn from this example, study this process in detail, and maybe there's broader lessons we can draw about how to tackle the general challenge of food waste."

Hill-Maini's evangelizing about the benefits of Neurospora inspired Blue Hill to install an incubator and tissue culture hood in its test kitchen this summer, allowing the restaurant to dive more deeply into fungal foods. Before, Luzmore, chef in charge of special projects, FedExed various substrates to Hill-Maini's lab at the Joint BioEnergy Institute (JBEI) in Emeryville, California, near UC Berkeley, where Neurospora magically transformed them for study. Luzmore has tasted many Neurospora experiments, though his favorite is made fromstale rice bread.




"It's incredibly delicious. It looks and tastes like you grated cheddar onto bread and toasted it," Luzmore said. "It's a very clear window into what can be done with this."

While people from many cultures have long eaten foods transformed by fungi -- grain turned into alcohol by yeast, milk curds turned into blue cheese by Penicillium mold, soy sauce and miso produced from soybeans by koji mold (Aspergillus oryzae) -- oncom is unique in being produced from waste food. Developed by native Javans long ago, it appears to be the only human food fermented solely by Neurospora mold. But not for long.

A paper by Hill-Maini about the genetics of the Neurospora intermedia strains that transform soy milk waste into oncom, and how the fungi chemically alter 30 different kinds of plant waste, will be published online Aug. 29 in the journal Nature Microbiology.

"In the last few years, I think, fungi and molds have caught the public eye for their health and environmental benefits, but a lot less is known about the molecular processes that these fungi carry out to transform ingredients into food," he said. "Our discovery, I think, opens our eyes to these possibilities and unlocks further the potential of these fungi for planetary health and planetary sustainability."

A nutritious snack in 36 hours

In West Java, oncom comes in two varieties: red oncom, which is made by fermenting soy pulp left over from making tofu, and black oncom, which is grown on the leftover pressings from making peanut oil. They're used similarly -- in stir-fries, as fried snacks and with rice as a dumpling filling.




One of the amazing things about these moldy concoctions, Hill-Maini found, is that the fungi transform indigestible plant material -- polysaccharides, including pectin and cellulose, originating from the plant cell wall -- into digestible, nutritious and tasty food in about 36 hours.

"The fungus readily eats those things and in doing so makes this food and also more of itself, which increases the protein content," he said. "So you actually have a transformation in the nutritional value. You see a change in the flavor profile. Some of the off-flavors that are associated with soybeans disappear. And finally, some beneficial metabolites are produced in high amounts."

Yeast -- a single-celled fungus -- is famously transformative, fermenting grain and fruit into alcohol. But the fungus that makes oncom is different: it's a filamentous fungus, growing and spreading as filaments identical to the mycorrhizae of fungi that live in forest soil and produce mushrooms. The oncom fungus does not produce mushrooms, however; it is like the mold that grows on spoiled food. The Penicillium mold that produces blue cheese and the koji mold that produces soy sauce, miso and sake are examples of filamentous fungi that raise bland food to a whole new level.

Oncom, however, is one of the only, if not the only, fungal food grown on food by-products. In the new paper, Hill-Maini demonstrated that N. intermedia can grow on 30 different types of agricultural waste, from sugar cane bagasse and tomato pomace to almond hulls and banana peels, without producing any toxins that can accumulate in some mushrooms and molds.

He also analyzed the genetics of the fungi that produce oncom. Surprisingly, he found that the fungus responsible for red oncom is primarily N. intermedia -- it was the main fungus in all 10 samples from West Java.

"What was very clear is, wow, this fungus is probably dominant and maybe sufficient for making this food possible, growing on the cellulose-rich soy milk waste and making the food in 36 hours," Hill-Maini said.

The fungi in black oncom, however, were dominated by a range of Rhizopus species that depended on where it was made. It also contained many bacteria. Tempeh, another ancient and popular Javanese source of protein, is also produced by Rhizopus mold fermenting fresh soybeans.

Delving deeper into the genetics of the Neurospora in red oncom and comparing its genes with the genes of Neurospora intermedia strains not found in red oncom, he discovered that there are essentially two types of the mold: wild strains found worldwide, and strains adapted specifically to agricultural waste produced by humans.

"What we think has happened is that there's been a domestication as humans started generating waste or by-products, and it created a new niche for Neurospora intermedia. And through that, probably the practice of making oncom emerged," Hill-Maini said. "And we found that those strains are better at degrading cellulose. So it seems to have a unique trajectory on waste, from trash to treasure."

But is it tasty?

Since the domesticated Neurospora strain degrades the cellulose in soy and peanut waste into a tasty food, Hill-Maini wondered if it could make other waste products edible.

"The most important thing, especially for me as a chef, is, 'Is it tasty?' Sure, we can grow it on all these different things, but if it doesn't have sensory appeal, if people don't perceive it positively outside of a very specific cultural context, then it might be a dead end," he said.

In collaboration with Munk at Alchemist, he presented red oncom to 60 people who had never encountered it before and asked their opinions.

"We found that, basically people who never tried this food before assigned it positive attributes -- it was more earthy, nutty, mushroomy," Hill-Maini said. "It consistently rated above six out of nine."

The chefs at Alchemist also grew Neurospora on peanuts, cashews and pine nuts and everyone liked those, too, he said.

"Its flavor is not polarizing and intense like blue cheese. It's a milder, savory kind of umami earthiness," Hill-Maini said. Different substrates impart their own flavors, however, including fruity notes when grown on rice hulls or apple pomace.

This led Munk to add a Neurospora dessert to Alchemist's menu: a bed of jellied plum wine topped with unsweetened rice custard inoculated with Neurospora, left to ferment for 60 hours and served cold, topped with a drop of lime syrup made from roasted leftover lime peel.

"We experienced that the process changed the aromas and flavors in quite a dramatic way -- adding sweet, fruity aromas," Munk said. "I found it mind-blowing to suddenly discover flavors like banana and pickled fruit without adding anything besides the fungi itself. Initially, we were thinking of creating a savory dish, but the results made us decide to instead serve it as a dessert."

This dessert was among other edible Neurospora fermentations discussed in a paper published last December in the International Journal of Gastronomy and Food Science, in which Hill-Maini, Munk and their colleagues reported on taste tests of oncom and oncom-like foods grown on substrates other than soy.

"I think it is amazing that we as a restaurant can contribute something like this to the scientific community," Munk added. "We have said from the start that Alchemist's ambition is to change the world through gastronomy, and this project has that kind of potential. I am very excited to see what other culinary applications this research can lead to in the future and using other waste products from the food industry."

Munk recently launched a food innovation center, Spora, initially focused on upcycling side-streams from the food industry and developing delicious and diverse protein sources.

A culinary upbringing

Hill-Maini grew up in a household centered around cooking. His mother, of Indian descent from Kenya, held cooking classes in their apartment in Stockholm, Sweden, in the 1990s, introducing Swedes to the spices and cooking styles of India. His father is of Cuban and Norwegian descent.

"Growing up, I got connected to cooking really early on as a way to understand my cultural heritage and where I came from," he said.

After high school, he took his love of cooking to New York City, where he worked low-level food-prep jobs at several restaurants before impressing one employer with the sandwiches he brought for lunch. At the age of 18, he was chosen to redesign the menu of a venerable sandwich shop in Manhattan. One creation was voted among the city's top veggie sandwiches by the New York Times.

He eventually returned to school, supporting himself as a chef for hire, and became interested in the science behind the chemical transformations possible with cooking. After obtaining his bachelor's degree from Carleton College in Northfield, Minnesota, he was accepted into the graduate program at Harvard University, where he studied biochemistry and did Ph.D. work on the gut microbiome.

"Then, you know, I wanted to come back to the kitchen," he said. "The Miller Fellowship was an opportunity to say, 'I have training in the culinary world. I have training in biochemistry, microbiology. How do I bring them together, especially looking at the sustainability challenges that we're facing and how wasteful and devastating our food system is on the planet?'"

With fellowship support, he visited restaurants -- including Blue Hill, Alchemist and the Basque Culinary Center in Spain -- to give workshops on fermentation.

"That inspired me to go back to Berkeley and think about my research differently," Hill-Maini said.

Blue Hill has hosted him five times over the past two years, most recently in late June to help inaugurate the restaurant's microbiology lab, where Luzmore hopes Hill-Maini and other chef-scientists will visit and experiment.

"The reason why we have loved working with Vayu so much is because I think he really embodies a lot of where we are going," Luzmore said. Now 20 years old, the for-profit Blue Hill restaurant and the nonprofit Stone Hill Farm are transitioning from being a champion of farm-to-table dining to "endeavoring to make research a bigger part of what we do here and not just have it be a farm and a restaurant, but really, hopefully, be a hub of innovation -- what I feel to be a sandbox -- and to bring people in, like Vayu, to do this research."

In addition to playing in Blue Hill's sandbox, Hill-Maini will soon have his own: a kitchen-equipped lab at Stanford University, where he has been appointed an assistant professor of bioengineering.

Taste test

Sauteing an oat milk waste burger he made in his Berkeley apartment last June, Hill-Maini talked enthusiastically about the opportunities opened up by Neurospora and the debt he owes to the Javanese, who long ago coopted the fungus to make oncom. Neurospora provides another type of fermentation complementary to the widely used koji mold, which in recent years has been adapted by chefs to transform so many foods that it has become tiresome, he said.

"This is a new tool in the chef's toolbox," he said.

Hill-Maini plated the perfectly-seared burger, indistinguishable from a small beef patty, on a bed of cashew-avocado sauce, pairing it with roasted sweet potatoes and a fresh cucumber-cherry tomato salad with herbs and lemon. He cut the burger with a fork, swirled it through the sauce and lifted it to his mouth.

"Mmm, look at that -- waste to food," he said. "It has good bite, it's savory, a note of mushrooms, some fun, fruity aromas."

In future research, he hopes to discover how Neurospora produces these flavors and aromas, but at the same time make a dent in the food waste stream.

"The science that I do -- it's a new way of cooking, a new way of looking at food that hopefully makes it into solutions that could be relevant for the world," he said.
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This tiny backyard bug does the fastest backflips on earth | ScienceDaily
Move over, Sonic. There's a new spin-jumping champion in town -- the globular springtail (Dicyrtomina minuta). This diminutive hexapod backflips into the air, spinning to over 60 times its body height in the blink of an eye, and a new study features the first in-depth look at its jumping prowess.


						
Globular springtails are tiny, usually only a couple millimeters in body length. They don't fly, bite or sting. But they can jump. In fact, jumping is their go-to (and only) plan for avoiding predators. And they excel at it -- to the naked eye it seems as though they vanish entirely when they take off.

"When globular springtails jump, they don't just leap up and down, they flip through the air -- it's the closest you can get to a Sonic the Hedgehog jump in real life," says Adrian Smith, research assistant professor of biology at North Carolina State University and head of the evolutionary biology and behavior research lab at the North Carolina Museum of Natural Sciences. "So naturally I wanted to see how they do it."

Finding the globular springtails was easy enough -- they're all around us. The ones in this study are usually out from December through March. Smith "recruited" his research subjects by sifting through leaf litter from his own backyard. But the next part proved to be the most challenging.

"Globular springtails jump so fast that you can't see it in real time," Smith says. "If you try to film the jump with a regular camera, the springtail will appear in one frame, then vanish. When you look at the picture closely, you can see faint vapor trail curlicues left behind where it flipped through the one frame."

Smith solved that problem by using cameras that shoot 40,000 frames per second. He urged the springtails to jump by shining a light on them or lightly prodding them with an artist's paintbrush. Then he looked at how they took off, how fast and far they went, and how they landed.

Globular springtails don't use their legs to jump. Instead, they have an appendage called a furca that folds up underneath their abdomen and has a tiny, forked structure at its tip. When the springtails jump, the furca flips down and the forked tip pushes against the ground, launching them into a series of insanely fast backflips.




What do we mean by insanely fast?

"It only takes a globular springtail one thousandth of a second to backflip off the ground and they can reach a peak rate of 368 rotations per second," Smith says. "They accelerate their bodies into a jump at about the same rate as a flea, but on top of that they spin. No other animal on earth does a backflip faster than a globular springtail."

The springtails were also able to launch themselves over 60 millimeters into the air -- more than 60 times their own height. And in most cases, they went backward.

"They can lean into a jump and go slightly sideways, but when launching from a flat surface, they mostly travel up and backward, never forward," says Jacob Harrison, a postdoctoral researcher at the Georgia Institute of Technology and paper co-author. "Their inability to jump forward was an indication to us that jumping is primarily a means to escape danger, rather than a form of general locomotion."

Landing was found in two styles: uncontrolled and anchored. Globular springtails do have a sticky forked tube they can evert -- or push out of their bodies -- to grapple a surface or halt their momentum, but Smith observed that bouncing and tumbling to a stop was just as common as anchored landings.

"This is the first time anyone has done a complete description of the globular springtail's jumping performance measures, and what they do is almost impossibly spectacular," Smith says. "This is a great example of how we can find incredible, and largely undescribed, organisms living all around us."
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