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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.


      
        Sound of traffic increases stress and anxiety, study finds
        Manmade sounds such vehicle traffic can mask the positive impact of nature soundscapes on people's stress and anxiety, according to a new study.

      

      
        Global food yields have grown steadily during last six decades, study finds
        Contrary to widespread concerns that global crop yields have stagnated in recent decades, a comprehensive study of worldwide food production finds yields have continued to grow at roughly the same rate since the 1960s.

      

      
        Discovering the traits of extinct birds
        Analysis of 216 extinct species by biologists found birds endemic to islands, occupied ecologically specific niche, lacking flight, with large bodies and sharply angled wings were the ones likely to disappear the soonest after 1500.

      

      
        For those with CTE, family history of mental illness tied to aggression in middle age
        People who have chronic traumatic encephalopathy (CTE) who have a family history of mental illness may have a higher risk of aggression in middle age, according to a new study.

      

      
        Gold beats platinum for chemo drugs in new lab study
        Researchers have used a new gold-based drug to slow tumor growth in animals by 82% and target cancers more selectively than standard chemotherapy drugs, according to a new study.

      

      
        Moving 'hotspot' created world's longest straight underwater mountain belt
        New research has revealed that the Ninetyeast Ridge -- the Earth's longest straight underwater mountain chain -- formed through a different process than previously believed. Stretching 5000 km along the Indian Ocean's 90-degree east longitude and nearly matching the length of North America's Rocky Mountains, the ridge offers crucial new insights into the movement of the Earth's tectonic plates.

      

      
        Making a difference: Efficient water harvesting from air possible
        A research team has found a way to make more efficient the desorption of water-adsorption polymers used in atmospheric water harvesting and desiccant air conditioning.

      

      
        Soccer heading damages brain regions affected in CTE, study finds
        Soccer heading may cause more damage to the brain than previously thought, according to a new study.

      

      
        Shells, teeth and bones of 'weird and wonderful organisms' provide historical environmental clues
        A groundbreaking international study shows how chemical fingerprints left by 'underappreciated' aquatic organisms could help scientists monitor global environmental change.

      

      
        Caregivers experience decline in well-being
        New research, based on data from more than 28,000 caregivers in three countries, shows that the longer individuals spend caring for loved ones, the more their well-being suffers, regardless of the caregiving context. These findings underscore the need for policy discussions to alleviate the burden of informal care.

      

      
        AI can predict study results better than human experts, researchers find
        Large language models, a type of AI that analyses text, can predict the results of proposed neuroscience studies more accurately than human experts, finds a new study. The findings demonstrate that large language models (LLMs) trained on vast datasets of text can distil patterns from scientific literature, enabling them to forecast scientific outcomes with superhuman accuracy. The researchers say this highlights their potential as powerful tools for accelerating research, going far beyond just kn...

      

      
        Brains grew faster as humans evolved
        Brain size increased gradually within each ancient human species rather than through sudden leaps between species.

      

      
        New discovery could offer significant answers on Alzheimer's disease
        A new study represents a significant step forward in scientists' understanding of Alzheimer's disease. A team of investigators has examined the role of two proteins found in the brain and suggest the stability of their relationship to one another is crucial for memory formation and maintenance. Disruptions in this mechanical signalling pathway could lead to the disease. This is the first time this connection has been identified and could pave the way for therapeutic interventions.

      

      
        How fungi colonize plant roots
        Researchers have identified two fungal enzymes that hijack the immune system of plants, playing a critical role in the colonization of plant roots. These findings open new avenues for interventions in both medicine and agriculture.

      

      
        'Genetic time machine' reveals complex chimpanzee cultures
        Chimpanzees are known for their remarkable intelligence and use of tools, but could their cultures also evolve over time like human cultures? A new, multidisciplinary study suggests that some of their most advanced behaviors may have been passed down and refined through generations.

      

      
        No 'one size fits all' treatment for Type 1 Diabetes
        Factors beyond carbohydrates have a substantial influence on blood glucose levels meaning current automated insulin delivery systems miss vital information required for glucose regulation, a new study has found.

      

      
        Food additive carrageenan (E 407) could disrupt the intestinal barrier and increase the risk of type 2 diabetes, study finds
        The food additive carrageenan (E 407) can be responsible for the development of chronic inflammatory bowel disease, ulcers, and increased blood sugar levels in animals. Researchers have now investigated the effects of carrageenan on the human intestine and sugar metabolism. They found increased permeability of the small intestine, most likely due to intestinal inflammation.

      

      
        Drug research: Decoding the structure of nano 'gene ferries'
        Researchers have investigated how cationic polymers organize on a molecular level when transporting RNA drugs.

      

      
        Fowl play: Why the hunt for Thanksgiving's favorite bird could get tougher
        If hunters continue to follow their current strategies and prey continue their same routine, turkeys may become tougher to harvest in the future, according to new research.

      

      
        Making quantum physics easier to digest in schools
        A team of physics educators is focusing on a new approach to teaching quantum physics in schools. Traditional classroom teaching has tended to focus on presenting the history of the origins of quantum physics, which often poses problems for learners. Using the quantum measurement process as an example, the researchers have now published their first empirical findings on learning quantum physics -- based on two-state systems.

      

      
        Scientists discover shared genetic foundations between musical rhythm and human language
        A study has revealed that genetic variants associated with higher likelihood of rhythm impairments tended to be also associated with higher likelihood of dyslexia. The reverse was also the case: Genetic variants associated with more accurate musical rhythm skills co-occurred with genes linked to higher performance on language and reading tests, and to language-related educational outcomes.

      

      
        Newer epilepsy medications used during pregnancy do not affect neurological development in children
        Children of mothers who took certain anti-seizure medications while pregnant do not have worse neurodevelopmental outcomes at age 6, according to a long-running study.

      

      
        Cellular traffic congestion in chronic diseases suggests new therapeutic targets
        Chronic diseases such as diabetes are on the rise and are costly and challenging to treat. Scientists have discovered a common denominator driving these diverse diseases, which may prove to be a promising therapeutic target: proteolethargy, or reduced protein mobility, in the presence of oxidative stress.

      

      
        New research points way to more reliable brain studies
        A new study identifies research strategies for tying brain function and structure to behavior and health.

      

      
        'Alzheimer's in dish' model shows promise for accelerating drug discovery
        A decade ago, researchers introduced a new model for studying Alzheimer's disease. Known as 'Alzheimer's in a dish,' the model uses cultures of mature brain cells suspended in a gel to recapitulate what takes place in the human brain over 10 to 13 years in just six weeks. But does the model truly produce the same changes that take place in patients? In a new study, researchers created an algorithm to assess, in an unbiased manner, how well models of Alzheimer's disease mimic the function and gene...

      

      
        Researchers redefine what it means for a cell to be alive or dead
        Cellular death is a fundamental concept in the biological sciences. Given its significance though, its definition depends on the context in which it takes place, and lacks a general mathematical definition. Researchers propose a new mathematical definition of death based on whether a potentially dead cell can return to a predefined 'representative state of living,' which are the states of being that we can confidently call 'alive.' The researchers' work could be useful for biological researchers ...

      

      
        What a gut fungus reveals about symbiosis and allergy
        A fungus discovered in the mouse stomach may hold a key to fungal evolution within the gastrointestinal tract, according to new research. The finding suggests that preclinical studies until now have overlooked a major influencer of mouse physiology.

      

      
        Cervical cancer deaths in young women plummet after introduction of HPV vaccine
        Researchers found a reduction in cervical cancer mortality in women under the age of 25, which is likely due to the introduction of the HPV vaccine.

      

      
        Breakthrough could revolutionize future of tick control
        Scientists create potential for genetic tools to control disease-spreading ticks.

      

      
        Long COVID brain fog linked to lung function
        In patients with long COVID, lower pulmonary gas exchange may be associated with impaired cognitive function, according to a new study.

      

      
        Concussions slow brain activity of high school football players
        A new study of high school football players found that concussions affect an often-overlooked but important brain signal.

      

      
        World's most common heart valve disease linked to insulin resistance in large national study
        A large new population study of men over 45 indicates insulin resistance may be an important risk factor for the development of the world's most common heart valve disease -- aortic stenosis (AS).

      

      
        Simple secret to living a longer life
        Increasing physical activity levels could extend your life up to 11 more years according to new research using accelometry data. The study found that for the least active people in the population, a single one-hour walk could return a benefit of six additional hours of life.

      

      
        Same plant, different tactic: Habitat determines response to climate
        A research team has found some clues to how plants survive in colder regions.

      

      
        It might be wrecking the climate, but carbon dioxide is actually good for your cells
        Chemists unravel how bicarbonate can protect cells from oxidative stress in a study that challenges how cell damage has been studied for decades.

      

      
        Scientists identify important factor in neural development
        Scientists have shed new light on how certain biological processes determine the development of neural cells. Their findings on a molecular 'bridge' complex demonstrate a new level of detail in the understanding of early neural development -- which is fundamental for the further understanding of neurodevelopmental syndromes.

      

      
        New imaging platform revolutionizes 3D visualization of cellular structures
        A team of researchers has developed an innovative imaging platform that promises to improve our understanding of cellular structures at the nanoscale. This platform, called soTILT3D for single-objective tilted light sheet with 3D point spread functions (PSFs), offers significant advancements in super-resolution microscopy, enabling fast and precise 3D imaging of multiple cellular structures while the extracellular environment can be controlled and flexibly adjusted.

      

      
        Drinking plenty of water may actually be good for you
        Public health recommendations generally suggest drinking eight cups of water a day. And many people just assume it's healthy to drink plenty of water.

      

      
        World's oldest lizard wins fossil fight
        A storeroom specimen that changed the origins of modern lizards by millions of years has had its identity confirmed.

      

      
        Team unlocks new insights on pulsar signals
        Results showed that in almost all cases, measured bandwidths were higher than predictions by widely used models of the galaxy, highlighting a need for updates to current ISM density models.

      

      
        How long ring fingers can point to a love of alcohol
        There is evidence that alcohol consumption is influenced by prenatal sex steroids, so experts decided to use a sample of students for their research into the subject.

      

      
        Eliminating physical activity disparities between male and female youth could save hundreds of millions of dollars, new study says
        Eliminating current physical activity disparities between male and female youth in the United States could save around $780 million for each new cohort of six-to-17-year-olds, according to a new study. In fact, bringing more equity to sports participation could save even more: $1.55 billion.

      

      
        Unexplained heat-wave 'hotspots' are popping up across the globe
        A striking new phenomenon is emerging: distinct regions are seeing repeated heat waves that are so extreme, they fall far beyond what any model of global warming can predict or explain. A new study provides the first worldwide map of such regions, which show up on every continent except Antarctica like giant, angry skin blotches.

      

      
        Great apes visually track subject-object relationships like humans do, study finds
        Great apes track events with their eyes in the same way that humans do, according to a new study.

      

      
        Recovery of testing for heart disease risk factors post-COVID remains patchy
        Routine screening to detect risk factors for heart disease dropped sharply during the COVID-19 pandemic in England, and some key measurements, such as blood pressure readings, may still lag behind pre-pandemic levels, according to a new study.

      

      
        Oil spill still contaminating sensitive Mauritius mangroves three years on, study finds
        Three years after bulk carrier MV Wakashio ran aground on a coral reef off Mauritius, spilling 1000 tonnes of a new type of marine fuel oil, research has confirmed the oil is still present in an environmentally sensitive mangrove forest close to important Ramsar conservation sites.

      

      
        Quantum mechanism identified as a key to accelerating ocean temperatures
        Accelerating rates of heat uptake by oceans that don't fit current climate models can now be explained by quantum physics.

      

      
        Predicting the weather: New meteorology estimation method aids building efficiency
        Researchers propose a new method to generate meteorological data that takes into account the interdependence of meteorological factors, such as temperature, humidity, and solar radiation.

      

      
        Brain test shows that crabs process pain
        Researchers have demonstrated that painful stimuli are sent to the brain of shore crabs providing more evidence for pain in crustaceans. EEG style measurements show clear neural reactions in the crustacean's brain during mechanical or chemical stimulation.

      

      
        Cancers grow uniformly throughout their mass, study finds
        Cancer cells on the surface are thought to have natural advantages compared to cells deep within, which is why scientists have hypothesized tumors grow more in their periphery than in the core. A recent study found the opposite is true: tumors grow throughout their mass. The findings challenge the idea that a tumor is a 'two-speed' entity.
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Sound of traffic increases stress and anxiety, study finds | ScienceDaily
Manmade sounds such vehicle traffic can mask the positive impact of nature soundscapes on people's stress and anxiety, according to a new study published November 27, 2024, in the open-access journal PLOS ONE by Paul Lintott of the University of the West of England, U.K., and Lia Gilmour of the Bat Conservation Trust, U.K.


						
Existing research shows that natural sounds, like birdsong, can lower blood pressure, heart, and respiratory rates, as well as self-reported stress and anxiety. Conversely, anthropogenic soundscapes, like traffic or aircraft noise, are hypothesized to have negative effects on human health and wellbeing in a variety of ways.

In the new study, 68 student volunteers listened to three 3-minute soundscapes: a nature soundscape recorded at sunrise in West Sussex, U.K., the same soundscape combined with 20 mile per hour road traffic sounds, and the same soundscape with 40 mile per hour traffic sounds. General mood and anxiety were assessed before and after the soundscapes using self-reported scales.

The study found that listening to a natural soundscape reduced self-reported stress and anxiety levels, and also enhanced mood recovery after a stressor. However, the benefits of improved mood associated with the natural soundscape was limited when traffic sounds were included. The natural soundscape alone was associated with the lowest levels of stress and anxiety, with the highest levels reported after the soundscape that included 40 mile per hour traffic.

The authors conclude that reducing traffic speed in urban areas might influence human health and wellbeing not only through its safety impacts, but also through its effect on natural soundscapes.

The authors add: "Our study shows that listening to natural soundscapes can reduce stress and anxiety, and that anthropogenic sounds such as traffic noise can mask potential positive impacts. Reducing traffic speeds in cities is therefore an important step towards more people experiencing the positive effects of nature on their health and wellbeing."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241127165841.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Global food yields have grown steadily during last six decades, study finds | ScienceDaily
Contrary to widespread concerns that global crop yields have stagnated in recent decades, a comprehensive study of worldwide food production finds yields have continued to grow at roughly the same rate since the 1960s. John Baffes of the World Bank and Xiaoli Etienne of the University of Idaho, U.S., report these findings on November 27, 2024, in the open-access journal PLOS ONE. 


						
Almost 10 billion people are expected to inhabit Earth by 2050, so agricultural production will become increasingly critical to feeding the growing population. Over the past six decades, much of the growth in food production has stemmed from technological advances, including the widespread development and use of better crop varieties. But some studies have suggested that the growth in production has leveled off, raising concerns about future food availability, especially in the low- and middle-income countries with the highest population growth.

In the new study, the researchers developed standardized measures for production and yield for 144 crops, covering 98 percent of global agricultural land. These measures allow scientists and policymakers to compare agricultural productivity across different countries and regions. The researchers found that there has been no discernable slowdown in the global growth of crop yields during the last six decades -- any observed slowdown in specific crops, regions or countries has been offset by gains in others. Their findings show that yields grew annually at a rate equivalent to about 33 kg of wheat per hectare.

While the study's findings are reassuring from a global food supply perspective, the researchers caution that sustainable food production and the affordability of food will continue to be challenges to global food security. They emphasize that these concerns are particularly relevant in the face of intensifying climate change and increased demand for food due to population and income growth.

The authors add: "Utilizing a comprehensive caloric-based index of production and yield for 144 crops, covering 98% of global agricultural land and food output, this paper reveals that, on an aggregate level, global yield growth -- a vital indicator of agricultural productivity -- has not slowed over the past six decades. This steady growth equates to an annual increase of approximately 33 kilograms of wheat per hectare, highlighting continued productivity gains worldwide."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241127165838.htm
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Discovering the traits of extinct birds | ScienceDaily
Looking to inform the conservation of critically endangered bird species, University of Utah biologists completed an analysis identifying traits that correlate with all 216 bird extinctions since 1500.


						
Species most likely to go extinct sooner were endemic to islands, lacked the ability to fly, had larger bodies and sharply angled wings, and occupied ecologically specific niches, according to research published this month.

While some of these findings mirror previous research on extinct birds, they are the first to correlate bird traits with the timing of extinctions, said lead author Kyle Kittelberger, a graduate student in the School of Biological Sciences.

"I've been very interested in extinctions and understanding the species that we've lost and trying to get a sense of how we can use the past to better inform the present and future," said Kittelberger, who is completing his dissertation on how the bodies and wings of certain species of migratory songbirds have changed in response to climate change.

His team's analysis tapped into BirdBase, a dataset of ecological traits for the world's 11,600+ bird species compiled by U biology professor Ca?an ?ekercio?lu and the Biodiversity and Conservation Ecology Lab at the U. The team simultaneously analyzed a broad range of biogeographical, ecological and life history traits previously associated with extinction and extinction risk for bird species that have gone extinct as well as those that lack recent confirmed sightings and have therefore disappeared.

"Importantly, we examine biological correlates of bird extinctions through the lens of when birds went extinct, providing a novel extinction timing element that helps better inform why birds with certain traits disappeared when they did," Kittelberger wrote in a series of posts on X. By identifying traits that most predispose birds to extinction, the findings can help guide conservation efforts of hundreds of species that are at peril.

"One of the strengths of the approach that we use is we compared all of these traits simultaneously against each other, whereas a lot of previous studies in the literature just look at traits in isolation."

While only around 2% of the world's bird species have gone extinct since 1500, the year Kittelberger's analysis begins, even more had already disappeared by then. Before 1500, however, there is not as reliable a record of the birds that went extinct and data on their traits and characteristics.




This timing coincides with the rise of scientific observation, resulting in a systematic documentation of plant and animal life. It is also the time when European exploration took off, leading to the disruption of ecosystems around the globe as a result of colonization and introduced species.

Today, 1,314 bird species are at risk of extinction, according to the IUCN Red List of Threatened Species, or about 12% of the total.

Many species, such as the 'Akikiki (Oreomystis bairdi), endemic to the Hawaiian island of Kauai, are so rare that they are functionally extinct. Kittelberger photographed the pictured 'Akikiki, also called Kauai's creeper, in the Alaka'i Wilderness Preserve in 2022, when it was believed around 70 or so remained in the wild; today, only one individual remains.

The proportion of 216 bird species globally extinct or likely lost since 1500 that were endemic to a region, found solely on islands, and were either flightless or partially flightless, as well as the breakdown of species by primary habitat or diet.

As with many other Hawaiian bird species, the main threat to the 'Akikiki comes in the form of introduced species, principally malaria-carrying mosquitoes and habitat-wrecking livestock, according to Hawaii's Division of Forestry and Wildlife.

The single most critical trait associated with extinction is insularity, those species endemic to islands. Other traits that appear to increase extinction risk, such as body size, wing shape and ecological specialization, are also associated with island insularity.




Pacific islands are home to a vast array of endemic species, many of which are now on the IUCN list. No archipelago has seen more loss of avian biodiversity than Hawaii, which accounts for 34 post-1500 extinctions, according to the study.

The bird family that experienced the most extinctions is Rallidae, or rails, which are globally distributed medium-sized semi-amphibious bird species. This family lost 26 members, while the entire line of the Mohoidae family, small nectar-sipping songbirds commonly known as Hawaiian honeyeaters, is completely gone (the only bird family to go fully extinct in modern times). The family's last member, the Kauai O'o (Moho braccatus), was last observed in 1987.

The finding that did surprise Kittelberger's team was the correlation of wing shape to extinction. They found that bird species with a larger hand-wing index, that is more pointed wings, were more likely to have vanished earlier. Since pointier wings indicate stronger flying and dispersal abilities, the team predicted such birds would be better equipped to respond to environmental pressures than those with rounder wings.

Yet birds with rounder wings, those with smaller hand-wing ratios, proved to be more resilient.

"It likely ties with the fact that a lot of these birds that went extinct were on islands. For these species or their ancestors to have arrived at these islands to begin with, they would've needed the ability to fly across large, open distances. So a lot of these birds on islands have, not necessarily longer, but more pointed wings," Kittelberger said. "Think of a swift or a swallow or a bird like an albatross that flies over the ocean. They have really pointy wings that allow them to fly really well, whereas birds in dense tropical rainforests are not flying these large distances, so they have rounded wings because they're just moving in their local habitat patches."

Ecological specialists, as opposed to generalists, face great challenges when their specific ecological niche is altered, so they tend to be less able to respond and adapt to disturbances, like invasive species or disruption of a food source.

In other findings, the study concluded more than 87% were endemic to islands; nearly two-thirds inhabited forests; 45% ate primarily insects and other invertebrates; and 20% were completely or partially flightless. Finally, species with big bodies were overly represented on the extinct list.

"Heavier birds have been more likely to be targeted for hunting, with several well-known examples of birds being hunted to extinction in part for food, including the Dodo, Great Auk (Pinguinus impennis), and Spectacled Cormorant (Urile perspicillatus)," the study said. "Body mass has also been linked with a species' inhabitance of islands, as island birds tend to be larger than mainland species." Of the 43 species whose average body weight exceeded 500 grams, or 1.1 pounds, three-quarters were endemic to an island.

The decade of the 1890s saw the highest number on extinctions, with 21 recorded. The 1980s was another bad decade for bird loss with 20 species, including the Kauai O'o. This latter decade "is noteworthy since focused and targeted conservation efforts were already underway globally before and during this period," the study said. "Though the rate of extinction declined in the subsequent decades, the number of globally threatened species has only increased."

The study, "Correlates of avian extinction timing around the world since 1500 CE," was published Nov. 7 in the journal Avian Research. The research team included Colby J. Tanner, Amy N. Buxton, Amira Prewett and Ca?an ?ekercio?lu. Support for this research came from the University of Utah's Graduate Research Fellowship.
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For those with CTE, family history of mental illness tied to aggression in middle age | ScienceDaily
People who have chronic traumatic encephalopathy (CTE) who have a family history of mental illness may have a higher risk of aggression in middle age, according to a study published in the November 27, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
CTE is a neurodegenerative disease associated with repeated head injuries, often seen in athletes and military personnel, that can lead to mood changes and dementia.

"This appears to be a case where together these risk factors add up to a greater risk for aggression than they each do on their own, where people with CTE and a family history of mental illness are much more likely to have aggressive behavior than those with just CTE or just the family history," said study author Jesse Mez, MD, MS, of Boston University Chobanian & Avedisian School of Medicine and a member of the American Academy of Neurology.

The study involved 845 men who were exposed to repetitive head impacts through contact sports or military service. A total of 329 of them played professional football. All donated their brains to research after their death, which was at an average age of 60. Of the total group, 589, or 70%, had CTE and 383, or 45%, had a family history of mental illness.

Researchers interviewed family members or spouses of the participants about their aggressive behavior. They were also asked whether the participants' parents, siblings or children were ever diagnosed with major depression, bipolar disorder, anxiety, post-traumatic stress disorder, obsessive-compulsive disorder or other mood or psychiatric disorders. If any family member had a diagnosis, the participant was considered to have a family history of mental illness.

Researchers then divided participants into four groups: 256 people, or 30%, with CTE and a family history of mental illness; 333 people, or 40%, with CTE and without a family history of mental illness; 127 people, or 15%, without CTE and with a family history of mental illness; and 129 people, or 15%, without CTE and without a family history of mental illness.

Researchers asked family members about the participants' aggressive behavior, such as whether they had severe arguments with others or got in physical fights, where scores ranged from zero to 44. They found that during adulthood people with CTE and a family history of mental illness had an average score of 19 compared to people with CTE without a family history of mental illness who had an average score of 17.




"This relationship was most striking for participants who died between 40 and 59 years old," Mez added.

After adjusting for other factors, such as total years playing contact sports and military history, researchers found that those who died between 40 and 59 years old who had CTE and a family history of mental illness scored an average of 0.64 standard deviations higher on a scale measuring aggression when compared to those with CTE, but without a family history of mental illness. For people who did not have CTE, having a family history of mental illness did not increase their risk for aggressive behavior.

"The link between a family history of mental illness and aggression may be through a shared genetic background and also through shared environment and common behaviors, such as childhood experiences with family members," said Mez. "Identifying people who are more likely to show symptoms of aggression based on family history of mental illness would give us a way to predict the consequences of CTE and identify who may benefit most from treatment options."

A limitation of the study was that the study relied on past information from family members and spouses who may not have remembered information accurately.

The study was funded by the National Institutes of Health, Department of Veterans Affairs and the Nick and Lynn Buoniconti Foundation.
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Gold beats platinum for chemo drugs in new lab study | ScienceDaily
A new gold-based drug can slow tumour growth in animals by 82% and target cancers more selectively than standard chemotherapy drugs, according to a study by Australian and Indian researchers.


						
The RMIT University study published in the European Journal of Medicinal Chemistry reveals a new gold-based compound that's 27 times more potent against cervical cancer cells in the lab than standard chemotherapy drug cisplatin.

It was also 3.5 times more effective against prostate cancer and 7.5 times more effective against fibrosarcoma cells in the lab.

In mice studies, the gold compound reduced cervical cancer tumour growth by 82%, compared to cisplatin's 29%.

Project lead at RMIT, Distinguished Professor Suresh Bhargava AM, said it marked a promising step towards alternatives to platinum-based cancer drugs.

"These newly synthesized compounds demonstrate remarkable anticancer potential, outperforming current treatments in a number of significant aspects including their selectivity in targeting cancer cells," said Bhargava, Director of RMIT's Centre for Advanced Materials and Industrial Chemistry.

"While human trials are still a way off, we are really encouraged by these results."

The gold-based compound is now protected by a US Patent and ready for further development towards potential clinical application.




Towards more targeted, less toxic treatment

Gold is famously known as the noblest of all metals because it has little or no reaction when encountering other substances; a property that makes it perfect for wedding rings and coins.

However, the gold compound used in this study is a chemically tailored form known as Gold(I), designed to be highly reactive and biologically active.

This chemically reactive form was then tailored to interact with an enzyme abundant in cancer cells, known as thioredoxin reductase.

By blocking this protein's activity, the gold compound effectively shuts down cancer cells before they can multiply or develop drug resistance.

Bhargava said this highly targeted approach minimizes the toxic side effects seen with the platinum-based cisplatin, which targets DNA and damages both healthy and cancerous cells.




"Their selectivity in targeting cancer cells, combined with reduced systemic toxicity, points to a future where treatments are more effective and far less harmful," Bhargava said.

This specific form of gold was also shown to be more stable than those used in earlier studies, allowing the compound to remain intact while reaching the tumour site.

Project co-lead at RMIT, Distinguished Professor Magdalena Plebanski, said along with this ability to block protein activity, the compound also had another weapon in its anti-cancer arsenal.

In zebrafish studies, it was shown to stop the formation of new blood vessels that tumours need in order to grow.

This was the first time one of the team's various gold compounds had shown this effect, known as anti-angiogenesis.

The drug's effectiveness at using these two attacks simultaneously was demonstrated against a range of cancer cells.

This included ovarian cancer cells, which are known to develop resistance to cisplatin treatment in many cases.

"Drug resistance is a significant challenge in cancer therapy," said Plebanski, who heads RMIT's Cancer, Ageing, and Vaccines Laboratory.

"Seeing our gold compound have such strong efficacy against tough-to-treat ovarian cancer cells is an important step toward addressing recurrent cancers and metastases."

Regional collaboration a key enabler

The dedicated RMIT team is collaborating with scientists at the Indian Institute of Chemical Technology (IICT) in Hyderabad under a $2million Australia-India Strategic Research Fund grant.

First author on the latest study, Dr Srinivasa Reddy, was initially a graduate from RMIT's joint PhD program with IICT and is now playing an active role in the collaborative project.

Meanwhile, RMIT Vice-Chancellor's Research Fellow Dr Ruchika Ojha has been supporting Bhargava in building and leading his Molecular Engineering Group to continue advancing innovative research into gold-based therapeutics long into the future.

"I am proud to carry forward Professor Bhargava's golden legacy, ensuring his pioneering contributions to this field continue to inspire groundbreaking discoveries," Ojha said.

Bhargava said leveraging the best minds and technical infrastructure across both Australia and India was critical to making a meaningful difference in the fight against cancer.

Gold has been a cornerstone of Indian Ayurvedic treatments for centuries, celebrated for its healing properties.

Today, gold-based cancer treatments are gaining global traction, with advancements such as the repurposing of the anti-arthritic drug auranofin, now showing promise in clinical trials for oncology.

"We know that gold is readily accepted by the human body, and we know it has been used for thousands of years in treating various conditions," Bhargava said.

"Essentially, gold has been market tested, but not scientifically validated.

"Our work is helping both provide the evidence base that's missing, as well as delivering new families of molecules that are tailor-made to amplify the natural healing properties of gold," he said.

Industry support worth its weight in gold

RMIT's research in this field over a sustained period has caught the gold industry's attention.

In October, Pallion subsidiary ABC Bullion committed an annual donation of 250 grams of pure Australian gold -- valued at more than AUD $30,000 -- to support the research.

Representatives of Canada's third-largest gold producer, Agnico Eagle Mines, have also visited the RMIT labs to explore collaboration opportunities.

"These endorsements highlight the social and scientific impact of our research," Bhargava said.

"There is a recognition that this is not just a scientific breakthrough but a step towards addressing a global health challenge and people want to be a part of that."

This groundbreaking project led by Bhargava and Pebanski brings together a dynamic team of young scientists including Dr Srinivasa Reddy, Dr Steven Priver, Dr Ruchika Ojha, Dr Ranjith Jakku, and Dr Tayebeh Hosseinnejad. Meanwhile, six PhD students from India, Germany, Australia, Bangladesh and Mexico have joined the effort, further strengthening the global collaboration.
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Moving 'hotspot' created world's longest straight underwater mountain belt | ScienceDaily
New Curtin University research has revealed that the Ninetyeast Ridge -- the Earth's longest straight underwater mountain chain -- formed through a different process than previously believed.


						
Stretching 5000km along the Indian Ocean's 90-degree east longitude and nearly matching the length of North America's Rocky Mountains, the ridge offers crucial new insights into the movement of the Earth's tectonic plates.

Co-author Dr Hugo Olierook from Curtin's School of Earth and Planetary Sciences said high-precision dating of minerals extracted from the ridge shows it formed between 83 and 43 million years ago as a massive volcanic chain, with its oldest sections in the north, near India.

"Unlike most volcanic hotspots that remain stationary in the mantle and create volcanic trails as tectonic plates drift over them, this study found that the hotspot responsible for the Ninetyeast Ridge moved by several hundred kilometres within the mantle over time," Dr Olierook said.

"This kind of hotspot movement is thought to be common but is hard to prove and has only previously been demonstrated for a few hotspots in the Pacific Ocean, making this the first documented case in the Indian Ocean."

This discovery not only revises the estimated age and origin of the ridge but also helps scientists to create more accurate models of how Earth's tectonic plates have shifted over millions of years.

Co-author Professor Fred Jourdan, from Curtin's School of Earth and Planetary Sciences and the John de Laeter Centre, said precise dating techniques were vital to understanding Earth's geological past.




"For years, rough age estimates of the Ninetyeast Ridge have been used to construct models of how Earth's tectonic plates moved and reconfigured," Professor Jourdan said.

"By using high-precision dating we can refine these models significantly, leading to better insights into ancient continental movements."

A PhD student at Curtin's School of Earth and Planetary Sciences at the time of the study, lead author Associate Professor Qiang Jiang from the China University of Petroleum said in order to better predict the occurrence of natural disasters such as earthquakes and volcanic eruptions, it was important to know precisely how the internal plumbing of the Earth works.

"Currently, this is far from being the case, so studies like this one are a major step in the right direction," Associate Professor Jiang said.
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Making a difference: Efficient water harvesting from air possible | ScienceDaily
Harvesting water from the air and decreasing humidity are crucial to realizing a more comfortable life for humanity. Water-adsorption polymers have been playing a key part in atmospheric water harvesting and desiccant air conditioning, but desorption so that the polymers can be efficiently reused has been an issue. Now, Osaka Metropolitan University researchers have found a way to make desorption of these polymers more efficient.


						
Usually, heat of around 100degC is required to desorb these polymers, but Graduate School of Engineering student Daisuke Ikegawa, Assistant Professor Arisa Fukatsu, Associate Professor Kenji Okada, and Professor Masahide Takahashi developed a liquid moisture adsorbent that requires only a temperature of around 35degC to do so.

This became possible through the use of random copolymers of polyethylene glycol, which adsorbs water well, and polypropylene glycol, which adsorbs water slightly less well. The difference in their water-loving properties created a transfer mechanism that broke down the water clusters, freeing the water more easily.

"This technology has the potential to be applied not only to water supply in arid regions and places with limited energy resources, but also to ensuring access to water in times of disaster and emergency," Dr. Fukatsu proclaimed.

"Improvements to this technology are also expected to lead to reductions in greenhouse gases and more efficient use of water resources," Professor Takahashi added. "From now on, we will aim to improve the liquid moisture adsorbent and increase the efficiency of the entire system in order to make it practical."
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Soccer heading damages brain regions affected in CTE, study finds | ScienceDaily
Soccer heading may cause more damage to the brain than previously thought, according to a study being presented next week at the annual meeting of the Radiological Society of North America (RSNA).


						
Heading is a widely used technique in soccer where the players control the direction of the ball by hitting it with their head. In recent years, research has been done that suggests a link between repeated head impacts and neurodegenerative diseases, such as chronic traumatic encephalopathy (CTE).

"The potential effects of repeated head impacts in sport are much more extensive than previously known and affect locations similar to where we've seen CTE pathology," said study senior author Michael L. Lipton, M.D., Ph.D., professor of radiology at Columbia University Irving Medical Center in New York. "This raises concern for delayed adverse effects of head impacts."

While prior studies have identified injuries to the brain's white matter in soccer players, Dr. Lipton and colleagues utilized a new approach to an advanced brain imaging technique called diffusion MRI to analyze microstructure close to the surface of the brain.

To identify how repeated head impacts affect the brain, the researchers compared brain MRIs of 352 male and female amateur soccer players, ranging in age from 18 to 53, to brain MRIs of 77 non-collision sport athletes, such as runners.

Soccer players who headed the ball at high levels showed abnormality of the brain's white matter adjacent to sulci, which are deep grooves in the brain's surface. Abnormalities in this region of the brain are known to occur in very severe traumatic brain injuries.

The abnormalities were most prominent in the frontal lobe of the brain, an area most susceptible to damage from trauma and frequently impacted during soccer heading. More repetitive head impacts were also associated with poorer verbal learning.




"Our analysis showed that the white matter abnormalities represent a mechanism by which heading leads to worse cognitive performance," Dr. Lipton said.

Most of the participants of the study had never sustained a concussion or been diagnosed with a traumatic brain injury. This suggests that repeated head impacts that don't result in serious injury may still adversely affect the brain.

"The study identifies structural brain abnormalities from repeated head impacts among healthy athletes," Dr. Lipton said. "The abnormalities occur in the locations most characteristic of CTE, are associated with worse ability to learn a cognitive task and could affect function in the future."

The results of this study are also relevant to head injuries from other contact sports. The researchers stress the importance of knowing the risks of repeated head impacts and their potential to harm brain health over time.

"Characterizing the potential risks of repetitive head impacts can facilitate safer sport engagement to maximize benefits while minimizing potential harms," Dr. Lipton said. "The next phase of the study is ongoing and examines the brain mechanisms underlying the MRI effects and potential protective factors."

Co-authors are Bluye Demessie, A.B., M.S., Walter F. Stewart, Ph.D., Richard B. Lipton, M.D., Molly E. Zimmerman, Ph.D., Mimi Kim, Sc.D., Kenny Ye, Ph.D., Thomas Kaminski and Roman Fleysher, Ph.D.

This study was funded by the National Institutes of Health and The Dana Foundation.
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Shells, teeth and bones of 'weird and wonderful organisms' provide historical environmental clues | ScienceDaily
A groundbreaking international study shows how chemical fingerprints left by "underappreciated" aquatic organisms could help scientists monitor global environmental change.


						
The study, led by the University of South Australia (UniSA), reveals how various understudied aquatic species act as "natural data loggers," providing a historical record of the environment.

Lead scientist Dr Zoe Doubleday, from UniSA's Future Industries Institute, collaborated with researchers from Canada, Croatia and the UK to synthesise hundreds of studies that analyse chemical variations in the shells, teeth, and bones of weird and wonderful organisms.

"Many aquatic organisms -- like whales, seals, octopus and even algae -- harbour chemical fingerprints that can give us a record of the environment over time, from historical water temperatures, pollution levels, and ecosystem health," Dr Doubleday says. "They can also be used to predict the future."

"Unlike traditional environmental monitoring, which can be costly and time consuming, or simply impossible, these organisms provide cheap, ready-made, archival data, which can be extracted using a scientific method called chemical sclerochronology."

The research team compiled an extensive database of studies on "underappreciated" organisms, ranging from sponges and barnacles to marine mammals, and everything in between.

The team's analysis has uncovered gaps in the current research landscape, highlighting previously understudied species and structures as alternative environmental indicators.

"These findings are crucial, as data on aquatic environments is both scarce and challenging to gather, especially in remote regions like the polar seas or deep oceans, both of which are sensitive to climate change," Dr Doubleday says.

"Expanding our focus beyond traditional methods and species will allow scientists to tap into a wealth of data that's been largely overlooked until now. It will help us to track environmental changes, species ecology, pollution and human impacts, informing conservation strategies so we can manage our ecosystems more effectively."
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Caregivers experience decline in well-being | ScienceDaily
New research from the University of Zurich, based on data from more than 28,000 caregivers in three countries, shows that the longer individuals spend caring for loved ones, the more their well-being suffers, regardless of the caregiving context. These findings underscore the need for policy discussions to alleviate the burden of informal care.


						
The prevalence of informal caregiving continues to rise globally, bringing abrupt changes to caregivers' lives. But how does caregiving affect their well-being? Past research offers conflicting views: some suggest it enhances well-being by providing a sense of purpose, while others report declines due to emotional strain.

To address this, a new study from the University of Zurich (UZH) analyzed data from 28,663 caregivers, who contributed 281,884 observations across panel studies in the Netherlands, Germany, and Australia. The results show a consistent drop in life satisfaction and emotional health, with an increase in loneliness and anxiety -- particularly for women.

Well-being suffers over time

"The results of our analyses showed a decline in well-being in the years following the start of caregiving," explains co-author Michael Kramer from the Department of Psychology at UZH. "These declines were consistent across different aspects of well-being -- life satisfaction, emotional experiences, depression/anxiety, and loneliness -- and were more pronounced and longer lasting for women than for men."

The researchers also explored how time spent caregiving affected well-being. They found that the more time people spent on caregiving tasks, the more their well-being suffered, regardless of gender.

The study further examined factors like caregiving intensity, the relationship between caregivers and recipients, and full-time employment. Surprisingly, these factors had little influence on the overall decline in well-being, suggesting that caregivers face similar challenges across different contexts.

Mitigating the negative impact on caregivers

"While these findings highlight the stress caregiving can bring, individual experiences may differ," says Kramer. "There are other aspects of psychological well-being, such as finding a sense of purpose, that we couldn't assess with these data." Some caregivers may even find meaning in their role.

Overall, the findings are consistent with stress theory and show the potential decline in well-being that often accompanies informal caregiving. Women appear to be particularly vulnerable, likely because they tend to take on more intensive responsibilities for close family members. These findings highlight the need for policies that reduce the reliance on informal care, such as improved access to formal long-term care or blended care solutions that could mitigate the negative effects on caregivers.
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AI can predict study results better than human experts, researchers find | ScienceDaily
Large language models, a type of AI that analyses text, can predict the results of proposed neuroscience studies more accurately than human experts, finds a new study led by UCL (University College London) researchers.


						
The findings, published in Nature Human Behaviour, demonstrate that large language models (LLMs) trained on vast datasets of text can distil patterns from scientific literature, enabling them to forecast scientific outcomes with superhuman accuracy.

The researchers say this highlights their potential as powerful tools for accelerating research, going far beyond just knowledge retrieval.

Lead author Dr Ken Luo (UCL Psychology & Language Sciences) said: "Since the advent of generative AI like ChatGPT, much research has focused on LLMs' question-answering capabilities, showcasing their remarkable skill in summarising knowledge from extensive training data. However, rather than emphasising their backward-looking ability to retrieve past information, we explored whether LLMs could synthesise knowledge to predict future outcomes.

"Scientific progress often relies on trial and error, but each meticulous experiment demands time and resources. Even the most skilled researchers may overlook critical insights from the literature. Our work investigates whether LLMs can identify patterns across vast scientific texts and forecast outcomes of experiments."

The international research team began their study by developing BrainBench, a tool to evaluate how well large language models (LLMs) can predict neuroscience results.

BrainBench consists of numerous pairs of neuroscience study abstracts. In each pair, one version is a real study abstract that briefly describes the background of the research, the methods used, and the study results. In the other version, the background and methods are the same, but the results have been modified by experts in the relevant neuroscience domain to a plausible but incorrect outcome.




The researchers tested 15 different general-purpose LLMs and 171 human neuroscience experts (who had all passed a screening test to confirm their expertise) to see whether the AI or the person could correctly determine which of the two paired abstracts was the real one with the actual study results.

All of the LLMs outperformed the neuroscientists, with the LLMs averaging 81% accuracy and the humans averaging 63% accuracy. Even when the study team restricted the human responses to only those with the highest degree of expertise for a given domain of neuroscience (based on self-reported expertise), the accuracy of the neuroscientists still fell short of the LLMs, at 66%. Additionally, the researchers found that when LLMs were more confident in their decisions, they were more likely to be correct.* The researchers say this finding paves the way for a future where human experts could collaborate with well-calibrated models.

The researchers then adapted an existing LLM (a version of Mistral, an open-source LLM) by training it on neuroscience literature specifically. The new LLM specialising in neuroscience, which they dubbed BrainGPT, was even better at predicting study results, attaining 86% accuracy (an improvement on the general-purpose version of Mistral, which was 83% accurate).

Senior author Professor Bradley Love (UCL Psychology & Language Sciences) said: "In light of our results, we suspect it won't be long before scientists are using AI tools to design the most effective experiment for their question. While our study focused on neuroscience, our approach was universal and should successfully apply across all of science.

"What is remarkable is how well LLMs can predict the neuroscience literature. This success suggests that a great deal of science is not truly novel, but conforms to existing patterns of results in the literature. We wonder whether scientists are being sufficiently innovative and exploratory."

Dr Luo added: "Building on our results, we are developing AI tools to assist researchers. We envision a future where researchers can input their proposed experiment designs and anticipated findings, with AI offering predictions on the likelihood of various outcomes. This would enable faster iteration and more informed decision-making in experiment design."

The study was supported by the Economic and Social Research Council (ESRC), Microsoft, and a Royal Society Wolfson Fellowship, and involved researchers in UCL, University of Cambridge, University of Oxford, Max Planck Institute for Neurobiology of Behavior (Germany), Bilkent University (Turkey) and other institutions in the UK, US, Switzerland, Russia, Germany, Belgium, Denmark, Canada, Spain and Australia.

Note:

* When presented with two abstracts, the LLM computes the likelihood of each, assigning a perplexity score to represent how surprising each is based on its own learned knowledge as well as the context (background and method). The researchers assessed LLMs' confidence by measuring the difference in how surprising/perplexing the models found real versus fake abstracts -- the greater this difference, the greater the confidence, which correlated with a higher likelihood the LLM had picked the correct abstract.
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Brains grew faster as humans evolved | ScienceDaily
Modern humans, Neanderthals, and other recent relatives on our human family tree evolved bigger brains much more rapidly than earlier species, a new study of human brain evolution has found.


						
The study, published today (Tuesday, 26 November) in the journal PNAS, overturns long-standing ideas about human brain evolution. Scientists from the University of Reading, the University of Oxford and Durham University found that brain size increased gradually within each ancient human species rather than through sudden leaps between species.

The team assembled the largest-ever dataset of ancient human fossils spanning 7 million years and used advanced computational and statistical methods to account for gaps in the fossil record. These innovative approaches provided the most comprehensive view yet of how brain size evolved over time.

Professor Chris Venditti, co-author of the study from the University of Reading, said: "This study completely changes our understanding of how human brains evolved. It was previously thought that brain size jumps dramatically between species, like new upgrades between the latest computer models. Our study instead shows a steady, incremental 'software update' happening within each species over millions of years."

The research challenges old ideas that some species, like Neanderthals, were unchanging and unable to adapt and instead highlights gradual and continuous change as the driving force behind brain size evolution.

Dr Thomas Puschel, lead author now at Oxford University, said: "Big evolutionary changes don't always need dramatic events. They can happen through small, gradual improvements over time, much like how we learn and adapt today."

Brains, bodies, and evolutionary scale

The researchers also uncovered a striking pattern: while larger-bodied species generally had bigger brains, the variation observed within an individual species did not consistently correlate with body size. Brain size evolution across long evolutionary timescales extending millions of years is therefore shaped by different factors to those observed within individual species -- highlighting the complexity of evolutionary pressures on brain size.

Dr Joanna Baker, co-author from the University of Reading, said: "Why and how humans evolved large brains is a central question in human evolution. By studying brain and body size in various species over millions of years, we reveal that our hallmark large brains arose primarily from gradual changes within individual species."

The study was produced as part of a PS1 million Research Leadership Awards grant from the Leverhulme Trust. The project was to better understand the evolution of human ancestors.
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New discovery could offer significant answers on Alzheimer's disease | ScienceDaily
A new study from the University of Liverpool represents a significant step forward in scientists' understanding of Alzheimer's disease.


						
Researchers have shed new light on how mechanical signalling in the brain is disrupted and could lead to the condition which accounts for 60-80% of dementia cases worldwide.

The team of investigators, led by Professor Ben Goult at the University of Liverpool, have examined the role of two proteins found in the brain and suggest the stability of their relationship to one another is crucial for memory formation and maintenance. Disruptions in this mechanical signalling pathway could lead to the disease. This is the first time this connection has been identified and could pave the way for therapeutic interventions.

The newly published paper proposes that Amyloid Precursor Protein (APP), known for its role in the formation of the amyloid plaques in the brain, that are a characteristic feature in Alzheimer's disease (AD), directly interacts with talin, a synaptic scaffold protein. For the first time, it's suggested the talin-APP interaction is crucial for the mechanical integrity of synapses in the brain and that the misprocessing of APP observed in Alzheimer's, disrupts mechanical signalling pathways, leading to synaptic degeneration and memory loss, thereby contributing to the progression of AD. The paper further shows that if talin is removed from cells in culture then the processing of APP is dramatically altered.

Professor Ben Goult, University of Liverpool said: "Alzheimer's disease is a cruel neurodegenerative disorder characterised by memory loss and cognitive decline. It is a global health challenge, yet little is known about the underlying mechanisms that lead to the disease. However, this paper gives us a new piece of the puzzle and significantly advances research.

"Our paper outlines that APP is fundamental for the mechanical coupling of synapses in the brain and how the processing of APP is part of a mechanical signalling pathway that maintains synaptic integrity. However, misprocessing of APP, due to altered mechanical cues, disrupts this pathway, leading to the synaptic degeneration observed in Alzheimer's and could explain the memory loss associated. What's most exciting is our paper highlights the intriguing possibility that repurposing currently available cancer drugs that stabilize focal adhesions might represent a way to restore mechanical integrity at synapses. Whilst currently this is only a theoretical prediction, our current research is focussed on testing whether this represents a novel approach to slow the progression of Alzheimer's.

"Further research is needed to test the theories that emerge from these new findings. However, this marks a significant moment in better understanding this disease and could move us closer to early diagnosis and treatment."
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How fungi colonize plant roots | ScienceDaily
Researchers at the University of Cologne's CEPLAS Cluster of Excellence on Plant Sciences have identified two fungal enzymes that hijack the immune system of plants, playing a critical role in the colonization of plant roots. These findings open new avenues for interventions in both medicine and agriculture / publication in Cell Host & Microbe. 


						
In nature, plant roots are always colonized by fungi. This interaction can be either mutualistic, benefiting both the plant and the fungus, or pathogenic, where the fungus harms the host plant. A research group led by Professor Dr Alga Zuccaro at the CEPLAS Cluster of Excellence has now deciphered how the beneficial root fungus Serendipita indica successfully colonizes plant roots of the model plant Arabidopsis thaliana. Initially, the fungus colonizes living root cells. Subsequently, limited cell death is triggered in the host plant, facilitating successful colonization without causing significant harm. The mechanisms controlling this host cell death are largely unknown. The team discovered now that Serendipita indica secretes two enzymes, NucA and E5NT, which produce the molecule deoxyadenosine (dAdo). This molecule activates a regulated cell death in plants, enabling the fungus to colonize the root system. The study 'A nucleoside signal generated by fungal endophyte regulates host cell death and promotes root colonization' was published in Cell Host & Microbe.

The researchers show that dAdo is initially produced in the apoplast, an extracellular space outside the host cells. In a subsequent step, dAdo enters the plant cell through the membrane transporter ENT3, where it hijacks the host's immune system to induce cell death. This phenomenon, as described by Professor Zuccaro's team, is not limited to plants. A similar process occurs in human patients during interactions between the pathogenic bacterium Staphylococcus aureus and human immune cells.

'We found that the beneficial root fungus Serendipita indica uses two enzymes to produce dAdo, much like S. aureus, to induce cell death and enable successful colonization. This demonstrates that the mechanism is conserved across different microbes and lifestyles,' said Professor Alga Zuccaro. The findings underscore the crucial interplay between microbial colonization and the host's immune metabolism, paving the way for new strategies in medicine and agriculture. 'By understanding these shared mechanisms, we can develop more effective approaches to manage both harmful and beneficial microbes in human health and crop production.'
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'Genetic time machine' reveals complex chimpanzee cultures | ScienceDaily
Chimpanzees are known for their remarkable intelligence and use of tools, but could their cultures also evolve over time like human cultures? A new, multidisciplinary study led by the University of Zurich suggests that some of their most advanced behaviors may have been passed down and refined through generations.


						
In recent decades, scientists have clearly demonstrated that chimpanzees, like humans, pass on complex cultures such as tool use from generation to generation. But human culture has become vastly more sophisticated, from the Stone Age to the Space Age, as new advances have been incorporated. Chimpanzee cultures haven't changed in the same way, which suggests that only humans have the remarkable ability to build more sophisticated cultures over time.

Scientists studying chimpanzees in the wild, however, have disputed this, suggesting that some of chimpanzees' most complex technologies, in which they use multiple tools in sequence to extract hidden food sources, were probably built on previous knowledge over time.

Tracing genetic links

"As most chimpanzee tools, such as sticks and stems, are perishable, there are few records of their history to confirm this hypothesis -- unlike human cases such as the evolution of the wheel or computer technology," says lead author Cassandra Gunasekaram from the Department of Evolutionary Anthropology at the University of Zurich.

For the new study, a team of anthropologists, primatologists, physicists and geneticists from universities and research institutions in Zurich, St. Andrews, Barcelona, Cambridge, Konstanz and Vienna joined forces to trace genetic links between chimpanzee populations over thousands of years, using new discoveries in genetics to uncover key pieces of chimpanzee cultural history in ways never before imagined.

Early stages of cumulative culture

The authors collected information on markers of genetic similarity -- genetic evidence of links between different groups of chimpanzees -- as well as a range of foraging behaviors previously reported to be culturally learned, from a total of 35 chimpanzee study sites across Africa. They grouped these behaviors into those that required no tools; those that required simple tools, such as using a leaf sponge to get water from a tree hole; and the most complex behaviors that relied on a toolset.




Trading toolsets across generations

"As an example of such a toolset, chimpanzees in the Congo region first use a strong stick to dig a deep tunnel through hard soil to reach an underground termite nest," explains Gunasekaram. "Next, they make a 'fishing' probe by pulling a long plant stem through their teeth to form a brush-like tip, pressing it into a point and deftly threading it down the tunnel they've made. They then pull it out and nibble off any defending termites that have bitten into it."

"We made the surprising discovery that it is the most complex chimpanzee technologies -- the use of entire 'toolsets' -- that are most strongly linked across now distant populations," says corresponding author Andrea Migliano, professor of evolutionary anthropology at UZH. "This is exactly what would be predicted if these more advanced technologies were rarely invented and even less likely to be reinvented, and therefore more likely to have been transmitted between groups."

How female migrations spread innovation

In chimpanzees, it is sexually maturing females, rather than males, who migrate to new communities to avoid inbreeding. In this way, genes are spread between neighboring groups and then further afield over the years, centuries and millennia. The study authors discovered that it would be these same female migrations that could spread any new cultural advances to communities that lacked them.

The study also showed that when both complex toolsets and their simpler versions (i.e., mostly the components of the toolsets) occur at different study sites, the genetic markers indicate that the sites were connected in the past by female migrations. This suggests that the complex versions were built cumulatively by adding to or modifying the simple ones. "These groundbreaking discoveries provide a new way to demonstrate that chimpanzees have a cumulative culture, albeit at an early stage of development," Migliano adds.
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No 'one size fits all' treatment for Type 1 Diabetes | ScienceDaily
Factors beyond carbohydrates have a substantial influence on blood glucose levels meaning current automated insulin delivery systems miss vital information required for glucose regulation, a new study has found.


						
A team of researchers from the University of Bristol analysing automated insulin delivery data from people with Type 1 Diabetes (T1D) discovered that unexpected patterns in insulin needs are just as common as well-established ones.

The study, published today in JMIRx Med aimed to identify patterns in changes of insulin needs and to analyse how frequently these occur in people with T1D who use the OpenAPS, a state-of-the-art, automated insulin delivery system (AID).

Lead author Isabella Degen from Bristol's Faculty of Science and Engineering explained: "The results support our hypothesis that factors beyond carbohydrates play a substantial role in euglycemia -- the state when blood glucose levels are within the standard range.

"However, without measurable information about these factors, AID systems are left to adjust insulin cautiously with the effect of blood glucose levels becoming too low or high."

Type 1 Diabetes is a chronic condition in which the body produces too little insulin, a hormone needed to regulate blood glucose.

The principal treatment for T1D is insulin that is injected or pumped. The amount and timing of insulin must be skilfully matched to carbohydrate intake to avoid increased blood glucose levels. Beyond carbohydrates, various other factors such as exercise, hormones, and stress impact insulin needs. However, how often these factors cause significant unexpected effects on blood glucose levels has been little explored, meaning that despite all advances, insulin dosing remains a complex task that can go wrong and result in blood glucose levels outside the range that protects people with T1D from adverse health effects.




The findings highlight the complexity of glucose regulation in T1D and demonstrate the heterogeneity in insulin needs among people with T1D, underlining the need for personalised treatment approaches.

For factors beyond carbohydrates to become more systematically included in clinical practice, scientists need to find a way to measure and quantify their impact and utilise this information in insulin-dosing. This could also aid more accurate blood glucose forecasting, which the study showed is not consistently possible from information about insulin and carbohydrates alone.

Isabella added: "Our study highlights that managing Type 1 Diabetes is far more complex than counting carbs.

"The richness of insights that can be gained from studying automated insulin delivery data is worth the effort it takes to work with this type of real-life data.

"What surprised us most was the sheer variety of patterns we observed, even within our relatively small and homogenous group of participants.

"It's clear that when it comes to diabetes management, one size doesn't fit all.

"We hope our results inspire further research into lesser-explored factors that influence insulin needs to improve insulin dosing."

The team are now working on advancing time series pattern-finding methods that can handle the diverse and complex nature of real-life medical data, including irregular sampling and missing data. Their current focus is on developing innovative segmentation and clustering techniques for multivariate time series data tailored to uncover more granular patterns and handle the challenges posed by AID data.

To support this future research, the team seeks long-term, open-access AID datasets that include a wide range of sensor measurements of possible factors and a diverse cohort of people with T1D. Additionally, they aim to collaborate with time series and machine learning experts to address technical challenges such as handling irregularly sampled data with varying intervals between variates, and uncovering causalities behind observed patterns to ultimately driving innovations in personalised care.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241127135909.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Food additive carrageenan (E 407) could disrupt the intestinal barrier and increase the risk of type 2 diabetes, study finds | ScienceDaily
The food additive carrageenan (E 407) can be responsible for the development of chronic inflammatory bowel disease, ulcers, and increased blood sugar levels in animals. DZD researchers have now investigated the effects of carrageenan on the human intestine and sugar metabolism. They found increased permeability of the small intestine, most likely due to intestinal inflammation.


						
The food additive carrageenan -- also known as E 407 -- is used by the food industry as an emulsifier and thickening agent in numerous finished products. Studies have shown that the additive can lead to the development of chronic inflammatory bowel disease, ulcers and increased blood sugar levels in animals. However, it is not yet known what effect carrageenan has on the risk of developing type 2 diabetes in humans. This question has now been investigated in a clinical study led by DZD researchers Prof. Dr. med. Robert Wagner and Prof. Dr. med. Norbert Stefan.

Increasing the permeability of the small intestine

In the study, young, healthy men with a BMI of less than 30 kg/m2 (average BMI 24.5 kg/m2) were given either carrageenan in addition to their normal diet, in an amount roughly equivalent to two to three times the daily dose consumed in the USA, or a placebo. Both groups were observed over a period of two weeks. The results showed an increase in the permeability of the small intestine, most likely due to inflammation of the gut.

"Our investigation suggests that the consumption of carrageenan, similar to what has been observed in animal studies, can impair the barrier function of the intestine," explains Prof. Robert Wagner. "This could have long-term health consequences and increase the risk of inflammatory diseases."

The data indicated that participants with higher body weight experienced a reduction in insulin sensitity

The primary endpoint of the study was insulin sensitivity -- the effectiveness of the blood sugar-lowering hormone insulin -- which decreases early on before the onset of type 2 diabetes. Although the insulin action was not significantly altered by carrageenan in the 20 study participants, the data indicated that participants with higher body weight experienced a reduction in insulin effectiveness, especially in the liver, with increased consumption of carrageenan. Furthermore, more overweight men tended to increase the inflammatory markers in the blood and show signs of inflammation in the hypothalamus -- the brain region responsible for sugar metabolism and appetite -- under higher carrageenan intake.

Further research on the health impacts of carrageenan is necessary

"Our subjects were, on average, probably still too healthy to show significant metabolic effects from carrageenan," says Prof. Norbert Stefan. "However, in older or overweight individuals, the effects could be stronger. To confirm this, further studies in these population groups are necessary."

The researchers emphasize the importance of further investigations into the effects of carrageenan on the human body. "Given the widespread use of carrageenan in foods, potential health risks should be taken seriously," concludes Prof. Wagner. "It's important that we understand how food additives can affect our health in order to make informed recommendations to the public."
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Drug research: Decoding the structure of nano 'gene ferries' | ScienceDaily
LMU researchers have investigated how cationic polymers organize on a molecular level when transporting RNA drugs.


						
Cationic polymers are promising tools for transporting RNA therapeutics or RNA vaccines. Like lipid nanocarriers, they are used to deliver mRNA medicines. The nanoscopic packaging materials are able to effectively protect their load and deliver them to the target cells. "We manufacture so-called 'gene ferries,' into which all kinds of therapeutic nucleic acids can be encapsulated for secure transport to the site of action," explains Professor Olivia Merkel, Chair of Drug Delivery at LMU's Faculty of Chemistry and Pharmacy.

To further improve the effectiveness of these gene ferries, however, it is important to understand how these particles organize on a molecular level, encapsulate RNA, and release it again -- an aspect which so far has not been fully examined. Merkel is principal investigator of a new study that has yielded fresh insights into the organization of the nanocarriers. The study was carried out as part of her ERC research project RatInhalRNA (Rational and Simulation-Supported Design of Inhalable RNA Nanocarriers) and the findings were recently published in the journal Nano Letters.

"Our research used a technique called coarse-grained molecular dynamics (CG-MD) to simulate and visualize the particles," explains Merkel. The specific focus was on how changes in polymer structure and environmental conditions impact particle formation. Simulations were supported by wet lab experiments using nuclear magnetic resonance (NMR), which confirmed that CG-MD can reveal detailed insights into the structure and behavior of RNA nanoparticles. "This study highlights CG-MD's value in predicting and explaining the properties of RNA nano-formulations, which can help in designing better systems for future medical applications," says Merkel.
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Fowl play: Why the hunt for Thanksgiving's favorite bird could get tougher | ScienceDaily
The turkey may be the centerpiece of the Thanksgiving dinner table now, but harvesting the iconic holiday bird could become harder in the holidays to come.


						
If hunters continue to follow their current strategies and prey continue their same routine, turkeys may become tougher to harvest in the future, according to new research from the University of Georgia.

"Hunters should be willing to adapt because the turkeys are also adapting as well. If we continue to harvest individuals that are close to risky areas associated with hunters, turkeys will adjust their behavior and could become harder to detect and harder to harvest," said Nickolas Gulotta, lead author of the study and a doctoral student in UGA's Warnell School of Forestry and Natural Resources.

Gulotta studied risk-taking and exploratory behavior from 109 wild male turkeys across Georgia Wildlife management areas and how they acted in response to both hunters and predators. He and other researchers found that a turkey's choice of movement and the level of risk associated were directly impacted by hunters and natural predators.

Bold birds don't always benefit

Most of the tracked male turkeys showed frequently daring behavior.

They traveled close to areas where hunters parked their cars, popular trails and roads, as well as wide open areas. That's great news for hunters -- but not so great for the turkeys.




"If turkeys are closer to these open areas, it's going to be easier for both a hunter and a predator to detect them. Across both study sites in general, turkeys that took more risks were more likely to be harvested," Gulotta said.

That bodes well for the initial waves of hunters. But when future turkeys see how that turned out for their predecessors, they are unlikely to make those same choices.

That means hunters may have to get more creative to find the birds and be more patient.

"Turkeys are obviously adapting and learning that if you're closer to risky areas, then there's potential to be harvested. That's why some of them are adopting less risky behaviors that essentially make them less detectable," said Gulotta. "If hunters harvest birds that are riskier and more detectable, it could become more difficult to harvest turkeys because we could be left with a bunch of individuals that are harder to detect."

Predator vs. poultry presents another challenge for turkeys

The turkeys that avoided those areas beneficial for hunters often remained static or in high cover areas to survive.




A big giveaway for hunters is when turkeys gobble. So, when the birds don't move around or yap in open spaces, that makes things more challenging for the humans.

Turkeys don't keep calendars, though, so when the hunters vacate and those relaxed routines remain, predators can move in.

"There are certain traits associated with outlasting the hunting season, like hiding in areas with good cover and reducing the distance traveled within a day. But in turn, if turkeys stay in the same area and don't travel a lot, then they're going to be more likely to be detected by a predator," said Gulotta. "It's kind of a catch-22 where if they can survive that hunting season, they're most likely going to be fine. But at the same time, too, if they don't travel that fast and are predictable, then they have the potential to be killed by a predator."

Future fowl and humans can learn from each other

Individual behaviors of turkeys can of course vary, and overall survival techniques are something that can be inherited.

This study shows a need for tailored hunting strategies based on local conditions. If an area is patterned with the habitual actions of hunters, then turkeys could become harder to harvest over time. Gulotta said that could also have a long-term impact on hunting license sales and overall hunter satisfaction.

"The turkeys closer to areas that hunters use are the ones that are harvested," Gulotta said. "So if we continue to harvest them like that across the Southeast, then there's the potential that we could shift the behavioral strategies of wild turkeys making them more difficult to harvest."

Published by the Royal Society, the study was co-authored by Patrick Wightman and Michael Chamberlain of UGA's Warnell School of Forestry and Natural Resources and Bret Collier of Louisiana State University.
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Making quantum physics easier to digest in schools | ScienceDaily
The researchers, including physics education specialist Professor Philipp Bitzenbauer from Leipzig University, concentrate on what are known as qubits. These are two-state systems, the simplest and at the same time most important quantum systems that can be used to describe many situations. Controlling and manipulating these qubits plays a central role in modern quantum technologies.


						
According to Bitzenbauer, until now there have been no empirical studies of the effectiveness of these approaches using two-state systems in developing conceptual understanding in learners. There is also a lack of scientific research on the specific advantages and disadvantages for learning of different teaching approaches based on two-state systems. "Using the example of the quantum measurement process, one of the central problems of quantum physics, we show how to develop a survey method that can then be used in the field as part of intervention studies. Overall, teaching concepts that focus on two-state systems do indeed appear to be more conducive to learning than the traditional approach," says the Leipzig-based physics education specialist, who is the first author of the paper.

Making two-state systems the starting point for understanding quantum physics has been the subject of much discussion in recent years. According to Bitzenbauer, this approach opens the door to modern quantum technologies, be it quantum cryptography or quantum computing. One of the aims of quantum cryptography is to make communication secure against eavesdropping. Quantum computers can be used to solve problems that even supercomputers can only solve after a very long time or not at all, such as breaking down large integers into prime factors.

"My team and I are working to make the ground-breaking potential of quantum technologies accessible to schoolchildren," says Bitzenbauer. The American Physical Society (APS) has invited him to present the results of the project at the APS Global Physics Summit in Los Angeles in March 2025.

Bitzenbauer points out that 2025 will be the International Year of Quantum Science and Technology: the scientific community can look back on 100 years of quantum mechanics making world history. And it continues to do so today, albeit at a more advanced level. Scientists are talking about a second quantum revolution that will shape the new century in the same way that the first quantum revolution shaped the 20th century. "Today, the focus is on the transition from many-body systems to the control and manipulation of single electrons, single photons or, more generally, single degrees of freedom in a quantum system. The simplest and most important quantum system has only two degrees of freedom -- the two-state system. And this is the starting point for teaching quantum physics in schools," says the researcher.
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Scientists discover shared genetic foundations between musical rhythm and human language | ScienceDaily
In a groundbreaking study published Nov. 21 in the journal Nature Human Behaviour, researchers have uncovered significant genetic connections between human language abilities and musical rhythm skills, providing new insights into the biological underpinnings of these fundamental human traits.


						
The study brought together leading experts in the areas of musicality genetics and language genetics from Vanderbilt University Medical Center in close collaboration with researchers at the Max Planck Institute for Psycholinguistics in the Netherlands.

The study revealed overlapping genetic underpinnings between rhythm-related skills and language-related traits, including dyslexia. Multiple datasets were used from over 1 million individuals. By applying advanced multivariate methods, the researchers were able to identify common genetic factors and explore their biological and evolutionary significance.

The study revealed that genetic variants associated with higher likelihood of rhythm impairments tended to be also associated with higher likelihood of dyslexia. The reverse was also the case: Genetic variants associated with more accurate musical rhythm skills co-occurred with genes linked to higher performance on language and reading tests, and to language-related educational outcomes (i.e. grades in foreign language classes).

Combining the statistical power achieved by the large dataset and creative integration of brain data, the study team was then able to reach a new understanding of how the genesthat influence our rhythm and language skills play a role in the neural circuitry supporting these traits. The results showed 16 regions of the genome overlapped between rhythm and language, and these loci showed up as being likely to harbor genetic variants known to play a role in regulating gene expression in various types of brain cells.

According to Reyna Gordon, PhD, associate professor of Otolaryngology-Head and Neck Surgery at VUMC and senior author on the paper, the results suggest a complex genetic and neurobiological architecture shared by human musical rhythm and the capacity to learn and maintain human language.

"We were particularly intrigued by the finding of genetic variants jointly tied to rhythm and language as being enriched for oligodendrocytes in the brain," Gordon said. "Oligodendrocytes are a type of brain cell that help to maintain specific connections between brain areas by helping the connecting circuitry to stay healthy and strong."

Analyses conducted by co-author Yasmina Mekki, PhD, postdoctoral fellow at VUMC, resulted in a locus on chromosome 20 that was common to neural connectivity in the language network and rhythm. Taken together, these findings point to connectivity as a key neurobiological factor impacted jointly by the polygenic (many-gene) bases of rhythm and language interindividual variation.




Human brains are special in their strong connectivity between auditory and motor regions. These connections are a hypothesized co-evolved neurobiological underpinning of language and musicality, according to prior work in the field. Additional potential evolutionary signatures highlighted by the results include a joint variant (linked to both rhythm impairment and dyslexia) occurring in the gene DLAT, which has been previously implicated in rare neurodevelopmental disorders.

Collectively, the study uncovered novel genomic factors shared between rhythm and language traits in humans and their role in development and function of the human brain. These results contribute exciting new knowledge to the understanding of the origins of human musicality and communication skills. Potential future clinical applications may include risk detection and personalization of treatments based on an individual's genetic predispositions to rhythm impairments and childhood reading/language impairments.

This work was supported by National Institutes of Health grants R01DC016977 and DP2HD098859 and is the result of a collaboration with co-senior author Simon Fisher, DPhil, and the first author, PhD candidate Gokberk Alagoz (both of the Max Planck Institute) to design and carry out the study, with additional input from colleagues at the Vanderbilt Genetics Institute. Summary genomic data from 23andMe, Inc. on rhythm and dyslexia were used for analyses.
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Newer epilepsy medications used during pregnancy do not affect neurological development in children | ScienceDaily
Children of mothers who took certain anti-seizure medications while pregnant do not have worse neurodevelopmental outcomes at age 6, according to a long-running study funded by the National Institutes of Health (NIH). The study was published in JAMA Neurology.


						
"Controlling seizures during pregnancy is an important part of prenatal care for women with epilepsy, but for years, the effects of newer anti-seizure medications on their children was unknown," said Adam Hartman, M.D., program director at NIH's National Institute of Neurological Disorders and Stroke (NINDS). "One major component of this study was correlating the cognitive abilities of children with maternal blood levels of the drugs. This opens the door to future work and might inform better dosing strategies."

Treating epilepsy during pregnancy is challenging, as some anti-seizure medications, primarily older drugs such as valproate, are known to cause serious birth defects and cognitive problems in children, including lower IQ and autism spectrum disorders. Newer anti-seizure drugs that are widely used today are generally considered safe, but little is known about whether they affect cognition in children after fetal exposure.

In the study, researchers assessed language abilities in 387 children at age 6 (298 were born to women with epilepsy who took anti-seizure medications). Children were tested on a variety of verbal abilities, including vocabulary and matching spoken words to pictures. There were no differences in language scores between children of women who took the medications and those who didn't. Most women were taking lamotrigine, levetiracetam, or a combination of both drugs during and after pregnancy.

"What makes this study meaningful is that when you assess a child at 6, the tests are a lot more sensitive than at earlier ages, especially 2-year-olds. There's measurable impact on school performance and results are more predictive of adult cognitive ability," said Kimford Meador, M.D., co-lead investigator of the study and professor of neurology at Stanford University.

Finding the most effective and safest doses during pregnancy is also a challenge, and risks tend to vary between anti-seizure drugs. Prior studies from the same research team have shown that high doses of levetiracetam could lead to poorer cognitive outcomes at age 2 and 3, and worse adaptive functioning at age 4 and a half, but the overall outcomes for all ages were positive.

"We need to balance making sure there is enough medicine on board to protect the mother and her developing fetus from seizures, but not too much where we're creating risk for the child," said Dr. Meador.




The study also found that folate use during the first 12 weeks of pregnancy was associated with better cognitive and behavioral outcomes, even at higher doses. Folate is an essential nutrient that can help prevent birth defects in the brain and spine of a developing fetus. This held true for children of women with and without epilepsy. High doses at or above 4 mg per day did not have adverse effects, which contrasts with prior studies that found long-term risks associated with high doses of folic acid.

This report is part of the Maternal Outcomes and Neurodevelopmental Effects of Antiepileptic Drugs (MONEAD) study, a prospective, long-term study that looked at how anti-seizure medications affect pregnant women with epilepsy and their children from birth up to 6 years of age. Led by Dr. Meador and Page Pennell, M.D., chair of neurology at the University of Pittsburgh, the study took place at 20 medical centers across the United States.

Additional analyses revealed no adverse effects of anti-seizure medications on breastfeeding. Researchers point out that more studies need to be done to understand the risks of high doses of folate and less common anti-seizure medications, including newer drugs on the market.

This study was supported by the NINDS and the Eunice Kennedy Shriver National Institute of Child Health and Human Development (U01NS038455 and U01NS050659), and was part of the MONEAD study (NCT01730170).
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Cellular traffic congestion in chronic diseases suggests new therapeutic targets | ScienceDaily
Chronic diseases like type 2 diabetes and inflammatory disorders have a huge impact on humanity. They are a leading cause of disease burden and deaths around the globe, are physically and economically taxing, and the number of people with such diseases is growing.


						
Treating chronic disease has proven difficult because there is not one simple cause, like a single gene mutation, that a treatment could target. At least, that's how it has appeared to scientists. However, research from Whitehead Institute Member Richard Young and colleagues, published in the journal Cell on November 27, reveals that many chronic diseases have a common denominator that could be driving their dysfunction: reduced protein mobility. What this means is that around half of all proteins active in cells slow their movement when cells are in a chronic disease state, reducing the proteins' functions. The researchers' findings suggest that protein mobility may be a linchpin for decreased cellular function in chronic disease, making it a promising therapeutic target.

In this paper, Young and colleagues in his lab, including postdoc Alessandra Dall'Agnese, graduate students Shannon Moreno and Ming Zheng, and research scientist Tong Ihn Lee, describe their discovery of this common mobility defect, which they call proteolethargy; explain what causes the defect and how it leads to dysfunction in cells; and propose a new therapeutic hypothesis for treating chronic diseases.

"I'm excited about what this work could mean for patients," says Dall'Agnese. "My hope is that this will lead to a new class of drugs that restore protein mobility, which could help people with many different diseases that all have this mechanism as a common denominator."

"This work was a collaborative, interdisciplinary effort that brought together biologists, physicists, chemists, computer scientists and physician-scientists," Lee says. "Combining that expertise is a strength of the Young lab. Studying the problem from different viewpoints really helped us think about how this mechanism might work and how it could change our understanding of the pathology of chronic disease."

Commuter delays cause work stoppages in the cell

How do proteins moving more slowly through a cell lead to widespread and significant cellular dysfunction? Dall'Agnese explains that every cell is like a tiny city, with proteins as the workers who keep everything running. Proteins have to commute in dense traffic in the cell, traveling from where they are created to where they work. The faster their commute, the more work they get done. Now, imagine a city that starts experiencing traffic jams along all the roads. Stores don't open on time, groceries are stuck in transit, meetings are postponed. Essentially all operations in the city are slowed.




The slow down of operations in cells experiencing reduced protein mobility follows a similar progression. Normally, most proteins zip around the cell bumping into other molecules until they locate the molecule they work with or act on. The slower a protein moves, the fewer other molecules it will reach, and so the less likely it will be able to do its job. Young and colleagues found that such protein slow-downs lead to measurable reductions in the functional output of the proteins. When many proteins fail to get their jobs done in time, cells begin to experience a variety of problems -- as they are known to do in chronic diseases.

Discovering the protein mobility problem

Young and colleagues first suspected that cells affected in chronic disease might have a protein mobility problem after observing changes in the behavior of the insulin receptor, a signaling protein that reacts to the presence of insulin and causes cells to take in sugar from blood. In people with diabetes, cells become less responsive to insulin -- a state called insulin resistance -- causing too much sugar to remain in the blood. In researchpublished on insulin receptors in Nature Communications in 2022, Young and colleagues reported that insulin receptor mobility might be relevant to diabetes.

Knowing that many cellular functions are altered in diabetes, the researchers considered the possibility that altered protein mobility might somehow affect many proteins in cells. To test this hypothesis, they studied proteins involved in a broad range of cellular functions, including MED1, a protein involved in gene expression; HP1a, a protein involved in gene silencing; FIB1, a protein involved in production of ribosomes; and SRSF2, a protein involved in splicing of messenger RNA. They used single-molecule tracking and other methods to measure how each of those proteins moves in healthy cells and in cells in disease states. All but one of the proteins showed reduced mobility (about 20-35%) in the disease cells.

"I'm excited that we were able to transfer physics-based insight and methodology, which are commonly used to understand the single-molecule processes like gene transcription in normal cells, to a disease context and show that they can be used to uncover unexpected mechanisms of disease," Zheng says. "This work shows how the random walk of proteins in cells is linked to disease pathology."

Moreno concurs: "In school, we're taught to consider changes in protein structure or DNA sequences when looking for causes of disease, but we've demonstrated that those are not the only contributing factors. If you only consider a static picture of a protein or a cell, you miss out on discovering these changes that only appear when molecules are in motion."

Can't commute across the cell, I'm all tied up right now




Next, the researchers needed to determine what was causing the proteins to slow down. They suspected that the defect had to do with an increase in cells of the level of reactive oxygen species (ROS), molecules that are highly prone to interfering with other molecules and their chemical reactions. Many types of chronic-disease-associated triggers, such as higher sugar or fat levels, certain toxins, and inflammatory signals, lead to an increase in ROS, also known as an increase in oxidative stress. The researchers measured the mobility of the proteins again, in cells that had high levels of ROS and were not otherwise in a disease state, and saw comparable mobility defects, suggesting that oxidative stress was to blame for the protein mobility defect.

The final part of the puzzle was why some, but not all, proteins slow down in the presence of ROS. SRSF2 was the only one of the proteins that was unaffected in the experiments, and it had one clear difference from the others: its surface did not contain any cysteines, an amino acid building block of many proteins. Cysteines are especially susceptible to interference from ROS because it will cause them to bond to other cysteines. When this bonding occurs between two protein molecules, it slows them down because the two proteins cannot move through the cell as quickly as either protein alone.

About half of the proteins in our cells contain surface cysteines, so this single protein mobility defect can impact many different cellular pathways. This makes sense when one considers the diversity of dysfunctions that appear in cells of people with chronic diseases: dysfunctions in cell signaling, metabolic processes, gene expression and gene silencing, and more. All of these processes rely on the efficient functioning of proteins -- including the diverse proteins studied by the researchers. Young and colleagues performed several experiments to confirm that decreased protein mobility does in fact decrease a protein's function. For example, they found that when an insulin receptor experiences decreased mobility, it acts less efficiently on IRS1, a molecule to which it usually adds a phosphate group.

From understanding a mechanism to treating a disease

Discovering that decreased protein mobility in the presence of oxidative stress could be driving many of the symptoms of chronic disease provides opportunities to develop therapies to rescue protein mobility. In the course of their experiments, the researchers treated cells with an antioxidant drug -- something that reduces ROS -- called N-acetyl cysteine and saw that this partially restored protein mobility.

The researchers are pursuing a variety of follow ups to this work, including the search for drugs that safely and efficiently reduce ROS and restore protein mobility. They developed an assay that can be used to screen drugs to see if they restore protein mobility by comparing each drug's effect on a simple biomarker with surface cysteines to one without. They are also looking into other diseases that may involve protein mobility, and are exploring the role of reduced protein mobility in aging.

"The complex biology of chronic diseases has made it challenging to come up with effective therapeutic hypotheses," says Young, who is also a professor of biology at the Massachusetts Institute of Technology. "The discovery that diverse disease-associated stimuli all induce a common feature, proteolethargy, and that this feature could contribute to much of the dysregulation that we see in chronic disease, is something that I hope will be a real game changer for developing drugs that work across the spectrum of chronic diseases."
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New research points way to more reliable brain studies | ScienceDaily
Brain-wide association studies, which use magnetic resonance imaging to identify relationships between brain structure or function and human behavior or health, have faced criticism for producing results that often cannot be replicated by other researchers.


						
A new study published in Nature demonstrates that careful attention to study design can substantially improve the reliability of this type of research. For the study, Kaidi Kang, a biostatistics PhD student, Simon Vandekar, PhD, associate professor of Biostatistics, and colleagues analyzed data from more than 77,000 brain scans across 63 studies.

The investigators found that studies can achieve more dependable results by strategically selecting study participants to ensure a wider range of the characteristics being measured. For example, when studying age-related brain changes, including more participants at both younger and older age ranges produces more reliable findings than random sampling or concentrating on middle-aged participants.

The research also revealed that collecting multiple brain scans from the same person over time can improve reliability for some brain measurements but may actually reduce reliability for others, depending on what is being studied.

Based on their findings the authors offer practical guidance for scientists designing future brain imaging studies, potentially helping them obtain reliable results with fewer participants.

Kang and Vandekar were joined by investigators from six institutions in the U.S. and the United Kingdom. Others on the study from Vanderbilt are Jiangmei Xiong, MS, Megan Jones, Ran Tao, PhD, and Jonathan Schildcrout, PhD. The study was supported by the National Institutes of Health (grants R01MH123563, R01MH132934, R01MH133843, K23DA057486, R01MH120482, R01MH112847, R01MH113550, R01EB022573, R37MH125829).
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'Alzheimer's in dish' model shows promise for accelerating drug discovery | ScienceDaily
A decade ago, researchers introduced a new model for studying Alzheimer's disease. Known as "Alzheimer's in a dish," the model uses cultures of mature brain cells suspended in a gel to recapitulate what takes place in the human brain over 10 to 13 years in just six weeks. But does the model truly produce the same changes that take place in patients? In a new study, researchers from Mass General Brigham, in collaboration with colleagues at Beth Israel Deaconess Medical Center (BIDMC), created an algorithm to assess, in an unbiased manner, how well models of Alzheimer's disease mimic the function and gene expression patterns seen in patients' brains. Their results, published in Neuron, identify crucial shared pathways, confirming that the Alzheimer's in a dish model can be used to assess new drugs accurately and rapidly as well as point the way to drug discovery.


						
"Our goal is to find the best model with the most similar activity to what we see in the brains of patients with Alzheimer's disease," said co-senior author Doo Yeon Kim, PhD, of the Department of Neurology at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system. "We developed this 3D cell culture model for Alzheimer's 10 years ago. Now we have the data that show that this model can accelerate drug discovery."

The new study was made possible through a collaboration between researchers with expertise in neurology and data-driven systems, with a shared goal of finding better treatments for Alzheimer's disease (AD). For decades, the field of AD research has faced challenges due to some of the limitations of mouse models of the disease, which do not develop amyloid plaques or other hallmarks of AD seen in humans. Different models have been developed by Kim and colleagues but, until now, it had not been possible to determine the extent to which these models accurately reflect the molecular and functional changes seen in the brain.

"We faced a fundamental challenge: understanding which models truly reflect the complexity of Alzheimer's in the human brain," said co-senior author Winston Hide, PhD, of the Department of Pathology at BIDMC. "By shifting focus from individual genes to the broader biological pathways they shape, we've created a system that transforms how we discover and test drugs."

To address this need, the research team, led by Pourya Naderi Yeganeah, PhD, and Sang Su Kwak, PhD, co-lead authors, developed a novel integrative pathway activity analysis (IPAA) platform. The platform can determine which models most closely recapitulate the functional changes seen in AD and identify the most relevant pathways for drug discovery. In their paper, the researchers identified 83 dysregulated pathways shared across brain samples from deceased patients with Alzheimer's disease and 3D cellular models. The researchers looked at one pathway -- p38 mitogen-activated protein kinase (MAPK) -- as a proof of concept, testing drugs that target this pathway. Interestingly, they discovered that a clinical p38 MAPK inhibitor, which has not yet been tested in AD patients, is highly effective at reducing AD pathology in a dish, highlighting its potential for future clinical trials. Even more compelling, their findings extend beyond a single pathway -- the platform's capacity to identify promising drug targets, combined with the speed and scalability of the Alzheimer's in a dish model, enables simultaneous testing of multiple drugs to identify potential therapies. Already, the researchers have tested hundreds of approved drugs and natural products using the Alzheimer's in a dish model, setting the stage for clinical trials.

"Now we have a system that not only allows us to test new drugs quickly, but also an algorithmic platform that can predict which drugs will work best." said co-senior author Rudolph Tanzi, PhD, Director of the McCance Center for Brain Health and Genetics and Aging Research Unit at MGH. "Together, these advancements bring us closer to finding better drugs and getting them to patients."
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Researchers redefine what it means for a cell to be alive or dead | ScienceDaily
Cellular death is a fundamental concept in the biological sciences. Given its significance though, its definition depends on the context in which it takes place, and lacks a general mathematical definition. Researchers from the University of Tokyo propose a new mathematical definition of death based on whether a potentially dead cell can return to a predefined "representative state of living," which are the states of being that we can confidently call "alive." The researchers' work could be useful for biological researchers and future medical research.


						
While it's not something we like to think about, death comes for us all eventually, whether you're an animal, a plant, or even a cell. And even though we can all differentiate between what is alive and dead, it might be surprising to know that death at a cellular level lacks a widely recognized mathematical definition. Given that cell death plays such an important role in various biological processes and can have important health implications, it's of critical importance to understand what we really mean by cellular death, especially in research.

"My long-term scientific goal is to understand the inherent difference between life and nonlife, mathematically; why the transition from nonlife to life is so difficult, while the other way around is so easy," said Assistant Professor Yusuke Himeoka from the Universal Biology Institute. "Our aim in this project was to develop a mathematical definition and computational method to quantify the life-death boundary. We were able to do this by exploiting an important feature of biological reaction systems, specifically enzymatic reactions within cells."

Himeoka and his team proposed a mathematical definition of cell death. It's based on the way cellular states including metabolism can be controlled by modulating the activities of enzymes. They define dead states as those states from which cells cannot return to an apparent "living" state, regardless of the modulation of any biochemical processes. This led them to develop a computational method for quantifying the life-death boundary, which they call "stoichiometric rays." The method was developed by focusing on enzymatic reactions and the second law of thermodynamics, which states that systems naturally move from ordered to disordered states. Researchers could use these methods to better understand, control, and possibly even reverse, cellular death in controlled lab experiments.

"This method of computation is not applicable to autonomic systems, however, the systems which make the machinery for control, such as proteins. Autonomy is one of the hallmarks of living systems. I would like to extend our method so that it can also be applied to these," said Himeoka. "We naively believe that death is irreversible, but it is not so trivial and does not have to be the case. I believe that should death come more under our control, human beings, our understanding of life, and society will change completely. In this sense, to understand death is crucial in terms of science and also in terms of social implications."
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What a gut fungus reveals about symbiosis and allergy | ScienceDaily
A fungus discovered in the mouse stomach may hold a key to fungal evolution within the gastrointestinal tract, according to new research led by Weill Cornell Medicine investigators. The finding suggests that preclinical studies until now have overlooked a major influencer of mouse physiology.


						
Scientists recently have come to appreciate the importance, for human health and disease, of microbes -- often called "commensals" -- that naturally dwell in the gut. Bacterial commensals, for example, are known to have a big influence on human immunity; abnormal changes in these populations have been tied to cancers, inflammatory disorders and even depression. However, how gut fungal commensals affect immunity is less well understood, due in part to the lack of a good mouse model of fungal commensalism.

The new study, reported Nov. 27 in Nature, found that a yeast called Kazachstania pintolopesii, abundant in the stomach of wild mice, is exceptionally well adapted to mice and benefits them by boosting their immune protection against parasites, though it also enhances their vulnerability to some allergies.

"For years we've been looking for a true fungal commensal in mice, but fungal populations in lab mice, as identified by analyzing fungal DNA, tend to be transient and vary greatly from colony to colony," said study senior author Dr. Iliyan Iliev, an associate professor of immunology in medicine, member of the Jill Roberts Institute for Research in Inflammatory Bowel Disease, and a faculty member in the Immunology & Microbial Pathogenesis Graduate School Program at Weill Cornell Medicine.

In 2019, a team led by co-author Dr. Barbara Rehermann of the National Institutes of Health found that "wildling" lab mice raised with gut microbes like those of wild mice do a better job of modeling human immune responses than traditional lab mice. Dr. Iliev's lab, which participated in that study, found significantly higher levels of fungal DNA in the gut of these mice -- magnitudes greater than previously observed in lab mice.

"This was the start of a kind of Sherlock Holmes story as we went looking for the dominant fungus, extending our study to other mouse populations," Dr. Iliev said. "And what better place to find wild mice than New York City!"

The team looked for evidence of the fungus in fecal samples and other material provided by pest-control companies in New York City and Los Angeles, and acquired samples from multiple research institutions that use or sell lab mice. Ultimately, they determined that K. pintolopesii is very common in wild mice, but also often present in lab mouse colonies without researchers knowing about its presence.




"The presence or absence of this fungus should be taken into account in many types of mouse studies," said co-first author Dr. Yun Liao, a postdoctoral researcher in the Iliev laboratory.

"K. pintolopesii can completely change the experimental outcome," said co-first author Dr. Iris Gao, who was a graduate student in the Iliev lab during the study.

The researchers found that K. pintolopesii can rapidly colonize the gastrointestinal tracts of laboratory mice, is reliably transmitted to mouse newborns, and somehow evades its hosts antifungal immunity even as it partially suppresses the growth of other fungal species -- all of which hints that this fungus is evolutionarily adapted for living in mice and is a true commensal.

However, upon gastrointestinal mucus fluctuations caused by dietary changes or antibiotics, for example, the fungus becomes visible to the immune system by activating the production of a cytokine called IL-33. This cytokine, in turn, triggers what is known as a "type 2" immune response. The fungus symbiotically benefits its hosts by suppressing other fungi and by protecting them against worms through this enhanced type 2 immune response, but on the flip side it exacerbates food allergies, the team discovered.

"If you're using mice to research allergies, parasite infections, cancer development, or any other area where type 2 or type 17 immune responses are relevant, then this fungus may be an important factor that you shouldn't omit," Dr. Iliev said.

While the study suggests that K. pintolopesii is a good model for fungal commensalism, it also raises important questions: Is this fungus a normal component of the mouse microbiota that should always be present in lab mice, especially for studies touching on immunology? Is there a fungal commensal that has a similar role in promoting type 2 immunity in humans?

Dr. Iliev and his lab are now seeking answers to these questionsin samples collected across the continent in a research collaboration formed between labs in multiple institutions including the Broad Institute, The National Institutes of Health and Penn State.
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Cervical cancer deaths in young women plummet after introduction of HPV vaccine | ScienceDaily
Cervical cancer deaths have plunged dramatically among women under age 25, and researchers at MUSC Hollings Cancer Center believe this is likely due to HPV vaccination.


						
Their study, published in JAMA, is the first to suggest the impact of HPV vaccination on cervical cancer deaths.

"We observed a substantial reduction in mortality -- a 62% drop in cervical cancer deaths over the last decade, likely due to HPV vaccination," said senior author Ashish Deshmukh, Ph.D., co-leader of the Cancer Prevention and Control Research Program at MUSC Hollings Cancer Center. "We cannot think of any other reason that would have contributed to such a marked decline."

The human papillomavirus, or HPV, causes nearly all cases of cervical cancer. The HPV vaccine was introduced in 2006. At first, it was available only to adolescents, but eligibility has since been expanded to include adults up to age 45 in some cases.

Previous studies have looked at the rates of HPV infection, precancer and cervical cancer incidence since the introduction of the vaccine, and all of those indicators have declined. The next logical step was to look at death rates, Deshmukh said.

Although cervical cancer is rare in women under age 25, it does occur. By examining deaths in this age group, researchers were able to see the early impact of the vaccine. Women who were 25 in 2021, the final year included in this study, would have been 10 years old when the vaccine was introduced.

The researchers looked at cervical cancer deaths in three-year blocks of time. Through the 1990s, there were between 50 and 60 cervical cancer deaths nationally in women under the age of 25 in each three-year block of time. During the 2019-2021 time period, there were only 13 deaths.

However, the team sounded an alarm. Healthy People 2030 has a goal of reaching an 80% HPV vaccination rate, but the Centers for Disease Control and Prevention reported earlier this year that only about 60% of 13to 15 year olds have received the recommended doses.

"There has been a decline in HPV vaccination post COVID-19 in the most recent generation of U.S. adolescents. This is troubling as a decline in vaccination uptake would potentially lead to smaller gains," Deshmukh said.
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Breakthrough could revolutionize future of tick control | ScienceDaily
Research collaboration by the Texas A&M Department of Entomology and the U.S. Department of Agriculture, USDA, creates potential for genetic tools to control disease-spreading ticks.


						
Jason Tidwell is seeking his doctorate as he works for the USDA-ARS Cattle Fever Tick Research Unit in Edinburg. (Courtesy photo)

A recently published study by Jason Tidwell, a part-time graduate student in the Texas A&M College of Agricultural and Life Sciences Department of Entomology and full-time microbiologist with the USDA's Agricultural Research Service Cattle Fever Tick Research Unit at Edinburg, lays the foundation for potential new control methods against cattle fever ticks, the vectors of pathogens causing bovine babesiosis, historically known as Texas cattle fever.

Tidwell primarily conducts genetic research in arthropods, specifically cattle fever ticks. The publication is based on a foundational research project that identified the genetic markers for sex determination in the tick species Rhipicephalus microplus, one of two invasive cattle fever tick species found in northern Mexico that constantly threaten re-establishment in the U.S.

Collaboration could aid tick control

Kimberly Lohmeyer, Ph.D., center director at the Knipling-Bushland U.S. Livestock Insects Research Laboratory, Kerrville, said Tidwell's findings are a great example of a researcher identifying an unknown aspect of a pest's biology that could be leveraged and used as a novel control tool.

Lohmeyer said Tidwell was hooked by the idea of using genetic control methods of an important pest and that his study's discovery now opens the door for innovative solutions against disease-carrying ticks.




"This study sets the stage for advancements in how we protect U.S. livestock from cattle fever ticks," she said. "It answers a basic biological mystery about these ticks, but it is also a big step toward novel tools for the eradication program."

Pete Teel, Ph.D., a Texas A&M AgriLife Research scientist in the Department of Entomology and one of Tidwell's co-advisors, said Tidwell's work identifying the mechanisms of sex determination is critical to understanding genetic control of tick reproduction.

"It lays the foundation for potential genetic pest control methods that have been applied to other arthropods including the primary screwworm and several mosquito species," Teel said.

A female Rhipicephalus (Boophilus) microplus, Southern cattle fever tick. The USDA-Texas A&M Department of Entomology study identified chromosomes that determine whether ticks develop as male or female. The discovery could lead to novel control methods of these and other disease-spreading ticks. (Sam Craft/Texas A&M AgriLife)

Research provides foundation for potential weapon against ticks

The Cattle Fever Tick Eradication Program is a joint effort of USDA Animal and Plant Health Inspection Service Veterinary Services and the Texas Animal Health Commission to prevent the two species of cattle fever ticks from reestablishing in the U.S., Tidwell said. The program started in 1906 and eradicated the ticks in all 13 southern states and California, aside from a permanent quarantine zone in South Texas.




"These ticks are the only vectors of pathogens causing bovine babesiosis, thus eliminate the ticks and you eliminate the risk of disease," Teel said.

There are no approved anti-babesia vaccines, nor therapeutic drugs to treat the disease. The program has depended on chemical control with acaricides, pesticides for controlling ticks and mites. Discovery of genetic control tactics would be a novel approach, Teel said. New tactics are increasingly necessary because cattle fever ticks are showing increased resistance to acaricides.

"One idea is to genetically manipulate sex ratios in the environment in ways that prevent reproduction and crash populations of the pest," Tidwell said.

That genetic method has already shown promise to control Aedes aegypti mosquitoes, which vector diseases like West Nile virus, Dengue, yellow fever and Zika to humans. In that way, Tidwell's discovery could lead to similar control methods for other tick-borne diseases like Lyme disease in humans.

Aaron Tarone, Ph.D., an AgriLife Research scientist and professor in the Department of Entomology, and co-advisor to Tidwell, said any new control tool will need to be logistically, environmentally and economically sustainable, but agreed the study has opened the door for innovative advancements.

"The next step will be building genomes of ticks of local reference from both here in Texas and Mexico to examine their genetic variation," Tarone said. "The whole genomics arena and technology associated with it has opened the door to so many possibilities when it comes to dealing with vectors that pose serious threats to human and animal health."
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Long COVID brain fog linked to lung function | ScienceDaily
In patients with long COVID, lower pulmonary gas exchange may be associated with impaired cognitive function, according to a study being presented next week at the annual meeting of the Radiological Society of North America (RSNA).


						
According to the National Center for Health Statistics, approximately 17.6% of adults in the U.S. have experienced a post-COVID condition commonly referred to as long COVID. People with long COVID may exhibit a wide variety of symptoms, including difficulty concentrating ("brain fog"), change in sense of smell or taste, fatigue, joint or muscle pain, dyspnea (shortness of breath), digestive symptoms, and more. These symptoms may persist for weeks, months, or even years after COVID-19 infection.

Researchers from the University of Iowa in Iowa City set out to assess associations between pulmonary MRI gas exchange, structural and functional brain MRI, and cognition in long COVID patients. In pulmonary gas exchange, oxygen moves from the lungs to the bloodstream, while carbon dioxide moves from the bloodstream to the lungs.

"This is the first time that MRI has been used to jointly assess lung and brain function to investigate their relationship in long COVID," said the study's lead author Keegan Staab, B.S., graduate research assistant in the Department of Radiology at the University of Iowa in Iowa City. "This research is new in that it combines multiple unique imaging types to study a multiorgan relationship in a disease population."

Senior study author Sean B. Fain, Ph.D., professor and vice chair for research in the Department of Radiology at the University of Iowa, added, "If these findings can be generalized to the long COVID population, the study suggests that there may be a causative relationship between cognitive dysfunction and lung dysfunction, suggesting a potential treatment strategy using methods that target improved gas exchange."

For the study, 10 female and 2 male patients (median age: 59 years) who had persistent dyspnea and/or fatigue following the resolution of acute COVID-19 infection were recruited from a post-COVID-19 clinic. Hyperpolarized Xe pulmonary MRI, structural and functional brain MRI, pulmonary function tests and cognitive tests were acquired.

"129Xe MRI allows for advanced measurements of ventilation and gas exchange," Staab said. "The literature also indicates that 129Xe may be more sensitive to pulmonary injury compared to standard breathing tests, making it better suited to study long COVID in which patients typically have normal breathing tests."

Perceived cognitive difficulties were measured using Patient-Reported Outcomes Measurement Information System, and objective cognitive performance was assessed using the National Institutes of Health Toolbox V3 Cognition Battery.




"There was a range of cognitive difficulties among the patients in the study," Staab said. "Some were mild and indicated slight dysfunction, while others were more serious and indicated that some patients have slow thinking and trouble concentrating several times per day."

The results showed that lower pulmonary gas exchange may be associated with cognitive dysfunction, as well as lower gray matter and white matter volumes in patients with long COVID. In addition, the researchers observed significant relationships suggesting that increased cerebral blood flow is associated with decreased gas exchange in long COVID patients.

Staab said larger studies are needed to investigate the association between gas exchange and cerebral blood flow in long COVID.

"This relationship could be a compensatory mechanism where lower lung function is compensated by higher cardiac output and higher brain perfusion," he said. "It's also a possibility that the disease mechanism that impairs pulmonary gas exchange also leads to higher brain perfusion through downstream vascular injury in both lung and brain."

Based on the findings of this study, gas exchange abnormalities may help identify long COVID patients who require additional treatment or long-term management.

Other co-authors are Marrissa J. McIntosh, Ph.D., Jonathan L. Percy, B.S., Andrew D. Hahn, Ph.D., Natally AlArab, M.D., Conner J. Wharff, B.S. B.A. RT(R)(MR), Eric Bruening, M.S., Alejandro P. Comellas, M.D., Eric A. Hoffman, Ph.D., Carinda Linkenmeyer, M.A.E., Tara Lanning, B.S., and Karin F. Hoth, Ph.D.
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Concussions slow brain activity of high school football players | ScienceDaily
A new study of high school football players found that concussions affect an often-overlooked but important brain signal. The findings are being presented next week at the annual meeting of the Radiological Society of North America (RSNA).


						
Reports have emerged in recent years warning about the potential harms of youth contact sports on developing brains. Contact sports, including high school football, carry a risk of concussion. Symptoms of concussion commonly include cognitive disturbances, such as difficulty with balancing, memory or concentration.

Many concussion studies focus on periodic brain signals. These signals appear in rhythmic patterns and contribute to brain functions such as attention, movement or sensory processing. Not much is known about how concussions affect other aspects of brain function, specifically, brain signals that are not rhythmic.

"Most previous neuroscience research has focused on rhythmic brain signaling, which is also called periodic neurophysiology," said study lead author Kevin C. Yu, B.S., a neuroscience student at Wake Forest University School of Medicine in Winston-Salem, North Carolina. "On the other hand, aperiodic neurophysiology refers to brain signals that are not rhythmic."

Aperiodic activity is typically treated as 'background noise' on brain scans, but recent studies have shown that this background noise may play a key role in how the brain functions.

"While it's often overlooked, aperiodic activity is important because it reflects brain cortical excitability," said study senior author Christopher T. Whitlow, M.D., Ph.D., M.H.A., Meschan Distinguished Professor and Enterprise Chair of Radiology at Wake Forest University School of Medicine.

Cortical excitability is a vital part of brain function. It reflects how nerve cells, or neurons, in the brain's cortex respond to stimulation and plays a key role in cognitive functions like learning and memory, information processing, decision making, motor control, wakefulness and sleep.




To gain a better understanding of brain rhythms and trauma, the researchers sought to identify the impacts of concussions on aperiodic activity.

Pre- and post-season resting-state magnetoencephalography (MEG) data was collected from 91 high school football players, of whom 10 were diagnosed with a concussion. MEG is a neuroimaging technique that measures the magnetic fields that the brain's electrical currents produce.

A clinical evaluation tool for concussions called the Post-Concussive Symptom Inventory was correlated with pre- and post-season physical, cognitive and behavioral symptoms.

High school football players who sustained concussions displayed slowed aperiodic activity. Aperiodic slowing was strongly associated with worse post-concussion cognitive symptoms and test scores.

Slowed aperiodic activity was present in areas of the brain that contain chemicals linked with concussion symptoms like impaired concentration and memory.

"This study is important because it provides insight into both the mechanisms and the clinical implications of concussion in the maturing adolescent brain," said co-lead author Alex I. Wiesman, Ph.D., assistant professor at Simon Fraser University in Burnaby, British Columbia, Canada. "Reduced excitability is conceptually a very different brain activity change than altered rhythms and means that a clear next step for this work is to see whether these changes are related to effects of concussion on the brain's chemistry."

The results highlight the importance of protective measures in contact sports. The researchers cautioned that young players should always take the necessary time to fully recover from a concussion before returning to any sport.




The findings from the study may also influence tracking of post-concussion symptoms and aid in finding new treatments to improve recovery.

"Our study opens the door to new ways of understanding and diagnosing concussions, using this novel type of brain activity that is associated with concussion symptoms," Dr. Whitlow said. "It highlights the importance of monitoring kids carefully after any head injury and taking concussions seriously."

Other co-authors are Elizabeth M. Davenport, Ph.D., Laura A. Flashman, Ph.D., Jillian Urban, Ph.D., Srikantam S. Nagarajan, Ph.D., Kiran Solingapuram Sai, Ph.D., Joel Stitzel, Ph.D., and Joseph A. Maldjian, M.D.

This work was supported by the National Institutes of Health (NIH) grants R01NS082453 and R01NS091602, NIH grant F32-NS119375, a Canadian Institutes of Health Research (CIHR) Banting Postdoctoral Fellowship (BPF-186555), and a CIHR Canada Research Chair (CRC-2023-00300).
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World's most common heart valve disease linked to insulin resistance in large national study | ScienceDaily
A large new population study of men over 45 indicates insulin resistance may be an important risk factor for the development of the world's most common heart valve disease -- aortic stenosis (AS).


						
Published today in the peer-reviewed journal Annals of Medicine, the findings are believed to be the first to highlight this previously unrecognised risk factor for the disease.

It is hoped that by demonstrating this link between AS and insulin resistance -- when cells fail to respond effectively to insulin and the body makes more than necessary to maintain normal glucose levels -- new avenues for the prevention of the disease could open.

Aortic stenosis is a debilitating heart condition. It causes a narrowing of the aortic valve, restricting blood flow out of the heart. Over time, the valve thickens and stiffens, making the heart work harder to pump blood effectively around the body. If not addressed, this can gradually cause damage that can lead to life-threatening complications, such as heart failure.

People living with AS can take years to develop symptoms, which include chest pain, tiredness, shortness of breath and heart palpitations. Some may never experience symptoms, but may still be at risk of heart failure and death. Previously identified risk factors for AS include age, male sex, high blood pressure, smoking and diabetes.

Insulin resistance, which often develops years before the onset of type 2 diabetes, occurs when cells fail to respond effectively to insulin, the hormone responsible for regulating blood glucose levels. In response, the body makes more insulin to maintain normal glucose levels -- leading to elevated blood insulin levels (hyperinsulinemia).

In the current study, researchers analysed data from 10,144 Finnish men aged 45 to 73 years old, all initially free of AS, participating in the Metabolic Syndrome in Men (METSIM) Study. At the start of the study, the researchers measured several biomarkers, including those related to hyperinsulinemia and/or insulin resistance. After an average follow-up period of 10.8 years, 116 men (1.1%) were diagnosed with AS.




The team identified several biomarkers related to insulin resistance -- such as fasting insulin, insulin at 30 minutes and 120 minutes, proinsulin, and serum C-peptide -- that were associated with increased AS risk. These biomarkers remained significant predictors of AS, even after adjusting for other known risk factors, such as body mass index (BMI) and high blood pressure, or excluding participants with diabetes or an aortic valve malformation.

The researchers then used advanced statistical techniques to isolate key biomarker profiles, identifying two distinct patterns that indicate insulin resistance as a predictor of AS, independent of other cardiovascular risk factors, such as age, blood pressure, diabetes, and obesity.

"This novel finding highlights that insulin resistance may be a significant and modifiable risk factor for AS," says lead author Dr Johanna Kuusisto, from the Kuopio University Hospital, in Finland.

"As insulin resistance is common in Western populations, managing metabolic health could be a new approach to reduce the risk of AS and improve cardiovascular health in aging populations. Future studies are now warranted to determine whether improving insulin sensitivity through measures such as weight control and exercise can help prevent the condition."

The major strengths of this study include its large population-based cohort and long follow-up period. However, its limitations include the sole focus on male subjects and the relatively small number of AS cases, which may limit the generalisability of the findings to other populations.
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Simple secret to living a longer life | ScienceDaily
If everyone in the United States population was as active as the top 25 per cent, individuals over the age of 40 could add five years to their life, according to a new study led by Griffith University researchers.


						
Physical activity has long been known to be good for health, however estimates have varied regarding how much benefit could be gained from a defined amount of activity, both for individuals and for populations.

This latest study used accelerometry to gain an accurate view of the population's physical activity levels instead of relying on survey responses as per other studies, and found the benefits were around twice as strong as previous estimates.

It found the most active quarter of people in the community had a 73 per cent lower risk of death than their least active counterparts.

For that least active quartile, a single one-hour walk could potentially return a benefit of around six additional hours of life.

Lead researcher Professor Lennert Veerman said this least-active cohort had the greatest potential for health gains.

"If you're already very active or in that top quartile, an extra hour's walk may not make much difference as you've, in a sense, already 'maxxed out' your benefit," he said.




"If the least active quartile of the population over age 40 were to increase their activity level to that of the most active quartile however, they might live, on average, about 11 years longer.

"This is not an unreasonable prospect, as 25 per cent of the population is already doing it.

"It can be any type of exercise but would roughly be the equivalent of just under three hours of walking per day."

The research team suggested low levels of physical activity could even rival the negative effects of smoking, with other research finding each cigarette could take 11 minutes from a smoker's life.

By extension, a more active lifestyle could also offer protective effects against heart disease, stroke, certain cancers and other chronic illnesses, with the study's findings highlighting a need for national physical activity guidelines to be revisited using these methods.

Dr Veerman said physical activity had been vastly underestimated in its capacity to improve health outcomes, suggesting even modest increases in movement could lead to significant life-extension benefits.

"If there's something you could do to more than halve your risk of death, physical activity is enormously powerful," he said.

"If we could increase investment in promoting physical activity and creating living environments that promote it such as walkable or cyclable neighbourhoods and convenient, affordable public transport systems, we could not only increase longevity but also reduce pressure on our health systems and the environment."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241126215133.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Same plant, different tactic: Habitat determines response to climate | ScienceDaily
Plants need light to grow, but too much light can induce damage to the photosynthetic complex known as photosystem II. It is known that plants adapted to growing under full sun repair this light-induced damage more. But this repair activity slows down in colder temperatures. An Osaka Metropolitan University-led international research team has now found some clues to how plants survive in colder regions.


						
Graduate School of Science Associate Professor Riichi Oguchi and colleagues from Australia, Austria, and Japan grew Arabidopsis thaliana (commonly called thale cress) using ecotypes from around the world. They were all grown at 22degC, before some were kept as a control group at that temperature and others were exposed to colder weather at 12degC for three days. The plants were then subjected to 5degC conditions in this experiment.

Damage to photosynthesis capacity by light, known as photoinhibition, is repaired at a certain rate in plants. The control Arabidopsis thaliana showed no difference among ecotypes in the rate of repair at 5degC, but the plants acclimated to the cold for three days showed an increased photoinhibition repair rate and the extent of the increase was higher in the ecotypes from colder regions.

"What we found in this experiment is that plants acclimated in cold temperatures increase their rate of photoinhibition repair in the cold, and the acclimation capacity is higher in the ecotypes from colder regions," explained Professor Oguchi. "But during the warmer seasons, as suggested by the control group, the plants do not increase the rate as the cost of such repair capacity is high."
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It might be wrecking the climate, but carbon dioxide is actually good for your cells | ScienceDaily
The cells in our bodies are like bustling cities, running on an iron-powered system that uses hydrogen peroxide (H2O2) not just for cleaning up messes but also for sending critical signals. Normally, this works fine, but under stress, such as inflammation or a burst of energy use, oxidative stress damages cells at the genetic level.


						
This is because iron and H2O2 react in what's known as the Fenton reaction, producing hydroxyl radicals, destructive molecules that attack DNA and RNA indiscriminately. But there's a catch. In the presence of carbon dioxide -- that pesky gas disrupting global climate systems -- our cells gain a secret weapon in the form of bicarbonate which helps keep pH levels balanced.

A team of University of Utah chemists has discovered that bicarbonate doesn't just act as a pH buffer but also alters the Fenton reaction itself in cells. Instead of producing chaotic hydroxyl radicals, the reaction instead makes carbonate radicals, which affect DNA in a far less harmful way, according to Cynthia Burrows, a distinguished professor of chemistry and senior author of a study published this week in PNAS.

"So many diseases, so many conditions have oxidative stress as a component of disease. That would include many cancers, effectively all age-related diseases, a lot of neurological diseases," Burrows said. "We're trying to understand cells' fundamental chemistry under oxidative stress. We have learned something about the protective effect of CO2 that I think is really profound."

Co-authors include Aaron Fleming, a research associate professor, and doctoral candidate Justin Dingman, both members of the Burrows Laboratory.

Without bicarbonate or CO2 present in experimental DNA oxidation reactions, the chemistry is also different. The free radical species generated, hydroxyl radical, is extremely reactive and hits DNA like a shotgun blast, causing damage everywhere, Burrows said.

In contrast, her team's findings show that the presence of bicarbonate from dissolved CO2 changes the reaction to make a milder radical striking only guanine, the G in our four-letter genetic code.




"Like throwing a dart at the bullseye where G is the center of the target," Burrows said. "It turns out that bicarbonate is a major buffer inside your cells. Bicarbonate binds to iron, and it completely changes the Fenton reaction. You don't make these super highly reactive radicals that everyone's been studying for decades."

What do these findings mean for science? Potentially a lot.

For starters, the team's discovery shows cells are a lot smarter than previously imagined, which could reshape how we understand oxidative stress and its role in diseases like cancer or aging.

But it also raises the possibility that many scientists studying cell damage have been conducting laboratory experiments in ways that don't reflect the real world, rendering their results suspect, Burrows said. Chemists and biologists everywhere grow cells in a tissue culture in an incubator set to 37 degrees Centigrade, or body temperature. In these cultures, carbon dioxide levels are raised to 5%, or about 100 times more concentrated than what's found in the atmosphere.

The elevated CO2 recreates the environment the cells normally inhabit as they metabolize nutrients, however, it is lost when researchers start their experiments outside the incubator.

"Just like opening up a can of beer. You release the CO2 when you take your cells out of the incubator. It's like doing experiments with a day-old glass of beer. It's pretty flat. It has lost the CO2, its bicarbonate buffer," Burrows said. "You no longer have the protection of CO2 to modulate the iron-hydrogen peroxide reaction."

She believes bicarbonate needs to be added to ensure reliable results from such experiments.




"Most people leave out bicarbonate/CO2 when studying DNA oxidation because it is difficult to deal with the constant outgassing of CO2," Burrows said. "These studies suggest that to get an accurate picture of DNA damage that occurs from normal cellular processes like metabolism, researchers need to be careful to mimic the proper conditions of the cell and add bicarbonate, i.e. baking powder!"

Burrows anticipates her study could result in unintended outcomes that may someday benefit research in other areas. Her lab is seeking new funding from NASA, for example, to study the effect of CO2 on people confined to enclosed spaces, such as inside of space capsules and submarines.

"You've got astronauts in a capsule living and breathing, and they are exhaling CO2. The problem is how much CO2 can they safely handle in their atmosphere? One of the things we found is that, at least in terms of tissue culture, CO2 does have a protective effect from some of the radiation damage these astronauts might experience. So what you might want to do is push up that CO2 level. You certainly don't want to go very high, but having it slightly higher might actually have a protective effect against radiation, which generates hydroxyl radicals."
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Scientists identify important factor in neural development | ScienceDaily
The Wistar Institute's Alessandro Gardini, Ph.D., and lab have shed new light on how certain biological processes determine the development of neural cells. Their findings on a molecular "bridge" complex demonstrate a new level of detail in the understanding of early neural development -- which is fundamental for the further understanding of neurodevelopmental syndromes. The new paper, "The enhancer module of integrator controls cell identity and early neural fate commitment" was published in the journal, Nature Cell Biology.


						
"By achieving a better understanding of how the nervous system develops at the earliest level, we are better positioned to assess the causes of and potential solutions to neurodevelopmental disorders. Our research provides valuable evidence that neural cell development is not solely driven by transcription factors" said Dr. Gardini.

Although every cell in our body carries the same genetic information, not every cell is identical. Cells get direction on what type of cell to become: muscle cells, blood cells, neurons, etc. In the early stages of biological development, stem cells transition from a state of "pluripotency," which is the ability of an unspecialized cell to develop into any number of mature, specialized cell types based on the biological signals and inputs they receive along the way.

Dr. Alessandro Gardini was interested in the signals and inputs that cause pluripotent stem cells to commit to developing into neural cells during the process of "neurogenesis": the formation of the human nervous system, including the brain. Human neurogenesis is not fully understood, but certain mutations within subunits of a protein complex called Integrator -- which influences neurogenesis -- have been associated with neurodevelopmental disorders.

Gardini and his team assessed the Integrator subunit INST10, which, across cells from both the central and peripheral nervous systems, was more abundant than other subunits of the same Integrator protein complex; this confirmed that neural cells had some essential need for INST10. Using a cell model that emulates early neural development, the researchers confirmed that cells with diminished INST10 not only exhibit very different gene-expression signatures -- they also appeared to be drifting away from developing into neural cells and toward developing into mesenchymal cells, a confirmation that the presence of INST10 maintains the cellular identity of neurons.

At the single-cell level of analysis, the stem cell lines with decreased INST10 lost expression of "master neuronal genes" even as they gained gene expression signatures consistent with programming for becoming intestinal or smooth-tissue cells. These findings confirmed that INST10 is critical to maintaining the cellular identities of neural cells, both during initial development and throughout the cell's life.
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New imaging platform revolutionizes 3D visualization of cellular structures | ScienceDaily
A team of researchers led by Anna-Karin Gustavsson at Rice University has developed an innovative imaging platform that promises to improve our understanding of cellular structures at the nanoscale. This platform, called soTILT3D for single-objective tilted light sheet with 3D point spread functions (PSFs), offers significant advancements in super-resolution microscopy, enabling fast and precise 3D imaging of multiple cellular structures while the extracellular environment can be controlled and flexibly adjusted. The research was recently published in  Nature Communications.


						
Studying cells at the nanoscale provides insights into the intricate mechanisms that drive cellular behavior, enabling researchers to uncover details that are essential for understanding health and disease. These details can reveal how molecular interactions contribute to cellular functions, which is critical for advancing targeted therapies and understanding disease pathogenesis.

While conventional fluorescence microscopy has been useful for studying cellular structures, it has been limited by the diffraction of light, restricting its ability to resolve features smaller than a few hundred nanometers. Moreover, while single-molecule super-resolution microscopy has provided groundbreaking insights into biological structures at the nanoscale, existing techniques often suffer from high background fluorescence and slow imaging speeds, particularly when dealing with thick samples or complex cell aggregates. They also typically lack precise, adjustable control of the sample environment.

The soTILT3D platform directly addresses these challenges. By synergistically integrating an angled light sheet, a nanoprinted microfluidic system and advanced computational tools, soTILT3D significantly improves imaging precision and speed, allowing for clearer visualization of how different cellular structures interact at the nanoscale -- even in conventionally challenging samples.

Key innovations

The soTILT3D platform uses a single-objective tilted light sheet to selectively illuminate thin slices of a sample, effectively enhancing the contrast by reducing background fluorescence from out-of-focus areas, especially in thick biological samples such as mammalian cells.

"The light sheet is formed using the same objective lens as used in the microscope for imaging, and it is fully steerable, dithered to remove shadowing artifacts that are common in light sheet microscopy and angled to enable imaging all the way down to the coverslip," said Gustavsson, assistant professor of chemistry at Rice and corresponding author of the study. "This allows us to image entire samples from top to bottom with improved precision."

The platform also incorporates a custom-designed microfluidic system with an embedded customizable metalized micromirror, which enables precise control over the extracellular environment and allows for rapid solution exchange, which is ideal for sequential multitarget imaging without color offsets while also allowing for reflection of the light sheet into the sample.




"The design and geometry of the microfluidic chip and nanoprinted insert with the micromirror can be easily adapted for various samples and length scales, providing versatility in different experimental setups," said Nahima Saliba, co-first author of the paper alongside fellow graduate student Gabriella Gagliano, who is also associated with the Smalley-Curl Institute and the Applied Physics Graduate Program at Rice.

Additionally, soTILT3D leverages computational tools such as deep learning for analysis of higher fluorophore concentrations for improved imaging speed and algorithms for real-time drift correction, enabling stable, high-precision imaging over extended periods of time.

"The platform's PSF engineering enables 3D imaging of single molecules, while deep learning handles dense emitter conditions which conventional algorithms have trouble with, which significantly improves the acquisition speed," said Saliba.

SoTILT3D's microfluidic device also supports automated Exchange-PAINT imaging, allowing different targets to be visualized sequentially without the color offsets common in multicolor approaches when imaging in-depth at the nanoscale.

Groundbreaking results

The soTILT3D platform has demonstrated remarkable improvements in imaging precision and speed. The platform's angled light sheet improves the signal-to-background ratio for cellular imaging by up to six times compared to traditional epi-illumination methods, improving contrast and enabling precise nanoscale localization.




"This level of detail reveals intricate aspects of 3D cell architecture that have been traditionally difficult to observe with conventional approaches," said Gagliano.

In terms of speed, soTILT3D delivers a tenfold increase when combined with high emitter density and deep learning analysis, allowing researchers to capture detailed images of complex structures like the nuclear lamina, mitochondria and cell membrane proteins across entire cells in a fraction of the usual time. Additionally, the platform supports accurate whole-cell 3D multitarget imaging, capturing the distributions of multiple proteins within an entire cell and measuring nanoscale distances between them. Researchers can now visualize the spatial arrangement of closely situated proteins like nuclear lamina proteins lamin B1 and lamin A/C and lamina-associated protein 2 with remarkable precision and accuracy, offering new insights into protein organizations and their role in regulating cellular function.

Broad applications in biology and medicine

The soTILT3D platform opens new possibilities for researchers across various fields. Its capability to image complex samples, including stem cell aggregates, extends its application beyond individual cells. The microfluidic system's biocompatibility makes it suitable for live-cell imaging, allowing scientists to study cellular responses to different stimuli in real time with reduced photo damage. Its precisely controlled solution exchange feature also makes soTILT3D an ideal tool for testing how drug treatments affect cells in real time.

"Our goal with soTILT3D was to create a flexible imaging tool that overcomes limitations of traditional super-resolution microscopy," said Gustavsson. "We hope these advancements will enhance studies in biology, biophysics and biomedicine, where intricate interactions at the nanoscale are key to understanding cellular function in health and pathogenesis."

This research was supported by partial financial support from the National Institute of General Medical Sciences of the National Institutes of Health grant R00GM134187 and grant R35GM155365, the Welch Foundation grant C-2064-20210327 and startup funds from the Cancer Prevention and Research Institute of Texas grant RR200025.
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Drinking plenty of water may actually be good for you | ScienceDaily
Public health recommendations generally suggest drinking eight cups of water a day. And many people just assume it's healthy to drink plenty of water.


						
Now researchers at UC San Francisco have taken a systematic look at the available evidence. They concluded that drinking enough water can help with weight loss and prevent kidney stones, as well as migraines, urinary tract infections and low blood pressure.

"For such a ubiquitous and simple intervention, the evidence hasn't been clear and the benefits were not well-established, so we wanted to take a closer look," said senior and corresponding author Benjamin Breyer, MD, MAS, the Taube Family Distinguished Professor and chair of the UCSF Department of Urology.

"The amount of rigorous research turned out to be limited, but in some specific areas, there was a statistically significant benefit," Breyer said. "To our knowledge, this is the first study assessing the benefits of water consumption on clinical outcomes broadly."

The study, which analyzed 18 randomized controlled trials, appears Nov. 25 in JAMA Network Open.

The researchers found the most evidence in favor of drinking water to prevent kidney stones and to help people lose weight.

Drinking eight cups of water a day significantly decreased the likelihood of getting another kidney stone.




Several studies found that drinking about six cups of water a day helped adults lose weight. But a study that included adolescents found that drinking a little more than eight cups of water a day had no effect.

Still, the authors said that encouraging people to drink water before meals would be a simple and cheap intervention that could have huge benefits, given the increased prevalence of obesity.

Other studies indicated that water can help prevent migraines, control diabetes and low blood pressure, and prevent urinary tract infections.

Adults with recurrent headaches felt better after three months of drinking more water.

Drinking about four more cups of water a day helped diabetic patients whose blood glucose levels were elevated.

Drinking an additional six cups a day of water also helped women with recurrent urinary tract infections. It reduced the number of infections and increased the amount of time between them.

And drinking more water helped young adults with low blood pressure.

"We know that dehydration is detrimental, particularly in someone with a history of kidney stones or urinary infections," said Breyer, who is a member of the UCSF Department of Epidemiology and Biostatistics. "On the other hand, someone who suffers from frequent urination at times may benefit from drinking less. There isn't a one size fits all approach for water consumption."
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World's oldest lizard wins fossil fight | ScienceDaily
A storeroom specimen that changed the origins of modern lizards by millions of years has had its identity confirmed.


						
The tiny skeleton, unearthed from Triassic-aged rocks in a quarry near Bristol, is at least 205 million years old and the oldest modern-type lizard on record.

Recently, the University of Bristol team's findings came under question, but fresh analysis, published today in Royal Society Open Science, proves that the fossil is related to modern anguimorphs such as anguids and monitors. The discovery shifts the origin of the whole lizard-snake group, called Squamata, back by 35 million years.

In the original study, Dr David Whiteside, Dr Sofia Chambi-Trowell and Professor Mike Benton, named the little critter Cryptovaranoides microlanius, meaning 'hidden lizard, small butcher' because of its identification as a lizard and its sharp teeth, probably used for cutting up prey animals for food. The Bristol team identified many anatomical features of the skull and skeleton that allowed them to place it well within Squamata, and even close to the Anguimorpha.

"We knew our paper would be controversial," explained Dr Whiteside. "But we were confident that we had looked at every possible feature and compared it with everything we could."

Professor Benton said: "We were therefore surprised, perhaps even shocked, that in 2023 another team of academics suggested that Cryptovaranoides was not a lizard or even a lizard relative, but in fact an archosauromorph, more closely related to crocodilians and dinosaurs."

In checking their original work, and the questions posed in the rival paper, the Bristol team explored all the data, including the original specimen as well as the X-ray scans that show the details hidden within the rock. "We had the marvellous images from those CT scans as well as further access to the fossil which enabled us to check all their suggestions," said Dr Chambi-Trowell. "We found that most of the concerns raised were wrong."

Professor Benton added: "All the details of the skull, the jaws, the teeth, and the limb bones confirm that Cryptovaranoides is a lizard, not an archosauromorph.




"In our new paper, we provide great detail of every criticism made and we provide more photographs of the specimen and 3D images from the scans, so everyone can check the detail."

Dr Whiteside concluded: "The result of all this had to be tested by a phylogenetic analysis.

"This is where we code hundreds of anatomical features in Cryptovaranoides and other modern and fossil lizards, as well as various archosauromorphs.

"We ran the analysis time after time, and it gave our original result, that the little Bristol reptile is indeed the world's oldest modern-type lizard."
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Team unlocks new insights on pulsar signals | ScienceDaily
Dr. Sofia Sheikh from the SETI Institute led a study that sheds new light on how pulsar signals -- the spinning remnants of massive stars -- distort as they travel through space.


						
This study, published in The Astrophysical Journal, was performed by a multi-year cohort of undergraduate researchers in the Penn State branch of the Pulsar Search Collaboratory student club. Maura McLaughlin, Chair, Eberly Distinguished Professor of Physics and Astronomy, West Virginia University, created the Pulsar Search Collaboratory to engage high schoolers and undergraduates in pulsar science, and she helped facilitate access to the data used in this study. Using archival data from the Arecibo Observatory, the student team found patterns that show how pulsar signals change as they move through the interstellar medium (ISM), the gas and dust that fills the space between stars. The team measured scintillation bandwidths for 23 pulsars, including new data for six pulsars not previously studied. The results showed that in almost all cases, measured bandwidths were higher than predictions by widely used models of the galaxy, highlighting a need for updates to current ISM density models.

"This work demonstrates the value of large, archived datasets," said Dr. Sofia Sheikh, SETI Institute researcher and lead author. "Even years after the Arecibo Observatory's collapse, its data continues to unlock critical information that can advance our understanding of the galaxy and enhance our ability to study phenomena like gravitational waves."

When radio light from a pulsar travels through the ISM, it gets distorted in a process known as "diffractive interstellar scintillation" (DISS). The same physics that makes light refract into patterns on the bottom of a swimming pool or causes stars to twinkle in the night sky also causes DISS. Instead of water in a pool or air in the atmosphere, DISS occurs when clouds of charged particles in space cause a pulsar's light to "twinkle" across time and frequency.

Collaborations such as the NANOGrav Physics Frontiers Center use pulsars to study the gravitational wave background, which can help researchers understand the early Universe and the prevalence of gravitational-wave sources such as supermassive black-hole binaries. The pulsar timing measurements must be extremely precise to measure the gravitational wave background correctly. The results from this study will help better model the distortions caused by DISS, which will increase the precision of the pulsar timing measurements of projects like NANOGrav.

The study found that models incorporating galactic structures, such as spiral arms, tend to better fit the DISS data despite the challenge of accurately modeling the Milky Way's structure. Moreover, the study showed that the models most accurately predicted the bandwidths of pulsars that were used in their development while predictions of newly discovered pulsars were worse. This suggests limitations that reinforce the need for continual updates to galactic structure models."

This pilot study, part of the AO327 survey from Arecibo, serves as a foundation for future research on pulsar scintillation and gravitational waves. By expanding the pilot study to more recently discovered pulsars in the AO327 dataset in the future, the team hopes to further improve ISM density models for collaborations that observe pulsar timing arrays like NANOGrav.

This research involves the collaboration between authors at the SETI Institute, Penn State, and the NANOGrav Group at West Virginia University. The team includes SETI Institute researcher Michael Lam and former SETI Institute researcher Grayce Brown.
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How long ring fingers can point to a love of alcohol | ScienceDaily
The length of your fingers may hold a vital clue to your drinking habits, according to a new study.


						
There is evidence that alcohol consumption is influenced by prenatal sex steroids so experts from Swansea University and colleagues from the Medical University of Lodz decided to use a sample of students for their research into the subject.

Their findings have just been published by the online journal American Journal of Human Biology. They found relationships between high alcohol consumption and long 4th digits relative to 2nd digits. This showed that high prenatal testosterone relative to oestrogen is linked to high student alcohol consumption.

Professor John Manning, of Swansea's Applied Sports, Technology, Exercise and Medicine (A-STEM) research team, said: "Alcohol consumption is a major social and economic problem. Therefore, it is important to understand why alcohol use shows considerable differences across individuals."

The study used a sample of 258 participants -- 169 of them female -- and it revealed consumption rates varied between the sexes. In comparison to women, men show higher alcohol consumption and higher mortality from alcohol abuse.

He said: "A pattern like this suggests an involvement of sex hormones, such as testosterone and oestrogen. Digit ratio (2D:4D: the relative lengths of the 2nd [index] and 4th [ring] fingers) is thought to be an index of early testosterone (long 4th digit) and oestrogen (long 2nd digit).

"It is known that alcohol-dependent patients have very long 4th digits relative to their 2nd digits, suggesting high testosterone relative to estrogen exposure before birth. As expected, the associations were stronger for men than women."

Now the researchers hope their conclusions will bring a better understanding of the factors underlying the pattern of alcohol consumption, from abstinence to occasional use to harmful dependence.

This is the latest paper which has highlighted Professor Manning's work in the field of digit ratios. Previous research has examined how digit ratio may provide vital information concerning outcomes after contracting Covid-19, as well as oxygen consumption in footballers.
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Eliminating physical activity disparities between male and female youth could save hundreds of millions of dollars, new study says | ScienceDaily
Eliminating current physical activity disparities between male and female youth in the United States could save around $780 million for each new cohort of six-to-17-year-olds, according to a new study published in JAMA Network Open. In fact, bringing more equity to sports participation could save even more: $1.55 billion.


						
This study, led by researchers from the Center for Advanced Technology and Communication in Health (CATCH) at the CUNY Graduate School of Public Health and Health Policy (CUNY SPH) and the National Institute on Minority Health and Health Disparities (NIMHD), contributes to the growing body of evidence suggesting that targeted interventions can have a profound impact on the health of future generations while also alleviating financial burdens on healthcare systems.

Unfortunately, studies also show significant disparities between the physical activity levels of male and female youth. For example, only 15% of female participants in grades nine to 11 as compared to 31% of their male counterparts met aerobic guidelines, as shown by the 2011-2019 Youth Risk Behavior Survey. There are even greater disparities in sports participation. A 2019 study found that 54.1% of female participants as compared to 60.4% of male participants participate in sports.

To simulate what would happen if these disparities were reduced to different degrees, CATCH and NIMHD researchers decided to utilize a computational model of all the youth in the U.S. The computer simulation model represents all the six-to-17-year-olds in the U.S. as virtual agents starting with different ages in the model, and then simulated the daily physical activities of each youth, their growth, the impact of the physical activity on their health, the different chronic medical conditions that could emerge, and the resulting costs over time.

"This study shows how eliminating sex disparities in physical activity and sports would not only be the fair thing to do, it would also be economically beneficial for society," explains Bruce Y. Lee, MD, MBA, the study's senior author and professor of health policy and management at CUNY SPH. "Eventually efforts to increase physical activity and sport participation for girls and women could end up paying for themselves and more."

While there are different potential ways of reducing sex disparities in physical activity, reducing sex disparities in sports participation may be the easiest and most effective way. Sports-related interventions have clearer implementation locations such as schools and athletic associations, along with additional funding pathways apart from school budgets (e.g., recreation centers, community partners, and more). The Public Health Informatics, Computational, and Operations Research (PHICOR) team that is the core of CATCH has been part of the Aspen Institute's Project Play since 2016. Project Play has made ongoing efforts to reduce sex disparities in sports participation such as developing a Youth Sports Playbook that indicates a number of interventions that can get more female youth playing sports, including encouraging sports sampling, revitalizing in town leagues, carving out time at fields and gyms during prime hours each week for kids to engage in pickup or free play in their neighborhood, and recruiting female coaches who can serve as mentors and role models.

"Sports participation disparities among boys and girls can exist due to fewer opportunities for girls to play sports, especially in high school, and less social support. Our study shows that the cost savings of increasing girls' sports participation can justify investing in the changes needed to increase it," says Jessie Heneghan, MCP, co-author and senior analyst at PHICOR.

This research was supported by the National Institutes of Health Intramural Research Program via grant ZIA MD000020. The Socio-Spatial Determinants of Health (SSDH) Laboratory is supported by the Division of Intramural Research at the National Institute on Minority Health and Health Disparities (NIMHD) of the National Institutes of Health (NIH), and the NIH Distinguished Scholars Program. Yangyang Deng and Mohammad Moniruzzaman are supported by the NIH Postdoctoral Intramural Research Training Award. Breanna Rogers is supported by the NIH Postbaccalaureate Intramural Research Training Award. This work was also supported by the NIH Common Fund's Nutrition for Precision Health, powered by the All of Us Research Program and the National Center for Advancing Translational Sciences of the NIH through Award Number U54TR004279, the Agency for Healthcare Research and Quality through Grant 1R01HS028165-01, the National Institute of General Medical Sciences as part of the Models of Infectious Disease Agent Study network under Grants R01GM127512 and 3R01GM127512-01A1S1 and the National Science Foundation through Award Number 2054858.
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Unexplained heat-wave 'hotspots' are popping up across the globe | ScienceDaily
Earth's hottest recorded year was 2023, at 2.12 degrees F above the 20th-century average. This surpassed the previous record set in 2016. So far, the 10 hottest yearly average temperatures have occurred in the past decade. And, with the hottest summer and hottest single day, 2024 is on track to set yet another record.


						
All this may not be breaking news to everyone, but amid this upward march in average temperatures, a striking new phenomenon is emerging: distinct regions are seeing repeated heat waves that are so extreme, they fall far beyond what any model of global warming can predict or explain. A new study provides the first worldwide map of such regions, which show up on every continent except Antarctica like giant, angry skin blotches. In recent years these heat waves have killed tens of thousands of people, withered crops and forests, and sparked devastating wildfires.

"The large and unexpected margins by which recent regional-scale extremes have broken earlier records have raised questions about the degree to which climate models can provide adequate estimates of relations between global mean temperature changes and regional climate risks," says the study.

"This is about extreme trends that are the outcome of physical interactions we might not completely understand," said lead author Kai Kornhuber, an adjunct scientist at the Columbia Climate School's Lamont-Doherty Earth Observatory. "These regions become temporary hothouses." Kornhuber is also a senior research scholar at the International Institute for Applied Systems Analysis in Austria.

The study was just published in the journal Proceedings of the National Academy of Sciences.

The study looks at heat waves over the past 65 years, identifying areas where extreme heat is accelerating considerably faster than more moderate temperatures. This often results in maximum temperatures that have been repeatedly broken by outsize, sometimes astonishing, amounts. For instance, a nine-day wave that hammered the U.S. Pacific Northwest and southwestern Canada in June 2021 broke daily records in some locales by 30 degrees C, or 54 F. This included the highest ever temperature recorded in Canada, 121.3 F, in Lytton, British Columbia. The town burned to the ground the next day in a wildfire driven in large part by the drying of vegetation in the extraordinary heat. In Oregon and Washington state, hundreds of people died from heat stroke and other health conditions.

These extreme heat waves have been hitting predominantly in the last five years or so, though some occurred in the early 2000s or before. The most hard-hit regions include populous central China, Japan, Korea, the Arabian peninsula, eastern Australia and scattered parts of Africa. Others include Canada's Northwest Territories and its High Arctic islands, northern Greenland, the southern end of South America and scattered patches of Siberia. Areas of Texas and New Mexico appear on the map, though they are not at the most extreme end.




According to the report, the most intense and consistent signal comes from northwestern Europe, where sequences of heat waves contributed to some 60,000 deaths in 2022 and 47,000 deaths in 2023. These occurred across Germany, France, the United Kingdom, the Netherlands and other countries. Here, in recent years, the hottest days of the year are warming twice as fast the summer mean temperatures. The region is especially vulnerable in part because, unlike places like the United States, few people have air conditioning, because traditionally it was almost never needed. The outbreaks have continued; as recently as this September, new maximum temperature records were set in Austria, France, Hungary, Slovenia, Norway and Sweden.

The researchers call the statistical trends "tail-widening" that is, the anomalous occurrence of temperatures at the far upper end, or beyond, anything that would be expected with simple upward shifts in mean summer temperatures. But the phenomenon is not happening everywhere; the study shows that maximum temperatures across many other regions are actually lower than what models would predict. These include wide areas of the north-central United States and south-central Canada, interior parts of South America, much of Siberia, northern Africa and northern Australia. Heat is increasing in these regions as well, but the extremes are increasing at similar or lower speed than what changes in average would suggest.

Climbing overall temperatures make heat waves more likely in many cases, but the causes of the extreme heat outbreaks are not entirely clear. In Europe and Russia, an earlier study led by Kornhuber blamed heat waves and droughts on wobbles in the jet stream, a fast-moving river of air that continuously circles the northern hemisphere. Hemmed in by historically frigid temperatures in the far north and much warmer ones further south, the jet stream generally confines itself to a narrow band. But the Arctic is warming on average far more quickly than most other parts of the Earth, and this appears to be destabilizing the jet stream, causing it to develop so-called Rossby waves, which suck hot air from the south and park it in temperate regions that normally do not see extreme heat for days or weeks at a time.

This is only one hypothesis, and it does not seem to explain all the extremes. A study of the fatal 2021 Pacific Northwest/southwestern Canada heat wave led by Lamont-Doherty graduate student Samuel Bartusek (also a coauthor on the latest paper) identified a confluence of factors. Some seemed connected to long-term climate change, others to chance. The study identified a disruption in the jet stream similar to the Rossby waves thought to affect Europe and Russia. It also found that decades of slowly rising temperatures had been drying out regional vegetation, so that when a spell of hot weather came along, plants had fewer reserves of water to evaporate into the air, a process that helps moderate heat. A third factor: a series of smaller-scale atmospheric waves that gathered heat from the Pacific Ocean surface and transported it eastward onto land. Like Europe, few people in this region have air conditioning, because it is generally not needed, and this probably upped the death toll.

The heat wave "was so extreme, it's tempting to apply the label of a 'black swan' event, one that can't be predicted," said Bartusek. "But there's a boundary between the totally unpredictable, the plausible and the totally expected that's hard to categorize. I would call this more of a grey swan."

While the wealthy United States is better prepared than many other places, excessive heat nevertheless kills more people than all other weather-related causes combined, including hurricanes, tornadoes and floods. According to a study out this past August, the yearly death rate has more than doubled since 1999, with 2,325 heat-related deaths in 2023. This has recently led to calls for heat waves to be named, similar to hurricanes, in order to heighten public awareness and motivate governments to prepare.

"Due to their unprecedented nature, these heat waves are usually linked to very severe health impacts, and can be disastrous for agriculture,vegetation and infrastructure," said Kornhuber. "We're not built for them, and we might not be able to adapt fast enough."

The study was also coauthored by Richard Seager and Mingfang Ting of Lamont-Doherty Earth Observatory, and H.J. Schellnhuber of the International Institute for Applied Systems Analysis.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241126145331.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Great apes visually track subject-object relationships like humans do, study finds | ScienceDaily
Great apes track events with their eyes in the same way that humans do, according to a study published November 26 in the open-access journal PLOS Biology by Vanessa Wilson from the University of Neuchatel, Switzerland, and colleagues.


						
When watching a cat chase a mouse, humans will alternate looking at cat and mouse, using the information to connect the two into what's called an agent-patient relationship -- with the cat as the agent and the mouse as the patient. This cognitive mechanism is thought to be one of the bases for the evolution of human language, forming both how people think about events and structure speech. To find out if great apes can identify agent-patient relationships, the authors of this study showed 84 short video clips to 14 humans and examined their visual responses. They compared human responses to the visual responses of five chimpanzees, two gorillas, and two orangutans at the Basel Zoo. They also performed the test with 29 six-month-old infants.

The authors found that both apes and adult humans paid the most attention to the agents and the patients compared with background information. They often alternated attention between the two, focusing more on the agent when video clips involved food. Humans tended to focus entirely on the agents and patients, while apes showed more attention to the background. But while apes tended to track events like human adults, six-month-old human babies did not, instead paying attention mostly to the background. The findings suggest that the way brains order events evolved before language, and that the way people break down events into agents and patients is not unique to humans, but instead is part of a cognitive spectrum between humans and other great apes. Future studies will be needed to understand why great apes do not communicate like humans, and to better understand how humans developed language.

The authors add, "Gaze patterns from eye tracking data suggest that apes, like human adults, can decompose causal actions into agent and patient roles, something that is crucial for language. Our findings are consistent with a shared cognitive mechanism between humans and apes, suggesting that event role tracking evolved long before language."
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Recovery of testing for heart disease risk factors post-COVID remains patchy | ScienceDaily
Routine screening to detect risk factors for heart disease dropped sharply during the COVID-19 pandemic in England, and some key measurements, such as blood pressure readings, may still lag behind pre-pandemic levels. These findings are reported in a new study by Frederick Ho and Naveed Sattar of the University of Glasgow, Scotland, UK, and colleagues published November 26 in the open-access journal PLOS Medicine.


						
During the COVID-19 pandemic, patients went without routine face-to-face health checks, which are important for detecting common cardiometabolic conditions, such as obesity, type 2 diabetes and high blood pressure. Previously, it was unknown whether these health checks had recovered to pre-pandemic levels.

Researchers looked at how often clinicians took measurements of 12 risk factors for cardiometabolic disease between November 2018 and March 2024, using records from more than 49 million adults in England. They saw a sharp drop in the numbers of measurements being performed from March 2020 to February 2022, but most of the risk factor measurements returned to normal by 2022 to 2023. Blood pressure measurements were an exception, and as of March 2024 were still not back to normal, especially in patients belonging to lower socioeconomic levels.

The findings from the new research confirm previous studies showing that patients missed important routine health checks during the pandemic lockdowns. This lack of screening for cardiometabolic conditions likely explains previous observations that fewer patients received preventive prescriptions, like drugs to lower blood pressure, during the pandemic. The long-term disruption of blood pressure screening identified by the study could lead to missed opportunities for treatment, increasing the risk of cardiovascular events, such as heart attacks and strokes, or even death. This could also exacerbate existing health disparities for lower-income patients.

The authors add, "These data alert us to potential missed opportunities to measure key risk factors for chronic diseases, which are on the rise in the UK in an alarming way. Health care workers need better ways to more efficiently capture and then act upon changes in risks to prevent important diseases. The use of new technologies to capture data and better empower patients to make important lifestyle changes are needed."
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Oil spill still contaminating sensitive Mauritius mangroves three years on, study finds | ScienceDaily

Lead researcher Dr Alan Scarlett, from Curtin's WA Organic and Isotope Geochemistry Centre in the School of Earth and Planetary Sciences, said the chemical 'fingerprint' of the oil found in the mangrove sediments was a near-perfect match for the Very Low Sulphur Fuel Oil (VLSFO) spilled by the Wakashio in 2020 -- the first recorded spill involving this type of fuel.

"Local communities in Mauritius have been aware of oil contamination in the mangrove wetlands since the Wakashio spill, but no official confirmation had been made regarding the source," Dr Scarlett said.

"Identifying and acknowledging this contamination is crucial, both for the people of Mauritius and for global understanding, as little is known about how this new marine fuel behaves once spilled."

Dr Scarlett said samples from the mangrove wetlands, including a reference site thought to be unaffected by the spill, were analysed using advanced chemical techniques.

"We confirmed the reference site was free of oil contamination, while another site contained oil originating from the Wakashio's fuel tanks," Dr Scarlett said.

"We found the spilled oil had undergone substantial weathering and biodegradation in the three years since the accident and this had removed or reduced the levels of many of its toxic compounds.




"However, the ongoing presence of the oil could still pose an unknown risk to the sensitive mangrove ecosystem."

In a previous collaboration with the Woods Hole Oceanographic Institution, the Curtin research team obtained a unique chemical 'fingerprint' of the spilled oil, which enabled them to confirm its presence in the mangrove sediments.

The study also compared the behaviour of the Wakashio's VLSFO with traditional marine heavy fuel oils using models developed from the National Oceanic and Atmospheric Administration's oil spill scenario tool, WebGNOME-ADIOS.

"Our modelling suggested more of the Wakashio's fuel would evaporate, naturally disperse or sink compared to traditional fuels, but assessing the impact on organisms remains challenging," Dr Scarlett said.

The research, titled "Very Low Sulfur Fuel Oil spilled from the MV Wakashio in 2020 remains in sediments in a Mauritius mangrove ecosystem nearly three years after the grounding," was published in Marine Pollution Bulletin.
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Quantum mechanism identified as a key to accelerating ocean temperatures | ScienceDaily
Accelerating rates of heat uptake by oceans that don't fit current climate models can now be explained by quantum physics according to an Australian scientist.


						
In a recent paper published in the Journal of Physics Communications, Emeritus Professor in Applied Physics at the University of Technology Sydney (UTS) Geoff Smith puts forward a new "quantum thermal physics paradigm" to better understand the impact of global warming on oceans and thus on climate and weather.

Professor Smith said accumulated data over 70 years showed an accelerating rise in ocean temperatures and the total energy stored in oceans, with the world earlier this year passing what was described as a "foreboding milestone" -- a record global average sea surface temperature of 21.1degC.

"Current scientific models in the presence of ongoing rises in atmospheric greenhouse gasses do not predict this threatening acceleration," Professor Smith said.

"The solution to this conundrum is that the energy being stored in oceans is a combination of heat with energy which is nature's source of information on material properties.

"When ocean water is heated by radiation from the sun and the sky it stores energy not only as heat, but as hybrid pairs of photons coupled to oscillating water molecules.

"These pairs are a natural form of quantum information, different to the information researchers are pursuing in the development of quantum computing. This extra store of energy has always been present and aided ocean thermal stability prior to 1960.




"But now the average heat dissipated overnight from each day's heating is no longer stable as extra heat input from Earth's atmosphere raises both forms of stored energy."

Professor Smith said the apparent role of non-thermal energy in accelerating ocean temperatures now needs to be factored into climate models.

"Our current models for the thermal responses of built and natural outdoor systems may also need refining for improved comfort, less use of supplied energy, and better human, plant and animal health in a warming climate," Professor Smith said.

"In the end though the only way to slow, then stop an alarming temperature acceleration is to stop the rise in atmospheric greenhouse gases."
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Predicting the weather: New meteorology estimation method aids building efficiency | ScienceDaily
Due to the growing reality of global warming and climate change, there is increasing uncertainty around meteorological conditions used in energy assessments of buildings. Existing methods for generating meteorological data do not adequately handle the interdependence of meteorological elements, such as solar radiation, air temperature, and absolute humidity, which are important for calculating energy usage and efficiency.


						
To address this challenge, a research team at Osaka Metropolitan University's Graduate School of Human Life and Ecology -- comprising Associate Professor Jihui Yuan, Professor Emeritus Kazuo Emura, Dr. Zhichao Jiao, and Associate Professor Craig Farnham -- developed an innovative evaluation method. This method utilizes a statistical model to represent the interdependence of multiple factors, facilitating the generation of probabilistic meteorological data.

The researchers modeled the temperature, solar radiation, and humidity at noon each day, and then gradually expanded this to 24 hours and 365 days to generate a year's worth of meteorological data. The most notable aspect of this method is that it takes into account the interdependence of meteorological variables and improves the accuracy of building energy simulations. Their generated data was almost identical to the original data set, proving the method's accuracy.

"We hope this method will lead to the promotion of energy-efficient building design that can respond to various weather conditions," stated Professor Yuan.
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Brain test shows that crabs process pain | ScienceDaily
Researchers from the University of Gothenburg are the first to prove that painful stimuli are sent to the brain of shore crabs providing more evidence for pain in crustaceans. EEG style measurements show clear neural reactions in the crustacean's brain during mechanical or chemical stimulation.


						
In the search for a better welfare of animals that we humans kill for food, researchers at the University of Gothenburg have chosen to focus on decapod crustaceans. This includes shellfish delicacies such as prawns, lobsters, crabs and crayfish that we both catch wild and farm. Currently, shellfish are not covered by animal welfare legislation in EU, but this might be about to change. For a good reason, according to researchers.

"We need to find less painful ways to kill shellfish if we are to continue eating them. Because now we have scientific evidence that they both experience and react to pain," says Lynne Sneddon, zoophysiologist at the University of Gothenburg.

Several research groups have previously conducted a number of observational studies on crustaceans where they have been subjected to mechanical impact, electric shocks or acids to soft tissues such as the antennae. These crustaceans have reacted by touching the exposed area or trying to avoid the danger in repeated experiments, leading researchers to assume that they feel pain.

Pain receptors in the soft tissues

The researchers at the University of Gothenburg are the first to carry out neurobiological studies by measuring the activity in the brain of a shore crab, through an EEG style measurement.

"We could see that the crab has some kind of pain receptors in its soft tissues, because we recorded an increase in brain activity when we applied a potentially painful chemical, a form of vinegar, to the crab's soft tissues. The same happened when we applied external pressure to several of the crab's body parts," says Eleftherios Kasiouras, PhD student at the University of Gothenburg and lead author of the study published in the journal Biology.




The activity of the central nervous system in the brain was measured in the crab when the soft tissues of claws, antennae and legs were subjected to some form of stress. The responses show that shore crabs must have some form of pain signalling to the brain from these body parts. The pain response was shorter and more powerful in the case of physical stress than in the case of chemical stress, which lasted longer.

Allowed to cut up alive

"It is a given that all animals need some kind of pain system to cope by avoiding danger. I don't think we need to test all species of crustaceans, as they have a similar structure and therefore similar nervous systems. We can assume that shrimps, crayfish and lobsters can also send external signals about painful stimuli to their brain which will process this information," says Eleftherios Kasiouras.

The researchers point out that we need to find more humane ways to handle and even kill crustaceans. At present, it is allowed to cut up a crustacean alive, unlike the mammals we eat.

"We need more research to find less painful ways to kill shellfish," says Lynne Sneddon.
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Cancers grow uniformly throughout their mass, study finds | ScienceDaily
Researchers at the University of Cologne and the Centre for Genomic Regulation (CRG) in Barcelona have discovered that cancer grows uniformly throughout its mass, rather than at the outer edges. The work, published today in the journal eLife, challenges decades-old assumptions about how the disease grows and spreads.


						
"We challenge the idea that a tumour is a 'two-speed' entity with rapidly dividing cells on the surface and slower activity in the core. Instead, we show they are uniformly growing masses, where every region is equally active and has the potential to harbour aggressive mutations," says Dr. Donate Weghorn, co-corresponding author of the study and researcher at the Centre for Genomic Regulation in Barcelona.

"Our findings have implications for tumour evolution. The constant churn of cells dying and being replaced by new ones throughout the tumour volume gives cancer many opportunities for evolutionary innovations, such as escaping from immune surveillance," explains Prof. Johannes Berg, co-corresponding author of the study and researcher at the University of Cologne.

For the last fifty years, researchers have hypothesised that tumours grow faster at their outer edges. Cancer cells on the surface are thought to have natural advantages compared to cells deep within. For example, peripheral cells have better access to nutrients and oxygen from surrounding healthy tissues. They can also get rid of their waste more easily.

As a tumour grows, its centre gets further and further away from the blood vessels in the area where it is growing. The cells in a tumour's core get less and less oxygen and nutrients. The cells are also under more mechanical pressure, with compression limiting their ability to divide.

Despite this theory, the study found tumours grow throughout their mass. The researchers made the discovery thanks to spatial genomics, a technique used to study the genetic information of cells in their exact locations within a tissue. They obtained data from previous studies where hundreds of small samples were taken from different parts of liver tumours, both in two- and three-dimensional space. This provided a detailed map of the mutations throughout the tumour.

They looked at the mutations in each of the samples, and developed a method to measure the direction and spread of these mutations, allowing the researchers to calculate the angles between the positions of parent cells and their mutated offspring. In the surface growth model, these angles would point outwards. Instead, the researchers found the angles were spread evenly in all directions, showing uniform growth throughout the tumour.




The study also looked at how mutations were spread within the tumour. If cancer cells grew mostly at the edges, mutations would be more clustered. They found that mutations were spread out, suggesting that cells were dividing all over the tumour.

To validate their findings further, the researchers used computer simulations to create different virtual tumours, some with surface growth and others with volume growth. The researchers compared the patterns of mutations from the simulations to the patterns found in the real tumour data. They found that mutation patterns in the real tumours matched the patterns from the volume growth simulations but not the surface growth simulations.

One of the limitations of the study is that it focused on liver cancer, so the findings might not apply universally to all types of cancer. Another limitation is that the study mainly provides insights into the early stages of tumour growth, which might not fully capture the behaviour of larger or metastatic types of cancer.

"The emergence of mutants that confer resistance to therapy are an important aspect of clinical relevance. Our work focuses on early-stage tumour growth, but expanding the research to late-arising mutations can tell us more about those mutations and why they ultimately foil many therapeutic approaches," concludes Dr. Berg.
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        Nanorobot hand made of DNA grabs viruses for diagnostics and blocks cell entry
        A tiny, four-fingered 'hand' folded from a single piece of DNA can pick up the virus that causes COVID-19 for highly sensitive rapid detection and can even block viral particles from entering cells to infect them, researchers report. Dubbed the NanoGripper, the nanorobotic hand also could be programmed to interact with other viruses or to recognize cell surface markers for targeted drug delivery, such as for cancer treatment.

      

      
        Discovering the traits of extinct birds
        Analysis of 216 extinct species by biologists found birds endemic to islands, occupied ecologically specific niche, lacking flight, with large bodies and sharply angled wings were the ones likely to disappear the soonest after 1500.

      

      
        Moving 'hotspot' created world's longest straight underwater mountain belt
        New research has revealed that the Ninetyeast Ridge -- the Earth's longest straight underwater mountain chain -- formed through a different process than previously believed. Stretching 5000 km along the Indian Ocean's 90-degree east longitude and nearly matching the length of North America's Rocky Mountains, the ridge offers crucial new insights into the movement of the Earth's tectonic plates.

      

      
        'Genetic time machine' reveals complex chimpanzee cultures
        Chimpanzees are known for their remarkable intelligence and use of tools, but could their cultures also evolve over time like human cultures? A new, multidisciplinary study suggests that some of their most advanced behaviors may have been passed down and refined through generations.

      

      
        Simple secret to living a longer life
        Increasing physical activity levels could extend your life up to 11 more years according to new research using accelometry data. The study found that for the least active people in the population, a single one-hour walk could return a benefit of six additional hours of life.

      

      
        World's oldest lizard wins fossil fight
        A storeroom specimen that changed the origins of modern lizards by millions of years has had its identity confirmed.

      

      
        Unexplained heat-wave 'hotspots' are popping up across the globe
        A striking new phenomenon is emerging: distinct regions are seeing repeated heat waves that are so extreme, they fall far beyond what any model of global warming can predict or explain. A new study provides the first worldwide map of such regions, which show up on every continent except Antarctica like giant, angry skin blotches.

      

      
        Brain test shows that crabs process pain
        Researchers have demonstrated that painful stimuli are sent to the brain of shore crabs providing more evidence for pain in crustaceans. EEG style measurements show clear neural reactions in the crustacean's brain during mechanical or chemical stimulation.

      

      
        Astronomers may have discovered the answer to a mysterious stellar event
        Researchers have made a record-breaking astrophysical discovery while simultaneously uncovering a possible explanation for the rare and extreme astrophysical event known as long-period radio transients.

      

      
        Delay and pay: Climate tipping point costs quadruple after waiting
        The cost of reversing the effects of climate change -- restoring melted polar sea ice, for example -- quickly climbs nearly fourfold soon after a tipping point is crossed, according to new work. Much work has been done to explore the environmental costs tied to climate change. But this new study marks the first time researchers have quantified the costs of controlling tipping points before and after they unfold.

      

      
        Magnetic tornado is stirring up the haze at Jupiter's poles
        Dark ovals in Jupiter's polar haze, visible only at UV wavelengths, were first noticed 25 years ago, then ignored. A new study shows that these dark UV ovals are common, appearing at the south pole in 75% of Hubble Space Telescope images taken since 2015. They appear less often at the north pole. The scientists theorize that a magnetic vortex generated in the ionosphere stirs up and concentrates the hydrocarbon haze that blankets the poles.

      

      
        Uranus's swaying moons will help spacecraft seek out hidden oceans
        A new computer model can be used to detect and measure interior oceans on the ice covered moons of Uranus. The model works by analyzing orbital wobbles that would be visible from a passing spacecraft. The research gives engineers and scientists a slide-rule to help them design NASA's upcoming Uranus Orbiter and Probe mission.

      

      
        A clue to what lies beneath the bland surfaces of Uranus and Neptune
        When Voyager 2 flew by Uranus and Neptune 40 years ago, astronomers were surprised that it detected no global dipole magnetic fields, like Earth's. The explanation: the ice giants are layered and unmixed, which prevents large scale convection to create a dipole field. But what substances would remain immiscible? A scientist modeled the interiors and found that water-rich and hydrocarbon-rich layers naturally form at extreme pressure and temperature, and they do not mix.

      

      
        New study reveals the explosive secret of the squirting cucumber
        A team has solved a mystery that has intrigued scientists for centuries: how does the squirting cucumber squirt? The findings were achieved through a combination of experiments, high-speed videography, image analysis, and advanced mathematical modelling.

      

      
        Prehistoric hunter-gatherers heard the elks painted on rocks 'talking'
        Researchers performed acoustic impulse response measurements in front of 37 rock painting site and found that the same vertical rock surfaces that have the painted elks, humans and boats, are also effective sound reflectors.

      

      
        Focaccia: A Neolithic culinary tradition dating back 9,000 years ago
        A new study indicates that during the Late Neolithic, between 7000 and 5000 BCE, the fully agricultural communities in the Fertile Crescent region of the Near East, developed a complex culinary tradition that included the baking of large loaves of bread and 'focaccias' with different flavors on special trays known to archaeologists as husking trays.

      

      
        Bats' amazing plan B for when they can't hear
        When bats can't hear, new research finds that these hearing-dependent animals employ a remarkable compensation strategy.

      

      
        New AI tool generates realistic satellite images of future flooding
        With help from AI, scientists developed a method that generates satellite imagery from the future to depict how a region would look after a potential flooding event.

      

      
        Pandrug-resistant bacteria from the war in Ukraine are extremely pathogenic
        It has been a year ago since bacteria from war-wounded at hospitals in Ukraine were analyzed. The study showed that some of the bacteria types had total resistance to antibiotics. Now, the same researchers have examined the infectiousness of the bacteria. 'The bacterium 'Klebsiella pneumoniae', which is resistant to all antibiotics, is also particularly aggressive and dangerous,' says the lead author of the study.

      

      
        Novel supernova observations grant astronomers a peek into the cosmic past
        An international team of researchers has made new observations of an unusual supernova, finding the most metal-poor stellar explosion ever observed.

      

      
        Most energetic cosmic-ray electrons and positrons ever observed
        Scientists have recently identified electrons and positrons with the highest energies ever recorded on Earth. They provide evidence of cosmic processes emitting colossal amounts of energy, the origins of which are as yet unknown.

      

      
        New gene drive reverses insecticide resistance in pests... then disappears
        Geneticists have developed a gene drive-based solution to the widespread problem of insecticide resistance. In an effort to protect valuable crops, the researchers created an 'e-Drive' that reverses insecticide resistance and then disappears from the insect population.

      

      
        Ancient hot water on Mars points to habitable past
        New research has uncovered what may be the oldest direct evidence of ancient hot water activity on Mars, revealing the planet may have been habitable at some point in its past.

      

      
        Early Mesoamericans trapped fish far earlier than previously thought
        Archaeologists have collected data which indicates the presence of a large-scale pre-Columbian fish-trapping facility. Discovered in the Crooked Tree Wildlife Sanctuary (CTWS), the largest inland wetland in Belize, the team dated the construction of these fisheries to the Late Archaic period (cal. 2000-1900 BCE), pre-dating Amazonian examples by a thousand years or more.

      

      
        Animal characters can boost young children's psychological development
        A study has shown that iconic characters such as Peter Rabbit -- or Toad and Ratty from The Wind in the Willows -- can also play an important role in the development of children's theory of mind skills, which include the ability to read and predict social changes in the environment through tone of voice, choice of words, or facial expression.

      

      
        3.2 million km/h galaxy smash-up
        A massive collision of galaxies sparked by one travelling at a scarcely-believable 2 million mph (3.2 million km/h) has been seen in unprecedented detail by one of Earth's most powerful telescopes. The dramatic impact was observed in Stephan's Quintet, a nearby galaxy group made up of five galaxies first sighted almost 150 years ago. It sparked an immensely powerful shock akin to a 'sonic boom from a jet fighter' -- the likes of which are among the most striking phenomena in the Universe.

      

      
        The human heart may have a hidden ability to repair itself
        After severe heart failure, the ability of the heart to heal by forming new cells is very low. However, after receiving treatment with a supportive heart pump, the capacity of a damaged heart to repair itself with new muscle cells becomes significantly higher, even higher than in a healthy heart.

      

      
        A nearby supernova could end the search for dark matter
        Axions are the most likely candidate for enigmatic dark matter that dominates the universe. Astrophysicists are searching for evidence of high-mass axions produced during supernovae. Scientists propose that a quick way to find these axions is to look for a gamma ray burst coincident with a neutrino burst from a nearby core collapse supernova. But we need a fleet of gamma ray telescopes to insure we capture these rare events.

      

      
        Chemists create world's thinnest 'spaghetti'
        The world's thinnest spaghetti, about 200 times thinner than a human hair, has been created.

      

      
        Fewer than 7% of global hotspots for whale-ship collisions have protection measures in place
        A new study has quantified the risk for whale-ship collisions worldwide for four geographically widespread ocean giants that are threatened by shipping: blue, fin, humpback and sperm whales. Researchers report that global shipping traffic overlaps with about 92% of these whale species' ranges. Only about 7% of areas at highest risk for whale-ship collisions have any measures in place to protect whales from this threat. These measures include speed reductions, both mandatory and voluntary, for shi...

      

      
        Researchers identify previously unknown compound in drinking water
        Researchers have reported the discovery of a previously unknown compound in chloraminated drinking water. Inorganic chloramines are commonly used to disinfect drinking water to safeguard public health from diseases like cholera and typhoid fever.

      

      
        New imaging method enables detailed RNA analysis of the whole brain
        Researchers have developed a groundbreaking microscopy method that enables detailed three-dimensional (3D) RNA analysis at cellular resolution in whole intact mouse brains. The new method, called TRISCO, has the potential to transform our understanding of brain function, both in normal conditions and in disease, according to the new study.
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Nanorobot hand made of DNA grabs viruses for diagnostics and blocks cell entry | ScienceDaily
A tiny, four-fingered "hand" folded from a single piece of DNA can pick up the virus that causes COVID-19 for highly sensitive rapid detection and can even block viral particles from entering cells to infect them, University of Illinois Urbana-Champaign researchers report. Dubbed the NanoGripper, the nanorobotic hand also could be programmed to interact with other viruses or to recognize cell surface markers for targeted drug delivery, such as for cancer treatment.


						
Led by Xing Wang, a professor of bioengineering and of chemistry at the U. of I., the researchers describe their advance in the journal Science Robotics.

Inspired by the gripping power of the human hand and bird claws, the researchers designed the NanoGripper with four bendable fingers and a palm, all in one nanostructure folded from a single piece of DNA. Each finger has three joints, like a human finger, and the angle and degree of bending are determined by the design on the DNA scaffold.

"We wanted to make a soft material, nanoscale robot with grabbing functions that never have been seen before, to interact with cells, viruses and other molecules for biomedical applications," Wang said. "We are using DNA for its structural properties. It is strong, flexible and programmable. Yet even in the DNA origami field, this is novel in terms of the design principle. We fold one long strand of DNA back and forth to make all of the elements, both the static and moving pieces, in one step."

The fingers contain regions called DNA aptamers that are specially programmed to bind to molecular targets -- the spike protein of the virus that causes COVID-19, for this first application  -- and trigger the fingers to bend to wrap around the target. On the opposite side, where the wrist would be, the NanoGripper can attach to a surface or other larger complex for biomedical applications such as sensing or drug delivery.

To create a sensor to detect the COVID-19 virus, Wang's team partnered with a group led by Illinois electrical and computer engineering professor Brian Cunningham, who specializes in biosensing. They coupled the NanoGripper with a photonic crystal sensor platform to create a rapid, 30-minute COVID-19 test matching the sensitivity of the gold-standard qPCR molecular tests used by hospitals, which are more accurate than at-home tests but take much longer.

"Our test is very fast and simple since we detect the intact virus directly," Cunningham said. "When the virus is held in the NanoGripper's hand, a fluorescent molecule is triggered to release light when illuminated by an LED or laser. When a large number of fluorescent molecules are concentrated upon a single virus, it becomes bright enough in our detection system to count each virus individually."

In addition to diagnostics, the NanoGripper could have applications in preventive medicine by blocking viruses from entering and infecting cells, Wang said. The researchers found that when NanoGrippers were added to cell cultures that were then exposed to COVID-19, multiple grippers would wrap around the outside of the viruses. This blocked the viral spike proteins from interacting with receptors on the cells' surface, preventing infection.




"It would be very difficult to apply it after a person is infected, but there's a way we could use it as a preventive therapeutic," Wang said. "We could make an anti-viral nasal spray compound. The nose is the hot spot for respiratory viruses, like COVID or influenza. A nasal spray with the NanoGripper could prevent inhaled viruses from interacting with the cells in the nose."

The NanoGripper could easily be engineered to target other viruses, such as influenza, HIV or hepatitis B, Wang said. In addition, Wang envisions using the NaoGripper for targeted drug delivery. For example, the fingers could be programmed to identify specific cancer markers, and grippers could carry cancer-fighting treatments directly to the target cells.

"This approach has bigger potential than the few examples we demonstrated in this work," Wang said. "There are some adjustments we would have to make with the 3D structure, the stability and the targeting aptamers or nanobodies, but we've developed several techniques to do this in the lab. Of course it would require a lot of testing, but the potential applications for cancer treatment and the sensitivity achieved for diagnostic applications showcase the power of soft nanorobotics."

The National Institutes of Health and the National Science Foundation supported this work. Wang and Cunningham are affiliated with the Carl R. Woese Institute for Genomic Biology and the Holonyak Micro and Nanotechnology Lab at the U. of I.

Editor's note: To reach Xing Wang, email @illinois.edu" title="mailto:xingw@illinois.edu">xingw@illinois.edu.

The paper "Bioinspired designer DNA NanoGripper for virus sensing and potential inhibition" is available from @aaas.org" title="mailto:robopak@aaas.org">robopak@aaas.org. DOI: 10.1126/scirobotic

This work was supported in part by NIH grants R21EB031310, R44DE030852 and R21AI166898.
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Discovering the traits of extinct birds | ScienceDaily
Looking to inform the conservation of critically endangered bird species, University of Utah biologists completed an analysis identifying traits that correlate with all 216 bird extinctions since 1500.


						
Species most likely to go extinct sooner were endemic to islands, lacked the ability to fly, had larger bodies and sharply angled wings, and occupied ecologically specific niches, according to research published this month.

While some of these findings mirror previous research on extinct birds, they are the first to correlate bird traits with the timing of extinctions, said lead author Kyle Kittelberger, a graduate student in the School of Biological Sciences.

"I've been very interested in extinctions and understanding the species that we've lost and trying to get a sense of how we can use the past to better inform the present and future," said Kittelberger, who is completing his dissertation on how the bodies and wings of certain species of migratory songbirds have changed in response to climate change.

His team's analysis tapped into BirdBase, a dataset of ecological traits for the world's 11,600+ bird species compiled by U biology professor Ca?an ?ekercio?lu and the Biodiversity and Conservation Ecology Lab at the U. The team simultaneously analyzed a broad range of biogeographical, ecological and life history traits previously associated with extinction and extinction risk for bird species that have gone extinct as well as those that lack recent confirmed sightings and have therefore disappeared.

"Importantly, we examine biological correlates of bird extinctions through the lens of when birds went extinct, providing a novel extinction timing element that helps better inform why birds with certain traits disappeared when they did," Kittelberger wrote in a series of posts on X. By identifying traits that most predispose birds to extinction, the findings can help guide conservation efforts of hundreds of species that are at peril.

"One of the strengths of the approach that we use is we compared all of these traits simultaneously against each other, whereas a lot of previous studies in the literature just look at traits in isolation."

While only around 2% of the world's bird species have gone extinct since 1500, the year Kittelberger's analysis begins, even more had already disappeared by then. Before 1500, however, there is not as reliable a record of the birds that went extinct and data on their traits and characteristics.




This timing coincides with the rise of scientific observation, resulting in a systematic documentation of plant and animal life. It is also the time when European exploration took off, leading to the disruption of ecosystems around the globe as a result of colonization and introduced species.

Today, 1,314 bird species are at risk of extinction, according to the IUCN Red List of Threatened Species, or about 12% of the total.

Many species, such as the 'Akikiki (Oreomystis bairdi), endemic to the Hawaiian island of Kauai, are so rare that they are functionally extinct. Kittelberger photographed the pictured 'Akikiki, also called Kauai's creeper, in the Alaka'i Wilderness Preserve in 2022, when it was believed around 70 or so remained in the wild; today, only one individual remains.

The proportion of 216 bird species globally extinct or likely lost since 1500 that were endemic to a region, found solely on islands, and were either flightless or partially flightless, as well as the breakdown of species by primary habitat or diet.

As with many other Hawaiian bird species, the main threat to the 'Akikiki comes in the form of introduced species, principally malaria-carrying mosquitoes and habitat-wrecking livestock, according to Hawaii's Division of Forestry and Wildlife.

The single most critical trait associated with extinction is insularity, those species endemic to islands. Other traits that appear to increase extinction risk, such as body size, wing shape and ecological specialization, are also associated with island insularity.




Pacific islands are home to a vast array of endemic species, many of which are now on the IUCN list. No archipelago has seen more loss of avian biodiversity than Hawaii, which accounts for 34 post-1500 extinctions, according to the study.

The bird family that experienced the most extinctions is Rallidae, or rails, which are globally distributed medium-sized semi-amphibious bird species. This family lost 26 members, while the entire line of the Mohoidae family, small nectar-sipping songbirds commonly known as Hawaiian honeyeaters, is completely gone (the only bird family to go fully extinct in modern times). The family's last member, the Kauai O'o (Moho braccatus), was last observed in 1987.

The finding that did surprise Kittelberger's team was the correlation of wing shape to extinction. They found that bird species with a larger hand-wing index, that is more pointed wings, were more likely to have vanished earlier. Since pointier wings indicate stronger flying and dispersal abilities, the team predicted such birds would be better equipped to respond to environmental pressures than those with rounder wings.

Yet birds with rounder wings, those with smaller hand-wing ratios, proved to be more resilient.

"It likely ties with the fact that a lot of these birds that went extinct were on islands. For these species or their ancestors to have arrived at these islands to begin with, they would've needed the ability to fly across large, open distances. So a lot of these birds on islands have, not necessarily longer, but more pointed wings," Kittelberger said. "Think of a swift or a swallow or a bird like an albatross that flies over the ocean. They have really pointy wings that allow them to fly really well, whereas birds in dense tropical rainforests are not flying these large distances, so they have rounded wings because they're just moving in their local habitat patches."

Ecological specialists, as opposed to generalists, face great challenges when their specific ecological niche is altered, so they tend to be less able to respond and adapt to disturbances, like invasive species or disruption of a food source.

In other findings, the study concluded more than 87% were endemic to islands; nearly two-thirds inhabited forests; 45% ate primarily insects and other invertebrates; and 20% were completely or partially flightless. Finally, species with big bodies were overly represented on the extinct list.

"Heavier birds have been more likely to be targeted for hunting, with several well-known examples of birds being hunted to extinction in part for food, including the Dodo, Great Auk (Pinguinus impennis), and Spectacled Cormorant (Urile perspicillatus)," the study said. "Body mass has also been linked with a species' inhabitance of islands, as island birds tend to be larger than mainland species." Of the 43 species whose average body weight exceeded 500 grams, or 1.1 pounds, three-quarters were endemic to an island.

The decade of the 1890s saw the highest number on extinctions, with 21 recorded. The 1980s was another bad decade for bird loss with 20 species, including the Kauai O'o. This latter decade "is noteworthy since focused and targeted conservation efforts were already underway globally before and during this period," the study said. "Though the rate of extinction declined in the subsequent decades, the number of globally threatened species has only increased."

The study, "Correlates of avian extinction timing around the world since 1500 CE," was published Nov. 7 in the journal Avian Research. The research team included Colby J. Tanner, Amy N. Buxton, Amira Prewett and Ca?an ?ekercio?lu. Support for this research came from the University of Utah's Graduate Research Fellowship.
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Moving 'hotspot' created world's longest straight underwater mountain belt | ScienceDaily
New Curtin University research has revealed that the Ninetyeast Ridge -- the Earth's longest straight underwater mountain chain -- formed through a different process than previously believed.


						
Stretching 5000km along the Indian Ocean's 90-degree east longitude and nearly matching the length of North America's Rocky Mountains, the ridge offers crucial new insights into the movement of the Earth's tectonic plates.

Co-author Dr Hugo Olierook from Curtin's School of Earth and Planetary Sciences said high-precision dating of minerals extracted from the ridge shows it formed between 83 and 43 million years ago as a massive volcanic chain, with its oldest sections in the north, near India.

"Unlike most volcanic hotspots that remain stationary in the mantle and create volcanic trails as tectonic plates drift over them, this study found that the hotspot responsible for the Ninetyeast Ridge moved by several hundred kilometres within the mantle over time," Dr Olierook said.

"This kind of hotspot movement is thought to be common but is hard to prove and has only previously been demonstrated for a few hotspots in the Pacific Ocean, making this the first documented case in the Indian Ocean."

This discovery not only revises the estimated age and origin of the ridge but also helps scientists to create more accurate models of how Earth's tectonic plates have shifted over millions of years.

Co-author Professor Fred Jourdan, from Curtin's School of Earth and Planetary Sciences and the John de Laeter Centre, said precise dating techniques were vital to understanding Earth's geological past.




"For years, rough age estimates of the Ninetyeast Ridge have been used to construct models of how Earth's tectonic plates moved and reconfigured," Professor Jourdan said.

"By using high-precision dating we can refine these models significantly, leading to better insights into ancient continental movements."

A PhD student at Curtin's School of Earth and Planetary Sciences at the time of the study, lead author Associate Professor Qiang Jiang from the China University of Petroleum said in order to better predict the occurrence of natural disasters such as earthquakes and volcanic eruptions, it was important to know precisely how the internal plumbing of the Earth works.

"Currently, this is far from being the case, so studies like this one are a major step in the right direction," Associate Professor Jiang said.
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'Genetic time machine' reveals complex chimpanzee cultures | ScienceDaily
Chimpanzees are known for their remarkable intelligence and use of tools, but could their cultures also evolve over time like human cultures? A new, multidisciplinary study led by the University of Zurich suggests that some of their most advanced behaviors may have been passed down and refined through generations.


						
In recent decades, scientists have clearly demonstrated that chimpanzees, like humans, pass on complex cultures such as tool use from generation to generation. But human culture has become vastly more sophisticated, from the Stone Age to the Space Age, as new advances have been incorporated. Chimpanzee cultures haven't changed in the same way, which suggests that only humans have the remarkable ability to build more sophisticated cultures over time.

Scientists studying chimpanzees in the wild, however, have disputed this, suggesting that some of chimpanzees' most complex technologies, in which they use multiple tools in sequence to extract hidden food sources, were probably built on previous knowledge over time.

Tracing genetic links

"As most chimpanzee tools, such as sticks and stems, are perishable, there are few records of their history to confirm this hypothesis -- unlike human cases such as the evolution of the wheel or computer technology," says lead author Cassandra Gunasekaram from the Department of Evolutionary Anthropology at the University of Zurich.

For the new study, a team of anthropologists, primatologists, physicists and geneticists from universities and research institutions in Zurich, St. Andrews, Barcelona, Cambridge, Konstanz and Vienna joined forces to trace genetic links between chimpanzee populations over thousands of years, using new discoveries in genetics to uncover key pieces of chimpanzee cultural history in ways never before imagined.

Early stages of cumulative culture

The authors collected information on markers of genetic similarity -- genetic evidence of links between different groups of chimpanzees -- as well as a range of foraging behaviors previously reported to be culturally learned, from a total of 35 chimpanzee study sites across Africa. They grouped these behaviors into those that required no tools; those that required simple tools, such as using a leaf sponge to get water from a tree hole; and the most complex behaviors that relied on a toolset.




Trading toolsets across generations

"As an example of such a toolset, chimpanzees in the Congo region first use a strong stick to dig a deep tunnel through hard soil to reach an underground termite nest," explains Gunasekaram. "Next, they make a 'fishing' probe by pulling a long plant stem through their teeth to form a brush-like tip, pressing it into a point and deftly threading it down the tunnel they've made. They then pull it out and nibble off any defending termites that have bitten into it."

"We made the surprising discovery that it is the most complex chimpanzee technologies -- the use of entire 'toolsets' -- that are most strongly linked across now distant populations," says corresponding author Andrea Migliano, professor of evolutionary anthropology at UZH. "This is exactly what would be predicted if these more advanced technologies were rarely invented and even less likely to be reinvented, and therefore more likely to have been transmitted between groups."

How female migrations spread innovation

In chimpanzees, it is sexually maturing females, rather than males, who migrate to new communities to avoid inbreeding. In this way, genes are spread between neighboring groups and then further afield over the years, centuries and millennia. The study authors discovered that it would be these same female migrations that could spread any new cultural advances to communities that lacked them.

The study also showed that when both complex toolsets and their simpler versions (i.e., mostly the components of the toolsets) occur at different study sites, the genetic markers indicate that the sites were connected in the past by female migrations. This suggests that the complex versions were built cumulatively by adding to or modifying the simple ones. "These groundbreaking discoveries provide a new way to demonstrate that chimpanzees have a cumulative culture, albeit at an early stage of development," Migliano adds.
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Simple secret to living a longer life | ScienceDaily
If everyone in the United States population was as active as the top 25 per cent, individuals over the age of 40 could add five years to their life, according to a new study led by Griffith University researchers.


						
Physical activity has long been known to be good for health, however estimates have varied regarding how much benefit could be gained from a defined amount of activity, both for individuals and for populations.

This latest study used accelerometry to gain an accurate view of the population's physical activity levels instead of relying on survey responses as per other studies, and found the benefits were around twice as strong as previous estimates.

It found the most active quarter of people in the community had a 73 per cent lower risk of death than their least active counterparts.

For that least active quartile, a single one-hour walk could potentially return a benefit of around six additional hours of life.

Lead researcher Professor Lennert Veerman said this least-active cohort had the greatest potential for health gains.

"If you're already very active or in that top quartile, an extra hour's walk may not make much difference as you've, in a sense, already 'maxxed out' your benefit," he said.




"If the least active quartile of the population over age 40 were to increase their activity level to that of the most active quartile however, they might live, on average, about 11 years longer.

"This is not an unreasonable prospect, as 25 per cent of the population is already doing it.

"It can be any type of exercise but would roughly be the equivalent of just under three hours of walking per day."

The research team suggested low levels of physical activity could even rival the negative effects of smoking, with other research finding each cigarette could take 11 minutes from a smoker's life.

By extension, a more active lifestyle could also offer protective effects against heart disease, stroke, certain cancers and other chronic illnesses, with the study's findings highlighting a need for national physical activity guidelines to be revisited using these methods.

Dr Veerman said physical activity had been vastly underestimated in its capacity to improve health outcomes, suggesting even modest increases in movement could lead to significant life-extension benefits.

"If there's something you could do to more than halve your risk of death, physical activity is enormously powerful," he said.

"If we could increase investment in promoting physical activity and creating living environments that promote it such as walkable or cyclable neighbourhoods and convenient, affordable public transport systems, we could not only increase longevity but also reduce pressure on our health systems and the environment."
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World's oldest lizard wins fossil fight | ScienceDaily
A storeroom specimen that changed the origins of modern lizards by millions of years has had its identity confirmed.


						
The tiny skeleton, unearthed from Triassic-aged rocks in a quarry near Bristol, is at least 205 million years old and the oldest modern-type lizard on record.

Recently, the University of Bristol team's findings came under question, but fresh analysis, published today in Royal Society Open Science, proves that the fossil is related to modern anguimorphs such as anguids and monitors. The discovery shifts the origin of the whole lizard-snake group, called Squamata, back by 35 million years.

In the original study, Dr David Whiteside, Dr Sofia Chambi-Trowell and Professor Mike Benton, named the little critter Cryptovaranoides microlanius, meaning 'hidden lizard, small butcher' because of its identification as a lizard and its sharp teeth, probably used for cutting up prey animals for food. The Bristol team identified many anatomical features of the skull and skeleton that allowed them to place it well within Squamata, and even close to the Anguimorpha.

"We knew our paper would be controversial," explained Dr Whiteside. "But we were confident that we had looked at every possible feature and compared it with everything we could."

Professor Benton said: "We were therefore surprised, perhaps even shocked, that in 2023 another team of academics suggested that Cryptovaranoides was not a lizard or even a lizard relative, but in fact an archosauromorph, more closely related to crocodilians and dinosaurs."

In checking their original work, and the questions posed in the rival paper, the Bristol team explored all the data, including the original specimen as well as the X-ray scans that show the details hidden within the rock. "We had the marvellous images from those CT scans as well as further access to the fossil which enabled us to check all their suggestions," said Dr Chambi-Trowell. "We found that most of the concerns raised were wrong."

Professor Benton added: "All the details of the skull, the jaws, the teeth, and the limb bones confirm that Cryptovaranoides is a lizard, not an archosauromorph.




"In our new paper, we provide great detail of every criticism made and we provide more photographs of the specimen and 3D images from the scans, so everyone can check the detail."

Dr Whiteside concluded: "The result of all this had to be tested by a phylogenetic analysis.

"This is where we code hundreds of anatomical features in Cryptovaranoides and other modern and fossil lizards, as well as various archosauromorphs.

"We ran the analysis time after time, and it gave our original result, that the little Bristol reptile is indeed the world's oldest modern-type lizard."
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Unexplained heat-wave 'hotspots' are popping up across the globe | ScienceDaily
Earth's hottest recorded year was 2023, at 2.12 degrees F above the 20th-century average. This surpassed the previous record set in 2016. So far, the 10 hottest yearly average temperatures have occurred in the past decade. And, with the hottest summer and hottest single day, 2024 is on track to set yet another record.


						
All this may not be breaking news to everyone, but amid this upward march in average temperatures, a striking new phenomenon is emerging: distinct regions are seeing repeated heat waves that are so extreme, they fall far beyond what any model of global warming can predict or explain. A new study provides the first worldwide map of such regions, which show up on every continent except Antarctica like giant, angry skin blotches. In recent years these heat waves have killed tens of thousands of people, withered crops and forests, and sparked devastating wildfires.

"The large and unexpected margins by which recent regional-scale extremes have broken earlier records have raised questions about the degree to which climate models can provide adequate estimates of relations between global mean temperature changes and regional climate risks," says the study.

"This is about extreme trends that are the outcome of physical interactions we might not completely understand," said lead author Kai Kornhuber, an adjunct scientist at the Columbia Climate School's Lamont-Doherty Earth Observatory. "These regions become temporary hothouses." Kornhuber is also a senior research scholar at the International Institute for Applied Systems Analysis in Austria.

The study was just published in the journal Proceedings of the National Academy of Sciences.

The study looks at heat waves over the past 65 years, identifying areas where extreme heat is accelerating considerably faster than more moderate temperatures. This often results in maximum temperatures that have been repeatedly broken by outsize, sometimes astonishing, amounts. For instance, a nine-day wave that hammered the U.S. Pacific Northwest and southwestern Canada in June 2021 broke daily records in some locales by 30 degrees C, or 54 F. This included the highest ever temperature recorded in Canada, 121.3 F, in Lytton, British Columbia. The town burned to the ground the next day in a wildfire driven in large part by the drying of vegetation in the extraordinary heat. In Oregon and Washington state, hundreds of people died from heat stroke and other health conditions.

These extreme heat waves have been hitting predominantly in the last five years or so, though some occurred in the early 2000s or before. The most hard-hit regions include populous central China, Japan, Korea, the Arabian peninsula, eastern Australia and scattered parts of Africa. Others include Canada's Northwest Territories and its High Arctic islands, northern Greenland, the southern end of South America and scattered patches of Siberia. Areas of Texas and New Mexico appear on the map, though they are not at the most extreme end.




According to the report, the most intense and consistent signal comes from northwestern Europe, where sequences of heat waves contributed to some 60,000 deaths in 2022 and 47,000 deaths in 2023. These occurred across Germany, France, the United Kingdom, the Netherlands and other countries. Here, in recent years, the hottest days of the year are warming twice as fast the summer mean temperatures. The region is especially vulnerable in part because, unlike places like the United States, few people have air conditioning, because traditionally it was almost never needed. The outbreaks have continued; as recently as this September, new maximum temperature records were set in Austria, France, Hungary, Slovenia, Norway and Sweden.

The researchers call the statistical trends "tail-widening" that is, the anomalous occurrence of temperatures at the far upper end, or beyond, anything that would be expected with simple upward shifts in mean summer temperatures. But the phenomenon is not happening everywhere; the study shows that maximum temperatures across many other regions are actually lower than what models would predict. These include wide areas of the north-central United States and south-central Canada, interior parts of South America, much of Siberia, northern Africa and northern Australia. Heat is increasing in these regions as well, but the extremes are increasing at similar or lower speed than what changes in average would suggest.

Climbing overall temperatures make heat waves more likely in many cases, but the causes of the extreme heat outbreaks are not entirely clear. In Europe and Russia, an earlier study led by Kornhuber blamed heat waves and droughts on wobbles in the jet stream, a fast-moving river of air that continuously circles the northern hemisphere. Hemmed in by historically frigid temperatures in the far north and much warmer ones further south, the jet stream generally confines itself to a narrow band. But the Arctic is warming on average far more quickly than most other parts of the Earth, and this appears to be destabilizing the jet stream, causing it to develop so-called Rossby waves, which suck hot air from the south and park it in temperate regions that normally do not see extreme heat for days or weeks at a time.

This is only one hypothesis, and it does not seem to explain all the extremes. A study of the fatal 2021 Pacific Northwest/southwestern Canada heat wave led by Lamont-Doherty graduate student Samuel Bartusek (also a coauthor on the latest paper) identified a confluence of factors. Some seemed connected to long-term climate change, others to chance. The study identified a disruption in the jet stream similar to the Rossby waves thought to affect Europe and Russia. It also found that decades of slowly rising temperatures had been drying out regional vegetation, so that when a spell of hot weather came along, plants had fewer reserves of water to evaporate into the air, a process that helps moderate heat. A third factor: a series of smaller-scale atmospheric waves that gathered heat from the Pacific Ocean surface and transported it eastward onto land. Like Europe, few people in this region have air conditioning, because it is generally not needed, and this probably upped the death toll.

The heat wave "was so extreme, it's tempting to apply the label of a 'black swan' event, one that can't be predicted," said Bartusek. "But there's a boundary between the totally unpredictable, the plausible and the totally expected that's hard to categorize. I would call this more of a grey swan."

While the wealthy United States is better prepared than many other places, excessive heat nevertheless kills more people than all other weather-related causes combined, including hurricanes, tornadoes and floods. According to a study out this past August, the yearly death rate has more than doubled since 1999, with 2,325 heat-related deaths in 2023. This has recently led to calls for heat waves to be named, similar to hurricanes, in order to heighten public awareness and motivate governments to prepare.

"Due to their unprecedented nature, these heat waves are usually linked to very severe health impacts, and can be disastrous for agriculture,vegetation and infrastructure," said Kornhuber. "We're not built for them, and we might not be able to adapt fast enough."

The study was also coauthored by Richard Seager and Mingfang Ting of Lamont-Doherty Earth Observatory, and H.J. Schellnhuber of the International Institute for Applied Systems Analysis.
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Brain test shows that crabs process pain | ScienceDaily
Researchers from the University of Gothenburg are the first to prove that painful stimuli are sent to the brain of shore crabs providing more evidence for pain in crustaceans. EEG style measurements show clear neural reactions in the crustacean's brain during mechanical or chemical stimulation.


						
In the search for a better welfare of animals that we humans kill for food, researchers at the University of Gothenburg have chosen to focus on decapod crustaceans. This includes shellfish delicacies such as prawns, lobsters, crabs and crayfish that we both catch wild and farm. Currently, shellfish are not covered by animal welfare legislation in EU, but this might be about to change. For a good reason, according to researchers.

"We need to find less painful ways to kill shellfish if we are to continue eating them. Because now we have scientific evidence that they both experience and react to pain," says Lynne Sneddon, zoophysiologist at the University of Gothenburg.

Several research groups have previously conducted a number of observational studies on crustaceans where they have been subjected to mechanical impact, electric shocks or acids to soft tissues such as the antennae. These crustaceans have reacted by touching the exposed area or trying to avoid the danger in repeated experiments, leading researchers to assume that they feel pain.

Pain receptors in the soft tissues

The researchers at the University of Gothenburg are the first to carry out neurobiological studies by measuring the activity in the brain of a shore crab, through an EEG style measurement.

"We could see that the crab has some kind of pain receptors in its soft tissues, because we recorded an increase in brain activity when we applied a potentially painful chemical, a form of vinegar, to the crab's soft tissues. The same happened when we applied external pressure to several of the crab's body parts," says Eleftherios Kasiouras, PhD student at the University of Gothenburg and lead author of the study published in the journal Biology.




The activity of the central nervous system in the brain was measured in the crab when the soft tissues of claws, antennae and legs were subjected to some form of stress. The responses show that shore crabs must have some form of pain signalling to the brain from these body parts. The pain response was shorter and more powerful in the case of physical stress than in the case of chemical stress, which lasted longer.

Allowed to cut up alive

"It is a given that all animals need some kind of pain system to cope by avoiding danger. I don't think we need to test all species of crustaceans, as they have a similar structure and therefore similar nervous systems. We can assume that shrimps, crayfish and lobsters can also send external signals about painful stimuli to their brain which will process this information," says Eleftherios Kasiouras.

The researchers point out that we need to find more humane ways to handle and even kill crustaceans. At present, it is allowed to cut up a crustacean alive, unlike the mammals we eat.

"We need more research to find less painful ways to kill shellfish," says Lynne Sneddon.
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Astronomers may have discovered the answer to a mysterious stellar event | ScienceDaily
Researchers from the Curtin node of the International Centre for Radio Astronomy Research (ICRAR) have made a record-breaking astrophysical discovery while simultaneously uncovering a possible explanation for the rare and extreme astrophysical event known as long-period radio transients.


						
Associate Professor Natasha Hurley-Walker, along with Csanad Horvath, a Curtin undergraduate student at the time, discovered a pulse of bright energy coming from deep space among archival low-frequency data from the MWA (Murchison Widefield Array), a precursor radio telescope to the SKAO (Square Kilometre Array Observatory). The energy pulse occurs every three hours and lasts 30-60 seconds, making this the longest-period radio transient ever detected.

Long-period radio transients are relatively new to science, and it has been an ongoing mystery how they generate radio waves. With this discovery, researchers believe they have also identified the probable source of the energy burst, potentially shedding light on the long radio transients.

All other previously discovered transients have been deep within our busy galaxy, surrounded by stars, making it challenging to determine precisely what is generating the radio waves.

Associate Professor Hurley-Walker explains, "The long-period transients are very exciting, and for astronomers to understand what they are, we need an optical image. However, when you look toward them, there are so many stars lying in the way that it's like 2001: A Space Odyssey. 'My god, it's full of stars!'."

In a stroke of good fortune, the newly discovered transient, named GLEAM-X J0704-37, was found on the outskirts of our galaxy, in a much emptier region of space in the Puppis constellation, around 5000 light years away.

"Our new discovery lies far off the Galactic Plane, so there are only a handful of stars nearby, and we're now certain one star system, in particular, is generating the radio waves."

The team was able to pinpoint the location of the radio waves to one specific star using another SKA precursor, the MeerKAT telescope in South Africa. Following up with the SOAR observatory in Chile, they determined the star's spectrum, finding it was a low-mass star, an 'M dwarf'.




This finding both created and answered some pressing questions. Associate Professor Hurley-Walker explains, "An M dwarf alone couldn't generate the amount of energy we're seeing.

"The M dwarfs are low-mass stars that have a mere fraction of the Sun's mass and luminosity. They constitute 70 per cent of the stars in the Milky Way, but not one of them is visible to the naked eye."

"Our data suggests that it is in a binary with another object, which is likely to be a white dwarf, the stellar core of a dying star. Together, they power radio emission."

Astronomers have detected similar pairs of objects, like this one discovered in 2016, but had not previously linked them to long period radio transients. Credit: ESO/L. Calcada/University of Warwick

The team is working on follow-up observations that will conclusively determine the nature of the system, and the explanation of this extreme astrophysical event.

Upon digging through the MWA archives, the astronomers found that GLEAM-X J0704-37 has been active for at least ten years since the MWA started observing; however, it could have been active and undiscovered for even longer, implying there are still many more to be found in archives around the world.

MWA Director, Professor Steven Tingay, said, "These long-period radio transients are new scientific discoveries and the MWA has fundamentally enabled the discoveries."

"The MWA has a 55-petabyte archive of observations that provide a decade-long record of our Universe. It is like having the data storage equivalent of 55,000 high-end home computers -- one of the biggest single collections of science data in the world. It is an absolute gold mine for discovering more phenomena in our Universe, and the data are a playground for astronomers," Professor Tingay said
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Delay and pay: Climate tipping point costs quadruple after waiting | ScienceDaily
Tip the first tile in a line of dominoes and you'll set off a chain reaction, one tile falling after another. Cross a tipping point in the climate system and, similarly, you might spark a cascading set of consequences like hastened warming, rising sea levels and increasingly extreme weather.


						
It turns out there's more to weigh than catastrophic environmental change as tipping points draw near, though. Another point to consider, a new study reveals, is the cost of undoing the damage.

The cost of reversing the effects of climate change -- restoring melted polar sea ice, for example -- quickly climbs nearly fourfold soon after a tipping point is crossed, according to new work published today in the journal npj Climate and Atmospheric Science. Much work has been done to explore the environmental costs tied to climate change. But this new study marks the first time researchers have quantified the costs of controlling tipping points before and after they unfold.

Common examples of Earth's tipping points include melting ice sheets and dwindling tropical coral reefs. As ice melts and reefs die off, drastic environmental effects like flooded coastal cities and lost biodiversity soon follow -- a shared trait among what the Intergovernmental Panel on Climate Change defines as "critical thresholds in a system that, when exceeded, can lead to a significant change in the state of the system."

Despite the well-established dangers of crossing a tipping point, little is known about the cost of controlling them. How much effort would it take to stop and reverse course just before crossing a tipping point?

In the case of polar sea ice, which is melting at a pace unrivaled by any period in the past 1,500 years, a reversal would entail halting melt and reestablishing ice cover. But how about after we tip -- how might the cost of intervention change if we wait?

Cross a tipping point threshold, said mathematician and lead author Parvathi Kooloth, and it costs nearly four times the effort to reverse the effects and reestablish the climate system to where it was just before tipping, as opposed to reversing course before the threshold. The message applies to most tipping points, said Kooloth, whether they involve tropical coral reefs or frigid sea ice.




"You either shoulder the cost now, just before the threshold is crossed," said Kooloth, "or you wait. And if you wait, the degree of intervention needed to bring the climate system back to where it was rises steeply. A key insight from this work is the confirmation that corrective action after the fact is much more costly and intrusive than preventive action."

Each tipping point is unique. The physical qualities that determine its behavior -- the extent of cloud cover or, say, the transport of heat in the nearest ocean waters -- determine how post-tipping changes take shape in the climate system. In turn, those qualities dictate the nuts and bolts of an actual intervention strategy.

At the heart of each tipping point, however, is a shared, core equation that describes its basic nature. This universality allows researchers like Kooloth to probe the fundamental, shared behavior of tipping points using simplified mathematical models.

From their findings, scientists can then glean broad stroke details that could inform future intervention plans and perhaps, as Kooloth hopes, even a way to identify early warning signals that a tipping point is drawing near.

"It's actually really hard to pin a tipping point down," said Kooloth. "We know a great deal about the climate system today. But even now we're never really sure how far or close we are to a tipping point. Could we one day use observable precursors to provide early warning? My hope is that we can."

The team behind the new study uncovered one other interesting phenomenon: that some tipping points have an "overshoot window." In this window of time just after a tipping point is crossed, the cost of intervention doesn't start its steep climb right away. Instead, cost only grows linearly with time. This can happen because nearby ocean waters take longer to heat up, for example, delaying the onset of rapid change.




It's a fortunate thing, Kooloth points out, a gift of additional time before dire changes start piling on. But this is "no free lunch," she adds. The extra leeway comes with an even steeper increase in intervention costs once the overshoot window is fully crossed. The bigger the overshoot window, the mightier the cost.

The authors point out that not all effects of climate change are reversible, like flora and fauna lost to rapid and prolonged environmental change. And some effects could demand a great deal of effort to reverse -- even more than the effort it took to push the climate system past a tipping point.

There is an asymmetry at play, said Kooloth. We could approach and pass a tipping point rather quickly, but the journey to revert the climate system to where it was could take much, much longer.

"The path forward and the path backward are often not the same," said Kooloth. "Imagine that we go down a high-emissions pathway, where the planet warms enough to melt all our sea ice by the end of the century. If we arrive in the year 2100 with no sea ice, it may not be sufficient to bring the ice back if we dialed our emissions down to the levels we're emitting now in 2024, when we still have some ice left. We may need to dial emissions down much further, to levels predating 2024 -- that asymmetry is important for us to consider as we choose our path forward."
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Magnetic tornado is stirring up the haze at Jupiter's poles | ScienceDaily
While Jupiter's Great Red Spot has been a constant feature of the planet for centuries, University of California, Berkeley, astronomers have discovered equally large spots at the planet's north and south poles that appear and disappear seemingly at random.


						
The Earth-size ovals, which are visible only at ultraviolet wavelengths, are embedded in layers of stratospheric haze that cap the planet's poles. The dark ovals, when seen, are almost always located just below the bright auroral zones at each pole, which are akin to Earth's northern and southern lights. The spots absorb more UV than the surrounding area, making them appear dark on images from NASA's Hubble Space Telescope. In yearly images of the planet taken by Hubble between 2015 and 2022, a dark UV oval appears 75% of the time at the south pole, while dark ovals appear in only one of eight images taken of the north pole.

The dark UV ovals hint at unusual processes taking place in Jupiter's strong magnetic field that propagate down to the poles and deep into the atmosphere, far deeper than the magnetic processes that produce the auroras on Earth.

The UC Berkeley researchers and their colleagues reported the phenomena today (Nov. 26) in the journal Nature Astronomy.

Dark UV ovals were first detected by Hubble in the late 1990s at the north and south poles and subsequently at the north pole by the Cassini spacecraft that flew by Jupiter in 2000, but they drew little attention. When UC Berkeley undergraduate Troy Tsubota conducted a systematic study of recent images obtained by Hubble, however, he found they were a common feature at the south pole -- he counted eight southern UV-dark ovals (SUDO) between 1994 and 2022. In all 25 of Hubble's global maps that show Jupiter's north pole, Tsubota and senior author Michael Wong, an associate research astronomer based at UC Berkeley's Space Sciences Laboratory, found only two northern UV-dark ovals (NUDO).

Most of the Hubble images had been captured as part of the Outer Planet Atmospheres Legacy (OPAL) project directed by Amy Simon, a planetary scientist at the NASA Goddard Space Flight Center and a co-author of the paper. Using Hubble, OPAL astronomers make yearly observations of Jupiter, Saturn, Uranus and Neptune to understand their atmospheric dynamics and evolution over time.

"In the first two months, we realized these OPAL images were like a gold mine, in some sense, and I very quickly was able to construct this analysis pipeline and send all the images through to see what we get," said Tsubota, who is in his senior year at UC Berkeley as a triple major in physics, mathematics and computer science. "That's when we realized we could actually do some good science and real data analysis and start talking with collaborators about why these show up."

Wong and Tsubota consulted two experts on planetary atmospheres -- Tom Stallard at Northumbria University in Newcastle-upon-Tyne in the UK and Xi Zhang at UC Santa Cruz -- to determine what could cause these areas of dense haze. Stallard theorized that the dark oval is likely stirred from above by a vortex created when the planet's magnetic field lines experience friction in two very distant locations: in the ionosphere, where Stallard and other astronomers previously detected spinning motion using ground-based telescopes, and in the sheet of hot, ionized plasma around the planet shed by the volcanic moon Io.




The vortex spins fastest in the ionosphere, progressively weakening as it reaches each deeper layer. Like a tornado touching down on dusty ground, the deepest extent of the vortex stirs up the hazy atmosphere to create the dense spots Wong and Tsubota observed. It's not clear if the mixing dredges up more haze from below or generates additional haze.

Based on the observations, the team suspects that the ovals form over the course of about a month and dissipate in a couple of weeks.

"The haze in the dark ovals is 50 times thicker than the typical concentration," said Zhang, "which suggests it likely forms due to swirling vortex dynamics rather than chemical reactions triggered by high-energy particles from the upper atmosphere. Our observations showed that the timing and location of these energetic particles do not correlate with the appearance of the dark ovals."

The findings are what the OPAL project was designed to discover: how atmospheric dynamics in the solar system's giant planets differ from what we know on Earth.

"Studying connections between different atmospheric layers is very important for all planets, whether it's an exoplanet, Jupiter or Earth," Wong said. "We see evidence for a process connecting everything in the entire Jupiter system, from the interior dynamo to the satellites and their plasma torii to the ionosphere to the stratospheric hazes. Finding these examples helps us to understand the planet as a whole."

The work was supported by the National Aeronautics and Space Administration.
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Uranus's swaying moons will help spacecraft seek out hidden oceans | ScienceDaily
When NASA's Voyager 2 flew by Uranus in 1986, it captured grainy photographs of large ice-covered moons. Now nearly 40 years later, NASA plans to send another spacecraft to Uranus, this time equipped to see if those icy moons are hiding liquid water oceans.


						
The mission is still in an early planning stage. But researchers at the University of Texas Institute for Geophysics (UTIG) are preparing for it by building a new computer model that could be used to detect oceans beneath the ice using just the spacecraft's cameras.

The research is important because scientists don't know which ocean detection method will work best at Uranus. Scientists want to know if there's liquid water there because it's a key ingredient for life.

The new computer model works by analyzing small oscillations -- or wobbles -- in the way a moon spins as it orbits its parent planet. From there it can calculate how much water, ice and rock there is inside. Less wobble means a moon is mostly solid, while a large wobble means the icy surface is floating on a liquid water ocean. When combined with gravity data, the model computes the ocean's depth as well as the thickness of the overlying ice.

Uranus, along with Neptune, is in a class of planets called ice giants. Astronomers have detected more ice giant-sized bodies outside of our solar system than any other kind of exoplanet. If Uranus's moons are found to have interior oceans, that could mean there are vast numbers of potentially life-harboring worlds throughout the galaxy, said UTIG planetary scientist Doug Hemingway, who developed the model.

"Discovering liquid water oceans inside the moons of Uranus would transform our thinking about the range of possibilities for where life could exist," he said.

The UTIG research, which was published in the journal Geophysical Research Letters, will help mission scientists and engineers improve their chances of detecting oceans. UTIG is a research unit of the Jackson School of Geosciences at The University of Texas at Austin.




All large moons in the solar system, including Uranus's, are tidally locked. This means that gravity has matched their spin so that the same side always faces their parent planet while they orbit. This doesn't mean their spin is completely fixed, however, and all tidally locked moons oscillate back and forth as they orbit. Determining the extent of the wobbles will be key to knowing if Uranus's moons contain oceans, and if so, how large they might be.

Moons with a liquid water ocean sloshing about on the inside will wobble more than those that are solid all the way through. However, even the largest oceans will generate only a slight wobble: A moon's rotation might deviate only a few hundred feet as it travels through its orbit.

That's still enough for passing spacecraft to detect. In fact, the technique was previously used to confirm that Saturn's moon Enceladus has an interior global ocean.

To find out if the same technique would work at Uranus, Hemingway made theoretical calculations for five of its moons and came up with a range of plausible scenarios. For example, if Uranus's moon Ariel wobbles 300 feet, then it's likely to have an ocean 100 miles deep surrounded by a 20-mile-thick ice shell.

Detecting smaller oceans will mean a spacecraft will have to get closer or pack extra powerful cameras. But the model gives mission designers a slide rule to know what will work, said UTIG Research Associate Professor Krista Soderlund.

"It could be the difference between discovering an ocean or finding we don't have that capability when we arrive," said Soderlund, who was not involved in the current research.

Soderlund has worked with NASA on Uranus mission concepts. She is also part of the science team for NASA's Europa Clipper mission, which recently launched and carries an ice penetrating radar imager developed by UTIG.

The next step, Hemingway said, is to extend the model to include measurements by other instruments to see how they improve the picture of the moons' interiors.

The journal article was coauthored by Francis Nimmo at the University of California, Santa Cruz. The research was funded by UTIG.
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A clue to what lies beneath the bland surfaces of Uranus and Neptune | ScienceDaily

These are just two proposals that planetary scientists have come up with for what lies beneath the thick, bluish, hydrogen-and-helium atmospheres of Uranus and Neptune, our solar system's unique, but superficially bland, ice giants.

A planetary scientist at the University of California, Berkeley, now proposes an alternative theory -- that the interiors of both these planets are layered, and that the two layers, like oil and water, don't mix. That configuration neatly explains the planets' unusual magnetic fields and implies that earlier theories of the interiors are unlikely to be true.

In a paper appearing this week in the journal Proceedings of the National Academy of Sciences, Burkhard Militzer argues that a deep ocean of water lies just below the cloud layers and, below that, a highly compressed fluid of carbon, nitrogen and hydrogen. Computer simulations show that under the temperatures and pressures of the planets' interiors, a combination of water (H2O), methane (CH3) and ammonia (NH3) would naturally separate into two layers, primarily because hydrogen would be squeezed out of the methane and ammonia that comprise much of the deep interior.

These immiscible layers would explain why neither Uranus nor Neptune has a magnetic field like Earth's. That was one of the surprising discoveries about our solar system's ice giants made by the Voyager 2 mission in the late 1980s.

"We now have, I would say, a good theory why Uranus and Neptune have really different fields, and it's very different from Earth, Jupiter and Saturn," said Militzer, a UC Berkeley professor of earth and planetary science. "We didn't know this before. It's like oil and water, except the oil goes below because hydrogen is lost."

If other star systems have similar compositions to ours, Militzer said, ice giants around those stars could well have similar internal structures. Planets about the size of Uranus and Neptune -- so-called sub-Neptune planets -- are among the most common exoplanets discovered to date.




Convection leads to magnetic fields

As a planet cools from its surface downward, cold and denser material sinks, while blobs of hotter fluid rise like boiling water -- a process called convection. If the interior is electrically conducting, a thick layer of convecting material will generate a dipole magnetic field similar to that of a bar magnet. Earth's dipole field, created by its liquid outer iron core, produces a magnetic field that loops from the North Pole to the South Pole and is the reason compasses point toward the poles.

But Voyager 2 discovered that neither of the two ice giants has such a dipole field, only disorganized magnetic fields. This implies that there's no convective movement of material in a thick layer in the planets' deep interiors.

To explain these observations, two separate research groups proposed more than 20 years ago that the planets must have layers that can't mix, thus preventing large-scale convection and a global dipolar magnetic field. Convection in one of the layers could produce a disorganized magnetic field, however. But neither group could explain what these non-mixing layers were made of.

Ten years ago, Militzer tried repeatedly to solve the problem, using computer simulations of about 100 atoms with the proportions of carbon, oxygen, nitrogen and hydrogen reflecting the known composition of elements in the early solar system. At the pressures and temperatures predicted for the planets' interiors -- 3.4 million times Earth's atmospheric pressure and 4,750 Kelvin (8,000degF), respectively -- he could not find a way for layers to form.

Last year, however, with the help of machine learning, he was able to run a computer model simulating the behavior of 540 atoms and, to his surprise, found that layers naturally form as the atoms are heated and compressed.




"One day, I looked at the model, and the water had separated from the carbon and nitrogen. What I couldn't do 10 years ago was now happening," he said. "I thought, 'Wow! Now I know why the layers form: One is water-rich and the other is carbon-rich, and in Uranus and Neptune, it's the carbon-rich system that is below. The heavy part stays in the bottom, and the lighter part stays on top and it cannot do any convecting.'"

"I couldn't discover this without having a large system of atoms, and the large system I couldn't simulate 10 years ago," he added.

The amount of hydrogen squeezed out increases with pressure and depth, forming a stably stratified carbon-nitrogen-hydrogen layer, almost like a plastic polymer, he said. While the upper, water-rich layer likely convects to produce the observed disorganized magnetic field, the deeper, stratified hydrocarbon-rich layer cannot.

When he modeled the gravity produced by a layered Uranus and Neptune, the gravity fields matched those measured by Voyager 2 nearly 40 years ago.

"If you ask my colleagues, 'What do you think explains the fields of Uranus and Neptune?' they may say, 'Well, maybe it's this diamond rain, but maybe it's this water property which we call superionic,'" he said. "From my perspective, this is not plausible. But if we have this separation into two separate layers, that should explain it."

Militzer predicts that below Uranus' 3,000-mile-thick atmosphere lies a water-rich layer about 5,000 miles thick and below that a hydrocarbon-rich layer also about 5,000 miles thick. Its rocky core is about the size of the planet Mercury. Though Neptune is more massive than Uranus, it is smaller in diameter, with a thinner atmosphere, but similarly thick water-rich and hydrocarbon rich layers. Its rocky core is slightly larger than that of Uranus, approximately the size of Mars.

He hopes to work with colleagues who can test with laboratory experiments under extremely high temperatures and pressures whether layers form in fluids with the proportions of elements found in the protosolar system. A proposed NASA mission to Uranus could also provide confirmation, if the spacecraft has on board a Doppler imager to measure the planet's vibrations. A layered planet would vibrate at different frequencies than a convecting planet, Militzere said. His next project is to use his computational model to calculate how the planetary vibrations would differ.

The research was supported by the National Science Foundation (PHY-2020249) as part of the Center for Matter at Atomic Pressures.
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New study reveals the explosive secret of the squirting cucumber | ScienceDaily
A team led by the University of Oxford has solved a mystery that has intrigued scientists for centuries: how does the squirting cucumber squirt? The findings, achieved through a combination of experiments, high-speed videography, image analysis, and advanced mathematical modelling, have been published today (25 November) in The Proceedings of the National Academy of Sciences (PNAS).


						
The squirting cucumber (Ecballium elaterium, from the Greek 'ekballein,' meaning to throw out) is named for the ballistic method the species uses to disperse its seeds. When ripe, the ovoid-shaped fruits detach from the stem and eject the seeds explosively in a high-pressure jet of mucilage. This projectile launch -- lasting just 30 milliseconds- causes the seeds to reach speeds of around 20 metres per second, and land at distances up to 250 times the length of the fruit (around 10 m).

Until now, the exact mechanism of the squirting cucumber's seed dispersal -- and how this affects its reproductive success -- remained poorly understood. In the new study, researchers from the University of Oxford and the University of Manchester conducted a variety of experiments on Ecballium specimens grown at the University of Oxford Botanic Garden.

This included filming the seed dispersal using a high-speed camera (capturing up to 8600 frames per second), measuring fruit and stem volume before and after dispersal, performing indentation tests and CT scans of an intact cucumber, and monitoring the fruit with time-lapse photography in the days leading up to launch. They then developed a suite of mathematical models to describe the mechanics of the pressurized fruit, the stem, and the ballistic trajectories of the seeds.

Using this combined approach, the team elucidated the key components of the plant's dispersal strategy:
    	A pressurised system: In the weeks leading up to seed dispersal, the fruits become highly pressurised due to a build-up of mucilaginous fluid.
    	Fluid redistribution: In the days before dispersal, some of this fluid is redistributed from fruit to stem, making the stem longer, thicker, and stiffer. This causes the fruit to rotate from being nearly vertical to an angle close to 45deg, a key element needed for successful seed launch.
    	A rapid recoil: In the first hundreds of microseconds of ejection, the tip of the stem recoils away from the fruit, causing the fruit to counter-rotate in the opposite direction.
    	Variable launch: Due to the components above, the seeds are ejected with an exit speed and launch angle that depend on their sequence: with subsequent seeds, the exit speed decreases (because the pressure of the now emptying fruit capsule decreases) while the launch angle increases (due to the fruit's rotation). This causes the initial seeds to reach the furthest distance, with subsequent seeds landing closer. As multiple fruits are distributed around the centre of the plant, the overall result is a wide and nearly uniform distribution of seeds covering a ring-shaped area at a distance of between 2 and 10 m from the mother plant.

Together, these components make up a sophisticated seed dispersal system. In particular, the redistribution of fluid from the fruit back into the stem is thought to be unique within the plant kingdom.

Using the mathematical model, the researchers explored the consequences of artificially altering different parameters. This revealed that the seed projection method of the squirting cucumber has been fine-tuned to ensure near-optimal dispersal and the success of the plant over generations.




For instance, making the stem thicker and stiffer resulted in the seeds being launched almost horizontally, since the fruit would rotate less during discharge. This would cause the seeds to be distributed over a narrower area, with fewer likely to survive.

Meanwhile, reducing the amount of fluid redistributed from the fruit to the stem resulted in an over-pressurised fruit, causing the seed to be ejected at higher speeds but at a nearly vertical launch angle. Consequently, the seeds would not be dispersed far enough away from the parent plant, and again, few would survive.

Author Dr Chris Thorogood (Deputy Director and Head of Science at Oxford Botanic Garden) said: 'For centuries people have asked how and why this extraordinary plant sends its seeds into the world in such a violent way. Now, as a team of biologists and mathematicians, we've finally begun to unravel this great botanical enigma.'

Co-author Dr Derek Moulton (Professor of Applied Mathematics at the Oxford Mathematical Institute) said: `The first time we inspected this plant in the Botanic Garden, the seed launch was so fast that we weren't sure that it had actually happened. It was very exciting to dig in and uncover the mechanism of this unique plant.'

According to co-author Dr Finn Box, (Royal Society University Research Fellow, University of Manchester), 'This research offers potential applications in bio-inspired engineering and material science, particularly on-demand drug delivery systems, for instance microcapsules that eject nanoparticles where precise control of rapid, directional release is crucial.'

Ecballium elaterium (pronounced: eck-ball-ee-uhm elaht-eh-ree-uhm) is a member of the gourd family (Cucurbitaceae) which also includes melon, pumpkin, squash, and courgette. The species is native to the Mediterranean, where -- thanks to its effective seed-dispersal strategy- it is often regarded as a weed. The plant was described by the ancient Greeks and Romans: naturalist Pliny the Elder (AD 23/24 -- AD 79) said 'Unless, to prepare it, the cucumber be cut open before it is ripe, the seed spurts out, even endangering the eyes.'
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Prehistoric hunter-gatherers heard the elks painted on rocks 'talking' | ScienceDaily
Finnish prehistoric rock paintings (5000-1500 BCE) on the cliffs rising directly from the lakes are acoustically special environments.


						
When the lake levels have remained unchanged, these extremely smooth rock surfaces generate distinct single-repeat echoes, which accurately copy the given sounds, forming auditory mirror images that appear to emanate from behind the rock walls. The adjacent, more jagged lakeshore cliffs generate weaker and less distinct echoes, while the more or less contemporary dwelling sites on the sandy shores of the same water bodies have no audible echoes at all.

Recording from the ice or a raft

The acoustic measurement data were collected with a custom-designed recording raft or during the winter from the lake ice. The data shows that prehistoric hunter-gatherers approaching the rock painting sites by water entered a special sensory environment where reality sounded doubled.

"According to the psychoacoustic criterion used, the echoes are so strong that there is no reason to assume that the people in the past did not hear them," archaeologist Riitta Rainio estimates.

"So, people heard the painted elks talking and the human figures responding with a voice that resembled their own."

A digital reconstruction helps perceive the acoustics

In addition to the acoustic analysis, the researchers used impulse responses to make the acoustic characteristics of the rock painting sites perceptible to the public.




Perttu Kesaniemi and Mikko Ojanen recorded the artists' vocal and instrumental improvisations at the University of Helsinki Music Research Laboratory, and digitally added the acoustics of selected sites to them. Listen to the sound sample in Youtube.

Based on on-site and aerial LiDAR scans, Paavo Rinkkala and Jami Pekkanen created a digital 3D reconstruction of the Siliavuori site, which complements the audio demonstrations with a visual scenery and animated scenes from about 5000 years ago. Watch the video in Youtube.

Sound reflections participated in the activities

Ethnomusicologist Julia Shpinitskaya is excited about the results of the multi-year project:

"Although the sounds produced by prehistoric people are beyond our reach, this study brings out one key feature of the sensory experiences associated with rock paintings by the water -- that sound reflections strongly participated in the activities, making the cliffs energetic and active agents."

The possibility to communicate reciprocally with the physical environment or more-than-human reality may have been an essential reason why these cliffs were visited and painted, and why offerings were left to them. For the history of sound and music, the study provides an example of how significant a role sound reflections could have in past societies.

The work was part of the Academy of Finland funded project Acoustics and auditory culture at hunter-gatherer rock art sites in Northern Europe, Siberia and North America (2018-2023).
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Focaccia: A Neolithic culinary tradition dating back 9,000 years ago | ScienceDaily
A study led by researchers from the UAB and the University La Sapienza in Rome indicates that during the Late Neolithic, between 7000 and 5000 BCE, the fully agricultural communities in the Fertile Crescent region of the Near East, developed a complex culinary tradition that included the baking of large loaves of bread and "focaccias" with different flavours on special trays known to archaeologists as husking trays.


						
The study was published in the journal Scientific Reports (Nature Portfolio) and also involved staff from the Mila i Fontanals Institution (IMF-CSIC) and the University of Lyon (France).

The husking trays were containers with a large oval base and low walls, made of coarse clay. They differed from common trays due to their internal surface, marked with rough impressions or incisions arranged repetitively and regularly. Previous experiments using replicas of these trays and cooking structures similar to those found at archaeological sites from the studied period had already allowed researchers to hypothesize their function. These investigations suggested that large loaves made with water and flour might have been baked on these trays, placed in domed ovens for about 2 hours at an initial temperature of 420degC. The grooves on the internal surface would have facilitated the removal of the bread once baked. Moreover, the large size of the loaves, approximately 3 kg, suggested they were likely intended for communal consumption.

The research team analyzed ceramic fragments of husking trays from between 6400 and 5900 BCE to identify their use as specialized containers for baking cereal-based doughs and whether these doughs could have been seasoned with products such as animal fat or vegetable oil. The analyzed remains come from the archaeological sites of Mezraa Teleilat, Akarcay Tepe, and Tell Sabi Abyad, located in the area between Syria and Turkey. The analyses were carried out at the Universities of Istanbul and the Koc (Turkey).

The study, based on various types of analyses from an integrated perspective, provides clear evidence regarding both the uses of these artifacts and the nature of the foods processed in them. In particular, the analysis of phytoliths (silica residues from plants) suggests that cereals such as wheat (Triticum sp.) or barley (Hordeum sp.), reduced to flour, were processed in these trays. Furthermore, the analysis of organic residues indicates that some of the trays were used to cook foods containing animal-derived ingredients, such as animal fat, and in one case, plant-based seasonings. The degradation state of the residues suggests that, in at least two cases, the trays reached temperatures compatible with those experimentally verified for baking dough in domed ovens. Finally, the use-alterations analysis of the ceramic surface allowed the identification of use-wear specifically associated with bread residues and others linked to seasoned focaccia residues.

"Our study offers a vivid picture of communities using the cereals they cultivated to prepare breads and 'focaccias' enriched with various ingredients and consumed in groups," explains Sergio Taranto, lead author of the study, part of a doctoral thesis carried out at the UAB and La Sapienza. "The use of the husking trays we identified leads us to consider that this Late Neolithic culinary tradition developed over approximately six centuries and was practiced in a wide area of the Near East," the researcher concludes.

Researchers from the UAB's Prehistoric Archaeology of the Near East Research Group (SAPPO), Adria Breu, Anna Bach, and Miquel Molist, are also authors of the study.
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Bats' amazing plan B for when they can't hear | ScienceDaily
When bats can't hear, new research finds that these hearing-dependent animals employ a remarkable compensation strategy.


						
They adapt immediately and robustly, suggesting for the first time that bats' brains are hard-wired with an ability to launch a Plan B in times of diminished hearing.

The Johns Hopkins University work, newly published in Current Biology, raises questions about whether other animals and even humans might be capable of such deft accommodations.

"Bats have this amazing flexible adaptive behavior that they can employ anytime," said senior author Cynthia F. Moss, a Johns Hopkins neuroscientist who studies bats. "Other mammals and humans also have these adaptive circuits that they can use to help make decisions and navigate their environment but what's striking here is that it's very fast, almost automatic."

All animals adapt in various ways as a response to sensory deprivation. People at a loud bar, might lean in to better hear what someone is saying. A dog might tilt its head toward a muted sound.

Here researchers wondered how hearing-dependent echolocating bats might adapt when a key auditory region in the brain was turned off.

They trained bats to fly from a platform, down a corridor, and through a window to get a treat. Researchers then had the same bats repeat the task but with a critical auditory pathway in the midbrain temporarily blocked. Disabling this brain region isn't like plugging your ears; it's preventing most auditory signals from reaching the deep brain. The drug-induced technique is reversible and lasts about 90 minutes.




With their hearing blocked, bats were able to navigate the course surprisingly well, even on the first try. They weren't as agile and ran into things, but every tested bat compensated immediately and effectively.

"They struggled but managed," Moss said.

The bats changed their flight path and vocalizations. They flew lower, oriented themselves along walls and increased both the number and length of their calls, which boosted the power of echo signals they use for navigation.

"Echolocation acts like strobes, so they were basically taking more snapshots to help them get the missing information," said co-author Clarice A. Diebold, a former Johns Hopkins graduate student who is now a postdoctoral student at Washington University in St. Louis. "We also found that they broadened the bandwidth on these calls. These adaptations are very interesting because we'd usually see them when bats are compensating for external noise but this is an internal processing deficit."

Although the team repeated the experiments, the compensation skills of the bats didn't improve over time. This means the adaptation behaviors the bats employed weren't learned; they were innate, latent and hard-wired into the bats' brain circuitry.

"It highlights how robust the brain is to manipulation and external noise," said co-author Jennifer Lawlor, a postdoctoral fellow at Johns Hopkins.




The team was surprised that the bats could hear at all with this region of their brain disabled. They believe bats either relied on a previously unknown auditory pathway or that unaffected neurons might support hearing in previously unknown ways.

"You'd think an animal wouldn't be able to hear at all," Moss said. "But it suggests that there might be multiple pathways for sound to travel to the auditory cortex."

The team would next like to determine to what degree the findings apply to other animals and humans.

"Can this work tell us something about auditory processing and adaptive responses in humans? Moss said. "Since no one has done this, we don't know. The findings raise important questions that will be exciting to pursue in other research models."

Authors include Kathryne Allen, Grace Capshaw, Megan G. Humphrey, Diego Cintron-De Leon and Kishore V. Kuchibhotla, all of Johns Hopkins.
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New AI tool generates realistic satellite images of future flooding | ScienceDaily
Visualizing the potential impacts of a hurricane on people's homes before it hits can help residents prepare and decide whether to evacuate.


						
MIT scientists have developed a method that generates satellite imagery from the future to depict how a region would look after a potential flooding event. The method combines a generative artificial intelligence model with a physics-based flood model to create realistic, birds-eye-view images of a region, showing where flooding is likely to occur given the strength of an oncoming storm.

As a test case, the team applied the method to Houston and generated satellite images depicting what certain locations around the city would look like after a storm comparable to Hurricane Harvey, which hit the region in 2017. The team compared these generated images with actual satellite images taken of the same regions after Harvey hit. They also compared AI-generated images that did not include a physics-based flood model.

The team's physics-reinforced method generated satellite images of future flooding that were more realistic and accurate. The AI-only method, in contrast, generated images of flooding in places where flooding is not physically possible.

The team's method is a proof-of-concept, meant to demonstrate a case in which generative AI models can generate realistic, trustworthy content when paired with a physics-based model. In order to apply the method to other regions to depict flooding from future storms, it will need to be trained on many more satellite images to learn how flooding would look in other regions.

"The idea is: One day, we could use this before a hurricane, where it provides an additional visualization layer for the public," says Bjorn Lutjens, a postdoc in MIT's Department of Earth, Atmospheric and Planetary Sciences, who led the research while he was a doctoral student in MIT's Department of Aeronautics and Astronautics (AeroAstro). "One of the biggest challenges is encouraging people to evacuate when they are at risk. Maybe this could be another visualization to help increase that readiness."

To illustrate the potential of the new method, which they have dubbed the "Earth Intelligence Engine," the team has made it available as an online resource for others to try.




The researchers report their results today in the journal IEEE Transactions on Geoscience and Remote Sensing. The study's MIT co-authors include Brandon Leschchinskiy; Aruna Sankaranarayanan; and Dava Newman, professor of AeroAstro and director of the MIT Media Lab; along with collaborators from multiple institutions.

Generative adversarial images

The new study is an extension of the team's efforts to apply generative AI tools to visualize future climate scenarios.

"Providing a hyper-local perspective of climate seems to be the most effective way to communicate our scientific results," says Newman, the study's senior author. "People relate to their own zip code, their local environment where their family and friends live. Providing local climate simulations becomes intuitive, personal, and relatable."

For this study, the authors use a conditional generative adversarial network, or GAN, a type of machine learning method that can generate realistic images using two competing, or "adversarial," neural networks. The first "generator" network is trained on pairs of real data, such as satellite images before and after a hurricane. The second "discriminator" network is then trained to distinguish between the real satellite imagery and the one synthesized by the first network.

Each network automatically improves its performance based on feedback from the other network. The idea, then, is that such an adversarial push and pull should ultimately produce synthetic images that are indistinguishable from the real thing. Nevertheless, GANs can still produce "hallucinations," or factually incorrect features in an otherwise realistic image that shouldn't be there.




"Hallucinations can mislead viewers," says Lutjens, who began to wonder whether such hallucinations could be avoided, such that generative AI tools can be trusted to help inform people, particularly in risk-sensitive scenarios. "We were thinking: How can we use these generative AI models in a climate-impact setting, where having trusted data sources is so important?"

Flood hallucinations

In their new work, the researchers considered a risk-sensitive scenario in which generative AI is tasked with creating satellite images of future flooding that could be trustworthy enough to inform decisions of how to prepare and potentially evacuate people out of harm's way.

Typically, policymakers can get an idea of where flooding might occur based on visualizations in the form of color-coded maps. These maps are the final product of a pipeline of physical models that usually begins with a hurricane track model, which then feeds into a wind model that simulates the pattern and strength of winds over a local region. This is combined with a flood or storm surge model that forecasts how wind might push any nearby body of water onto land. A hydraulic model then maps out where flooding will occur based on the local flood infrastructure and generates a visual, color-coded map of flood elevations over a particular region.

"The question is: Can visualizations of satellite imagery add another level to this, that is a bit more tangible and emotionally engaging than a color-coded map of reds, yellows, and blues, while still being trustworthy?" Lutjens says.

The team first tested how generative AI alone would produce satellite images of future flooding. They trained a GAN on actual satellite images taken by satellites as they passed over Houston before and after Hurricane Harvey. When they tasked the generator to produce new flood images of the same regions, they found that the images resembled typical satellite imagery, but a closer look revealed hallucinations in some images, in the form of floods where flooding should not be possible (for instance, in locations at higher elevation).

To reduce hallucinations and increase the trustworthiness of the AI-generated images, the team paired the GAN with a physics-based flood model that incorporates real, physical parameters and phenomena, such as an approaching hurricane's trajectory, storm surge, and flood patterns. With this physics-reinforced method, the team generated satellite images around Houston that depict the same flood extent, pixel by pixel, as forecasted by the flood model.

"We show a tangible way to combine machine learning with physics for a use case that's risk-sensitive, which requires us to analyze the complexity of Earth's systems and project future actions and possible scenarios to keep people out of harm's way," Newman says. "We can't wait to get our generative AI tools into the hands of decision-makers at the local community level, which could make a significant difference and perhaps save lives."

The research was supported, in part, by the MIT Portugal Program, the DAF-MIT Artificial Intelligence Accelerator, NASA, and Google Cloud.
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Pandrug-resistant bacteria from the war in Ukraine are extremely pathogenic | ScienceDaily
Lund University in Sweden has previously reported on Kristian Riesbeck, professor of clinical bacteriology at Lund University and senior consultant, who was contacted by the Ukrainian microbiologist Oleksandr Nazarchuk for assistance in examining the degree of antibiotic resistance in bacteria from severely war-wounded and infected patients being treated in hospital.


						
Using samples from 141 war-wounded (133 adults wounded in the war and eight new-born babies with pneumonia) it could be shown that several bacteria types were resistant to broad-spectrum antibiotics and that six per cent of all samples were resistant to all the antibiotics that the researchers tested on them.

Now, the researchers have published an article in Journal of Infection, in which the researchers have gone on to examine whether Klebsiella pneumoniae* has the ability to cause disease in a wider context. Klebsiella can cause urinary tract infections, pneumonia, skin infections in wounds, and sepsis. The researchers used samples from 37 of the patients who had been previously shown to have resistant bacteria. The entire genome of the bacteria was sequenced to examine whether there were genes that can cause resistance.

"All the bacteria were shown to carry the genes that we know are associated with resistance. We saw that one quarter of them were resistant to all the available antimicrobial drugs on the market, these bacteria are said to have total resistance (pandrug-resistant). Infections caused by these bacteria become very difficult, or in some cases impossible, to treat with the medicines we have today," says professor Riesbeck.

Pandrug-resistant bacteria are an extreme form of antibiotic resistance and a growing concern within healthcare.

The researchers were interested in finding out whether infection could be spread further via the bacteria taken from patients in Ukraine. To examine this, experiments were carried out in mice and insect larvae.

"It was shown that the bacteria types most resistant to antibiotics were also the ones that survived best in mice in connection with pneumonia. Similarly, these bacteria types were so aggressive that they killed the insect larvae considerably faster than the bacteria that were less resistant to antibiotics."

Genetic sequencing showed that all Klebsiella bacteria with total resistance examined by the researchers carried the genes that make them more virulent.




"In many cases, bacteria lose their ability to infect and cause disease because all their energy is spent on being resistant to antibiotics. But we have perhaps underestimated bacteria: we saw that many of these bacteria types from Ukraine are equipped with genes that make them both resistant and virulent," says Kristian Riesbeck.

According to professor Riesbeck, this means the bacteria that spread among the wounded in Ukraine will most likely continue to survive and cause problems.

"This is something that will not disappear over time. As long as the patients cannot be isolated and treated properly, the spread of infection will continue."

Kristian Riesbeck considers the results are frightening, but not unexpected. This is what happens when the infrastructure of a healthcare system collapses. And it applies to Ukraine and other war-torn areas around the world.

"Even though these pandrug-resistant bacteria are fighting to survive our antibiotic treatments, they still have a complete set of genes that make them capable of causing disease. This is surprising for us all and unfortunately a worrying sign for the future."

*Klebsiella pneumoniae is one of the leading bacterial causes of mortality globally. It is estimated that Klebsiella pneumoniae is responsible for about 20 per cent of all deaths attributable to antimicrobial resistance.

The research has been conducted with support from, among others, the Knut and Alice Wallenberg Foundation, Swedish Research Council, Swedish Heart Lung Foundation and ALF funding from Region Skane.
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Novel supernova observations grant astronomers a peek into the cosmic past | ScienceDaily
An international team of researchers has made new observations of an unusual supernova, finding the most metal-poor stellar explosion ever observed.


						
This rare supernova, called 2023ufx, originated from the core collapse of a red supergiant star, exploded on the outskirts of a nearby dwarf galaxy. Results of the study showed that observations of both this supernova and the galaxy it was discovered in are of low metallicity, meaning they lack an abundance of elements heavier than hydrogen or helium.

Since the metals produced within supernovae inform their properties, including how stars evolve and die, learning more about their formation can tell astronomers much about the state of the universe when it began, especially since there were essentially no metals around during the time of its birth, said Michael Tucker, lead author of the study and a fellow at the Center for Cosmology and AstroParticle Physics at The Ohio State University.

"If you're someone who wants to predict how the Milky Way came to be, you want to have a good idea of how the first exploding stars seeded the next generation," said Tucker. "Understanding that gives scientists a great example of how those first objects affected their surroundings."

Dwarf galaxies in particular are useful local analogs to conditions scientists might expect to see in the early universe. Because of them, astronomers know that while the first galaxies were metal-poor, all the big, bright galaxies near the Milky Way had plenty of time for stars to explode and increase the amount of metal content, said Tucker.

The amount of metals a supernova has also influences aspects like the number of nuclear reactions it may have or how long its explosion remains bright. It's also one of the reasons that many low-mass stars also occasionally run the risk of collapsing into black holes.

The study was published recently in The Astrophysical Journal.




While the event observed by Tucker's team is only the second supernova to be found with low metallicity, what's most unusual about it is its location relative to the Milky Way, said Tucker.

Typically, any metal-poor supernova that astronomers would expect to find would likely be too faint to see from our galaxy because of how far away they are. Now, due to the advent of more powerful instruments like NASA's James Webb Space Telescope, detecting distant metal-poor galaxies has been made exponentially easier.

"There are not that many metal-poor locations in the nearby universe and before JWST, it was difficult to find them," said Tucker.

But the sighting of 2023ufx turned out to be a happy accident for researchers. New-found observations of this particular supernova revealed that many of its properties and behaviors are distinctly different from other supernovae in nearby galaxies.

For example, this supernova had a period of brightness that stayed steady for about 20 days before declining, whereas the brightness of its metal-rich counterparts usually lasted for about 100 days. The study also showed that a large amount of fast-moving material was ejected during the explosion, suggesting that it must have been spinning very quickly when it exploded.

This result implies that rapidly spinning metal-poor stars must have been relatively common during the early days of the universe, said Tucker. His team's theory is that the supernova likely had weak stellar winds -- streams of particles emitted from the atmosphere of the star -- which led it to cultivate and release so much energy.




Overall, their observations lay the groundwork for astronomers to better investigate how metal-poor stars survive in different cosmic environments, and may even help some theorists more accurately model how supernovae behaved in the early universe.

"If you're someone who wants to predict how galaxies form and evolve, the first thing you want is a good idea of how the first exploding stars influenced their local area," said Tucker.

Future research may aim to determine if the supernova was larger at one point, whether just by being a super-massive star or if its materials were stripped away by a still undiscovered binary companion.

Until then, researchers will have to wait for more data to become available.

"We're so early in the JWST era that we're still finding so many things we don't understand about galaxies," said Tucker. "The long-term hope is that this study acts as a benchmark for similar discoveries."

This work was supported by the National Science Foundation, the European Research Council (ERC), the Australian Research Council Discovery Early Career Researcher Award (DECRA), and NASA. Christopher S. Kochanek from Ohio State was also a co-author.
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Most energetic cosmic-ray electrons and positrons ever observed | ScienceDaily
The Universe teems with extreme environments, ranging from the very coldest temperatures to the highest energy sources possible. As a consequence, extreme objects such as supernova remnants, pulsars and active galactic nuclei are capable of emitting charged particles and gamma rays with incredibly high energies, so high that they exceed the energy produced by the nuclear fusion in stars by several orders of magnitude.


						
The gamma rays detected on Earth tell us a great deal about these sources, since they travel through space undisturbed. However, in the case of charged particles, also known as cosmic rays, things are more complicated because they are constantly buffeted by the magnetic fields present everywhere in the Universe, and impact the Earth isotropically, in other words from all directions. What's more, these charged particles lose some of their energy along the way, when they interact with light and magnetic fields. These energy losses are especially significant for the most energetic electrons and positrons, known as cosmic-ray electrons (CRe), whose energy exceeds one teraelectronvolt (TeV) (i.e. 1000 billion times greater than that of visible light)1. It is therefore impossible to determine the point of origin of such charged particles in space, although their detection on Earth is a clear indicator that there are powerful cosmic-ray particle accelerators in its vicinity.

However, detecting electrons and positrons with energies of several teraelectronvolts is particularly challenging. Space-based instruments, with detection areas of around one square metre, are unable to capture sufficient numbers of such particles, which become increasingly rare the higher their energy. Ground-based instruments on the other hand, which indirectly detect the arrival of cosmic rays via the showers of particles they produce in the Earth's atmosphere, are faced with the challenge of differentiating the showers triggered by cosmic-ray electrons (or positrons) from the much more frequent showers produced by the impact of the heavier cosmic-ray protons and nuclei. The H.E.S.S. Observatory2 located in Namibia uses five large telescopes to capture and record the faint Cherenkov radiation produced by the heavily charged particles and photons that enter the Earth's atmosphere, producing a shower of particles in their wake. Although the Observatory's main purpose is to detect and select gamma rays in order to investigate their sources, the data can also be used to search for cosmic-ray electrons.

In the most extensive analysis ever carried out, H.E.S.S. collaboration scientists have now obtained new information about the origin of these particles. The astrophysicists did this by combing through the huge data set collected over the course of a decade by the four 12-metre telescopes, applying new, more powerful selection algorithms capable of extracting the CRe from the background noise with unprecedented efficiency. This resulted in an unrivalled set of statistical data for the analysis of cosmic-ray electrons. More specifically, the H.E.S.S. researchers were able to obtain for the first time data about CRe in the highest energy ranges, all the way up to 40 TeV. This enabled them to identify a surprisingly sharp break in the energy distribution of the cosmic-ray electrons.

"This is an important result, as we can conclude that the measured CRe most likely originate from very few sources in the vicinity of our own solar system, up to a maximum of a few 1000 light years away, a very small distance compared to the size of our Galaxy," explains Kathrin Egberts, from the University of Potsdam, one of the corresponding authors of the study.

"We were able to put severe constrains on the origin of these cosmic electrons with our detailed analysis for the first time," adds Prof. Hofmann from the Max-Planck-Institut fur Kernphysik, co-author of the study. "The very low fluxes at larger TeV limit the possibilities of space-based missions to compete with this measurement. Thereby, our measurement does not only provide data in a crucial and previously unexplored energy range, impacting our understanding of the local neighbourhood, but it is also likely to remain a benchmark for the coming years," Mathieu de Naurois, CNRS Researcher from the Laboratoire Leprince-Ringuet, adds.

Footnotes :
    	1 TeV = 1012 electronvolts.
    	High-energy gamma rays can be observed from the ground only because of a very specific phenomenon. When a gamma ray enters the atmosphere it collides with its atoms and molecules, producing new particles that sweep towards the ground rather like an avalanche. The particles emit flashes lasting mere billionths of a second (Cherenkov radiation), which can be observed using large, specially equipped ground-based telescopes.The H.E.S.S. Observatory, located in the Khomas Highlands of Namibia at an altitude of 1835 m, officially began operation in 2002. It comprises an array of five telescopes. Four telescopes with mirrors 12 m in diameter are located at the corners of a square, with another 28 m telescope at the centre. This makes it possible to detect cosmic gamma rays ranging from a few tens of gigaelectronvolts (GeV, 109 electronvolts) to a few tens of teraelectronvolts (TeV, 1012 electronvolts). By comparison, photons of visible light have an energy of two to three electronvolts. H.E.S.S. is currently the only instrument observing the southern sky in high-energy gamma-ray light. It is also the largest and most sensitive telescope system of its kind.





					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241125124728.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New gene drive reverses insecticide resistance in pests... then disappears | ScienceDaily
Insecticides have been used for centuries to counteract widespread pest damage to valuable food crops. Eventually, over time, beetles, moths, flies and other insects develop genetic mutations that render the insecticide chemicals ineffective.


						
Escalating resistance by these mutants forces farmers and vector control specialists to ramp up use of poisonous compounds at increasing frequencies and concentrations, posing risks to human health and damage to the environment since most insecticides kill both ecologically important insects as well as pests.

To help counter these problems, researchers recently developed powerful technologies that genetically remove insecticide-resistant variant genes and replace them with genes that are susceptible to pesticides. These gene-drive technologies, based on CRISPR gene editing, have the potential to protect valuable crops and vastly reduce the amount of chemical pesticides required to eliminate pests.

Still, gene-drive systems have come under scrutiny with concerns that once they are released into a population they could continuously spread unchecked.

University of California San Diego geneticists have now developed a solution to this concern. Publishing in the journal Nature Communications, School of Biological Sciences Postdoctoral Scholar Ankush Auradkar and Professor Ethan Bier led the creation of a new genetic system that converts insecticide-resistant forms of mutated insect genes back to their natural, native form. The novel system is designed to spread the original "wild type" version of the gene using the biased inheritance of specific genetic variants known as alleles and then disappear, leaving only a population of insects with the corrected version of the gene.

"We have developed an efficient biological approach to reverse insecticide resistance without creating any other perturbation to the environment," said Bier, a professor in the Department of Cell and Developmental Biology, of the self-eliminating allelic drive, or "e-Drive." "The e-Drive is programmed to act transiently and then disappear from the population."

As described in the paper, the researchers created a novel genetic "cassette," a small group of DNA elements, and inserted it inside fruit flies as a proof-of-concept technology that could be applied to other insects. They developed the e-Drive to target a gene known as the voltage gated sodium ion channel, or vgsc, which is required for proper nervous system functioning.




The e-Drive cassette is designed to spread through CRISPR gene editing and features a guide RNA that binds to a Cas9 DNA protein and makes a cut at the targeted vgsc insecticide resistant gene site. The gene is then switched out for a native copy of the gene that is susceptible to insecticides.

Per the study, when insects carrying the cassette are introduced into a target population, they mate randomly and transmit the e-Drive cassette to their offspring. To maintain control of the e-Drive's spread, the researchers imposed a fitness check on those carrying the cassette, either through limited viability or fertility. The cassette was inserted on the X-chromosome and reduced the mating success of males, resulting in reduced offspring. The frequency of the cassette in the population eventually declines through each generation until it fully vanishes from the population.

In laboratory experiments all of the offspring were converted to native genes in eight-to-10 generations, which took about six months in flies.

"Because insects carrying the gene cassette are penalized with a severe fitness cost, the element is rapidly eliminated from the population, lasting only as long as it takes to convert 100 percent of the insecticide-resistant forms of the target gene back to wild-type," said Auradkar.

The researchers note that the self-eliminating nature of the e-Drive means it can be introduced and re-introduced as needed, and as different types of pesticides are used. The researchers are now developing a similar e-Drive system in mosquitoes to help prevent the spread of malaria.

In addition to Auradkar and Bier, the coauthors of the Nature Communications paper included their close collaborators Rodrigo Corder of the Institute of Biomedical Science, University of SaoPaulo; and John Marshall of the Innovative Genomics Institute, who performed sophisticated mathematical modeling that revealed important hidden features of the e-Drive system, including its ability to efficiently cull a class of individuals in which the drive process did not occur.
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Ancient hot water on Mars points to habitable past | ScienceDaily
New Curtin University-led research has uncovered what may be the oldest direct evidence of ancient hot water activity on Mars, revealing the planet may have been habitable at some point in its past.


						
The study analysed a 4.45 billion-year-old zircon grain from the famous Martian meteorite NWA7034, also known as Black Beauty, and found geochemical 'fingerprints' of water-rich fluids.

Study co-author Dr Aaron Cavosie from Curtin's School of Earth and Planetary Sciences said the discovery opened up new avenues for understanding ancient Martian hydrothermal systems associated with magmatism, as well as the planet's past habitability.

"We used nano-scale geochemistry to detect elemental evidence of hot water on Mars 4.45 billion years ago," Dr Cavosie said.

"Hydrothermal systems were essential for the development of life on Earth and our findings suggest Mars also had water, a key ingredient for habitable environments, during the earliest history of crust formation."

"Through nano-scale imaging and spectroscopy, the team identified element patterns in this unique zircon, including iron, aluminium, yttrium and sodium. These elements were added as the zircon formed 4.45 billion years ago, suggesting water was present during early Martian magmatic activity."

Dr Cavosie said the research showed that even though Mars' crust endured massive meteorite impacts that caused major surface upheaval, water was present during the early Pre-Noachian period, prior to about 4.1 billion years ago.




"A 2022 Curtin study of the same zircon grain found it had been 'shocked' by a meteorite impact, marking it as the first and only known shocked zircon from Mars," Dr Cavosie said.

"This new study takes us a step further in understanding early Mars, by way of identifying tell-tale signs of water-rich fluids from when the grain formed, providing geochemical markers of water in the oldest known Martian crust."

Lead author Dr Jack Gillespie from the University of Lausanne was a Postdoctoral Research Associate at Curtin's School of Earth and Planetary Sciences at the time of the study, which was co-authored by researchers from Curtin's Space Science and Technology Centre, the John de Laeter Centre and the University of Adelaide, with funding from the Australian Research Council, Curtin University, University of Adelaide and the Swiss National Science Foundation.

The full study, titled 'Zircon evidence for early hydrothermal activity on Mars', will be published in Science Advances.
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Early Mesoamericans trapped fish far earlier than previously thought | ScienceDaily
An archaeologist from the University of New Hampshire and her team have collected data which indicates the presence of a large-scale pre-Columbian fish-trapping facility. Discovered in the Crooked Tree Wildlife Sanctuary (CTWS), the largest inland wetland in Belize, the team dated the construction of these fisheries to the Late Archaic period (cal. 2000-1900 BCE), pre-dating Amazonian examples by a thousand years or more.


						
"The network of canals was designed to channel annual flood waters into source ponds for fish trapping and would have yielded enough fish to feed as many as 15,000 people year-round, conservatively," said Eleanor Harrison-Buck, professor of anthropology and director of the Belize River East Archaeology (BREA) project. "The dates indicate that the fisheries were initially constructed by Late Archaic hunter-gatherer-fishers and continued to be used by their Formative Maya descendants (approximately 2000 BCE to 200 CE). For Mesoamerica in general, we tend to regard agricultural production as the engine of civilization, but this study tells us that it wasn't just agriculture -- it was also potential mass harvesting of aquatic species."

Published in the journal Science Advances, the research used 26 radiocarbon dates from test excavation sites in the CTWS, which indicate that such landscape-scale wetland enhancements may have been an adaptive response to long-term climate disturbance recorded in Mesoamerica between 2200 and 1900 BCE.

"The early dates for the canals surprised us initially because we all assumed these massive constructions were built by the ancient Maya living in the nearby city centers," said Harrison-Buck. "However, after running numerous radiocarbon dates, it became clear they were built much earlier."

Sediment samples were collected along the walls of the excavation units and sequenced for specific elements, such as nitrogen and carbon, to look for environmental changes over time. The sediment showed a strong tropical forest dominance during that period and no evidence of crop cultivation, specifically maize. Along with a lack of any pollen from domesticated crops, there were not any signs of ditched and drained agricultural fields in the immediate area dating to that time. The multiproxy data gathered suggests the distinctive long linear zigzag channels served primarily as large-scale fish-trapping facilities.

"It seems likely that the canals allowed for annual fish harvests and social gatherings, which would have encouraged people to return to this area year after year and congregate for longer periods of time," said Marieka Brouwer Burg, professor of anthropology at the University of Vermont and BREA co-director. "Such intensive investments in the landscape may have led ultimately to the development of the complex society characteristic of the pre-Columbian Maya civilization, which subsequently occurred in this area by around 1200 BCE."

"Wetlands have always been a critical ecosystem for humans across the globe," said Samantha Krause, professor of geography and environmental studies at Texas State University. "Knowing how to manage wetland resources responsibly is essential for the continued resilience of these ecosystems both in the past and today. The Archaic hunter-gatherer-fishers knew how to protect their resources and use them in a way that could sustain these habitats, not exhaust them, which explains their long-lasting occupation in this area."

With the support of the local community, the team plans to return to Crooked Tree to investigate a larger sample of these landscape-scale modifications that they have identified across a broad area of northern Belize, hoping to more fully understand the complexity of human-wetland interactions in the past.

Other co-authors include Mark Willis, department of archaeology, Flinders University, Adelaide, South Australia; Angelina Perrotti, Palynology & Environmental Archaeology Research Lab; Monona, Wisconsin; and Katie Bailey, department of anthropology, University of Vermont.

This research was funded by a grant from the Alphawood Foundation Chicago. Additional support was provided by a collaborative research grant from the National Science Foundation. The Belize Institute of Archaeology provided an archaeological permit, granting permission to excavate in the Crooked Tree Wildlife Sanctuary. The Crooked Tree Village Council welcomed the research team and permitted them to map and excavate in the wetlands around their community.
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Animal characters can boost young children's psychological development | ScienceDaily
Children's books are full of animal characters whose antics capture the hearts and inspire the imaginations of their young readers.


						
However, a new study has shown that iconic characters such as Peter Rabbit -- or Toad and Ratty from The Wind in the Willows -- can also play an important role in children's psychological development.

The research explored the extent to which different non-human characters influence children's theory of mind skills, which include the ability to read and predict social changes in the environment through tone of voice, choice of words, or facial expression.

For the study, more than 100 children aged between five and 10 were tested on their theory of mind skills when presented with stories featuring animal characters as opposed to those featuring human ones.

The study found that when faced with human characters, there was a clear age-related progression, with older children consistently outperforming their younger counterparts. In fact, Year 3 children performed better than the researchers had predicted in the tests featuring human characters.

However, in tests that involved animal characters, Year 1 participants were able to match the scores achieved by pupils from Year 3, two years older than them.

Writing in the Journal of Experimental Child Psychology, the researchers say the findings highlight the importance of both human and non-human characters for children's earliest development.




The research was led by Dr Gray Atherton and Dr Liam Cross, from the University of Plymouth's School of Psychology.

Dr Atherton, lead author on the new study, said: "Animals play a huge part of children's stories, whether that is in books and comics or through TV and film. We wanted to test if that is down to more than simply liking the characters, and whether there are actual benefits of children learning through by watching or reading about animals and if this changes over time. Our findings showed that both human and non-human characters are important in helping children interpret the world around them, and that they play differing roles at different stages in their development. Adapting activities and lessons in nurseries and the early school years to take that into account could be hugely effective in helping to support their development."

The research builds on previous studies by Dr Atherton and Dr Cross exploring factors which can influence the educational and social development of people with autism and learning difficulties.

These have included initiatives showing that playing board and online games can boost the confidence among people with autism, and others highlighting that people with dyslexia and dyscalculia show reduced bias against others based on characteristics such as their disability, race or gender.

Based on the new research, the academics now intend to explore in more detail if their findings could be used specifically to benefit children with such conditions.

Dr Cross added: "We believe this new study could have particular importance for people with autism or other conditions which can impact their learning. Working with teenagers in the past, we have noticed how tasks that involve animal characters can result in autistic people performing just as well as non-autistic children. It would be interesting to replicate our current study with autistic children, to understand if we can find more effective ways to support them at a critical point in their development."
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3.2 million km/h galaxy smash-up | ScienceDaily
A massive collision of galaxies sparked by one travelling at a scarcely-believable 2 million mph (3.2 million km/h) has been seen in unprecedented detail by one of Earth's most powerful telescopes.


						
The dramatic impact was observed in Stephan's Quintet, a nearby galaxy group made up of five galaxies first sighted almost 150 years ago.

It sparked an immensely powerful shock akin to a "sonic boom from a jet fighter" -- the likes of which are among the most striking phenomena in the Universe.

Stephan's Quintet represents "a galactic crossroad where past collisions between galaxies have left behind a complex field of debris," which has now been reawakened by the passage of the galaxy, NGC 7318b.

The collision was spotted by a team of scientists using the first observations from the new 20-million Euro (PS16.7million) William Herschel Telescope Enhanced Area Velocity Explorer (WEAVE) wide-field spectrograph in La Palma, Spain.

This cutting-edge, next generation science facility will not only reveal how our Milky Way galaxy was built up over billions of years, but also offer new insights into millions of other galaxies across the Universe.

The discovery of NGC 7318b smashing through Stephan's Quintet was observed by a team of more than 60 astronomers and has been published today in Monthly Notices of the Royal Astronomical Society.




The system is an ideal laboratory to understand the chaotic and often violent relationship between galaxies, which is why it was the focus of the first-light observation by the WEAVE Large Integral Field Unit (LIFU).

Lead researcher Dr Marina Arnaudova, of the University of Hertfordshire, said: "Since its discovery in 1877, Stephan's Quintet has captivated astronomers, because it represents a galactic crossroad where past collisions between galaxies have left behind a complex field of debris.

"Dynamical activity in this galaxy group has now been reawakened by a galaxy smashing through it at an incredible speed of over 2 million mph (3.2 million km/h), leading to an immensely powerful shock, much like a sonic boom from a jet fighter."

The international team has uncovered a dual nature behind the shock front, previously unknown to astronomers.

"As the shock moves through pockets of cold gas, it travels at hypersonic speeds -- several times the speed of sound in the intergalactic medium of Stephan's Quintet* -- powerful enough to rip apart electrons from atoms, leaving behind a glowing trail of charged gas, as seen with WEAVE," Dr Arnaudova said.

However, when the shock passes through the surrounding hot gas, it becomes much weaker, according to PhD student Soumyadeep Das, of the University of Hertfordshire.




He added: "Instead of causing significant disruption, the weak shock compresses the hot gas, resulting in radio waves that are picked up by radio telescopes like the Low Frequency Array (LOFAR)."

The new insight and unprecedented detail came from WEAVE's LIFU, combining data with other cutting-edge instruments such as the LOFAR, the Very Large Array (VLA), and the James Webb Space Telescope (JWST).

WEAVE is a state-of-the-art super-fast mapping device that has been connected to the William Herschel Telescope to analyse the composition of stars and gas both in the Milky Way and in distant galaxies.

This is done with the help of a spectroscope, which reveals the elements that stars are made of by generating a bar code-style pattern within a prism of colours that make up a source of light.

It was designed and built following a multi-lateral agreement by France, Italy and the countries of the Isaac Newton Group of Telescopes partnership (the UK, Spain and the Netherlands).

Astronomers hope that WEAVE will help reveal how our galaxy formed in unprecedented detail and revolutionise our understanding of the Universe.

Dr Daniel Smith, of the University of Hertfordshire, said: "It's really neat work that Marina has put together with this large team, but this first WEAVE science paper also represents just a taste of what is to come over the next five years now that WEAVE is becoming fully operational."

Professor Gavin Dalton, WEAVE principal investigator at RAL Space and the University of Oxford, said: "It's fantastic to see the level of detail uncovered here by WEAVE.

"As well as the details of the shock and the unfolding collision that we see in Stephan's Quintet, these observations provide a remarkable perspective on what may be happening in the formation and evolution of the barely resolved faint galaxies that we see at the limits of our current capabilities."

Dr Marc Balcells, director of the Isaac Newton Group of Telescopes, said: "I'm excited to see that the data gathered at the WEAVE first light already provide a high-impact result, and I'm sure this is just an early example of the types of discoveries that will be made possible with WEAVE on the William Herschel Telescope in the coming years."

C-UKRI) of the United Kingdom, the Nederlandse Organisatie voor Wetenschappelijk Onderzoek (NWO) of the Netherlands, and the IAC in Spain. IAC's contribution to the ING is funded by the Spanish Ministry of Science, Innovation and Universities.
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The human heart may have a hidden ability to repair itself | ScienceDaily
After severe heart failure, the ability of the heart to heal by forming new cells is very low. However, after receiving treatment with a supportive heart pump, the capacity of a damaged heart to repair itself with new muscle cells becomes significantly higher, even higher than in a healthy heart. This is according to a new study from Karolinska Institutet in Sweden published in the journal Circulation.


						
The ability of the human heart to renew itself by regenerating its muscle cells, myocytes, is very limited. But what happens to this capability when the heart is damaged by severe heart failure has been unknown.

Researchers at Karolinska Institutet have now discovered that after an injury, the rate of cell renewal is even lower than in a healthy heart. Standard-of-care for patients with advanced heart failure is a surgically implanted pump that helps propel blood, a so-called left ventricular assist device (LVAD).

Kick-start the repair mechanism

Surprisingly, the researchers found that patients with such a heart pump, who have shown significant improvement in their heart function, can regenerate heart muscle cells at a rate more than six times higher than in healthy hearts.

"The results suggest that there might be a hidden key to kick-start the heart's own repair mechanism," says Olaf Bergmann, senior researcher at the Department of Cell and Molecular Biology at Karolinska Institutet and last author of the paper.

The mechanism behind the effect is still unknown and there is not yet any hypothesis to explain it.




"It is difficult to say. In the existing data we cannot find an explanation for the effect, but we will now continue to study this process at a cellular and molecular level," says Olaf Bergmann.

The findings open the possibility of developing new therapies for patients with serious heart conditions that stimulate the heart's ability to repair itself after damage. This way, patients wouldn't have torely only on heart transplants or other kinds of long-term mechanical support.

"This offers some hope that the recovery after a heart incident can somehow be boosted," says Olaf Bergmann.

Determine the age of cells

It is generally difficult to determine the age of cells in the human body and to decide which cells are new and which are old. However, by using a method earlier devised by Jonas Frisen, professor of stem cell research at Karolinska Institutet, the group has been able to count the rate of renewal of myocytes in the heart. The method is based upon the fact that the percentage of radioactive carbon in the atmosphere, and subsequently in our cells, has steadily decreased since the nuclear test ban in 1963. For every following year, there is a little less radioactivity in newly formed cells, which means that they can be 'dated'.

The study was done in close collaboration with Stavros Drakos at the University of Utah, USA, and was mainly financed by the Swedish Research Council, LeDucq Foundation and the Ragnar Soderberg Foundation. There are no reported conflicts of interest.
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A nearby supernova could end the search for dark matter | ScienceDaily
The search for the universe's dark matter could end tomorrow -- given a nearby supernova and a little luck.


						
The nature of dark matter has eluded astronomers for 90 years, since the realization that 85% of the matter in the universe is not visible through our telescopes. The most likely dark matter candidate today is the axion, a lightweight particle that researchers around the world are desperately trying to find.

Astrophysicists at the University of California, Berkeley, now argue that the axion could be discovered within seconds of the detection of gamma rays from a nearby supernova explosion. Axions, if they exist, would be produced in copious quantities during the first 10 seconds after the core collapse of a massive star into a neutron star, and those axions would escape and be transformed into high-energy gamma rays in the star's intense magnetic field.

Such a detection is possible today only if the lone gamma-ray telescope in orbit, the Fermi Gamma-ray Space Telescope, is pointing in the direction of the supernova at the time it explodes. Given the telescope's field of view, that is about one chance in 10.

Yet, a single detection of gamma rays would pinpoint the mass of the axion, in particular the so-called QCD axion, over a huge range of theoretical masses, including mass ranges now being scoured in experiments on Earth. The lack of a detection, however, would eliminate a large range of potential masses for the axion, and make most current dark matter searches irrelevant.

The problem is that, for the gamma rays to be bright enough to detect, the supernova has to be nearby -- within our Milky Way galaxy or one of its satellite galaxies -- and nearby stars explode only on average every few decades. The last nearby supernova was in 1987 in the Large Magellanic Cloud, one of the Milky Way's satellites. At the time, a now defunct gamma-ray telescope, the Solar Maximum Mission, was pointing in the supernova's direction, but it wasn't sensitive enough to be able to detect the predicted intensity of gamma rays, according to the UC Berkeley team's analysis.

"If we were to see a supernova, like supernova 1987A, with a modern gamma-ray telescope, we would be able to detect or rule out this QCD axion, this most interesting axion, across much of its parameter space -- essentially the entire parameter space that cannot be probed in the laboratory, and much of the parameter space that can be probed in the laboratory, too," said Benjamin Safdi, a UC Berkeley associate professor of physics and senior author of a paper that was published online Nov. 19 in the journal Physical Review Letters. "And it would all happen within 10 seconds."

The researchers are anxious, however, that when the long-overdue supernova pops off in the nearby universe, we won't be ready to see the gamma rays produced by axions. The scientists are now talking with colleagues who build gamma-ray telescopes to judge the feasibility of launching one or a fleet of such telescopes to cover 100% of the sky 24/7 and be assured of catching any gamma-ray burst. They have even proposed a name for their full-sky gamma-ray satellite constellation -- the GALactic AXion Instrument for Supernova, or GALAXIS.




"I think all of us on this paper are stressed about there being a next supernova before we have the right instrumentation," Safdi said. "It would be a real shame if a supernova went off tomorrow and we missed an opportunity to detect the axion -- it might not come back for another 50 years."

Safdi's co-authors are graduate student Yujin Park and postdoctoral fellows Claudio Andrea Manzari and Inbar Savoray. All four are members of UC Berkeley's physics department and the Theoretical Physics Group at Lawrence Berkeley National Laboratory.

QCD axions

Searches for dark matter originally focused on faint, massive compact halo objects (MACHOs) theoretically sprinkled throughout our galaxy and the cosmos, but when those didn't materialize, physicists began to look for elementary particles that theoretically are all around us and should be detectable in Earth-bound labs. These weakly interacting massive particles (WIMPs) also failed to show up. The current best candidate for dark matter is the axion, a particle that fits nicely within the standard model of physics and solves several other outstanding puzzles in particle physics. Axions also fall neatly out of string theory, a hypothesis about the underlying geometry of the universe, and might be able to unify gravity, which explains interactions on cosmic scales, with the theory of quantum mechanics, which describes the infinitesimal.

"It seems almost impossible to have a consistent theory of gravity combined with quantum mechanics that does not have particles like the axion," Safdi said.

The strongest candidate for an axion, called a QCD axion -- named after the reigning theory of the strong force, quantum chromodynamics -- theoretically interacts with all matter, though weakly, through the four forces of nature: gravity, electromagnetism, the strong force, which holds atoms together, and the weak force, which explains the breakup of atoms. One consequence is that, in a strong magnetic field, an axion should occasionally turn into an electromagnetic wave, or photon. The axion is distinctly different from another lightweight, weakly-interacting particle, the neutrino, which only interacts through gravity and the weak force and totally ignores the electromagnetic force.




Lab bench experiments -- such as the ALPHA Consortium (Axion Longitudinal Plasma HAloscope), DMradio and ABRACADABRA, all of which involve UC Berkeley researchers -- employ compact cavities that, like a tuning fork, resonate with and amplify the faint electromagnetic field or photon produced when a low-mass axion transforms in the presence of a strong magnetic field.

Alternatively, astrophysicists have proposed looking for axions produced inside neutron stars immediately after a core-collapse supernova, like 1987A. Until now, however, they've focused primarily on detecting gamma rays from these axions' slow transformation into photons in the magnetic fields of galaxies. Safdi and his colleagues realized that that process is not very efficient at producing gamma rays, or at least not enough to detect from Earth.

Instead, they explored the production of gamma rays by axions in the strong magnetic fields around the very star that generated the axions. That process, supercomputer simulations showed, very efficiently creates a burst of gamma rays that is dependent on the mass of the axion, and the burst should occur simultaneously with a burst of neutrinos from inside the hot neutron star. That burst of axions, however, lasts a mere 10 seconds after the neutron star forms -- after that, the production rate drops dramatically -- though hours before the outer layers of the star explode.

"This has really led us to thinking about neutron stars as optimal targets for searching for axions as axion laboratories," Safdi said. "Neutron stars have a lot of things going for them. They are extremely hot objects. They also host very strong magnetic fields. The strongest magnetic fields in our universe are found around neutron stars, such as magnetars, which have magnetic fields tens of billions of times stronger than anything we can build in the laboratory. That helps convert these axions into observable signals."

Two years ago, Safdi and his colleagues put the best upper limit on the mass of the QCD axion at about 16 million electron volts, or about 32 times less than the mass of the electron. This was based on the cooling rate of neutron stars, which would cool faster if axions were produced along with neutrinos inside these hot, compact bodies.

In the current paper, the UC Berkeley team not only describes the production of gamma rays following core collapse to a neutron star, but also uses the non-detection of gamma rays from the 1987A supernova to put the best constraints yet on the mass of axion-like particles, which differ from QCD axions in that they do not interact via the strong force.

They predict that a gamma ray detection would allow them to identify the QCD axion mass if it is above 50 microelectron volts (micro-eV, or meV), or about one 10-billionth the mass of the electron. A single detection could refocus existing experiments to confirm the mass of the axion, Safdi said. While a fleet of dedicated gamma-ray telescopes is the best option for detecting gamma rays from a nearby supernova, a lucky break with Fermi would be even better.

"The best-case scenario for axions is Fermi catches a supernova. It's just that the chance of that is small," Safdi said. "But if Fermi saw it, we'd be able to measure its mass. We'd be able to measure its interaction strength. We'd be able to determine everything we need to know about the axion, and we'd be incredibly confident in the signal because there's no ordinary matter which could create such an event."

The research was supported by funds from the U.S. Department of Energy.
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Chemists create world's thinnest 'spaghetti' | ScienceDaily
The world's thinnest spaghetti, about 200 times thinner than a human hair, has been created by a UCL-led research team.


						
The spaghetti is not intended to be a new food but was created because of the wide-ranging uses that extremely thin strands of material, called nanofibers, have in medicine and industry.

Nanofibers made of starch -- produced by most green plants to store excess glucose -- are especially promising and could be used in bandages to aid wound healing (as the nanofiber mats are highly porous, allowing water and moisture in but keeping bacteria out), as scaffolding for bone regeneration and for drug delivery. However, they rely on starch being extracted from plant cells and purified, a process requiring much energy and water.

A more environmentally friendly method, the researchers say, is to create nanofibers directly from a starch-rich ingredient like flour, which is the basis for pasta.

In a new paper in Nanoscale Advances, the team describe making spaghetti just 372 nanometres (billionths of a metre) across using a technique called electrospinning, in which threads of flour and liquid are pulled through the tip of a needle by an electric charge. The work was performed by Beatrice Britton, who carried out the study as part of her master's degree in chemistry at UCL.

Co-author Dr Adam Clancy (UCL Chemistry) said: "To make spaghetti, you push a mixture of water and flour through metal holes. In our study, we did the same except we pulled our flour mixture through with an electrical charge. It's literally spaghetti but much smaller."

In their paper, the researchers describe the next thinnest known pasta, called su filindeu ("threads of God"), made by hand by a pasta maker in the town of Nuoro, Sardinia. This pasta lunga ("long pasta") is estimated at about 400 microns wide -- 1,000 times thicker than the new electrospun creation, which, at 372 nanometres, is narrower than some wavelengths of light.




The novel "nanopasta" formed a mat of nanofibers about 2 cm across, and so is visible, but each individual strand is too narrow to be clearly captured by any form of visible light camera or microscope, so their widths were measured with a scanning electron microscope.

Co-author Professor Gareth Williams (UCL School of Pharmacy) said: "Nanofibers, such as those made of starch, show potential for use in wound dressings as they are very porous. In addition, nanofibers are being explored for use as a scaffold to regrow tissue, as they mimic the extra-cellular matrix -- a network of proteins and other molecules that cells build to support themselves."

Dr Clancy said: "Starch is a promising material to use as it is abundant and renewable -- it is the second largest source of biomass on Earth, behind cellulose -- and it is biodegradable, meaning it can be broken down in the body.

"But purifying starch requires lots of processing. We've shown that a simpler way to make nanofibers using flour is possible. The next step would be to investigate the properties of this product. We would want to know, for instance, how quickly it disintegrates, how it interacts with cells, and if you could produce it at scale."

Professor Williams added: "I don't think it's useful as pasta, sadly, as it would overcook in less than a second, before you could take it out of the pan."

In electrospinning, the needle in which the mixture is contained and the metal plate upon which the mixture is deposited form two ends of a battery. Applying an electrical charge makes the mixture complete the circuit by streaming out of the needle on to the metal plate.




Electrospinning using a starch-rich ingredient such as white flour is more challenging than using pure starch, as the impurities -- the protein and cellulose -- make the mixture more viscous and unable to form fibres.

The researchers used flour and formic acid rather than water, as the formic acid breaks up the giant stacks of spirals (or helices) that make up starch. This is because the layers of helices stuck together are too big to be the building blocks of nanofibers. (Cooking has the same effect on the starch as the formic acid -- it breaks up the layers of helices, making the pasta digestible.)

The formic acid then evaporates as the noodle flies through the air to the metal plate.

The researchers also had to carefully warm up the mixture for several hours before slowly cooling it back down to make sure it was the right consistency.
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Fewer than 7% of global hotspots for whale-ship collisions have protection measures in place | ScienceDaily
According to the fossil record, cetaceans -- whales, dolphins and their relatives -- evolved from four-legged land mammals that returned to the oceans beginning some 50 million years ago. Today, their descendants are threatened by a different land-based mammal that has also returned to the sea: humans.


						
Thousands of whales are injured or killed each year after being struck by ships, particularly the large container vessels that ferry 80% of the world's traded goods across the oceans. Collisions are the leading cause of death worldwide for large whale species. Yet global data on ship strikes of whales are hard to come by -- impeding efforts to protect vulnerable whale species. A new study led by the University of Washington has for the first time quantified the risk for whale-ship collisions worldwide for four geographically widespread ocean giants that are threatened by shipping: blue, fin, humpback and sperm whales.

In the paper, published online Nov. 21 in Science, researchers report that global shipping traffic overlaps with about 92% of these whale species' ranges.

"This translates to ships traveling thousands of times the distance to the moon and back within these species' ranges each and every year, and this problem is only projected to increase as global trade grows in the coming decades," said senior author Briana Abrahms, a UW assistant professor of biology and researcher with the Center for Ecosystem Sentinels.

"Whale-ship collisions have typically only been studied at a local or regional level -- like off the east and west coasts of the continental U.S., and patterns of risk remain unknown for large areas," said lead author Anna Nisi, a UW postdoctoral researcher in the Center for Ecosystem Sentinels. "Our study is an attempt to fill those knowledge gaps and understand the risk of ship strikes on a global level. It's important to understand where these collisions are likely to occur because there are some really simple interventions that can substantially reduce collision risk."

The team found that only about 7% of areas at highest risk for whale-ship collisions have any measures in place to protect whales from this threat. These measures include speed reductions, both mandatory and voluntary, for ships crossing waters that overlap with whale migration or feeding areas.

"As much as we found cause for concern, we also found some big silver linings," said Abrahms. "For example, implementing management measures across only an additional 2.6% of the ocean's surface would protect all of the highest-risk collision hotspots we identified."

"Trade-offs between industrial and conservation outcomes are not usually this optimal," said co-author Heather Welch, a research scientist with the National Oceanic and Atmospheric Administration and the University of California, Santa Cruz. "Oftentimes industrial activities must be greatly limited to achieve conservation goals, or vice versa. In this case, there is a potentially large conservation benefit to whales for not much cost to the shipping industry."




Those highest-risk areas for the four while species included in the study lie largely along coastal areas in the Mediterranean, portions of the Americas, southern Africa and parts of Asia.

The international team behind the study, which includes researchers across five continents, looked at the waters where these four whale species live, feed and migrate by pooling data from disparate sources -- including government surveys, sightings by members of the public, tagging studies and even whaling records. The team collected some 435,000 unique whale sightings. They then combined this novel database with information on the courses of 176,000 cargo vessels from 2017 to 2022 -- tracked by each ship's automatic identification system and processed using an algorithm from Global Fishing Watch -- to identify where whales and ships are most likely to meet.

The study uncovered regions already known to be high-risk areas for ship strikes: North America's Pacific coast, Panama, the Arabian Sea, Sri Lanka, the Canary Islands and the Mediterranean Sea. But it also identified understudied regions at high risk for whale-ship collisions, including southern Africa; South America along the coasts of Brazil, Chile, Peru and Ecuador; the Azores; and East Asia off the coasts of China, Japan and South Korea.

The team found that mandatory measures to reduce whale-ship collisions were very rare, overlapping just 0.54% of blue whale hotspots and 0.27% of humpback hotspots, and not overlapping any fin or sperm whale hotspots. Though many collision hotspots fell within marine protected areas, these preserves often lack speed limits for vessels, as they were largely established to curb fishing and industrial pollution.

For all four species the vast majority of hotpots for whale-ship strikes -- more than 95% -- hugged coastlines, falling within a nation's exclusive economic zone. That means that each country could implement its own protection measures in coordination with the U.N.'s International Maritime Organization.

"From the standpoint of conservation, the fact that most high-risk areas lie within exclusive economic zones is actually encouraging," said Nisi. "It means individual countries have the ability to protect the riskiest areas."

Of the limited measures now in place, most are along the Pacific coast of North America and in the Mediterranean Sea. In addition to speed reduction, other options to reduce whale-ship strikes include changing vessel routings away from where whales are located, or creating alert systems to notify authorities and mariners when whales are nearby.




"Lowering vessel speed in hotspots also carries additional benefits, such as reducing underwater noise pollution, reducing greenhouse gas emissions, and cutting air pollution, which helps people living in coastal areas," said Nisi.

The authors hope their global study could spur local or regional research to map out the hotspot zones in finer detail, inform advocacy efforts and consider the impact of climate change, which will change both whale and ship distributions as sea ice melts and ecosystems shift.

"Protecting whales from the impact of ship strikes is a huge global challenge. We've seen the benefits of slowing ships down at local scales through programs like 'Blue Whales Blue Skies' in California. Scaling up such programs will require a concerted effort by conservation organizations, governments and shipping companies," said co-author Jono Wilson, director of ocean science at the California Chapter of The Nature Conservancy, which helped identify the need for this study and secured its funding. "Whales play a critical role in marine ecosystems. Through this study we have measurable insights into ship-collision hotspots and risk and where we need to focus to make the most impact."

Co-authors on the study are Stephanie Brodie, a research scientist with the Commonwealth Scientific and Industrial Research Organisation in Australia; research scientists Callie Leiphardt and Rachel Rhodes, and professor Douglas McCauley, all at the University of California, Santa Barbara; Elliott Hazen, research ecologist with NOAA's Southwest Fisheries Science Center; Jessica Redfern, associate vice president, Anderson Cabot Center for Ocean Life, New England Aquarium; the UW's Trevor Branch, professor of aquatic and fishery sciences, and Sue Moore, a research scientist with the Center for Ecosystem Sentinels; Andre Barreto, professor at the Universidade do Vale do Itajai in Brazil; senior research biologist John Calambokidis with the Cascadia Research Collective; data scientist Tyler Clavelle, chief scientist David Kroodsma and senior manager Tim White with Global Fishing Watch; research scientists Lauren Dares and Chloe Robinson with Ocean Wise; Asha de Vos with Oceanswell in Sri Lanka and the University of Western Australia; Shane Gero with Carleton University; biologist Jennifer Jackson with the British Antarctic Survey; Robert Kenney, emeritus research scientist with the University of Rhode Island; Russell Leaper with the International Fund for Animal Welfare; Ekaterina Ovsyanikova at the University of Queensland; and Simone Panigada with the Tethys Research Institute in Italy.

The research was funded by The Nature Conservancy, NOAA, the Benioff Ocean Science Laboratory, the National Marine Fisheries Service, Oceankind, Bloomberg Philanthropy, Heritage Expeditions, Ocean Park Hong Kong, National Geographic, NEID Global and the Schmidt Foundation.
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Researchers identify previously unknown compound in drinking water | ScienceDaily
A team of researchers from the United States and Switzerland have reported the discovery of a previously unknown compound in chloraminated drinking water. Inorganic chloramines are commonly used to disinfect drinking water to safeguard public health from diseases like cholera and typhoid fever. It's estimated that more than 113 million people in the United States alone drink chloraminated water.


						
The researchers have now identified chloronitramide anion, chemically expressed as Cl-N-NO2[?], as an end product of inorganic chloramine decomposition. While its toxicity is not presently known, its prevalence and similarity to other toxic compounds is concerning and warrants further study to assess its public health risk. Simply identifying the compound has been a challenge and breakthrough.

Julian Fairey, an associate professor of civil engineering at the University of Arkansas, was the first co-author on the paper published in Science. Fairey noted that researchers have known about the compound for decades but have been unable to identify it. He himself began trying to unravel the mystery 10 years ago.

"It's a very stable chemical with a low molecular weight," Fairey said. "It's a very difficult chemical to find. The hardest part was identifying it and proving it was the structure we were saying it was."

This included being able to synthesize the compound in his lab, which had never been done before. Samples were then sent for analysis to his colleague and co-first author on the paper, Juliana Laszakovits, a postdoctoral researcher at ETH Zurich.

Inevitably, there will be questions about the health risks posed by this new compound, which could not be previously evaluated in any toxicity studies.

Fairey, who studies the chemistry of drinking water disinfectants, explained in a previous interview: "It's well recognized that when we disinfect drinking water, there is some toxicity that's created. Chronic toxicity, really. A certain number of people may get cancer from drinking water over several decades. But we haven't identified what chemicals are driving that toxicity. A major goal of our work is to identify these chemicals and the reaction pathways through which they form."

Identifying this compound is an important step in that process. Whether chloronitramide anion will be linked to any cancers or has other adverse health risks will be assessed in future work by academics and regulatory agencies, such as the U.S. Environmental Protection Agency. At the very least, toxicity studies can now be completed on this compound thanks to this discovery.

"Even if it is not toxic," Fairey explained, "finding it can help us understand the pathways for how other compounds are formed, including toxins. If we know how something is formed, we can potentially control it."

Joining Fairey and Laszakovits as co-authors on the paper are Huong Pham, Thien Do, Samuel Hodges, Kristopher McNeill and David Wahman. Pham, Do and Hodges are all former Ph.D. students at the University of Arkansas who contributed to this research in Fairey's lab. In 2022, McNeill hosted Fairey at ETH Zurich as a visiting professor as part of his sabbatical where they worked with Laszakovits on this study. Wahman is a longtime collaborator with Fairey's lab group and is a research environmental engineer at the U.S. Environmental Protection Agency.
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New imaging method enables detailed RNA analysis of the whole brain | ScienceDaily
Researchers at Karolinska Institutet and Karolinska University Hospital have developed a groundbreaking microscopy method that enables detailed three-dimensional (3D) RNA analysis at cellular resolution in whole intact mouse brains. The new method, called TRISCO, has the potential to transform our understanding of brain function, both in normal conditions and in disease, according to the new study published in Science.


						
Despite great advances in RNA analysis, linking RNA data to its spatial context has long been a challenge, especially in intact 3D tissue volumes. The TRISCO method now makes it possible to perform three-dimensional RNA imaging of whole mouse brains without the need to slice the brain into thin sections, which was previously necessary.

"This method is a powerful tool that can drive brain research forward. With TRISCO, we can study the complex anatomical structure of the brain in a way that was previously not possible," says Per Uhlen, professor at the Department of Medical Biochemistry and Biophysics, Karolinska Institutet, and the study's last author.

In the study, up to three different RNA molecules were analysed simultaneously. The next step for the researchers is to expand the number of RNA molecules that can be studied to around a hundred, using a technique called multiplex RNA analysis. This could provide even more detailed information about brain function and disease states.

The TRISCO approach opens up new possibilities to understand the complexity of the brain in depth, which in turn can lead to the development of new treatments for various brain diseases.

"We look forward to continuing our research and exploring the many possibilities offered by this new technique," says Shigeaki Kanatani, a research specialist in Uhlen's laboratory and the first author of the study.

Not only is TRISCO suitable for studying intact mouse brains, but the study demonstrates it can be used for larger brains, such as those of guinea pigs, and various tissues like kidney, heart, and lung. The study is a collaboration between Karolinska Institutet and Karolinska University Hospital.

"Our laboratory has several collaborations with clinically active researchers at Karolinska University Hospital. It is crucial for biomedical research that basic researchers and clinicians collaborate and understand each other," says Per Uhlen.

The study has been funded by the Swedish Research Council, Swedish Brain Foundation and Swedish Cancer Society. Some of the co-authors are employed and own shares in the Danish company Gubra. No other conflicts of interest are reported.
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        Sound of traffic increases stress and anxiety, study finds
        Manmade sounds such vehicle traffic can mask the positive impact of nature soundscapes on people's stress and anxiety, according to a new study.

      

      
        Nanorobot hand made of DNA grabs viruses for diagnostics and blocks cell entry
        A tiny, four-fingered 'hand' folded from a single piece of DNA can pick up the virus that causes COVID-19 for highly sensitive rapid detection and can even block viral particles from entering cells to infect them, researchers report. Dubbed the NanoGripper, the nanorobotic hand also could be programmed to interact with other viruses or to recognize cell surface markers for targeted drug delivery, such as for cancer treatment.

      

      
        For those with CTE, family history of mental illness tied to aggression in middle age
        People who have chronic traumatic encephalopathy (CTE) who have a family history of mental illness may have a higher risk of aggression in middle age, according to a new study.

      

      
        Gold beats platinum for chemo drugs in new lab study
        Researchers have used a new gold-based drug to slow tumor growth in animals by 82% and target cancers more selectively than standard chemotherapy drugs, according to a new study.

      

      
        Soccer heading damages brain regions affected in CTE, study finds
        Soccer heading may cause more damage to the brain than previously thought, according to a new study.

      

      
        Caregivers experience decline in well-being
        New research, based on data from more than 28,000 caregivers in three countries, shows that the longer individuals spend caring for loved ones, the more their well-being suffers, regardless of the caregiving context. These findings underscore the need for policy discussions to alleviate the burden of informal care.

      

      
        AI can predict study results better than human experts, researchers find
        Large language models, a type of AI that analyses text, can predict the results of proposed neuroscience studies more accurately than human experts, finds a new study. The findings demonstrate that large language models (LLMs) trained on vast datasets of text can distil patterns from scientific literature, enabling them to forecast scientific outcomes with superhuman accuracy. The researchers say this highlights their potential as powerful tools for accelerating research, going far beyond just kn...

      

      
        Brains grew faster as humans evolved
        Brain size increased gradually within each ancient human species rather than through sudden leaps between species.

      

      
        New discovery could offer significant answers on Alzheimer's disease
        A new study represents a significant step forward in scientists' understanding of Alzheimer's disease. A team of investigators has examined the role of two proteins found in the brain and suggest the stability of their relationship to one another is crucial for memory formation and maintenance. Disruptions in this mechanical signalling pathway could lead to the disease. This is the first time this connection has been identified and could pave the way for therapeutic interventions.

      

      
        No 'one size fits all' treatment for Type 1 Diabetes
        Factors beyond carbohydrates have a substantial influence on blood glucose levels meaning current automated insulin delivery systems miss vital information required for glucose regulation, a new study has found.

      

      
        Food additive carrageenan (E 407) could disrupt the intestinal barrier and increase the risk of type 2 diabetes, study finds
        The food additive carrageenan (E 407) can be responsible for the development of chronic inflammatory bowel disease, ulcers, and increased blood sugar levels in animals. Researchers have now investigated the effects of carrageenan on the human intestine and sugar metabolism. They found increased permeability of the small intestine, most likely due to intestinal inflammation.

      

      
        Drug research: Decoding the structure of nano 'gene ferries'
        Researchers have investigated how cationic polymers organize on a molecular level when transporting RNA drugs.

      

      
        Scientists discover shared genetic foundations between musical rhythm and human language
        A study has revealed that genetic variants associated with higher likelihood of rhythm impairments tended to be also associated with higher likelihood of dyslexia. The reverse was also the case: Genetic variants associated with more accurate musical rhythm skills co-occurred with genes linked to higher performance on language and reading tests, and to language-related educational outcomes.

      

      
        Newer epilepsy medications used during pregnancy do not affect neurological development in children
        Children of mothers who took certain anti-seizure medications while pregnant do not have worse neurodevelopmental outcomes at age 6, according to a long-running study.

      

      
        Cellular traffic congestion in chronic diseases suggests new therapeutic targets
        Chronic diseases such as diabetes are on the rise and are costly and challenging to treat. Scientists have discovered a common denominator driving these diverse diseases, which may prove to be a promising therapeutic target: proteolethargy, or reduced protein mobility, in the presence of oxidative stress.

      

      
        New research points way to more reliable brain studies
        A new study identifies research strategies for tying brain function and structure to behavior and health.

      

      
        'Alzheimer's in dish' model shows promise for accelerating drug discovery
        A decade ago, researchers introduced a new model for studying Alzheimer's disease. Known as 'Alzheimer's in a dish,' the model uses cultures of mature brain cells suspended in a gel to recapitulate what takes place in the human brain over 10 to 13 years in just six weeks. But does the model truly produce the same changes that take place in patients? In a new study, researchers created an algorithm to assess, in an unbiased manner, how well models of Alzheimer's disease mimic the function and gene...

      

      
        Cervical cancer deaths in young women plummet after introduction of HPV vaccine
        Researchers found a reduction in cervical cancer mortality in women under the age of 25, which is likely due to the introduction of the HPV vaccine.

      

      
        Breakthrough could revolutionize future of tick control
        Scientists create potential for genetic tools to control disease-spreading ticks.

      

      
        Long COVID brain fog linked to lung function
        In patients with long COVID, lower pulmonary gas exchange may be associated with impaired cognitive function, according to a new study.

      

      
        Concussions slow brain activity of high school football players
        A new study of high school football players found that concussions affect an often-overlooked but important brain signal.

      

      
        World's most common heart valve disease linked to insulin resistance in large national study
        A large new population study of men over 45 indicates insulin resistance may be an important risk factor for the development of the world's most common heart valve disease -- aortic stenosis (AS).

      

      
        Simple secret to living a longer life
        Increasing physical activity levels could extend your life up to 11 more years according to new research using accelometry data. The study found that for the least active people in the population, a single one-hour walk could return a benefit of six additional hours of life.

      

      
        It might be wrecking the climate, but carbon dioxide is actually good for your cells
        Chemists unravel how bicarbonate can protect cells from oxidative stress in a study that challenges how cell damage has been studied for decades.

      

      
        Scientists identify important factor in neural development
        Scientists have shed new light on how certain biological processes determine the development of neural cells. Their findings on a molecular 'bridge' complex demonstrate a new level of detail in the understanding of early neural development -- which is fundamental for the further understanding of neurodevelopmental syndromes.

      

      
        Drinking plenty of water may actually be good for you
        Public health recommendations generally suggest drinking eight cups of water a day. And many people just assume it's healthy to drink plenty of water.

      

      
        How long ring fingers can point to a love of alcohol
        There is evidence that alcohol consumption is influenced by prenatal sex steroids, so experts decided to use a sample of students for their research into the subject.

      

      
        Eliminating physical activity disparities between male and female youth could save hundreds of millions of dollars, new study says
        Eliminating current physical activity disparities between male and female youth in the United States could save around $780 million for each new cohort of six-to-17-year-olds, according to a new study. In fact, bringing more equity to sports participation could save even more: $1.55 billion.

      

      
        Great apes visually track subject-object relationships like humans do, study finds
        Great apes track events with their eyes in the same way that humans do, according to a new study.

      

      
        Recovery of testing for heart disease risk factors post-COVID remains patchy
        Routine screening to detect risk factors for heart disease dropped sharply during the COVID-19 pandemic in England, and some key measurements, such as blood pressure readings, may still lag behind pre-pandemic levels, according to a new study.

      

      
        Cancers grow uniformly throughout their mass, study finds
        Cancer cells on the surface are thought to have natural advantages compared to cells deep within, which is why scientists have hypothesized tumors grow more in their periphery than in the core. A recent study found the opposite is true: tumors grow throughout their mass. The findings challenge the idea that a tumor is a 'two-speed' entity.

      

      
        Air fryers confirmed as least polluting cooking method
        Air fryers produce a tiny fraction of the indoor air pollution emitted by other cooking methods including pan and deep frying, a new study has shown.

      

      
        New approach to epilepsy treatment combines genetics and brain mapping
        Researchers have developed a new method called MoPEDE, which has the potential to improve epilepsy treatment. The method combines brain measurements with genetic analyses, offering deeper insights into the origins and mechanisms of epileptic seizures.

      

      
        Wild boars could be a potential source of hepatitis E transmission to humans in the Barcelona metropolitan area
        Over the last few decades, wild boar populations have increased in the urban areas of Barcelona and in other parts of Catalonia. This wild animal is an important reservoir of the hepatitis E virus. Now, a team has identified a relevant molecular similarity between the hepatitis E virus (HEV) strains of wild boars in the metropolitan area of Barcelona and the citizens of this area. According to the researchers, these data suggest that these animals could be a source of human hepatitis E infections...

      

      
        Machine learning reveals behaviors linked with early Alzheimer's, points to new treatments
        Scientists used a new video-based machine learning tool to pinpoint otherwise-undetectable signs of early disease in mice that were engineered to mimic key aspects of Alzheimer's. Their work sheds light on a new strategy for identifying neurological disease earlier than currently possible and tracking how it develops over time.

      

      
        How cancer cell death may harm the immune system and promote tumor growth
        A new study has uncovered an unexpected way cancer cells can escape the immune system, making it harder for treatments to work. The study explains how a type of cancer cell death can actually make tumors grow faster by turning off the immune system's ability to fight the cancer.

      

      
        Cellular 'power plants' control inflammation
        Researchers discover how mitochondria not only produce energy but also influence inflammation.

      

      
        The link between sleep and blood pressure: New research sheds light on gender differences
        You may have heard sleep described as something of a magic pill for the body. With the right amount, timing, and quality, it can work wonders -- strengthen the immune system, improve blood sugar, even decrease the risk of heart attacks and strokes. Sleep differences have been reported for some time in men and women, but it is not well known whether the characteristics of sleep serve different functions in one gender over the other, especially as it relates to the heart. New research seeks answers...

      

      
        Simple lab-free test to detect bacteria in fluids from water to urine
        Engineers and biochemists have brought their skills together to make it possible for untrained users to confirm contamination in fluids using a biogel test that changes color in the presence of such bacteria as E. coli, listeria and other frequent testing targets.

      

      
        Tirzepatide shows powerful diabetes-prevention effect in three-year trial
        Tirzepatide, a new injectable weight-loss drug, reduced the risk of diabetes in patients with obesity and prediabetes by more than 90% over a three-year period, compared with placebo, according to the results of a new study.

      

      
        Sub-Saharan Africa leads global HIV decline
        A new study reveals significant progress in the global fight against HIV/AIDS, alongside a stark warning that current trends indicate the world is not on track to meet the ambitious UNAIDS 2030 targets.

      

      
        Popular diabetes and obesity drugs also protect kidneys, study shows
        The biggest and most comprehensive analysis of glucagon-like peptide-1 (GLP-1) receptor agonists on kidney and cardiovascular outcomes shows they have significant benefits in people with and without diabetes.

      

      
        Revolutionary bioengineering research may transform type 1 diabetes care, pave way for tackling cancer and autoimmune disease
        Researchers recently collaborated on a novel, highly specific strategy to treat type 1 diabetes (T1D) using a tagged beta cell transplant in tandem with localized immune protection provided by specialized immune cells also tagged with a complementary but inert targeting molecule.

      

      
        Potential new biomarker for psychosis diagnosis
        The current standard of care for psychosis is a diagnostic interview, but what if it could be diagnosed before the first symptom emerged? Researchers are pointing toward a potential biomarker in the brain that could lead to more timely interventions and personalized care.

      

      
        Hunger hormone leptin can direct neural development in a leptin receptor-independent manner
        Researchers from the lab of Richard Simerly have uncovered the first example of activity-dependent development of hypothalamic neural circuitry. The work also suggests a novel role for the hunger hormone leptin in specifying the development of neural circuits involved in autonomic regulation and food intake.

      

      
        Language used by mothers affects oxytocin levels of infants
        Infants whose mothers regularly use language to describe what their child is thinking or feeling, have higher levels of the hormone oxytocin, finds a new study.

      

      
        Dopamine and serotonin work in opposition to shape learning
        Research shows that reward-based learning requires the two neuromodulators to balance one another's influence -- like the accelerator and brakes on a car

      

      
        Self-assembling proteins can be used for higher performance, more sustainable skincare products
        Researchers have created a novel protein-based gel as a potential ingredient in sustainable and high-performance personal skincare products (PSCPs). This protein-based material, named Q5, could transform the rheological -- or flow-related -- properties of PSCPs, making them more stable under the slightly acidic conditions of human skin. This innovation could also streamline the creation of more eco-friendly skincare products, offering increased efficacy and durability while addressing market dema...

      

      
        Research links wildfire smoke exposure with increased dementia risk
        Research found that wildfire smoke is especially hazardous to people's memory health. An analysis of the health care records of 1.2 million Southern California residents found that higher long-term smoke exposure was associated with a significant increase in the odds that a person would be diagnosed with dementia.

      

      
        Beyond screen time: Complex factors shaping child development
        New research challenges views on screen time, revealing factors such as parental mental health and the type of screen being used may have some impact on child development.
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Sound of traffic increases stress and anxiety, study finds | ScienceDaily
Manmade sounds such vehicle traffic can mask the positive impact of nature soundscapes on people's stress and anxiety, according to a new study published November 27, 2024, in the open-access journal PLOS ONE by Paul Lintott of the University of the West of England, U.K., and Lia Gilmour of the Bat Conservation Trust, U.K.


						
Existing research shows that natural sounds, like birdsong, can lower blood pressure, heart, and respiratory rates, as well as self-reported stress and anxiety. Conversely, anthropogenic soundscapes, like traffic or aircraft noise, are hypothesized to have negative effects on human health and wellbeing in a variety of ways.

In the new study, 68 student volunteers listened to three 3-minute soundscapes: a nature soundscape recorded at sunrise in West Sussex, U.K., the same soundscape combined with 20 mile per hour road traffic sounds, and the same soundscape with 40 mile per hour traffic sounds. General mood and anxiety were assessed before and after the soundscapes using self-reported scales.

The study found that listening to a natural soundscape reduced self-reported stress and anxiety levels, and also enhanced mood recovery after a stressor. However, the benefits of improved mood associated with the natural soundscape was limited when traffic sounds were included. The natural soundscape alone was associated with the lowest levels of stress and anxiety, with the highest levels reported after the soundscape that included 40 mile per hour traffic.

The authors conclude that reducing traffic speed in urban areas might influence human health and wellbeing not only through its safety impacts, but also through its effect on natural soundscapes.

The authors add: "Our study shows that listening to natural soundscapes can reduce stress and anxiety, and that anthropogenic sounds such as traffic noise can mask potential positive impacts. Reducing traffic speeds in cities is therefore an important step towards more people experiencing the positive effects of nature on their health and wellbeing."
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Nanorobot hand made of DNA grabs viruses for diagnostics and blocks cell entry | ScienceDaily
A tiny, four-fingered "hand" folded from a single piece of DNA can pick up the virus that causes COVID-19 for highly sensitive rapid detection and can even block viral particles from entering cells to infect them, University of Illinois Urbana-Champaign researchers report. Dubbed the NanoGripper, the nanorobotic hand also could be programmed to interact with other viruses or to recognize cell surface markers for targeted drug delivery, such as for cancer treatment.


						
Led by Xing Wang, a professor of bioengineering and of chemistry at the U. of I., the researchers describe their advance in the journal Science Robotics.

Inspired by the gripping power of the human hand and bird claws, the researchers designed the NanoGripper with four bendable fingers and a palm, all in one nanostructure folded from a single piece of DNA. Each finger has three joints, like a human finger, and the angle and degree of bending are determined by the design on the DNA scaffold.

"We wanted to make a soft material, nanoscale robot with grabbing functions that never have been seen before, to interact with cells, viruses and other molecules for biomedical applications," Wang said. "We are using DNA for its structural properties. It is strong, flexible and programmable. Yet even in the DNA origami field, this is novel in terms of the design principle. We fold one long strand of DNA back and forth to make all of the elements, both the static and moving pieces, in one step."

The fingers contain regions called DNA aptamers that are specially programmed to bind to molecular targets -- the spike protein of the virus that causes COVID-19, for this first application  -- and trigger the fingers to bend to wrap around the target. On the opposite side, where the wrist would be, the NanoGripper can attach to a surface or other larger complex for biomedical applications such as sensing or drug delivery.

To create a sensor to detect the COVID-19 virus, Wang's team partnered with a group led by Illinois electrical and computer engineering professor Brian Cunningham, who specializes in biosensing. They coupled the NanoGripper with a photonic crystal sensor platform to create a rapid, 30-minute COVID-19 test matching the sensitivity of the gold-standard qPCR molecular tests used by hospitals, which are more accurate than at-home tests but take much longer.

"Our test is very fast and simple since we detect the intact virus directly," Cunningham said. "When the virus is held in the NanoGripper's hand, a fluorescent molecule is triggered to release light when illuminated by an LED or laser. When a large number of fluorescent molecules are concentrated upon a single virus, it becomes bright enough in our detection system to count each virus individually."

In addition to diagnostics, the NanoGripper could have applications in preventive medicine by blocking viruses from entering and infecting cells, Wang said. The researchers found that when NanoGrippers were added to cell cultures that were then exposed to COVID-19, multiple grippers would wrap around the outside of the viruses. This blocked the viral spike proteins from interacting with receptors on the cells' surface, preventing infection.




"It would be very difficult to apply it after a person is infected, but there's a way we could use it as a preventive therapeutic," Wang said. "We could make an anti-viral nasal spray compound. The nose is the hot spot for respiratory viruses, like COVID or influenza. A nasal spray with the NanoGripper could prevent inhaled viruses from interacting with the cells in the nose."

The NanoGripper could easily be engineered to target other viruses, such as influenza, HIV or hepatitis B, Wang said. In addition, Wang envisions using the NaoGripper for targeted drug delivery. For example, the fingers could be programmed to identify specific cancer markers, and grippers could carry cancer-fighting treatments directly to the target cells.

"This approach has bigger potential than the few examples we demonstrated in this work," Wang said. "There are some adjustments we would have to make with the 3D structure, the stability and the targeting aptamers or nanobodies, but we've developed several techniques to do this in the lab. Of course it would require a lot of testing, but the potential applications for cancer treatment and the sensitivity achieved for diagnostic applications showcase the power of soft nanorobotics."

The National Institutes of Health and the National Science Foundation supported this work. Wang and Cunningham are affiliated with the Carl R. Woese Institute for Genomic Biology and the Holonyak Micro and Nanotechnology Lab at the U. of I.

Editor's note: To reach Xing Wang, email @illinois.edu" title="mailto:xingw@illinois.edu">xingw@illinois.edu.

The paper "Bioinspired designer DNA NanoGripper for virus sensing and potential inhibition" is available from @aaas.org" title="mailto:robopak@aaas.org">robopak@aaas.org. DOI: 10.1126/scirobotic

This work was supported in part by NIH grants R21EB031310, R44DE030852 and R21AI166898.
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For those with CTE, family history of mental illness tied to aggression in middle age | ScienceDaily
People who have chronic traumatic encephalopathy (CTE) who have a family history of mental illness may have a higher risk of aggression in middle age, according to a study published in the November 27, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
CTE is a neurodegenerative disease associated with repeated head injuries, often seen in athletes and military personnel, that can lead to mood changes and dementia.

"This appears to be a case where together these risk factors add up to a greater risk for aggression than they each do on their own, where people with CTE and a family history of mental illness are much more likely to have aggressive behavior than those with just CTE or just the family history," said study author Jesse Mez, MD, MS, of Boston University Chobanian & Avedisian School of Medicine and a member of the American Academy of Neurology.

The study involved 845 men who were exposed to repetitive head impacts through contact sports or military service. A total of 329 of them played professional football. All donated their brains to research after their death, which was at an average age of 60. Of the total group, 589, or 70%, had CTE and 383, or 45%, had a family history of mental illness.

Researchers interviewed family members or spouses of the participants about their aggressive behavior. They were also asked whether the participants' parents, siblings or children were ever diagnosed with major depression, bipolar disorder, anxiety, post-traumatic stress disorder, obsessive-compulsive disorder or other mood or psychiatric disorders. If any family member had a diagnosis, the participant was considered to have a family history of mental illness.

Researchers then divided participants into four groups: 256 people, or 30%, with CTE and a family history of mental illness; 333 people, or 40%, with CTE and without a family history of mental illness; 127 people, or 15%, without CTE and with a family history of mental illness; and 129 people, or 15%, without CTE and without a family history of mental illness.

Researchers asked family members about the participants' aggressive behavior, such as whether they had severe arguments with others or got in physical fights, where scores ranged from zero to 44. They found that during adulthood people with CTE and a family history of mental illness had an average score of 19 compared to people with CTE without a family history of mental illness who had an average score of 17.




"This relationship was most striking for participants who died between 40 and 59 years old," Mez added.

After adjusting for other factors, such as total years playing contact sports and military history, researchers found that those who died between 40 and 59 years old who had CTE and a family history of mental illness scored an average of 0.64 standard deviations higher on a scale measuring aggression when compared to those with CTE, but without a family history of mental illness. For people who did not have CTE, having a family history of mental illness did not increase their risk for aggressive behavior.

"The link between a family history of mental illness and aggression may be through a shared genetic background and also through shared environment and common behaviors, such as childhood experiences with family members," said Mez. "Identifying people who are more likely to show symptoms of aggression based on family history of mental illness would give us a way to predict the consequences of CTE and identify who may benefit most from treatment options."

A limitation of the study was that the study relied on past information from family members and spouses who may not have remembered information accurately.

The study was funded by the National Institutes of Health, Department of Veterans Affairs and the Nick and Lynn Buoniconti Foundation.
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Gold beats platinum for chemo drugs in new lab study | ScienceDaily
A new gold-based drug can slow tumour growth in animals by 82% and target cancers more selectively than standard chemotherapy drugs, according to a study by Australian and Indian researchers.


						
The RMIT University study published in the European Journal of Medicinal Chemistry reveals a new gold-based compound that's 27 times more potent against cervical cancer cells in the lab than standard chemotherapy drug cisplatin.

It was also 3.5 times more effective against prostate cancer and 7.5 times more effective against fibrosarcoma cells in the lab.

In mice studies, the gold compound reduced cervical cancer tumour growth by 82%, compared to cisplatin's 29%.

Project lead at RMIT, Distinguished Professor Suresh Bhargava AM, said it marked a promising step towards alternatives to platinum-based cancer drugs.

"These newly synthesized compounds demonstrate remarkable anticancer potential, outperforming current treatments in a number of significant aspects including their selectivity in targeting cancer cells," said Bhargava, Director of RMIT's Centre for Advanced Materials and Industrial Chemistry.

"While human trials are still a way off, we are really encouraged by these results."

The gold-based compound is now protected by a US Patent and ready for further development towards potential clinical application.




Towards more targeted, less toxic treatment

Gold is famously known as the noblest of all metals because it has little or no reaction when encountering other substances; a property that makes it perfect for wedding rings and coins.

However, the gold compound used in this study is a chemically tailored form known as Gold(I), designed to be highly reactive and biologically active.

This chemically reactive form was then tailored to interact with an enzyme abundant in cancer cells, known as thioredoxin reductase.

By blocking this protein's activity, the gold compound effectively shuts down cancer cells before they can multiply or develop drug resistance.

Bhargava said this highly targeted approach minimizes the toxic side effects seen with the platinum-based cisplatin, which targets DNA and damages both healthy and cancerous cells.




"Their selectivity in targeting cancer cells, combined with reduced systemic toxicity, points to a future where treatments are more effective and far less harmful," Bhargava said.

This specific form of gold was also shown to be more stable than those used in earlier studies, allowing the compound to remain intact while reaching the tumour site.

Project co-lead at RMIT, Distinguished Professor Magdalena Plebanski, said along with this ability to block protein activity, the compound also had another weapon in its anti-cancer arsenal.

In zebrafish studies, it was shown to stop the formation of new blood vessels that tumours need in order to grow.

This was the first time one of the team's various gold compounds had shown this effect, known as anti-angiogenesis.

The drug's effectiveness at using these two attacks simultaneously was demonstrated against a range of cancer cells.

This included ovarian cancer cells, which are known to develop resistance to cisplatin treatment in many cases.

"Drug resistance is a significant challenge in cancer therapy," said Plebanski, who heads RMIT's Cancer, Ageing, and Vaccines Laboratory.

"Seeing our gold compound have such strong efficacy against tough-to-treat ovarian cancer cells is an important step toward addressing recurrent cancers and metastases."

Regional collaboration a key enabler

The dedicated RMIT team is collaborating with scientists at the Indian Institute of Chemical Technology (IICT) in Hyderabad under a $2million Australia-India Strategic Research Fund grant.

First author on the latest study, Dr Srinivasa Reddy, was initially a graduate from RMIT's joint PhD program with IICT and is now playing an active role in the collaborative project.

Meanwhile, RMIT Vice-Chancellor's Research Fellow Dr Ruchika Ojha has been supporting Bhargava in building and leading his Molecular Engineering Group to continue advancing innovative research into gold-based therapeutics long into the future.

"I am proud to carry forward Professor Bhargava's golden legacy, ensuring his pioneering contributions to this field continue to inspire groundbreaking discoveries," Ojha said.

Bhargava said leveraging the best minds and technical infrastructure across both Australia and India was critical to making a meaningful difference in the fight against cancer.

Gold has been a cornerstone of Indian Ayurvedic treatments for centuries, celebrated for its healing properties.

Today, gold-based cancer treatments are gaining global traction, with advancements such as the repurposing of the anti-arthritic drug auranofin, now showing promise in clinical trials for oncology.

"We know that gold is readily accepted by the human body, and we know it has been used for thousands of years in treating various conditions," Bhargava said.

"Essentially, gold has been market tested, but not scientifically validated.

"Our work is helping both provide the evidence base that's missing, as well as delivering new families of molecules that are tailor-made to amplify the natural healing properties of gold," he said.

Industry support worth its weight in gold

RMIT's research in this field over a sustained period has caught the gold industry's attention.

In October, Pallion subsidiary ABC Bullion committed an annual donation of 250 grams of pure Australian gold -- valued at more than AUD $30,000 -- to support the research.

Representatives of Canada's third-largest gold producer, Agnico Eagle Mines, have also visited the RMIT labs to explore collaboration opportunities.

"These endorsements highlight the social and scientific impact of our research," Bhargava said.

"There is a recognition that this is not just a scientific breakthrough but a step towards addressing a global health challenge and people want to be a part of that."

This groundbreaking project led by Bhargava and Pebanski brings together a dynamic team of young scientists including Dr Srinivasa Reddy, Dr Steven Priver, Dr Ruchika Ojha, Dr Ranjith Jakku, and Dr Tayebeh Hosseinnejad. Meanwhile, six PhD students from India, Germany, Australia, Bangladesh and Mexico have joined the effort, further strengthening the global collaboration.
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Soccer heading damages brain regions affected in CTE, study finds | ScienceDaily
Soccer heading may cause more damage to the brain than previously thought, according to a study being presented next week at the annual meeting of the Radiological Society of North America (RSNA).


						
Heading is a widely used technique in soccer where the players control the direction of the ball by hitting it with their head. In recent years, research has been done that suggests a link between repeated head impacts and neurodegenerative diseases, such as chronic traumatic encephalopathy (CTE).

"The potential effects of repeated head impacts in sport are much more extensive than previously known and affect locations similar to where we've seen CTE pathology," said study senior author Michael L. Lipton, M.D., Ph.D., professor of radiology at Columbia University Irving Medical Center in New York. "This raises concern for delayed adverse effects of head impacts."

While prior studies have identified injuries to the brain's white matter in soccer players, Dr. Lipton and colleagues utilized a new approach to an advanced brain imaging technique called diffusion MRI to analyze microstructure close to the surface of the brain.

To identify how repeated head impacts affect the brain, the researchers compared brain MRIs of 352 male and female amateur soccer players, ranging in age from 18 to 53, to brain MRIs of 77 non-collision sport athletes, such as runners.

Soccer players who headed the ball at high levels showed abnormality of the brain's white matter adjacent to sulci, which are deep grooves in the brain's surface. Abnormalities in this region of the brain are known to occur in very severe traumatic brain injuries.

The abnormalities were most prominent in the frontal lobe of the brain, an area most susceptible to damage from trauma and frequently impacted during soccer heading. More repetitive head impacts were also associated with poorer verbal learning.




"Our analysis showed that the white matter abnormalities represent a mechanism by which heading leads to worse cognitive performance," Dr. Lipton said.

Most of the participants of the study had never sustained a concussion or been diagnosed with a traumatic brain injury. This suggests that repeated head impacts that don't result in serious injury may still adversely affect the brain.

"The study identifies structural brain abnormalities from repeated head impacts among healthy athletes," Dr. Lipton said. "The abnormalities occur in the locations most characteristic of CTE, are associated with worse ability to learn a cognitive task and could affect function in the future."

The results of this study are also relevant to head injuries from other contact sports. The researchers stress the importance of knowing the risks of repeated head impacts and their potential to harm brain health over time.

"Characterizing the potential risks of repetitive head impacts can facilitate safer sport engagement to maximize benefits while minimizing potential harms," Dr. Lipton said. "The next phase of the study is ongoing and examines the brain mechanisms underlying the MRI effects and potential protective factors."

Co-authors are Bluye Demessie, A.B., M.S., Walter F. Stewart, Ph.D., Richard B. Lipton, M.D., Molly E. Zimmerman, Ph.D., Mimi Kim, Sc.D., Kenny Ye, Ph.D., Thomas Kaminski and Roman Fleysher, Ph.D.

This study was funded by the National Institutes of Health and The Dana Foundation.
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Caregivers experience decline in well-being | ScienceDaily
New research from the University of Zurich, based on data from more than 28,000 caregivers in three countries, shows that the longer individuals spend caring for loved ones, the more their well-being suffers, regardless of the caregiving context. These findings underscore the need for policy discussions to alleviate the burden of informal care.


						
The prevalence of informal caregiving continues to rise globally, bringing abrupt changes to caregivers' lives. But how does caregiving affect their well-being? Past research offers conflicting views: some suggest it enhances well-being by providing a sense of purpose, while others report declines due to emotional strain.

To address this, a new study from the University of Zurich (UZH) analyzed data from 28,663 caregivers, who contributed 281,884 observations across panel studies in the Netherlands, Germany, and Australia. The results show a consistent drop in life satisfaction and emotional health, with an increase in loneliness and anxiety -- particularly for women.

Well-being suffers over time

"The results of our analyses showed a decline in well-being in the years following the start of caregiving," explains co-author Michael Kramer from the Department of Psychology at UZH. "These declines were consistent across different aspects of well-being -- life satisfaction, emotional experiences, depression/anxiety, and loneliness -- and were more pronounced and longer lasting for women than for men."

The researchers also explored how time spent caregiving affected well-being. They found that the more time people spent on caregiving tasks, the more their well-being suffered, regardless of gender.

The study further examined factors like caregiving intensity, the relationship between caregivers and recipients, and full-time employment. Surprisingly, these factors had little influence on the overall decline in well-being, suggesting that caregivers face similar challenges across different contexts.

Mitigating the negative impact on caregivers

"While these findings highlight the stress caregiving can bring, individual experiences may differ," says Kramer. "There are other aspects of psychological well-being, such as finding a sense of purpose, that we couldn't assess with these data." Some caregivers may even find meaning in their role.

Overall, the findings are consistent with stress theory and show the potential decline in well-being that often accompanies informal caregiving. Women appear to be particularly vulnerable, likely because they tend to take on more intensive responsibilities for close family members. These findings highlight the need for policies that reduce the reliance on informal care, such as improved access to formal long-term care or blended care solutions that could mitigate the negative effects on caregivers.
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AI can predict study results better than human experts, researchers find | ScienceDaily
Large language models, a type of AI that analyses text, can predict the results of proposed neuroscience studies more accurately than human experts, finds a new study led by UCL (University College London) researchers.


						
The findings, published in Nature Human Behaviour, demonstrate that large language models (LLMs) trained on vast datasets of text can distil patterns from scientific literature, enabling them to forecast scientific outcomes with superhuman accuracy.

The researchers say this highlights their potential as powerful tools for accelerating research, going far beyond just knowledge retrieval.

Lead author Dr Ken Luo (UCL Psychology & Language Sciences) said: "Since the advent of generative AI like ChatGPT, much research has focused on LLMs' question-answering capabilities, showcasing their remarkable skill in summarising knowledge from extensive training data. However, rather than emphasising their backward-looking ability to retrieve past information, we explored whether LLMs could synthesise knowledge to predict future outcomes.

"Scientific progress often relies on trial and error, but each meticulous experiment demands time and resources. Even the most skilled researchers may overlook critical insights from the literature. Our work investigates whether LLMs can identify patterns across vast scientific texts and forecast outcomes of experiments."

The international research team began their study by developing BrainBench, a tool to evaluate how well large language models (LLMs) can predict neuroscience results.

BrainBench consists of numerous pairs of neuroscience study abstracts. In each pair, one version is a real study abstract that briefly describes the background of the research, the methods used, and the study results. In the other version, the background and methods are the same, but the results have been modified by experts in the relevant neuroscience domain to a plausible but incorrect outcome.




The researchers tested 15 different general-purpose LLMs and 171 human neuroscience experts (who had all passed a screening test to confirm their expertise) to see whether the AI or the person could correctly determine which of the two paired abstracts was the real one with the actual study results.

All of the LLMs outperformed the neuroscientists, with the LLMs averaging 81% accuracy and the humans averaging 63% accuracy. Even when the study team restricted the human responses to only those with the highest degree of expertise for a given domain of neuroscience (based on self-reported expertise), the accuracy of the neuroscientists still fell short of the LLMs, at 66%. Additionally, the researchers found that when LLMs were more confident in their decisions, they were more likely to be correct.* The researchers say this finding paves the way for a future where human experts could collaborate with well-calibrated models.

The researchers then adapted an existing LLM (a version of Mistral, an open-source LLM) by training it on neuroscience literature specifically. The new LLM specialising in neuroscience, which they dubbed BrainGPT, was even better at predicting study results, attaining 86% accuracy (an improvement on the general-purpose version of Mistral, which was 83% accurate).

Senior author Professor Bradley Love (UCL Psychology & Language Sciences) said: "In light of our results, we suspect it won't be long before scientists are using AI tools to design the most effective experiment for their question. While our study focused on neuroscience, our approach was universal and should successfully apply across all of science.

"What is remarkable is how well LLMs can predict the neuroscience literature. This success suggests that a great deal of science is not truly novel, but conforms to existing patterns of results in the literature. We wonder whether scientists are being sufficiently innovative and exploratory."

Dr Luo added: "Building on our results, we are developing AI tools to assist researchers. We envision a future where researchers can input their proposed experiment designs and anticipated findings, with AI offering predictions on the likelihood of various outcomes. This would enable faster iteration and more informed decision-making in experiment design."

The study was supported by the Economic and Social Research Council (ESRC), Microsoft, and a Royal Society Wolfson Fellowship, and involved researchers in UCL, University of Cambridge, University of Oxford, Max Planck Institute for Neurobiology of Behavior (Germany), Bilkent University (Turkey) and other institutions in the UK, US, Switzerland, Russia, Germany, Belgium, Denmark, Canada, Spain and Australia.

Note:

* When presented with two abstracts, the LLM computes the likelihood of each, assigning a perplexity score to represent how surprising each is based on its own learned knowledge as well as the context (background and method). The researchers assessed LLMs' confidence by measuring the difference in how surprising/perplexing the models found real versus fake abstracts -- the greater this difference, the greater the confidence, which correlated with a higher likelihood the LLM had picked the correct abstract.
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Brains grew faster as humans evolved | ScienceDaily
Modern humans, Neanderthals, and other recent relatives on our human family tree evolved bigger brains much more rapidly than earlier species, a new study of human brain evolution has found.


						
The study, published today (Tuesday, 26 November) in the journal PNAS, overturns long-standing ideas about human brain evolution. Scientists from the University of Reading, the University of Oxford and Durham University found that brain size increased gradually within each ancient human species rather than through sudden leaps between species.

The team assembled the largest-ever dataset of ancient human fossils spanning 7 million years and used advanced computational and statistical methods to account for gaps in the fossil record. These innovative approaches provided the most comprehensive view yet of how brain size evolved over time.

Professor Chris Venditti, co-author of the study from the University of Reading, said: "This study completely changes our understanding of how human brains evolved. It was previously thought that brain size jumps dramatically between species, like new upgrades between the latest computer models. Our study instead shows a steady, incremental 'software update' happening within each species over millions of years."

The research challenges old ideas that some species, like Neanderthals, were unchanging and unable to adapt and instead highlights gradual and continuous change as the driving force behind brain size evolution.

Dr Thomas Puschel, lead author now at Oxford University, said: "Big evolutionary changes don't always need dramatic events. They can happen through small, gradual improvements over time, much like how we learn and adapt today."

Brains, bodies, and evolutionary scale

The researchers also uncovered a striking pattern: while larger-bodied species generally had bigger brains, the variation observed within an individual species did not consistently correlate with body size. Brain size evolution across long evolutionary timescales extending millions of years is therefore shaped by different factors to those observed within individual species -- highlighting the complexity of evolutionary pressures on brain size.

Dr Joanna Baker, co-author from the University of Reading, said: "Why and how humans evolved large brains is a central question in human evolution. By studying brain and body size in various species over millions of years, we reveal that our hallmark large brains arose primarily from gradual changes within individual species."

The study was produced as part of a PS1 million Research Leadership Awards grant from the Leverhulme Trust. The project was to better understand the evolution of human ancestors.
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New discovery could offer significant answers on Alzheimer's disease | ScienceDaily
A new study from the University of Liverpool represents a significant step forward in scientists' understanding of Alzheimer's disease.


						
Researchers have shed new light on how mechanical signalling in the brain is disrupted and could lead to the condition which accounts for 60-80% of dementia cases worldwide.

The team of investigators, led by Professor Ben Goult at the University of Liverpool, have examined the role of two proteins found in the brain and suggest the stability of their relationship to one another is crucial for memory formation and maintenance. Disruptions in this mechanical signalling pathway could lead to the disease. This is the first time this connection has been identified and could pave the way for therapeutic interventions.

The newly published paper proposes that Amyloid Precursor Protein (APP), known for its role in the formation of the amyloid plaques in the brain, that are a characteristic feature in Alzheimer's disease (AD), directly interacts with talin, a synaptic scaffold protein. For the first time, it's suggested the talin-APP interaction is crucial for the mechanical integrity of synapses in the brain and that the misprocessing of APP observed in Alzheimer's, disrupts mechanical signalling pathways, leading to synaptic degeneration and memory loss, thereby contributing to the progression of AD. The paper further shows that if talin is removed from cells in culture then the processing of APP is dramatically altered.

Professor Ben Goult, University of Liverpool said: "Alzheimer's disease is a cruel neurodegenerative disorder characterised by memory loss and cognitive decline. It is a global health challenge, yet little is known about the underlying mechanisms that lead to the disease. However, this paper gives us a new piece of the puzzle and significantly advances research.

"Our paper outlines that APP is fundamental for the mechanical coupling of synapses in the brain and how the processing of APP is part of a mechanical signalling pathway that maintains synaptic integrity. However, misprocessing of APP, due to altered mechanical cues, disrupts this pathway, leading to the synaptic degeneration observed in Alzheimer's and could explain the memory loss associated. What's most exciting is our paper highlights the intriguing possibility that repurposing currently available cancer drugs that stabilize focal adhesions might represent a way to restore mechanical integrity at synapses. Whilst currently this is only a theoretical prediction, our current research is focussed on testing whether this represents a novel approach to slow the progression of Alzheimer's.

"Further research is needed to test the theories that emerge from these new findings. However, this marks a significant moment in better understanding this disease and could move us closer to early diagnosis and treatment."
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No 'one size fits all' treatment for Type 1 Diabetes | ScienceDaily
Factors beyond carbohydrates have a substantial influence on blood glucose levels meaning current automated insulin delivery systems miss vital information required for glucose regulation, a new study has found.


						
A team of researchers from the University of Bristol analysing automated insulin delivery data from people with Type 1 Diabetes (T1D) discovered that unexpected patterns in insulin needs are just as common as well-established ones.

The study, published today in JMIRx Med aimed to identify patterns in changes of insulin needs and to analyse how frequently these occur in people with T1D who use the OpenAPS, a state-of-the-art, automated insulin delivery system (AID).

Lead author Isabella Degen from Bristol's Faculty of Science and Engineering explained: "The results support our hypothesis that factors beyond carbohydrates play a substantial role in euglycemia -- the state when blood glucose levels are within the standard range.

"However, without measurable information about these factors, AID systems are left to adjust insulin cautiously with the effect of blood glucose levels becoming too low or high."

Type 1 Diabetes is a chronic condition in which the body produces too little insulin, a hormone needed to regulate blood glucose.

The principal treatment for T1D is insulin that is injected or pumped. The amount and timing of insulin must be skilfully matched to carbohydrate intake to avoid increased blood glucose levels. Beyond carbohydrates, various other factors such as exercise, hormones, and stress impact insulin needs. However, how often these factors cause significant unexpected effects on blood glucose levels has been little explored, meaning that despite all advances, insulin dosing remains a complex task that can go wrong and result in blood glucose levels outside the range that protects people with T1D from adverse health effects.




The findings highlight the complexity of glucose regulation in T1D and demonstrate the heterogeneity in insulin needs among people with T1D, underlining the need for personalised treatment approaches.

For factors beyond carbohydrates to become more systematically included in clinical practice, scientists need to find a way to measure and quantify their impact and utilise this information in insulin-dosing. This could also aid more accurate blood glucose forecasting, which the study showed is not consistently possible from information about insulin and carbohydrates alone.

Isabella added: "Our study highlights that managing Type 1 Diabetes is far more complex than counting carbs.

"The richness of insights that can be gained from studying automated insulin delivery data is worth the effort it takes to work with this type of real-life data.

"What surprised us most was the sheer variety of patterns we observed, even within our relatively small and homogenous group of participants.

"It's clear that when it comes to diabetes management, one size doesn't fit all.

"We hope our results inspire further research into lesser-explored factors that influence insulin needs to improve insulin dosing."

The team are now working on advancing time series pattern-finding methods that can handle the diverse and complex nature of real-life medical data, including irregular sampling and missing data. Their current focus is on developing innovative segmentation and clustering techniques for multivariate time series data tailored to uncover more granular patterns and handle the challenges posed by AID data.

To support this future research, the team seeks long-term, open-access AID datasets that include a wide range of sensor measurements of possible factors and a diverse cohort of people with T1D. Additionally, they aim to collaborate with time series and machine learning experts to address technical challenges such as handling irregularly sampled data with varying intervals between variates, and uncovering causalities behind observed patterns to ultimately driving innovations in personalised care.
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Food additive carrageenan (E 407) could disrupt the intestinal barrier and increase the risk of type 2 diabetes, study finds | ScienceDaily
The food additive carrageenan (E 407) can be responsible for the development of chronic inflammatory bowel disease, ulcers, and increased blood sugar levels in animals. DZD researchers have now investigated the effects of carrageenan on the human intestine and sugar metabolism. They found increased permeability of the small intestine, most likely due to intestinal inflammation.


						
The food additive carrageenan -- also known as E 407 -- is used by the food industry as an emulsifier and thickening agent in numerous finished products. Studies have shown that the additive can lead to the development of chronic inflammatory bowel disease, ulcers and increased blood sugar levels in animals. However, it is not yet known what effect carrageenan has on the risk of developing type 2 diabetes in humans. This question has now been investigated in a clinical study led by DZD researchers Prof. Dr. med. Robert Wagner and Prof. Dr. med. Norbert Stefan.

Increasing the permeability of the small intestine

In the study, young, healthy men with a BMI of less than 30 kg/m2 (average BMI 24.5 kg/m2) were given either carrageenan in addition to their normal diet, in an amount roughly equivalent to two to three times the daily dose consumed in the USA, or a placebo. Both groups were observed over a period of two weeks. The results showed an increase in the permeability of the small intestine, most likely due to inflammation of the gut.

"Our investigation suggests that the consumption of carrageenan, similar to what has been observed in animal studies, can impair the barrier function of the intestine," explains Prof. Robert Wagner. "This could have long-term health consequences and increase the risk of inflammatory diseases."

The data indicated that participants with higher body weight experienced a reduction in insulin sensitity

The primary endpoint of the study was insulin sensitivity -- the effectiveness of the blood sugar-lowering hormone insulin -- which decreases early on before the onset of type 2 diabetes. Although the insulin action was not significantly altered by carrageenan in the 20 study participants, the data indicated that participants with higher body weight experienced a reduction in insulin effectiveness, especially in the liver, with increased consumption of carrageenan. Furthermore, more overweight men tended to increase the inflammatory markers in the blood and show signs of inflammation in the hypothalamus -- the brain region responsible for sugar metabolism and appetite -- under higher carrageenan intake.

Further research on the health impacts of carrageenan is necessary

"Our subjects were, on average, probably still too healthy to show significant metabolic effects from carrageenan," says Prof. Norbert Stefan. "However, in older or overweight individuals, the effects could be stronger. To confirm this, further studies in these population groups are necessary."

The researchers emphasize the importance of further investigations into the effects of carrageenan on the human body. "Given the widespread use of carrageenan in foods, potential health risks should be taken seriously," concludes Prof. Wagner. "It's important that we understand how food additives can affect our health in order to make informed recommendations to the public."
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Drug research: Decoding the structure of nano 'gene ferries' | ScienceDaily
LMU researchers have investigated how cationic polymers organize on a molecular level when transporting RNA drugs.


						
Cationic polymers are promising tools for transporting RNA therapeutics or RNA vaccines. Like lipid nanocarriers, they are used to deliver mRNA medicines. The nanoscopic packaging materials are able to effectively protect their load and deliver them to the target cells. "We manufacture so-called 'gene ferries,' into which all kinds of therapeutic nucleic acids can be encapsulated for secure transport to the site of action," explains Professor Olivia Merkel, Chair of Drug Delivery at LMU's Faculty of Chemistry and Pharmacy.

To further improve the effectiveness of these gene ferries, however, it is important to understand how these particles organize on a molecular level, encapsulate RNA, and release it again -- an aspect which so far has not been fully examined. Merkel is principal investigator of a new study that has yielded fresh insights into the organization of the nanocarriers. The study was carried out as part of her ERC research project RatInhalRNA (Rational and Simulation-Supported Design of Inhalable RNA Nanocarriers) and the findings were recently published in the journal Nano Letters.

"Our research used a technique called coarse-grained molecular dynamics (CG-MD) to simulate and visualize the particles," explains Merkel. The specific focus was on how changes in polymer structure and environmental conditions impact particle formation. Simulations were supported by wet lab experiments using nuclear magnetic resonance (NMR), which confirmed that CG-MD can reveal detailed insights into the structure and behavior of RNA nanoparticles. "This study highlights CG-MD's value in predicting and explaining the properties of RNA nano-formulations, which can help in designing better systems for future medical applications," says Merkel.
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Scientists discover shared genetic foundations between musical rhythm and human language | ScienceDaily
In a groundbreaking study published Nov. 21 in the journal Nature Human Behaviour, researchers have uncovered significant genetic connections between human language abilities and musical rhythm skills, providing new insights into the biological underpinnings of these fundamental human traits.


						
The study brought together leading experts in the areas of musicality genetics and language genetics from Vanderbilt University Medical Center in close collaboration with researchers at the Max Planck Institute for Psycholinguistics in the Netherlands.

The study revealed overlapping genetic underpinnings between rhythm-related skills and language-related traits, including dyslexia. Multiple datasets were used from over 1 million individuals. By applying advanced multivariate methods, the researchers were able to identify common genetic factors and explore their biological and evolutionary significance.

The study revealed that genetic variants associated with higher likelihood of rhythm impairments tended to be also associated with higher likelihood of dyslexia. The reverse was also the case: Genetic variants associated with more accurate musical rhythm skills co-occurred with genes linked to higher performance on language and reading tests, and to language-related educational outcomes (i.e. grades in foreign language classes).

Combining the statistical power achieved by the large dataset and creative integration of brain data, the study team was then able to reach a new understanding of how the genesthat influence our rhythm and language skills play a role in the neural circuitry supporting these traits. The results showed 16 regions of the genome overlapped between rhythm and language, and these loci showed up as being likely to harbor genetic variants known to play a role in regulating gene expression in various types of brain cells.

According to Reyna Gordon, PhD, associate professor of Otolaryngology-Head and Neck Surgery at VUMC and senior author on the paper, the results suggest a complex genetic and neurobiological architecture shared by human musical rhythm and the capacity to learn and maintain human language.

"We were particularly intrigued by the finding of genetic variants jointly tied to rhythm and language as being enriched for oligodendrocytes in the brain," Gordon said. "Oligodendrocytes are a type of brain cell that help to maintain specific connections between brain areas by helping the connecting circuitry to stay healthy and strong."

Analyses conducted by co-author Yasmina Mekki, PhD, postdoctoral fellow at VUMC, resulted in a locus on chromosome 20 that was common to neural connectivity in the language network and rhythm. Taken together, these findings point to connectivity as a key neurobiological factor impacted jointly by the polygenic (many-gene) bases of rhythm and language interindividual variation.




Human brains are special in their strong connectivity between auditory and motor regions. These connections are a hypothesized co-evolved neurobiological underpinning of language and musicality, according to prior work in the field. Additional potential evolutionary signatures highlighted by the results include a joint variant (linked to both rhythm impairment and dyslexia) occurring in the gene DLAT, which has been previously implicated in rare neurodevelopmental disorders.

Collectively, the study uncovered novel genomic factors shared between rhythm and language traits in humans and their role in development and function of the human brain. These results contribute exciting new knowledge to the understanding of the origins of human musicality and communication skills. Potential future clinical applications may include risk detection and personalization of treatments based on an individual's genetic predispositions to rhythm impairments and childhood reading/language impairments.

This work was supported by National Institutes of Health grants R01DC016977 and DP2HD098859 and is the result of a collaboration with co-senior author Simon Fisher, DPhil, and the first author, PhD candidate Gokberk Alagoz (both of the Max Planck Institute) to design and carry out the study, with additional input from colleagues at the Vanderbilt Genetics Institute. Summary genomic data from 23andMe, Inc. on rhythm and dyslexia were used for analyses.
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Newer epilepsy medications used during pregnancy do not affect neurological development in children | ScienceDaily
Children of mothers who took certain anti-seizure medications while pregnant do not have worse neurodevelopmental outcomes at age 6, according to a long-running study funded by the National Institutes of Health (NIH). The study was published in JAMA Neurology.


						
"Controlling seizures during pregnancy is an important part of prenatal care for women with epilepsy, but for years, the effects of newer anti-seizure medications on their children was unknown," said Adam Hartman, M.D., program director at NIH's National Institute of Neurological Disorders and Stroke (NINDS). "One major component of this study was correlating the cognitive abilities of children with maternal blood levels of the drugs. This opens the door to future work and might inform better dosing strategies."

Treating epilepsy during pregnancy is challenging, as some anti-seizure medications, primarily older drugs such as valproate, are known to cause serious birth defects and cognitive problems in children, including lower IQ and autism spectrum disorders. Newer anti-seizure drugs that are widely used today are generally considered safe, but little is known about whether they affect cognition in children after fetal exposure.

In the study, researchers assessed language abilities in 387 children at age 6 (298 were born to women with epilepsy who took anti-seizure medications). Children were tested on a variety of verbal abilities, including vocabulary and matching spoken words to pictures. There were no differences in language scores between children of women who took the medications and those who didn't. Most women were taking lamotrigine, levetiracetam, or a combination of both drugs during and after pregnancy.

"What makes this study meaningful is that when you assess a child at 6, the tests are a lot more sensitive than at earlier ages, especially 2-year-olds. There's measurable impact on school performance and results are more predictive of adult cognitive ability," said Kimford Meador, M.D., co-lead investigator of the study and professor of neurology at Stanford University.

Finding the most effective and safest doses during pregnancy is also a challenge, and risks tend to vary between anti-seizure drugs. Prior studies from the same research team have shown that high doses of levetiracetam could lead to poorer cognitive outcomes at age 2 and 3, and worse adaptive functioning at age 4 and a half, but the overall outcomes for all ages were positive.

"We need to balance making sure there is enough medicine on board to protect the mother and her developing fetus from seizures, but not too much where we're creating risk for the child," said Dr. Meador.




The study also found that folate use during the first 12 weeks of pregnancy was associated with better cognitive and behavioral outcomes, even at higher doses. Folate is an essential nutrient that can help prevent birth defects in the brain and spine of a developing fetus. This held true for children of women with and without epilepsy. High doses at or above 4 mg per day did not have adverse effects, which contrasts with prior studies that found long-term risks associated with high doses of folic acid.

This report is part of the Maternal Outcomes and Neurodevelopmental Effects of Antiepileptic Drugs (MONEAD) study, a prospective, long-term study that looked at how anti-seizure medications affect pregnant women with epilepsy and their children from birth up to 6 years of age. Led by Dr. Meador and Page Pennell, M.D., chair of neurology at the University of Pittsburgh, the study took place at 20 medical centers across the United States.

Additional analyses revealed no adverse effects of anti-seizure medications on breastfeeding. Researchers point out that more studies need to be done to understand the risks of high doses of folate and less common anti-seizure medications, including newer drugs on the market.

This study was supported by the NINDS and the Eunice Kennedy Shriver National Institute of Child Health and Human Development (U01NS038455 and U01NS050659), and was part of the MONEAD study (NCT01730170).
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Cellular traffic congestion in chronic diseases suggests new therapeutic targets | ScienceDaily
Chronic diseases like type 2 diabetes and inflammatory disorders have a huge impact on humanity. They are a leading cause of disease burden and deaths around the globe, are physically and economically taxing, and the number of people with such diseases is growing.


						
Treating chronic disease has proven difficult because there is not one simple cause, like a single gene mutation, that a treatment could target. At least, that's how it has appeared to scientists. However, research from Whitehead Institute Member Richard Young and colleagues, published in the journal Cell on November 27, reveals that many chronic diseases have a common denominator that could be driving their dysfunction: reduced protein mobility. What this means is that around half of all proteins active in cells slow their movement when cells are in a chronic disease state, reducing the proteins' functions. The researchers' findings suggest that protein mobility may be a linchpin for decreased cellular function in chronic disease, making it a promising therapeutic target.

In this paper, Young and colleagues in his lab, including postdoc Alessandra Dall'Agnese, graduate students Shannon Moreno and Ming Zheng, and research scientist Tong Ihn Lee, describe their discovery of this common mobility defect, which they call proteolethargy; explain what causes the defect and how it leads to dysfunction in cells; and propose a new therapeutic hypothesis for treating chronic diseases.

"I'm excited about what this work could mean for patients," says Dall'Agnese. "My hope is that this will lead to a new class of drugs that restore protein mobility, which could help people with many different diseases that all have this mechanism as a common denominator."

"This work was a collaborative, interdisciplinary effort that brought together biologists, physicists, chemists, computer scientists and physician-scientists," Lee says. "Combining that expertise is a strength of the Young lab. Studying the problem from different viewpoints really helped us think about how this mechanism might work and how it could change our understanding of the pathology of chronic disease."

Commuter delays cause work stoppages in the cell

How do proteins moving more slowly through a cell lead to widespread and significant cellular dysfunction? Dall'Agnese explains that every cell is like a tiny city, with proteins as the workers who keep everything running. Proteins have to commute in dense traffic in the cell, traveling from where they are created to where they work. The faster their commute, the more work they get done. Now, imagine a city that starts experiencing traffic jams along all the roads. Stores don't open on time, groceries are stuck in transit, meetings are postponed. Essentially all operations in the city are slowed.




The slow down of operations in cells experiencing reduced protein mobility follows a similar progression. Normally, most proteins zip around the cell bumping into other molecules until they locate the molecule they work with or act on. The slower a protein moves, the fewer other molecules it will reach, and so the less likely it will be able to do its job. Young and colleagues found that such protein slow-downs lead to measurable reductions in the functional output of the proteins. When many proteins fail to get their jobs done in time, cells begin to experience a variety of problems -- as they are known to do in chronic diseases.

Discovering the protein mobility problem

Young and colleagues first suspected that cells affected in chronic disease might have a protein mobility problem after observing changes in the behavior of the insulin receptor, a signaling protein that reacts to the presence of insulin and causes cells to take in sugar from blood. In people with diabetes, cells become less responsive to insulin -- a state called insulin resistance -- causing too much sugar to remain in the blood. In researchpublished on insulin receptors in Nature Communications in 2022, Young and colleagues reported that insulin receptor mobility might be relevant to diabetes.

Knowing that many cellular functions are altered in diabetes, the researchers considered the possibility that altered protein mobility might somehow affect many proteins in cells. To test this hypothesis, they studied proteins involved in a broad range of cellular functions, including MED1, a protein involved in gene expression; HP1a, a protein involved in gene silencing; FIB1, a protein involved in production of ribosomes; and SRSF2, a protein involved in splicing of messenger RNA. They used single-molecule tracking and other methods to measure how each of those proteins moves in healthy cells and in cells in disease states. All but one of the proteins showed reduced mobility (about 20-35%) in the disease cells.

"I'm excited that we were able to transfer physics-based insight and methodology, which are commonly used to understand the single-molecule processes like gene transcription in normal cells, to a disease context and show that they can be used to uncover unexpected mechanisms of disease," Zheng says. "This work shows how the random walk of proteins in cells is linked to disease pathology."

Moreno concurs: "In school, we're taught to consider changes in protein structure or DNA sequences when looking for causes of disease, but we've demonstrated that those are not the only contributing factors. If you only consider a static picture of a protein or a cell, you miss out on discovering these changes that only appear when molecules are in motion."

Can't commute across the cell, I'm all tied up right now




Next, the researchers needed to determine what was causing the proteins to slow down. They suspected that the defect had to do with an increase in cells of the level of reactive oxygen species (ROS), molecules that are highly prone to interfering with other molecules and their chemical reactions. Many types of chronic-disease-associated triggers, such as higher sugar or fat levels, certain toxins, and inflammatory signals, lead to an increase in ROS, also known as an increase in oxidative stress. The researchers measured the mobility of the proteins again, in cells that had high levels of ROS and were not otherwise in a disease state, and saw comparable mobility defects, suggesting that oxidative stress was to blame for the protein mobility defect.

The final part of the puzzle was why some, but not all, proteins slow down in the presence of ROS. SRSF2 was the only one of the proteins that was unaffected in the experiments, and it had one clear difference from the others: its surface did not contain any cysteines, an amino acid building block of many proteins. Cysteines are especially susceptible to interference from ROS because it will cause them to bond to other cysteines. When this bonding occurs between two protein molecules, it slows them down because the two proteins cannot move through the cell as quickly as either protein alone.

About half of the proteins in our cells contain surface cysteines, so this single protein mobility defect can impact many different cellular pathways. This makes sense when one considers the diversity of dysfunctions that appear in cells of people with chronic diseases: dysfunctions in cell signaling, metabolic processes, gene expression and gene silencing, and more. All of these processes rely on the efficient functioning of proteins -- including the diverse proteins studied by the researchers. Young and colleagues performed several experiments to confirm that decreased protein mobility does in fact decrease a protein's function. For example, they found that when an insulin receptor experiences decreased mobility, it acts less efficiently on IRS1, a molecule to which it usually adds a phosphate group.

From understanding a mechanism to treating a disease

Discovering that decreased protein mobility in the presence of oxidative stress could be driving many of the symptoms of chronic disease provides opportunities to develop therapies to rescue protein mobility. In the course of their experiments, the researchers treated cells with an antioxidant drug -- something that reduces ROS -- called N-acetyl cysteine and saw that this partially restored protein mobility.

The researchers are pursuing a variety of follow ups to this work, including the search for drugs that safely and efficiently reduce ROS and restore protein mobility. They developed an assay that can be used to screen drugs to see if they restore protein mobility by comparing each drug's effect on a simple biomarker with surface cysteines to one without. They are also looking into other diseases that may involve protein mobility, and are exploring the role of reduced protein mobility in aging.

"The complex biology of chronic diseases has made it challenging to come up with effective therapeutic hypotheses," says Young, who is also a professor of biology at the Massachusetts Institute of Technology. "The discovery that diverse disease-associated stimuli all induce a common feature, proteolethargy, and that this feature could contribute to much of the dysregulation that we see in chronic disease, is something that I hope will be a real game changer for developing drugs that work across the spectrum of chronic diseases."
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New research points way to more reliable brain studies | ScienceDaily
Brain-wide association studies, which use magnetic resonance imaging to identify relationships between brain structure or function and human behavior or health, have faced criticism for producing results that often cannot be replicated by other researchers.


						
A new study published in Nature demonstrates that careful attention to study design can substantially improve the reliability of this type of research. For the study, Kaidi Kang, a biostatistics PhD student, Simon Vandekar, PhD, associate professor of Biostatistics, and colleagues analyzed data from more than 77,000 brain scans across 63 studies.

The investigators found that studies can achieve more dependable results by strategically selecting study participants to ensure a wider range of the characteristics being measured. For example, when studying age-related brain changes, including more participants at both younger and older age ranges produces more reliable findings than random sampling or concentrating on middle-aged participants.

The research also revealed that collecting multiple brain scans from the same person over time can improve reliability for some brain measurements but may actually reduce reliability for others, depending on what is being studied.

Based on their findings the authors offer practical guidance for scientists designing future brain imaging studies, potentially helping them obtain reliable results with fewer participants.

Kang and Vandekar were joined by investigators from six institutions in the U.S. and the United Kingdom. Others on the study from Vanderbilt are Jiangmei Xiong, MS, Megan Jones, Ran Tao, PhD, and Jonathan Schildcrout, PhD. The study was supported by the National Institutes of Health (grants R01MH123563, R01MH132934, R01MH133843, K23DA057486, R01MH120482, R01MH112847, R01MH113550, R01EB022573, R37MH125829).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241127135504.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



'Alzheimer's in dish' model shows promise for accelerating drug discovery | ScienceDaily
A decade ago, researchers introduced a new model for studying Alzheimer's disease. Known as "Alzheimer's in a dish," the model uses cultures of mature brain cells suspended in a gel to recapitulate what takes place in the human brain over 10 to 13 years in just six weeks. But does the model truly produce the same changes that take place in patients? In a new study, researchers from Mass General Brigham, in collaboration with colleagues at Beth Israel Deaconess Medical Center (BIDMC), created an algorithm to assess, in an unbiased manner, how well models of Alzheimer's disease mimic the function and gene expression patterns seen in patients' brains. Their results, published in Neuron, identify crucial shared pathways, confirming that the Alzheimer's in a dish model can be used to assess new drugs accurately and rapidly as well as point the way to drug discovery.


						
"Our goal is to find the best model with the most similar activity to what we see in the brains of patients with Alzheimer's disease," said co-senior author Doo Yeon Kim, PhD, of the Department of Neurology at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system. "We developed this 3D cell culture model for Alzheimer's 10 years ago. Now we have the data that show that this model can accelerate drug discovery."

The new study was made possible through a collaboration between researchers with expertise in neurology and data-driven systems, with a shared goal of finding better treatments for Alzheimer's disease (AD). For decades, the field of AD research has faced challenges due to some of the limitations of mouse models of the disease, which do not develop amyloid plaques or other hallmarks of AD seen in humans. Different models have been developed by Kim and colleagues but, until now, it had not been possible to determine the extent to which these models accurately reflect the molecular and functional changes seen in the brain.

"We faced a fundamental challenge: understanding which models truly reflect the complexity of Alzheimer's in the human brain," said co-senior author Winston Hide, PhD, of the Department of Pathology at BIDMC. "By shifting focus from individual genes to the broader biological pathways they shape, we've created a system that transforms how we discover and test drugs."

To address this need, the research team, led by Pourya Naderi Yeganeah, PhD, and Sang Su Kwak, PhD, co-lead authors, developed a novel integrative pathway activity analysis (IPAA) platform. The platform can determine which models most closely recapitulate the functional changes seen in AD and identify the most relevant pathways for drug discovery. In their paper, the researchers identified 83 dysregulated pathways shared across brain samples from deceased patients with Alzheimer's disease and 3D cellular models. The researchers looked at one pathway -- p38 mitogen-activated protein kinase (MAPK) -- as a proof of concept, testing drugs that target this pathway. Interestingly, they discovered that a clinical p38 MAPK inhibitor, which has not yet been tested in AD patients, is highly effective at reducing AD pathology in a dish, highlighting its potential for future clinical trials. Even more compelling, their findings extend beyond a single pathway -- the platform's capacity to identify promising drug targets, combined with the speed and scalability of the Alzheimer's in a dish model, enables simultaneous testing of multiple drugs to identify potential therapies. Already, the researchers have tested hundreds of approved drugs and natural products using the Alzheimer's in a dish model, setting the stage for clinical trials.

"Now we have a system that not only allows us to test new drugs quickly, but also an algorithmic platform that can predict which drugs will work best." said co-senior author Rudolph Tanzi, PhD, Director of the McCance Center for Brain Health and Genetics and Aging Research Unit at MGH. "Together, these advancements bring us closer to finding better drugs and getting them to patients."
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Cervical cancer deaths in young women plummet after introduction of HPV vaccine | ScienceDaily
Cervical cancer deaths have plunged dramatically among women under age 25, and researchers at MUSC Hollings Cancer Center believe this is likely due to HPV vaccination.


						
Their study, published in JAMA, is the first to suggest the impact of HPV vaccination on cervical cancer deaths.

"We observed a substantial reduction in mortality -- a 62% drop in cervical cancer deaths over the last decade, likely due to HPV vaccination," said senior author Ashish Deshmukh, Ph.D., co-leader of the Cancer Prevention and Control Research Program at MUSC Hollings Cancer Center. "We cannot think of any other reason that would have contributed to such a marked decline."

The human papillomavirus, or HPV, causes nearly all cases of cervical cancer. The HPV vaccine was introduced in 2006. At first, it was available only to adolescents, but eligibility has since been expanded to include adults up to age 45 in some cases.

Previous studies have looked at the rates of HPV infection, precancer and cervical cancer incidence since the introduction of the vaccine, and all of those indicators have declined. The next logical step was to look at death rates, Deshmukh said.

Although cervical cancer is rare in women under age 25, it does occur. By examining deaths in this age group, researchers were able to see the early impact of the vaccine. Women who were 25 in 2021, the final year included in this study, would have been 10 years old when the vaccine was introduced.

The researchers looked at cervical cancer deaths in three-year blocks of time. Through the 1990s, there were between 50 and 60 cervical cancer deaths nationally in women under the age of 25 in each three-year block of time. During the 2019-2021 time period, there were only 13 deaths.

However, the team sounded an alarm. Healthy People 2030 has a goal of reaching an 80% HPV vaccination rate, but the Centers for Disease Control and Prevention reported earlier this year that only about 60% of 13to 15 year olds have received the recommended doses.

"There has been a decline in HPV vaccination post COVID-19 in the most recent generation of U.S. adolescents. This is troubling as a decline in vaccination uptake would potentially lead to smaller gains," Deshmukh said.
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Breakthrough could revolutionize future of tick control | ScienceDaily
Research collaboration by the Texas A&M Department of Entomology and the U.S. Department of Agriculture, USDA, creates potential for genetic tools to control disease-spreading ticks.


						
Jason Tidwell is seeking his doctorate as he works for the USDA-ARS Cattle Fever Tick Research Unit in Edinburg. (Courtesy photo)

A recently published study by Jason Tidwell, a part-time graduate student in the Texas A&M College of Agricultural and Life Sciences Department of Entomology and full-time microbiologist with the USDA's Agricultural Research Service Cattle Fever Tick Research Unit at Edinburg, lays the foundation for potential new control methods against cattle fever ticks, the vectors of pathogens causing bovine babesiosis, historically known as Texas cattle fever.

Tidwell primarily conducts genetic research in arthropods, specifically cattle fever ticks. The publication is based on a foundational research project that identified the genetic markers for sex determination in the tick species Rhipicephalus microplus, one of two invasive cattle fever tick species found in northern Mexico that constantly threaten re-establishment in the U.S.

Collaboration could aid tick control

Kimberly Lohmeyer, Ph.D., center director at the Knipling-Bushland U.S. Livestock Insects Research Laboratory, Kerrville, said Tidwell's findings are a great example of a researcher identifying an unknown aspect of a pest's biology that could be leveraged and used as a novel control tool.

Lohmeyer said Tidwell was hooked by the idea of using genetic control methods of an important pest and that his study's discovery now opens the door for innovative solutions against disease-carrying ticks.




"This study sets the stage for advancements in how we protect U.S. livestock from cattle fever ticks," she said. "It answers a basic biological mystery about these ticks, but it is also a big step toward novel tools for the eradication program."

Pete Teel, Ph.D., a Texas A&M AgriLife Research scientist in the Department of Entomology and one of Tidwell's co-advisors, said Tidwell's work identifying the mechanisms of sex determination is critical to understanding genetic control of tick reproduction.

"It lays the foundation for potential genetic pest control methods that have been applied to other arthropods including the primary screwworm and several mosquito species," Teel said.

A female Rhipicephalus (Boophilus) microplus, Southern cattle fever tick. The USDA-Texas A&M Department of Entomology study identified chromosomes that determine whether ticks develop as male or female. The discovery could lead to novel control methods of these and other disease-spreading ticks. (Sam Craft/Texas A&M AgriLife)

Research provides foundation for potential weapon against ticks

The Cattle Fever Tick Eradication Program is a joint effort of USDA Animal and Plant Health Inspection Service Veterinary Services and the Texas Animal Health Commission to prevent the two species of cattle fever ticks from reestablishing in the U.S., Tidwell said. The program started in 1906 and eradicated the ticks in all 13 southern states and California, aside from a permanent quarantine zone in South Texas.




"These ticks are the only vectors of pathogens causing bovine babesiosis, thus eliminate the ticks and you eliminate the risk of disease," Teel said.

There are no approved anti-babesia vaccines, nor therapeutic drugs to treat the disease. The program has depended on chemical control with acaricides, pesticides for controlling ticks and mites. Discovery of genetic control tactics would be a novel approach, Teel said. New tactics are increasingly necessary because cattle fever ticks are showing increased resistance to acaricides.

"One idea is to genetically manipulate sex ratios in the environment in ways that prevent reproduction and crash populations of the pest," Tidwell said.

That genetic method has already shown promise to control Aedes aegypti mosquitoes, which vector diseases like West Nile virus, Dengue, yellow fever and Zika to humans. In that way, Tidwell's discovery could lead to similar control methods for other tick-borne diseases like Lyme disease in humans.

Aaron Tarone, Ph.D., an AgriLife Research scientist and professor in the Department of Entomology, and co-advisor to Tidwell, said any new control tool will need to be logistically, environmentally and economically sustainable, but agreed the study has opened the door for innovative advancements.

"The next step will be building genomes of ticks of local reference from both here in Texas and Mexico to examine their genetic variation," Tarone said. "The whole genomics arena and technology associated with it has opened the door to so many possibilities when it comes to dealing with vectors that pose serious threats to human and animal health."
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Long COVID brain fog linked to lung function | ScienceDaily
In patients with long COVID, lower pulmonary gas exchange may be associated with impaired cognitive function, according to a study being presented next week at the annual meeting of the Radiological Society of North America (RSNA).


						
According to the National Center for Health Statistics, approximately 17.6% of adults in the U.S. have experienced a post-COVID condition commonly referred to as long COVID. People with long COVID may exhibit a wide variety of symptoms, including difficulty concentrating ("brain fog"), change in sense of smell or taste, fatigue, joint or muscle pain, dyspnea (shortness of breath), digestive symptoms, and more. These symptoms may persist for weeks, months, or even years after COVID-19 infection.

Researchers from the University of Iowa in Iowa City set out to assess associations between pulmonary MRI gas exchange, structural and functional brain MRI, and cognition in long COVID patients. In pulmonary gas exchange, oxygen moves from the lungs to the bloodstream, while carbon dioxide moves from the bloodstream to the lungs.

"This is the first time that MRI has been used to jointly assess lung and brain function to investigate their relationship in long COVID," said the study's lead author Keegan Staab, B.S., graduate research assistant in the Department of Radiology at the University of Iowa in Iowa City. "This research is new in that it combines multiple unique imaging types to study a multiorgan relationship in a disease population."

Senior study author Sean B. Fain, Ph.D., professor and vice chair for research in the Department of Radiology at the University of Iowa, added, "If these findings can be generalized to the long COVID population, the study suggests that there may be a causative relationship between cognitive dysfunction and lung dysfunction, suggesting a potential treatment strategy using methods that target improved gas exchange."

For the study, 10 female and 2 male patients (median age: 59 years) who had persistent dyspnea and/or fatigue following the resolution of acute COVID-19 infection were recruited from a post-COVID-19 clinic. Hyperpolarized Xe pulmonary MRI, structural and functional brain MRI, pulmonary function tests and cognitive tests were acquired.

"129Xe MRI allows for advanced measurements of ventilation and gas exchange," Staab said. "The literature also indicates that 129Xe may be more sensitive to pulmonary injury compared to standard breathing tests, making it better suited to study long COVID in which patients typically have normal breathing tests."

Perceived cognitive difficulties were measured using Patient-Reported Outcomes Measurement Information System, and objective cognitive performance was assessed using the National Institutes of Health Toolbox V3 Cognition Battery.




"There was a range of cognitive difficulties among the patients in the study," Staab said. "Some were mild and indicated slight dysfunction, while others were more serious and indicated that some patients have slow thinking and trouble concentrating several times per day."

The results showed that lower pulmonary gas exchange may be associated with cognitive dysfunction, as well as lower gray matter and white matter volumes in patients with long COVID. In addition, the researchers observed significant relationships suggesting that increased cerebral blood flow is associated with decreased gas exchange in long COVID patients.

Staab said larger studies are needed to investigate the association between gas exchange and cerebral blood flow in long COVID.

"This relationship could be a compensatory mechanism where lower lung function is compensated by higher cardiac output and higher brain perfusion," he said. "It's also a possibility that the disease mechanism that impairs pulmonary gas exchange also leads to higher brain perfusion through downstream vascular injury in both lung and brain."

Based on the findings of this study, gas exchange abnormalities may help identify long COVID patients who require additional treatment or long-term management.

Other co-authors are Marrissa J. McIntosh, Ph.D., Jonathan L. Percy, B.S., Andrew D. Hahn, Ph.D., Natally AlArab, M.D., Conner J. Wharff, B.S. B.A. RT(R)(MR), Eric Bruening, M.S., Alejandro P. Comellas, M.D., Eric A. Hoffman, Ph.D., Carinda Linkenmeyer, M.A.E., Tara Lanning, B.S., and Karin F. Hoth, Ph.D.
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Concussions slow brain activity of high school football players | ScienceDaily
A new study of high school football players found that concussions affect an often-overlooked but important brain signal. The findings are being presented next week at the annual meeting of the Radiological Society of North America (RSNA).


						
Reports have emerged in recent years warning about the potential harms of youth contact sports on developing brains. Contact sports, including high school football, carry a risk of concussion. Symptoms of concussion commonly include cognitive disturbances, such as difficulty with balancing, memory or concentration.

Many concussion studies focus on periodic brain signals. These signals appear in rhythmic patterns and contribute to brain functions such as attention, movement or sensory processing. Not much is known about how concussions affect other aspects of brain function, specifically, brain signals that are not rhythmic.

"Most previous neuroscience research has focused on rhythmic brain signaling, which is also called periodic neurophysiology," said study lead author Kevin C. Yu, B.S., a neuroscience student at Wake Forest University School of Medicine in Winston-Salem, North Carolina. "On the other hand, aperiodic neurophysiology refers to brain signals that are not rhythmic."

Aperiodic activity is typically treated as 'background noise' on brain scans, but recent studies have shown that this background noise may play a key role in how the brain functions.

"While it's often overlooked, aperiodic activity is important because it reflects brain cortical excitability," said study senior author Christopher T. Whitlow, M.D., Ph.D., M.H.A., Meschan Distinguished Professor and Enterprise Chair of Radiology at Wake Forest University School of Medicine.

Cortical excitability is a vital part of brain function. It reflects how nerve cells, or neurons, in the brain's cortex respond to stimulation and plays a key role in cognitive functions like learning and memory, information processing, decision making, motor control, wakefulness and sleep.




To gain a better understanding of brain rhythms and trauma, the researchers sought to identify the impacts of concussions on aperiodic activity.

Pre- and post-season resting-state magnetoencephalography (MEG) data was collected from 91 high school football players, of whom 10 were diagnosed with a concussion. MEG is a neuroimaging technique that measures the magnetic fields that the brain's electrical currents produce.

A clinical evaluation tool for concussions called the Post-Concussive Symptom Inventory was correlated with pre- and post-season physical, cognitive and behavioral symptoms.

High school football players who sustained concussions displayed slowed aperiodic activity. Aperiodic slowing was strongly associated with worse post-concussion cognitive symptoms and test scores.

Slowed aperiodic activity was present in areas of the brain that contain chemicals linked with concussion symptoms like impaired concentration and memory.

"This study is important because it provides insight into both the mechanisms and the clinical implications of concussion in the maturing adolescent brain," said co-lead author Alex I. Wiesman, Ph.D., assistant professor at Simon Fraser University in Burnaby, British Columbia, Canada. "Reduced excitability is conceptually a very different brain activity change than altered rhythms and means that a clear next step for this work is to see whether these changes are related to effects of concussion on the brain's chemistry."

The results highlight the importance of protective measures in contact sports. The researchers cautioned that young players should always take the necessary time to fully recover from a concussion before returning to any sport.




The findings from the study may also influence tracking of post-concussion symptoms and aid in finding new treatments to improve recovery.

"Our study opens the door to new ways of understanding and diagnosing concussions, using this novel type of brain activity that is associated with concussion symptoms," Dr. Whitlow said. "It highlights the importance of monitoring kids carefully after any head injury and taking concussions seriously."

Other co-authors are Elizabeth M. Davenport, Ph.D., Laura A. Flashman, Ph.D., Jillian Urban, Ph.D., Srikantam S. Nagarajan, Ph.D., Kiran Solingapuram Sai, Ph.D., Joel Stitzel, Ph.D., and Joseph A. Maldjian, M.D.

This work was supported by the National Institutes of Health (NIH) grants R01NS082453 and R01NS091602, NIH grant F32-NS119375, a Canadian Institutes of Health Research (CIHR) Banting Postdoctoral Fellowship (BPF-186555), and a CIHR Canada Research Chair (CRC-2023-00300).
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World's most common heart valve disease linked to insulin resistance in large national study | ScienceDaily
A large new population study of men over 45 indicates insulin resistance may be an important risk factor for the development of the world's most common heart valve disease -- aortic stenosis (AS).


						
Published today in the peer-reviewed journal Annals of Medicine, the findings are believed to be the first to highlight this previously unrecognised risk factor for the disease.

It is hoped that by demonstrating this link between AS and insulin resistance -- when cells fail to respond effectively to insulin and the body makes more than necessary to maintain normal glucose levels -- new avenues for the prevention of the disease could open.

Aortic stenosis is a debilitating heart condition. It causes a narrowing of the aortic valve, restricting blood flow out of the heart. Over time, the valve thickens and stiffens, making the heart work harder to pump blood effectively around the body. If not addressed, this can gradually cause damage that can lead to life-threatening complications, such as heart failure.

People living with AS can take years to develop symptoms, which include chest pain, tiredness, shortness of breath and heart palpitations. Some may never experience symptoms, but may still be at risk of heart failure and death. Previously identified risk factors for AS include age, male sex, high blood pressure, smoking and diabetes.

Insulin resistance, which often develops years before the onset of type 2 diabetes, occurs when cells fail to respond effectively to insulin, the hormone responsible for regulating blood glucose levels. In response, the body makes more insulin to maintain normal glucose levels -- leading to elevated blood insulin levels (hyperinsulinemia).

In the current study, researchers analysed data from 10,144 Finnish men aged 45 to 73 years old, all initially free of AS, participating in the Metabolic Syndrome in Men (METSIM) Study. At the start of the study, the researchers measured several biomarkers, including those related to hyperinsulinemia and/or insulin resistance. After an average follow-up period of 10.8 years, 116 men (1.1%) were diagnosed with AS.




The team identified several biomarkers related to insulin resistance -- such as fasting insulin, insulin at 30 minutes and 120 minutes, proinsulin, and serum C-peptide -- that were associated with increased AS risk. These biomarkers remained significant predictors of AS, even after adjusting for other known risk factors, such as body mass index (BMI) and high blood pressure, or excluding participants with diabetes or an aortic valve malformation.

The researchers then used advanced statistical techniques to isolate key biomarker profiles, identifying two distinct patterns that indicate insulin resistance as a predictor of AS, independent of other cardiovascular risk factors, such as age, blood pressure, diabetes, and obesity.

"This novel finding highlights that insulin resistance may be a significant and modifiable risk factor for AS," says lead author Dr Johanna Kuusisto, from the Kuopio University Hospital, in Finland.

"As insulin resistance is common in Western populations, managing metabolic health could be a new approach to reduce the risk of AS and improve cardiovascular health in aging populations. Future studies are now warranted to determine whether improving insulin sensitivity through measures such as weight control and exercise can help prevent the condition."

The major strengths of this study include its large population-based cohort and long follow-up period. However, its limitations include the sole focus on male subjects and the relatively small number of AS cases, which may limit the generalisability of the findings to other populations.
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Simple secret to living a longer life | ScienceDaily
If everyone in the United States population was as active as the top 25 per cent, individuals over the age of 40 could add five years to their life, according to a new study led by Griffith University researchers.


						
Physical activity has long been known to be good for health, however estimates have varied regarding how much benefit could be gained from a defined amount of activity, both for individuals and for populations.

This latest study used accelerometry to gain an accurate view of the population's physical activity levels instead of relying on survey responses as per other studies, and found the benefits were around twice as strong as previous estimates.

It found the most active quarter of people in the community had a 73 per cent lower risk of death than their least active counterparts.

For that least active quartile, a single one-hour walk could potentially return a benefit of around six additional hours of life.

Lead researcher Professor Lennert Veerman said this least-active cohort had the greatest potential for health gains.

"If you're already very active or in that top quartile, an extra hour's walk may not make much difference as you've, in a sense, already 'maxxed out' your benefit," he said.




"If the least active quartile of the population over age 40 were to increase their activity level to that of the most active quartile however, they might live, on average, about 11 years longer.

"This is not an unreasonable prospect, as 25 per cent of the population is already doing it.

"It can be any type of exercise but would roughly be the equivalent of just under three hours of walking per day."

The research team suggested low levels of physical activity could even rival the negative effects of smoking, with other research finding each cigarette could take 11 minutes from a smoker's life.

By extension, a more active lifestyle could also offer protective effects against heart disease, stroke, certain cancers and other chronic illnesses, with the study's findings highlighting a need for national physical activity guidelines to be revisited using these methods.

Dr Veerman said physical activity had been vastly underestimated in its capacity to improve health outcomes, suggesting even modest increases in movement could lead to significant life-extension benefits.

"If there's something you could do to more than halve your risk of death, physical activity is enormously powerful," he said.

"If we could increase investment in promoting physical activity and creating living environments that promote it such as walkable or cyclable neighbourhoods and convenient, affordable public transport systems, we could not only increase longevity but also reduce pressure on our health systems and the environment."
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It might be wrecking the climate, but carbon dioxide is actually good for your cells | ScienceDaily
The cells in our bodies are like bustling cities, running on an iron-powered system that uses hydrogen peroxide (H2O2) not just for cleaning up messes but also for sending critical signals. Normally, this works fine, but under stress, such as inflammation or a burst of energy use, oxidative stress damages cells at the genetic level.


						
This is because iron and H2O2 react in what's known as the Fenton reaction, producing hydroxyl radicals, destructive molecules that attack DNA and RNA indiscriminately. But there's a catch. In the presence of carbon dioxide -- that pesky gas disrupting global climate systems -- our cells gain a secret weapon in the form of bicarbonate which helps keep pH levels balanced.

A team of University of Utah chemists has discovered that bicarbonate doesn't just act as a pH buffer but also alters the Fenton reaction itself in cells. Instead of producing chaotic hydroxyl radicals, the reaction instead makes carbonate radicals, which affect DNA in a far less harmful way, according to Cynthia Burrows, a distinguished professor of chemistry and senior author of a study published this week in PNAS.

"So many diseases, so many conditions have oxidative stress as a component of disease. That would include many cancers, effectively all age-related diseases, a lot of neurological diseases," Burrows said. "We're trying to understand cells' fundamental chemistry under oxidative stress. We have learned something about the protective effect of CO2 that I think is really profound."

Co-authors include Aaron Fleming, a research associate professor, and doctoral candidate Justin Dingman, both members of the Burrows Laboratory.

Without bicarbonate or CO2 present in experimental DNA oxidation reactions, the chemistry is also different. The free radical species generated, hydroxyl radical, is extremely reactive and hits DNA like a shotgun blast, causing damage everywhere, Burrows said.

In contrast, her team's findings show that the presence of bicarbonate from dissolved CO2 changes the reaction to make a milder radical striking only guanine, the G in our four-letter genetic code.




"Like throwing a dart at the bullseye where G is the center of the target," Burrows said. "It turns out that bicarbonate is a major buffer inside your cells. Bicarbonate binds to iron, and it completely changes the Fenton reaction. You don't make these super highly reactive radicals that everyone's been studying for decades."

What do these findings mean for science? Potentially a lot.

For starters, the team's discovery shows cells are a lot smarter than previously imagined, which could reshape how we understand oxidative stress and its role in diseases like cancer or aging.

But it also raises the possibility that many scientists studying cell damage have been conducting laboratory experiments in ways that don't reflect the real world, rendering their results suspect, Burrows said. Chemists and biologists everywhere grow cells in a tissue culture in an incubator set to 37 degrees Centigrade, or body temperature. In these cultures, carbon dioxide levels are raised to 5%, or about 100 times more concentrated than what's found in the atmosphere.

The elevated CO2 recreates the environment the cells normally inhabit as they metabolize nutrients, however, it is lost when researchers start their experiments outside the incubator.

"Just like opening up a can of beer. You release the CO2 when you take your cells out of the incubator. It's like doing experiments with a day-old glass of beer. It's pretty flat. It has lost the CO2, its bicarbonate buffer," Burrows said. "You no longer have the protection of CO2 to modulate the iron-hydrogen peroxide reaction."

She believes bicarbonate needs to be added to ensure reliable results from such experiments.




"Most people leave out bicarbonate/CO2 when studying DNA oxidation because it is difficult to deal with the constant outgassing of CO2," Burrows said. "These studies suggest that to get an accurate picture of DNA damage that occurs from normal cellular processes like metabolism, researchers need to be careful to mimic the proper conditions of the cell and add bicarbonate, i.e. baking powder!"

Burrows anticipates her study could result in unintended outcomes that may someday benefit research in other areas. Her lab is seeking new funding from NASA, for example, to study the effect of CO2 on people confined to enclosed spaces, such as inside of space capsules and submarines.

"You've got astronauts in a capsule living and breathing, and they are exhaling CO2. The problem is how much CO2 can they safely handle in their atmosphere? One of the things we found is that, at least in terms of tissue culture, CO2 does have a protective effect from some of the radiation damage these astronauts might experience. So what you might want to do is push up that CO2 level. You certainly don't want to go very high, but having it slightly higher might actually have a protective effect against radiation, which generates hydroxyl radicals."
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Scientists identify important factor in neural development | ScienceDaily
The Wistar Institute's Alessandro Gardini, Ph.D., and lab have shed new light on how certain biological processes determine the development of neural cells. Their findings on a molecular "bridge" complex demonstrate a new level of detail in the understanding of early neural development -- which is fundamental for the further understanding of neurodevelopmental syndromes. The new paper, "The enhancer module of integrator controls cell identity and early neural fate commitment" was published in the journal, Nature Cell Biology.


						
"By achieving a better understanding of how the nervous system develops at the earliest level, we are better positioned to assess the causes of and potential solutions to neurodevelopmental disorders. Our research provides valuable evidence that neural cell development is not solely driven by transcription factors" said Dr. Gardini.

Although every cell in our body carries the same genetic information, not every cell is identical. Cells get direction on what type of cell to become: muscle cells, blood cells, neurons, etc. In the early stages of biological development, stem cells transition from a state of "pluripotency," which is the ability of an unspecialized cell to develop into any number of mature, specialized cell types based on the biological signals and inputs they receive along the way.

Dr. Alessandro Gardini was interested in the signals and inputs that cause pluripotent stem cells to commit to developing into neural cells during the process of "neurogenesis": the formation of the human nervous system, including the brain. Human neurogenesis is not fully understood, but certain mutations within subunits of a protein complex called Integrator -- which influences neurogenesis -- have been associated with neurodevelopmental disorders.

Gardini and his team assessed the Integrator subunit INST10, which, across cells from both the central and peripheral nervous systems, was more abundant than other subunits of the same Integrator protein complex; this confirmed that neural cells had some essential need for INST10. Using a cell model that emulates early neural development, the researchers confirmed that cells with diminished INST10 not only exhibit very different gene-expression signatures -- they also appeared to be drifting away from developing into neural cells and toward developing into mesenchymal cells, a confirmation that the presence of INST10 maintains the cellular identity of neurons.

At the single-cell level of analysis, the stem cell lines with decreased INST10 lost expression of "master neuronal genes" even as they gained gene expression signatures consistent with programming for becoming intestinal or smooth-tissue cells. These findings confirmed that INST10 is critical to maintaining the cellular identities of neural cells, both during initial development and throughout the cell's life.
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Drinking plenty of water may actually be good for you | ScienceDaily
Public health recommendations generally suggest drinking eight cups of water a day. And many people just assume it's healthy to drink plenty of water.


						
Now researchers at UC San Francisco have taken a systematic look at the available evidence. They concluded that drinking enough water can help with weight loss and prevent kidney stones, as well as migraines, urinary tract infections and low blood pressure.

"For such a ubiquitous and simple intervention, the evidence hasn't been clear and the benefits were not well-established, so we wanted to take a closer look," said senior and corresponding author Benjamin Breyer, MD, MAS, the Taube Family Distinguished Professor and chair of the UCSF Department of Urology.

"The amount of rigorous research turned out to be limited, but in some specific areas, there was a statistically significant benefit," Breyer said. "To our knowledge, this is the first study assessing the benefits of water consumption on clinical outcomes broadly."

The study, which analyzed 18 randomized controlled trials, appears Nov. 25 in JAMA Network Open.

The researchers found the most evidence in favor of drinking water to prevent kidney stones and to help people lose weight.

Drinking eight cups of water a day significantly decreased the likelihood of getting another kidney stone.




Several studies found that drinking about six cups of water a day helped adults lose weight. But a study that included adolescents found that drinking a little more than eight cups of water a day had no effect.

Still, the authors said that encouraging people to drink water before meals would be a simple and cheap intervention that could have huge benefits, given the increased prevalence of obesity.

Other studies indicated that water can help prevent migraines, control diabetes and low blood pressure, and prevent urinary tract infections.

Adults with recurrent headaches felt better after three months of drinking more water.

Drinking about four more cups of water a day helped diabetic patients whose blood glucose levels were elevated.

Drinking an additional six cups a day of water also helped women with recurrent urinary tract infections. It reduced the number of infections and increased the amount of time between them.

And drinking more water helped young adults with low blood pressure.

"We know that dehydration is detrimental, particularly in someone with a history of kidney stones or urinary infections," said Breyer, who is a member of the UCSF Department of Epidemiology and Biostatistics. "On the other hand, someone who suffers from frequent urination at times may benefit from drinking less. There isn't a one size fits all approach for water consumption."
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How long ring fingers can point to a love of alcohol | ScienceDaily
The length of your fingers may hold a vital clue to your drinking habits, according to a new study.


						
There is evidence that alcohol consumption is influenced by prenatal sex steroids so experts from Swansea University and colleagues from the Medical University of Lodz decided to use a sample of students for their research into the subject.

Their findings have just been published by the online journal American Journal of Human Biology. They found relationships between high alcohol consumption and long 4th digits relative to 2nd digits. This showed that high prenatal testosterone relative to oestrogen is linked to high student alcohol consumption.

Professor John Manning, of Swansea's Applied Sports, Technology, Exercise and Medicine (A-STEM) research team, said: "Alcohol consumption is a major social and economic problem. Therefore, it is important to understand why alcohol use shows considerable differences across individuals."

The study used a sample of 258 participants -- 169 of them female -- and it revealed consumption rates varied between the sexes. In comparison to women, men show higher alcohol consumption and higher mortality from alcohol abuse.

He said: "A pattern like this suggests an involvement of sex hormones, such as testosterone and oestrogen. Digit ratio (2D:4D: the relative lengths of the 2nd [index] and 4th [ring] fingers) is thought to be an index of early testosterone (long 4th digit) and oestrogen (long 2nd digit).

"It is known that alcohol-dependent patients have very long 4th digits relative to their 2nd digits, suggesting high testosterone relative to estrogen exposure before birth. As expected, the associations were stronger for men than women."

Now the researchers hope their conclusions will bring a better understanding of the factors underlying the pattern of alcohol consumption, from abstinence to occasional use to harmful dependence.

This is the latest paper which has highlighted Professor Manning's work in the field of digit ratios. Previous research has examined how digit ratio may provide vital information concerning outcomes after contracting Covid-19, as well as oxygen consumption in footballers.
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Eliminating physical activity disparities between male and female youth could save hundreds of millions of dollars, new study says | ScienceDaily
Eliminating current physical activity disparities between male and female youth in the United States could save around $780 million for each new cohort of six-to-17-year-olds, according to a new study published in JAMA Network Open. In fact, bringing more equity to sports participation could save even more: $1.55 billion.


						
This study, led by researchers from the Center for Advanced Technology and Communication in Health (CATCH) at the CUNY Graduate School of Public Health and Health Policy (CUNY SPH) and the National Institute on Minority Health and Health Disparities (NIMHD), contributes to the growing body of evidence suggesting that targeted interventions can have a profound impact on the health of future generations while also alleviating financial burdens on healthcare systems.

Unfortunately, studies also show significant disparities between the physical activity levels of male and female youth. For example, only 15% of female participants in grades nine to 11 as compared to 31% of their male counterparts met aerobic guidelines, as shown by the 2011-2019 Youth Risk Behavior Survey. There are even greater disparities in sports participation. A 2019 study found that 54.1% of female participants as compared to 60.4% of male participants participate in sports.

To simulate what would happen if these disparities were reduced to different degrees, CATCH and NIMHD researchers decided to utilize a computational model of all the youth in the U.S. The computer simulation model represents all the six-to-17-year-olds in the U.S. as virtual agents starting with different ages in the model, and then simulated the daily physical activities of each youth, their growth, the impact of the physical activity on their health, the different chronic medical conditions that could emerge, and the resulting costs over time.

"This study shows how eliminating sex disparities in physical activity and sports would not only be the fair thing to do, it would also be economically beneficial for society," explains Bruce Y. Lee, MD, MBA, the study's senior author and professor of health policy and management at CUNY SPH. "Eventually efforts to increase physical activity and sport participation for girls and women could end up paying for themselves and more."

While there are different potential ways of reducing sex disparities in physical activity, reducing sex disparities in sports participation may be the easiest and most effective way. Sports-related interventions have clearer implementation locations such as schools and athletic associations, along with additional funding pathways apart from school budgets (e.g., recreation centers, community partners, and more). The Public Health Informatics, Computational, and Operations Research (PHICOR) team that is the core of CATCH has been part of the Aspen Institute's Project Play since 2016. Project Play has made ongoing efforts to reduce sex disparities in sports participation such as developing a Youth Sports Playbook that indicates a number of interventions that can get more female youth playing sports, including encouraging sports sampling, revitalizing in town leagues, carving out time at fields and gyms during prime hours each week for kids to engage in pickup or free play in their neighborhood, and recruiting female coaches who can serve as mentors and role models.

"Sports participation disparities among boys and girls can exist due to fewer opportunities for girls to play sports, especially in high school, and less social support. Our study shows that the cost savings of increasing girls' sports participation can justify investing in the changes needed to increase it," says Jessie Heneghan, MCP, co-author and senior analyst at PHICOR.

This research was supported by the National Institutes of Health Intramural Research Program via grant ZIA MD000020. The Socio-Spatial Determinants of Health (SSDH) Laboratory is supported by the Division of Intramural Research at the National Institute on Minority Health and Health Disparities (NIMHD) of the National Institutes of Health (NIH), and the NIH Distinguished Scholars Program. Yangyang Deng and Mohammad Moniruzzaman are supported by the NIH Postdoctoral Intramural Research Training Award. Breanna Rogers is supported by the NIH Postbaccalaureate Intramural Research Training Award. This work was also supported by the NIH Common Fund's Nutrition for Precision Health, powered by the All of Us Research Program and the National Center for Advancing Translational Sciences of the NIH through Award Number U54TR004279, the Agency for Healthcare Research and Quality through Grant 1R01HS028165-01, the National Institute of General Medical Sciences as part of the Models of Infectious Disease Agent Study network under Grants R01GM127512 and 3R01GM127512-01A1S1 and the National Science Foundation through Award Number 2054858.
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Great apes visually track subject-object relationships like humans do, study finds | ScienceDaily
Great apes track events with their eyes in the same way that humans do, according to a study published November 26 in the open-access journal PLOS Biology by Vanessa Wilson from the University of Neuchatel, Switzerland, and colleagues.


						
When watching a cat chase a mouse, humans will alternate looking at cat and mouse, using the information to connect the two into what's called an agent-patient relationship -- with the cat as the agent and the mouse as the patient. This cognitive mechanism is thought to be one of the bases for the evolution of human language, forming both how people think about events and structure speech. To find out if great apes can identify agent-patient relationships, the authors of this study showed 84 short video clips to 14 humans and examined their visual responses. They compared human responses to the visual responses of five chimpanzees, two gorillas, and two orangutans at the Basel Zoo. They also performed the test with 29 six-month-old infants.

The authors found that both apes and adult humans paid the most attention to the agents and the patients compared with background information. They often alternated attention between the two, focusing more on the agent when video clips involved food. Humans tended to focus entirely on the agents and patients, while apes showed more attention to the background. But while apes tended to track events like human adults, six-month-old human babies did not, instead paying attention mostly to the background. The findings suggest that the way brains order events evolved before language, and that the way people break down events into agents and patients is not unique to humans, but instead is part of a cognitive spectrum between humans and other great apes. Future studies will be needed to understand why great apes do not communicate like humans, and to better understand how humans developed language.

The authors add, "Gaze patterns from eye tracking data suggest that apes, like human adults, can decompose causal actions into agent and patient roles, something that is crucial for language. Our findings are consistent with a shared cognitive mechanism between humans and apes, suggesting that event role tracking evolved long before language."
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Recovery of testing for heart disease risk factors post-COVID remains patchy | ScienceDaily
Routine screening to detect risk factors for heart disease dropped sharply during the COVID-19 pandemic in England, and some key measurements, such as blood pressure readings, may still lag behind pre-pandemic levels. These findings are reported in a new study by Frederick Ho and Naveed Sattar of the University of Glasgow, Scotland, UK, and colleagues published November 26 in the open-access journal PLOS Medicine.


						
During the COVID-19 pandemic, patients went without routine face-to-face health checks, which are important for detecting common cardiometabolic conditions, such as obesity, type 2 diabetes and high blood pressure. Previously, it was unknown whether these health checks had recovered to pre-pandemic levels.

Researchers looked at how often clinicians took measurements of 12 risk factors for cardiometabolic disease between November 2018 and March 2024, using records from more than 49 million adults in England. They saw a sharp drop in the numbers of measurements being performed from March 2020 to February 2022, but most of the risk factor measurements returned to normal by 2022 to 2023. Blood pressure measurements were an exception, and as of March 2024 were still not back to normal, especially in patients belonging to lower socioeconomic levels.

The findings from the new research confirm previous studies showing that patients missed important routine health checks during the pandemic lockdowns. This lack of screening for cardiometabolic conditions likely explains previous observations that fewer patients received preventive prescriptions, like drugs to lower blood pressure, during the pandemic. The long-term disruption of blood pressure screening identified by the study could lead to missed opportunities for treatment, increasing the risk of cardiovascular events, such as heart attacks and strokes, or even death. This could also exacerbate existing health disparities for lower-income patients.

The authors add, "These data alert us to potential missed opportunities to measure key risk factors for chronic diseases, which are on the rise in the UK in an alarming way. Health care workers need better ways to more efficiently capture and then act upon changes in risks to prevent important diseases. The use of new technologies to capture data and better empower patients to make important lifestyle changes are needed."
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Cancers grow uniformly throughout their mass, study finds | ScienceDaily
Researchers at the University of Cologne and the Centre for Genomic Regulation (CRG) in Barcelona have discovered that cancer grows uniformly throughout its mass, rather than at the outer edges. The work, published today in the journal eLife, challenges decades-old assumptions about how the disease grows and spreads.


						
"We challenge the idea that a tumour is a 'two-speed' entity with rapidly dividing cells on the surface and slower activity in the core. Instead, we show they are uniformly growing masses, where every region is equally active and has the potential to harbour aggressive mutations," says Dr. Donate Weghorn, co-corresponding author of the study and researcher at the Centre for Genomic Regulation in Barcelona.

"Our findings have implications for tumour evolution. The constant churn of cells dying and being replaced by new ones throughout the tumour volume gives cancer many opportunities for evolutionary innovations, such as escaping from immune surveillance," explains Prof. Johannes Berg, co-corresponding author of the study and researcher at the University of Cologne.

For the last fifty years, researchers have hypothesised that tumours grow faster at their outer edges. Cancer cells on the surface are thought to have natural advantages compared to cells deep within. For example, peripheral cells have better access to nutrients and oxygen from surrounding healthy tissues. They can also get rid of their waste more easily.

As a tumour grows, its centre gets further and further away from the blood vessels in the area where it is growing. The cells in a tumour's core get less and less oxygen and nutrients. The cells are also under more mechanical pressure, with compression limiting their ability to divide.

Despite this theory, the study found tumours grow throughout their mass. The researchers made the discovery thanks to spatial genomics, a technique used to study the genetic information of cells in their exact locations within a tissue. They obtained data from previous studies where hundreds of small samples were taken from different parts of liver tumours, both in two- and three-dimensional space. This provided a detailed map of the mutations throughout the tumour.

They looked at the mutations in each of the samples, and developed a method to measure the direction and spread of these mutations, allowing the researchers to calculate the angles between the positions of parent cells and their mutated offspring. In the surface growth model, these angles would point outwards. Instead, the researchers found the angles were spread evenly in all directions, showing uniform growth throughout the tumour.




The study also looked at how mutations were spread within the tumour. If cancer cells grew mostly at the edges, mutations would be more clustered. They found that mutations were spread out, suggesting that cells were dividing all over the tumour.

To validate their findings further, the researchers used computer simulations to create different virtual tumours, some with surface growth and others with volume growth. The researchers compared the patterns of mutations from the simulations to the patterns found in the real tumour data. They found that mutation patterns in the real tumours matched the patterns from the volume growth simulations but not the surface growth simulations.

One of the limitations of the study is that it focused on liver cancer, so the findings might not apply universally to all types of cancer. Another limitation is that the study mainly provides insights into the early stages of tumour growth, which might not fully capture the behaviour of larger or metastatic types of cancer.

"The emergence of mutants that confer resistance to therapy are an important aspect of clinical relevance. Our work focuses on early-stage tumour growth, but expanding the research to late-arising mutations can tell us more about those mutations and why they ultimately foil many therapeutic approaches," concludes Dr. Berg.
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Air fryers confirmed as least polluting cooking method | ScienceDaily
Air fryers produce a tiny fraction of the indoor air pollution emitted by other cooking methods including pan and deep frying, a new study has shown.


						
Cooking is a key source of indoor air pollution and, while plenty of research has been done to show the energy-efficiencies available with air-frying, less is known about the environmental benefits.

Most people spend more than 80 per cent of their time indoors, so the effects of indoor pollutants, which include a range of acute symptoms and chronic conditions such as cardiovascular, neurodegenerative and respiratory diseases, are a major health concern.

The researchers, based in the University of Birmingham's School of Geography, Earth and Environmental Sciences, used a campus-based research kitchen to bridge the gap between laboratory-based chamber experiments measuring pollution from different cooking methods and less well-controlled testing in domestic kitchens. Their results are published in Indoor Air.

In the experiments the researchers cooked chicken breast using five different methods: pan frying, stir-frying, deep-fat frying, boiling and air-frying, in a well-controlled research kitchen. They measured the levels of particulate matter and volatile organic compounds (VOCs) emitted by each method.

For particulate matter, the team measured peak concentrations in micrograms per cubic metre of air. For pan frying, the peak concentration was 92.9; for stir-frying it was 26.7, for deep frying 7.7, for boiling 0.7 and for air-frying it was 0.6.

For VOCs, the results were measured in 'parts per billion', or ppb. The relative levels of pollution were in a similar order across the different cooking methods as for the particulate matter emissions, with pan-frying recording 260 ppb of VOCs; deep frying 230 ppb, stir-frying 110 ppb; boiling 30 ppb and air-frying 20 ppb. The researchers have also identified and quantified the specific VOCs that are mostly strongly emitted during the cooking activities.

Lead author Professor Christian Pfrang said: "There are a number of factors that will affect the levels of pollution from cooking alongside the method used, including the amount of oil used, and the temperature of the stove. What we can say with certainty, however, is that improving the ventilation in kitchens by opening windows or using extractor fans, will help to disperse polluting particles and reduce personal exposure."

For both particulate matter and VOCs, the researchers continued to measure pollution after the cooking process had finished. They recorded substantially higher levels of pollutants in the kitchen for well over an hour after the food had been cooked despite the cooking process only taking ca. 10 minutes.

Professor Pfrang added: "It's also really important to understand that particles will remain in the air for quite some time after you have finished cooking, so continuing to ventilate, or keeping extractor fans turned on for a period of time will really help to avoid the build-up of this indoor pollution and reduce the potential for the pollutants to be transported and distributed throughout the house with the associated higher personal exposures."
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New approach to epilepsy treatment combines genetics and brain mapping | ScienceDaily
Researchers from Professor Vijay Tiwari's research group at the Department of Molecular Medicine, University of Southern Denmark, have developed a new method called MoPEDE, which has the potential to improve epilepsy treatment. The method combines brain measurements with genetic analyses, offering deeper insights into the origins and mechanisms of epileptic seizures.


						
How MoPEDE works: Bridging genetics and brain measurements

Epilepsy is a condition that occurs when the brain suddenly sends irregular signals, triggering seizures. Pinpointing the exact regions in the brain where seizures originate is essential for effective patient care. The MoPEDE method uses SEEG electrodes, which not only record the brain's electrical activity but also collect biological material such as RNA and DNA from affected areas.

-We can now extract valuable genetic information from a very small amount of material," explains Dr Arun Mahesh Mariappan, Adjunct Professor, Department of Molecular Medicine.

-This data sheds light on why some brain regions trigger seizures while others remain unaffected.

A step towards personalised treatments

MoPEDE was developed in close collaboration with Professor David Henshall's team at RCSI in Dublin. By combining genetic data with detailed brain measurements, the method offers doctors a more precise map of epileptic regions. This is especially beneficial for patients who do not respond to medication or require surgical intervention.




-For the first time, we can accurately link specific genetic patterns to epileptic regions in the brain, says Dr Anuj Dwivedi, Postdoc, Department of Molecular Medicine.

The findings could pave the way for personalised, patient-specific treatments.

Promising results and future potential

In the long term, the method not only has the potential to enhance diagnosis but could also contribute to the development of new treatment approaches tailored to different types of epilepsy.

For the many patients and their families, this means better everyday lives with fewer uncertainties and more effective treatments. Researchers hope MoPEDE will soon be incorporated into clinical practice, helping more individuals achieve greater control over their epilepsy.

Facts about the MoPEDE method and its potential

How does MoPEDE work?




MoPEDE (Multimodal Profiling of Epileptic Brain Activity via Explanted Depth Electrodes) uses SEEG electrodes, which are placed in the brain during epilepsy diagnostics.

When the electrodes are removed, biological material such as RNA and DNA is analysed using advanced techniques like RNA sequencing and DNA methylation analysis.

The data is combined with brain measurements to create a detailed map of epileptic regions.

What has the method demonstrated?
    	MoPEDE can identify unique genetic patterns in the brain areas where seizures originate.
    	The method provides insight into both known and new mechanisms underlying epilepsy, which can improve diagnosis and treatment.

Limitations and next steps:
    	Limited data: Results are based on only three patients, and larger studies are needed to confirm the findings.
    	Electrode placement: Genetic data depends on electrode positioning, which may influence results.
    	Early stages: The method is still under development and requires further testing before clinical use.
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Wild boars could be a potential source of hepatitis E transmission to humans in the Barcelona metropolitan area | ScienceDaily
Over the last few decades, wild boar populations have increased in the urban areas of Barcelona and in other parts of Catalonia. This wild animal is an important reservoir of the hepatitis E virus, the disease causative agent that affects more than 20 million people every year, according to the World Health Organization (WHO). Now, a team from the Faculty of Biology, the Institute for Research on Biodiversity (IRBio) of the University of Barcelona and the Faculty of Veterinary Medicine of the Universitat Autonoma de Barcelona (UAB) has identified a relevant molecular similarity between the hepatitis E virus (HEV) strains of wild boars in the metropolitan area of Barcelona and the citizens of this area. According to the researchers, these data suggest that these animals could be a source of human hepatitis E infections in the metropolitan region.


						
Jordi Serra-Cobo, lecturer at the UB's Faculty of Biology and researcher at IRBio, has co-led the study with Maria Isabel Costafreda, lecturer at the Department of Genetics, Microbiology and Statistics, and researcher at the UB Nutrition and Food Safety Institute (INSA) and the Liver and Digestive Diseases Networking Biomedical Research Centre (CIBEREHD). Jordi Serra-Cobo warns that "the results should serve to take preventive measures and be watchful against possible transmission of the hepatitis E virus from wild boars to the citizens of the Barcelona metropolitan area." The study, published in Science of The Total Environment, also involved Abir Monastiri and Marc Lopez-Roig (IRBio), and Maria Costafreda, along with other researchers from the Banc de Sang i Teixits (Blood and Tissue Bank of Catalonia), the Vall d'Hebron Research Institute (VHIR), the University of Lleida and the Wildlife Ecopathology Service (UAB).

An endemic virus in the wild boar population

The metropolitan area of Barcelona is made up of thirty-six municipalities, spread over 636 km2 and populated by around 3.2 million people. This area, which includes the Collserola natural park -- a peri-urban Mediterranean forest of 8,000 hectares, surrounded by urban centres -- has a wild boar population density of between five and fifteen individuals per square kilometre.

In the study, the researchers analysed the faeces of 312 wild boars collected in this region between 2016 and 2021, seven of which tested positive for the presence of the virus. The comparison of these samples, together with six additional samples from a previous study, has made it possible to establish "a close phylogenetic relationship" -- that is, evolutionary kinship and genetic similarity -- with the HEV strains from blood donors in this area. Serra-Cobo, a member of the UB's Department of Evolutionary Biology, Ecology and Environmental Sciences, notes that "all the isolated viruses were classified within genotype 3 of HEV."

Moreover, the wild boar samples with the virus belonged to non-adult individuals, which, according to the researchers, indicates the endemic -- that is, habitual and permanent -- maintenance of HEV in the wild boar population of the metropolitan area by young individuals. In this sense, they explain that "the lack of HEV detection in adult wild boars suggests that young animals are exposed to infection by the virus in the first years of life, while adults have already overcome the infection and are protected from reinfection." "This suggests that the virus is endemic in the wild boar population in this region," add the researchers.

A global public health problem

The growing presence of wild boars in the urban areas of Barcelona (but also in other cities such as Lugo, Rome, Berlin, Genoa or Hong Kong) is mainly due to factors such as the loss of natural habitats induced by human activities. "Given that the synurbization -- the presence and adaptation of wild boar in urbanized environments -- of wild boar is a global phenomenon, which is increasing and expanding, the results of this study should be useful to develop and establish programmes for monitoring, surveillance and, eventually, control of HEV both in the metropolitan area of Barcelona and in other urban areas of the world," says Serra-Cobo.




In the article, the experts explain that "although most human cases of hepatitis E are mild, HEV infection causes approximately 50,000 human deaths each year, and is particularly serious in pregnant women, with mortality rates of up to 30%, and can be transmitted to infants."

Prevention and information measures

Among the measures to prevent transmission of the hepatitis E virus to the public, the researchers stress the importance of avoiding "contact with wild boars, as well as not eating their raw or undercooked meat." In cases where contact has occurred, such as with hunters or forestry agents, they recommend washing hands with soap and water. "This practice removes the lipid envelope of the virus and inactivates it," they note.

They also highlight other measures related to pets. "Wild boars can invade the streets of central Barcelona, where they find food in rubbish bins or urban gardens. These spaces are frequented by dogs and cats, which can become infected with wild boar faeces and can contribute to spreading the infection to citizens," warns Jordi Serra-Cobo.

In this regard, they recommend preventing household pets from coming into contact with wild animal faeces and installing systems to prevent wild boars from knocking over waste containers. The researchers also note that "it is also important to tell the public about the risk factors for the transmission of hepatitis E from wild boars, either to humans or to pets."

Long-term monitoring of wild boars

The IRBio research group at the UB has another study underway to determine the dynamics of hepatitis E virus infection in the wild boar population in the metropolitan area of Barcelona. The researcher also stresses the "fundamental importance" of a long-term follow-up and monitoring of the health status of the wild boar population, "especially at a time when the structure and functioning of ecosystems are changing at an unprecedented rate, as a result of climate change and anthropogenic factors."
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Machine learning reveals behaviors linked with early Alzheimer's, points to new treatments | ScienceDaily
Subtle signs of Alzheimer's disease can emerge decades before a diagnosis -- often in the form of irregular behaviors that reflect very early stages of brain dysfunction.


						
But until now, identifying and measuring these slight behavioral changes in a scientific way hasn't been feasible, not even when studying Alzheimer's in mice.

In a study published in Cell Reports, a team of scientists at Gladstone Institutes used a new video-based machine learning tool to pinpoint otherwise-undetectable signs of early disease in mice that were engineered to mimic key aspects of Alzheimer's. Their work sheds light on a new strategy for identifying neurological disease earlier than currently possible and tracking how it develops over time.

"We've shown the potential of machine learning to revolutionize how we analyze behaviors indicative of early abnormalities in brain function," says Gladstone investigator Jorge Palop, PhD, senior author of the study. "We leveraged a valuable tool that opens the door to a more complete understanding of devastating brain disorders and how they begin."

The scientists used a machine learning platform called VAME, short for "Variational Animal Motion Embedding," to analyze video footage of mice exploring an open arena. The open-source tool identified subtle behavioral patterns captured on camera -- changes that might not be noticed by simply looking at the mice.

Tracking Disorganized Behavior

VAME's deep learning platform is unlike conventional behavioral tests in mice, which often center around preconceived tasks that the animals are challenged to complete.




Among the limitations of those tests, they can't capture the full range of spontaneous behavioral changes caused by disease -- particularly in early stages, explains Stephanie Miller, PhD, staff scientist at Gladstone and first author of the study. They also lack scalability and often rely on labor-intensive methods.

For the Gladstone study using VAME, the team evaluated two types of mice that simulated different aspects of Alzheimer's. In both models, the machine learning tool identified a significantly increased level of "disorganized behavior" as the mice aged. For example, the mice exhibited unusual patterns of behavior and transitioned more often between different activities -- factors that might be associated with memory and attention deficits.

"Similar machine learning approaches could be used one day to study spontaneous behaviors in humans, potentially providing early diagnosis of neurological diseases," Miller says, noting that smartphone-quality video is sufficient for VAME analysis. "I envision this technology will be used to assess patients in the clinic and even in their homes. It gives scientists and doctors a way to solve the very hard problem of diagnosing preclinical stages of disease."

Miller began experimenting with VAME several years ago when the technology was still in its infancy. She and Palop collaborated with the team of Stefan Remy, MD, in Germany, which initially developed the platform. Together, they helped demonstrate VAME's utility for neuroscience research in a study published in Communications Biology.

Evaluating a Potential Treatment 

Adding another dimension to their new study, the Gladstone team used VAME to learn whether a potential therapeutic intervention for Alzheimer's would prevent the disorganized behavior in mice.




The scientists leveraged prior research from Gladstone investigator Katerina Akassoglou, PhD, who discovered that a blood-clotting protein called fibrin creates a cascade of toxic effects when it leaks into the brain through damaged blood vessels. By blocking fibrin's toxic effects, Akassoglou's lab has been able to prevent the neurodegeneration that leads to cognitive decline and to protect against Alzheimer's in animals.

To find out if this therapeutic strategy could safeguard mice from Alzheimer's-linked behaviors, the team genetically blocked fibrin from triggering toxic inflammation in the brain. This intervention reduced the development of abnormal behaviors in the Alzheimer's mice.

"It was highly encouraging to see that blocking fibrin's inflammatory activity in the brain reduced virtually all of the spontaneous behavioral changes in Alzheimer's mice, reaffirming that fibrin and the ensuing neuroinflammation are key drivers of the disease," says Akassoglou, also an author of the study. "Machine learning can offer an unbiased way to evaluate potential treatments in the lab -- and I believe it may ultimately become an invaluable clinical tool, as well."

Palop and Miller are now working with other Gladstone teams who study neurological disease to help them employ the VAME technology for new behavioral studies.

"My goal is to make this tool and similar approaches more accessible to biologists and clinicians in order to shorten the time it takes to develop powerful new medicines," Miller says.

About the Study

The study, "Machine learning reveals prominent spontaneous behavioral changes and treatment efficacy in humanized and transgenic Alzheimer's disease models," appears in the November 26 issue of Cell Reports. Authors include Stephanie Miller, Kevin Luxem, Kelli Lauderdale, Pranav Nambiar, Patrick Honma, Katie Ly, Shreya Bangera, Mary Bullock, Jia Shin, Nick Kaliss, Yuechen Qiu, Catherine Cai, Kevin Shen, K. Dakota Mallen, Zhaoqi Yan, Andrew Mendiola, Takashi Saito, Takaomi Saido, Alexander Pico, Reuben Thomas, Erik Roberson, Katerina Akassoglou, Pavol Bauer, Stefan Remy, and Jorge Palop.
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How cancer cell death may harm the immune system and promote tumor growth | ScienceDaily
A new study has uncovered an unexpected way cancer cells can escape the immune system, making it harder for treatments to work. The study, published in Cancer Cell, explains how a type of cancer cell death can actually make tumors grow faster by turning off the immune system's ability to fight the cancer.


						
Researchers at Moffitt Cancer Center focused on a form of cell death called necroptosis. Previously thought to help the immune system fight cancer, researchers found that when cancer cells die in this way, they can release a molecule called interleukin-1a. This molecule helps create an environment in the tumor that weakens the immune response, preventing T cells from attacking the cancer.

"We thought necroptosis would help the immune system fight cancer, but instead, it seems to make things worse by helping tumors grow," said Brian Ruffell, Ph.D., associate member in the Immuno-Oncology Program at Moffitt and lead author of the study. "Our study shows that interleukin-1a is key to this process, and by blocking it, we might be able to help the immune system do its job."

The study also found that interleukin-1a is released by cancer cells responding to chemotherapy, which could explain why some treatments don't work as well as expected. But there's good news: By blocking interleukin-1a, researchers were able to improve the immune response and make cancer treatments like chemotherapy and immunotherapy more effective in animal models.

"By blocking the actions of interleukin-1a, we could make current cancer treatments more successful," said Ruffell. "Additionally, targeting interleukin-1a can reduce the toxicity associated with chemotherapy, meaning this approach could help patients respond to and better tolerate therapy."

Researchers also discovered that lower levels of interleukin-1a are linked to better outcomes, especially in patients treated with chemotherapy. This suggests that interleukin-1a could be used as a marker to predict how well cancer treatments might work for different patients.

This study was supported by the Swiss National Science Foundation Postdoctoral Fellowship (P2ZHP3_171892, P400PM_183881) National Institutes of Health (R01CA230610, P30-CA076292) and the Cancer Research Institute Lloyd J. Old STAR Award.
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Cellular 'power plants' control inflammation | ScienceDaily
Whether cells in the human body survive or die under stress depends, among other things, on their mitochondria. Scientists at the Faculty of Medicine at the University of Freiburg have now shown that a sudden stop in energy production in these cell "power plants" prevents normal cell death or so-called apoptosis and instead triggers an inflammatory response. The results of this research were published in the journal Immunity on 20 November 2024.


						
"We found that mitochondria provide a kind of decision-making aid: they regulate whether a cell undergoes clean, silent apoptosis or releases pro-inflammatory messenger substances," explains Prof. Dr Olaf Gross, head of the study, a scientist at the Institute of Neuropathology at the Medical Center -- University of Freiburg and a member of the Cluster of Excellence CIBSS -- Centre for Integrative Biological Signalling Studies at the University of Freiburg. "This finding helps us to better understand how the body maintains a balance between cell protection and defence mechanisms. This could open up new avenues for the treatment of inflammatory diseases." The research work was funded as part of several collaborative research centres at the University of Freiburg.

A complex interplay for good health

The universal "fuel source" for cellular activity is ATP (adenosine triphosphate). If the ATP in the mitochondria drops sharply, a protein important for apoptosis, known as cytochrome c, remains trapped in the mitochondria and the cell does not die, even if it receives the signal to do so from outside. Instead, the mitochondria activate mechanisms that trigger an inflammatory response, which puts the tissue on alert and prepares it for a possible threat.

The researchers have now discovered that a special "sensor" in the cells, known as NLRP3, is activated when the mitochondria cease energy production. However, a second signal from other areas of the cell is needed to activate the NLRP3 sensor. This so-called "two-signal mechanism" ensures that inflammation is only triggered in the event of serious danger, thus protecting healthy cells. This enables the body to react to threats in a targeted manner while at the same time preventing unnecessary inflammation that could damage the tissue.

New options for treating inflammatory diseases

This discovery could be helpful for the treatment of diseases in which inflammatory processes play a role -- such as gout, type 2 diabetes or severe cases of COVID-19. "In the future, drugs could be specifically designed to mitochondria or the activation of NLRP3 in order to better control inflammation and, on the one hand, to prevent damage to healthy tissue and, on the other, to promote the immune response to infection or the rejection of cancer by the immune system," says Gross.
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The link between sleep and blood pressure: New research sheds light on gender differences | ScienceDaily
You may have heard sleep described as something of a magic pill for the body. With the right amount, timing, and quality, it can work wonders -- strengthen the immune system, improve blood sugar, even decrease the risk of heart attacks and strokes. Sleep differences have been reported for some time in men and women, but it is not well known whether the characteristics of sleep serve different functions in one gender over the other, especially as it relates to the heart. New research seeks answers.


						
Numerous studies over decades have documented a critical role for sleep in heart health. For example, sleep duration is pivotal in maintaining healthy blood pressure levels. In 2018, an NHLBI-funded study found that people who slept less than seven hours had higher blood pressure when compared to those who slept at least seven hours.

"Sleep is critical for overall health and well-being," said Marishka Brown, Ph.D., director of the National Center on Sleep Disorders Research at NHLBI. "Research is beginning to uncover how sleep characteristics, like time spent in each sleep stage or how often one wakes up at night, contributes to blood pressure control, and also how sex and gender may impact these outcomes, but we still have unanswered questions."

Kristen Knutson, Ph.D. associate professor of neurology and preventive medicine at Northwestern University Feinberg School of Medicine and NHLBI-funded researcher, is trying to help fill these gaps. "We know sleep matters greatly for heart health," she said. "So, we're trying to find out more about this connection, and also how sleep might be linked to the gender differences we see in cardiovascular disease." High blood pressure, for example, is more strongly associated with heart attack in women than it is in men.

Knutson and her team recently published a study that focused on the different stages and characteristics of sleep, as opposed to sleep duration, to see what factors, if any, are associated with blood pressure levels in men and women.

The study found that the women who spent more time in deep sleep -- the third and deepest stage of sleep -- tended to have lower blood pressure than women who spent less time in this stage. In men, however, no comparable association between blood pressure and deep sleep was seen. At the same time, men who wake up more often after falling asleep had higher blood pressure than men who woke up less often, while in women, waking up after falling asleep did not have a comparable association with blood pressure.

The researchers used at-home sleep studies for more than 1,100 adults in Brazil who did not have moderate to severe sleep apnea -- conditions already known to be linked with high blood pressure, though some participants did have mild sleep apnea. Study participants ranged from ages 18 to 91, and 64% identified as women.




The researchers recorded one night of sleep using polysomnography, a diagnostic test that measures various body functions, such as brain waves and heart rate during sleep, using sensors placed throughout the body. The following morning, they took blood pressure readings and fasting blood samples to measure lipid levels -- specifically, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and triglycerides. They analyzed the data together, and also by gender.

They found differences in blood pressure when comparing the sleep experiences of just the men and just the women, and also when comparing the men and women.

But the findings, while intriguing, are only a starting point for other avenues of research, Knutson said. For example, the researchers did not take multiple timepoints for sleep and blood pressure, so could not determine if someone got more or less sleep at any stage, or waking up during the night, actually made blood pressure levels better or worse. Future studies would need to test whether changing these sleep stages in men and women leads to changes in blood pressure levels.

Still, Knutson said the results of the current study could guide future work that explores the underlying mechanisms that may be making deep sleep in particular more valuable for women. This, in turn, could lead to novel therapies that enhance this sleep stage in women. She also explained that experimental studies could test whether certain modifications in sleep habits can lead to improvements in blood pressure and, ultimately, heart health.

"This study suggests that a better understanding of how specific sleep characteristics could lead to more targeted strategies to help both women and men protect their hearts," said Brown. "Studies such as this continue to reiterate the critical nature of sleep in the clinical management of hypertension."
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Simple lab-free test to detect bacteria in fluids from water to urine | ScienceDaily
A novel new test for bacteria in fluids makes it as easy as observing a colour change to confirm the presence of disease-causing pathogens, promising much easier diagnostic tests and greater food safety.


						
Engineers and biochemists at McMaster university have brought their skills together to make it possible for untrained users to confirm contamination in fluids using a biogel test that changes colour in the presence of such bacteria as E. coli, listeria and other frequent testing targets.

The test uses harmless bacteriophages embedded in the gel to locate target bacteria in a sample of fluid such as lake water, urine or a container of milk, even in low concentrations.

Bacteriophages are the most common form of life on Earth. Each form of bacteriophage is specialized to destroy one form of bacteria.

In the test, phages -- as they are called informally -- find and attack the target bacteria in a sample, causing the bacteria to release microscopic amounts of intracellular material which the test can read, triggering a colour change that is readily visible to the eye. If the sample is clean, the colour stays the same.

The new process takes just hours, producing results much more quickly than lab cultures, which can take two days to generate results.

"We've been using phages' destructive power to kill bacteria and resolve infections for years," says Zeinab Hosseinidoust, an associate professor of biomedial and chemical engineering who holds the Canada Research Chair in Bacteriophage Bioengineering. "Here, we're chanelling that power in another way. Because phages can burst bacteria open, they can give us quick access to the biological components of those bacteria that we use to confirm their presence."

The test, described in a new paper published in the journal Advanced Materials, is the latest in a series of technologies the group has developed, all aimed at placing simple technology within reach of producers, retailers, consumers and medical professionals.




"Now we have a tool that can be used in food samples, environmental samples and clinical samples," says corespounding author Tohid Didar, an associate professor of mechanical and biomedical engineering who holds the Canada Research Chair in Nano-Biomaterials. "Today, people who suspect they may have a urinary-tract infection must visit a doctor and sometimes wait days for a result. This technology would make it very easy for people to tests themselves at home and get a result in a matter of hours."

The group's previous work includes creating a portable testing library to match phages to otherwise untreatable antibiotic-resistant infections, a contamination test incorporated into food packaging, and a temperature-stable storage system for live vaccines.

The group confirmed the concept of their newest test using urine samples from patients at Hamilton Health Sciences, and in all cases, results from the experimental test produced the same results as traditional lab tests. The test also worked accurately to detect E. Coli in lake water samples.

The new test can be adapted to any bacterium by using bacteriophages and DNA probes that specifically target microbes such as listeria and salmonella.

"Phages can knock on every biological door, but they will only enter the ones they are programmed to find," says Carlos Filipe, a professor of chemical engineering and a senior authior on the paper. "That specificity is a huge advantage for quick and precise detection, even at low levels."

Such a test could have provided early and accurate detection in the recent listeria contamination of plant-based milk that killed two, sickened 10 and caused wide recalls in Canada, the researchers say.




"This technology could be helpful in rapidly limiting outbreaks ," says co-author Akansha Prasad, a Vanier Scholar and PhD student in biomedical engineering. "If you had something in your fridge that you were concerned about, this test could let you know if it was safe for consumption."

Testing for contamination in complex fluids such as milk, blood or urine is especially challenging, making simple, reliable alternatives such as the new test very useful, say the researchers, who hope to work with commercial partners to bring the technology to the marketplace.

"Once we have the appropriate approvals and partnerships to move this test to market, it could be very useful in many settings," says the paper's lead author Hannah Mann, a PhD student in chemical engineering and bioengineering. "About 12 per cent of Canadians don't have access to municipal piped water, for example, and this could bring them a lot of peace of mind."

The paper's other authors are Yingfu Li, Shadman Khan, Feresheteh Bayat, Jimmy Gu and Kyle Jackson.
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Tirzepatide shows powerful diabetes-prevention effect in three-year trial | ScienceDaily
Tirzepatide, a new injectable weight-loss drug with the trade name Zepbound, reduced the risk of diabetes in patients with obesity and prediabetes by more than 90% over a three-year period, compared with placebo, according to the results of a new study led by investigators at Weill Cornell Medicine, NewYork-Presbyterian, Yale School of Medicine and other institutions.


						
The study, published Nov. 13 in the New England Journal of Medicine, was a continuation of one of the first Eli Lilly-sponsored tirzepatide trials, the 72-week SURMOUNT-1 trial, which supported the FDA approval of the injectable drug for diabetes, and later, obesity. The new results show that after 176 weeks of treatment, only 1.3% of patients who were both obese and prediabetic, and who took the drug in any of three doses, progressed to type 2 diabetes, compared with 13.3% of patients taking a placebo.

"These results show that type 2 diabetes may be prevented, even in people who are on the verge of it, by using a medicine that causes weight loss," said study co-author Dr. Louis Aronne, the Sanford I. Weill Professor of Metabolic Research and director of the Comprehensive Weight Control Center, which is part of the Division of Endocrinology, Diabetes, and Metabolism at Weill Cornell Medicine.

A subset of the study's patients were treated at Weill Cornell Medicine, where Dr. Aronne and colleagues have worked for decades to advance the concept of obesity -- the major cause of type 2 diabetes -- as a treatable disease.

Tirzepatide belongs to a broad new class of drugs that simulate nutrient-stimulated hormones, helping patients lose significant weight and improve their blood sugar control. The drugs work, at least in part, by activating one or multiple receptors throughout the body, including glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP) receptors on cells in the brain, pancreas and elsewhere. Tirzepatide activates both GLP-1 and GIP, leading to greater weight loss and fewer side effects than older GLP-1 alone compounds. The drug's overall effect is to promote a feeling of fullness or "satiety," which reduces the desire for food and to boost insulin secretion, which reduces glucose levels in the blood.

The SURMOUNT-1 trial initially found that patients with obesity taking tirzepatide for 72 weeks lost 15% to 22.5% of their initial weight, on average, depending on the dose, and also saw a significant average reduction in their levels of glycated hemoglobin, known as A1c levels, a standard measure of blood sugar control. The new study focused on 1,032 of these patients who initially had obesity and prediabetes -- a diabetes precursor condition in which A1c levels are above normal but below the threshold for diabetes.

The study found that after 176 weeks, only 10 tirzepatide-treated patients progressed to diabetes, representing a roughly 93% reduction in risk compared to the placebo group. More than 90% of the patients on tirzepatide had normal A1c levels at 176 weeks, versus 59% of placebo-treated patients.

The trial uncovered no new safety issues; the most common gastrointestinal side effects such as nausea and vomiting decreased as the trial went on, suggesting that long-term use of tirzepatide is relatively tolerable. A follow-up analysis, 17 weeks after stopping treatment, found modest gains in weight and A1c levels, bringing some patients back into the prediabetes and diabetes ranges, and underscoring the likely need for chronic treatment.

The results point to the possibility that the drug someday could become the first approved treatment for prediabetes, said Dr. Aronne, who is also an internist specializing in diabetes and obesity at NewYork-Presbyterian/Weill Cornell Medical Center.

"Think about the impact these types of weight-loss drugs can have in preventing not only diabetes but also many other common diabetes-related complications such as heart disease, liver and kidney disease, sleep apnea, arthritis, and more," he said. Over time, the treatment of obesity may become a first line treatment, and more common than treating high blood pressure or cholesterol.
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Sub-Saharan Africa leads global HIV decline | ScienceDaily
The Institute for Health Metrics and Evaluation (IHME) has published a new study in The Lancet HIV journal that revealed significant progress in the global fight against HIV/AIDS, alongside a stark warning that current trends indicate the world is not on track to meet the ambitious UNAIDS 2030 targets.


						
The research, which analyzed the global, regional, and national burden of HIV/AIDS among 204 countries and territories from 1990 to 2021 and forecasted trends to 2050, highlighted a mixed landscape of achievements and challenges in the battle against this global epidemic.

Between 2010 and 2021, new HIV infections decreased from 2.1 million to 1.7 million, and HIV-related deaths decreased from 1.2 million to 718,000. Despite this progress, researchers found regional variation in the HIV response and forecast the world is not on track to meet UNAIDS 2030 targets to cut new HIV infections and AIDS-related deaths by 90%.

Sub-Saharan Africa leads the world in cutting new HIV infections and deaths from the disease

The global decline in HIV incidence is largely driven by sub-Saharan Africa, where the likelihood of getting HIV over a lifetime has fallen by 60% since its peak in 1995. This region also achieved the largest decrease in population without a suppressed level of HIV (PUV), from 19.7 million people in 2003 to 11.3 million people in 2021.

In contrast, the lifetime probability of HIV acquisition increased from 0.4% to 2.8% between 1995 and 2021, while PUV rose from 310,000 people to 680,000 people between 2003 and 2021 in Central Europe, Eastern Europe, and Central Asia.

"The world has made remarkable global progress to significantly reduce the number of new HIV infections and lives lost to the disease, yet there are remaining challenges to overcome," said Dr. Hmwe Kyu, IHME Associate Professor and study author. "More than a million people acquire a new HIV infection each year and, of the 40 million people living with HIV, a quarter are not receiving treatment," she added.




Despite progress, UNAIDS's HIV infection reduction and AIDS-related deaths 2030 targets won't be met

Although substantial progress has been made against HIV incidence and AIDS-related mortality, the world is not on target to meet the UN's 2030 targets to reduce new HIV infections and AIDS-related deaths by 90%.

The number of people living with HIV is expected to peak at 44.4 million by 2039, followed by a gradual decrease to 43.4 million people by 2050.

"The global community must make sustained and substantive efforts to sharpen the focus on prevention, optimize access to antiretroviral therapy, and make HIV testing widely available to achieve prompt diagnosis and linkage to care," said Dr. Kyu.

New cases of HIV, and deaths associated with the disease, are expected to continue to decrease globally. However, long-term increases have been forecast in North Africa and the Middle East, where only 67% of people living with HIV are aware of their status, 50% access ART, and 45% are virally suppressed.

"Although new HIV infections and HIV-related mortality have fallen globally, they are increasing in several nations and regions. Our analysis is designed to inform countries' sustained response to HIV that includes expanded access to lifesaving antiretroviral therapy (ART), effective prevention options, and innovative care models," said Austin Carter, IHME Research Scientist.

The study authors set a series of recommendations to sustain and invigorate the global HIV response, including the strengthening of the US President's Emergency Plan for AIDS Relief (PEPFAR) and other similar public health programs dedicated to HIV control, as well as the expansion of prevention services, with a multitude of existing and emerging technologies. Additionally, interventions and care delivery models that work must be studied and implemented effectively and equitably, with special emphasis on measuring progress and addressing remaining gaps in our collective goal of ending the HIV epidemic.

The findings and recommendations from the new study by the GBD 2021 HIV collaborators serve as a call to action for governments, health care providers, and the global community to renew their commitment to ending the HIV epidemic. Only through sustained, comprehensive, and equitable efforts will the world be able to achieve the UNAIDS 2030 targets and ultimately eradicate HIV/AIDS as a public health threat.
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Popular diabetes and obesity drugs also protect kidneys, study shows | ScienceDaily
The biggest and most comprehensive analysis of glucagon-like peptide-1 (GLP-1) receptor agonists on kidney and cardiovascular outcomes shows they have significant benefits in people with and without diabetes. Findings were published today in The Lancet Diabetes & Endocrinology.


						
Originally developed to treat diabetes, GLP-1 receptor agonists mimic the action of a hormone called glucagon-like peptide 1, which stimulates insulin production and lowers blood sugar levels. More recently, they have emerged as effective treatments for obesity -- slowing digestion, increasing feelings of fullness, and reducing hunger.

But while the benefits of GLP-1 receptor agonists for the treatment of type 2 diabetes, obesity and cardiovascular disease are well known, their impact on chronic kidney disease (CKD) has been less certain.

Researchers conducted a meta-analysis of 11 large-scale clinical trials of GLP-1 receptor agonists involving a total of 85,373 people (67,769 people with type 2 diabetes and 17,604 people with overweight or obesity and cardiovascular disease but without diabetes). Seven different GLP-1 receptor agonists were investigated among the trials, including semaglutide (also known as Ozempic or Wegovy), dulaglutide (Trulicity) and liraglutide (Victoza).

The results showed that compared to placebo, GLP-1 receptor agonists reduced the risk of kidney failure by 16% and the worsening of kidney function by 22% (defined by a drop in estimated glomerular filtration rate -- a measure of how much blood the kidneys filter clean every minute -- of at least 50%). The combined reduction in the risk of kidney failure, worsening kidney function, and death due to kidney disease was 19%.

The analysis also confirmed previous findings that GLP-1 receptor agonists protect cardiovascular health, with a 14% reduction in the risk of cardiovascular death, non-fatal heart attack, and non-fatal stroke, compared to placebo. Death by any cause was 13% lower among patients treated with GLP-1 receptor agonists.

Lead author Professor Sunil Badve, Professorial Fellow at The George Institute for Global Health and UNSW Sydney said the study expanded current knowledge about this class of drugs in key areas, including benefits in people with CKD, and in people with and without diabetes.




"This is the first study to show a clear benefit of GLP-1 receptor agonists on kidney failure or end-stage kidney disease, suggesting they have a key role in kidney-protective and heart-protective treatment for patients with common medical conditions like type 2 diabetes, overweight or obesity with cardiovascular disease, or CKD," he said.

"These results are particularly important for patients with chronic kidney disease. It is a progressive condition eventually leading to kidney failure requiring dialysis or kidney transplantation and is associated with premature death, mostly from heart disease. It has a significant impact on patients' quality of life and incurs substantial healthcare costs."

CKD is estimated to affect one in ten people worldwide, equivalent to around 850 million people. It is the tenth leading cause of death and is projected to become the fifth most common cause of death by 2050. Diabetes, cardiovascular disease and obesity are independent risk factors for CKD and represent a major global health burden.

Professor Vlado Perkovic, Professorial Fellow at The George Institute, Provost at UNSW Sydney and senior author on the study said, "This research shows that GLP-1 receptor agonists could play an important role in addressing the global burden of non-communicable diseases. Our study will have a major impact on clinical guidelines for the management of chronic kidney disease and cardiovascular disease in people with and without diabetes."

"More work is now needed to implement the results of this study into clinical practice and improve access to GLP-1 receptor agonists to people who will benefit from them," he added.
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Revolutionary bioengineering research may transform type 1 diabetes care, pave way for tackling cancer and autoimmune disease | ScienceDaily
Regenerative medicine holds the extraordinary promise that future patients in need of new cells, tissues or organs will no longer have to rely on donors. Organ shortages and cell type mismatches will become past problems, replaced by safe, on-demand options for anyone who needs a transplant.


						
This revolutionary field still faces many challenges, including the nontrivial task of convincing stem cells to differentiate into desired cell types for treatment. And even if the correct cells or tissues are created and can function successfully in the body, immune rejection presents a formidable barrier to their use. To overcome this obstacle, regenerative medicine treatments in use today require systemic immunosuppression, leaving patients vulnerable to environmental hazards like viruses, bacteria and cancer cells.

In a novel approach to tackle these obstacles, researchers at the Medical University of South Carolina and the University of Florida recently collaborated on a novel, highly specific strategy to treat type 1 diabetes (T1D) using a tagged beta cell transplant in tandem with localized immune protection provided by specialized immune cells also tagged with a complementary but inert targeting molecule.

According to Leonardo Ferreira, Ph.D., a researcher at MUSC Hollings Cancer Center and one of the principal investigators on the study, marrying stem cell engineering and regulatory T cell (Treg) engineering allowed the first step toward a readily available, off-the-shelf solution to treating T1D.

In their recent study published in the journal Cell Reports, the researchers described a unique collaboration that leveraged the beta cell engineering expertise of the lab of Holger Russ, an associate professor of pharmacology and therapeutics at the University of Florida, combined with the delicate surgical expertise and chimeric antigen receptor (CAR) T cell expertise available at Hollings.

For T1D patients, the trouble begins with an immune system self-attack on pancreatic beta cells, the cells that produce the hormone insulin to regulate blood sugar levels. Without a reliable way to self-regulate blood glucose levels, patients are forced to live with a high-maintenance regimen of glucose monitoring and insulin management to maintain health and avoid dangerous complications like neuropathy, amputation and blindness.

For now, some patients with poorly controlled T1D may consider islet cell transplantation using beta cells from a donor. Beta cells are isolated from a donor pancreas, purified and delivered to the patient's liver, where they can take up residence and begin secreting insulin. However, this option requires patients to undergo immunosuppression for the rest of their lives to keep the body from rejecting the foreign beta cells. It also requires the availability of donor cells, which might require long waits or may not happen at all.




To focus on an alternative solution, the researchers used an engineering strategy with tagged beta cells generated from stem cells. And to induce localized immune protection, the researchers chose to use Tregs, a type of immune cell that monitors and controls the immune response.

"Most of the cells of the immune system are focused on killing invasive elements," Ferreira said. "But Tregs are the generals of the immune system. They make sure that nothing goes overboard, and they train the immune system on how to respond in the future."

The researchers used a mouse model to test their strategy. By transplanting beta cells that were engineered from stem cells and included a nonreactive tag -- an inactivated version of epidermal growth factor receptor -- into the kidney capsules of immunodeficient mice, they showed that the cells were incorporated and began to manufacture functional insulin. In the next phase of testing, the mice were exposed to an aggressive type of immune cell to check on the viability of the transplanted beta cells in the face of a simulated immune response. As expected, all of the beta cells were killed by the immune response, the same thing that happens in people with T1D.

To avoid the killing response in the next phase, the researchers added specialized Tregs along with the immune challenge. These cells were tagged with CAR technology using a receptor that specifically recognized the inert EGFR tag present on the transplanted beta cells. With this added step, the researchers observed the immune protection they hoped for, as they observed the transplanted beta cells remaining safe, sound and functional in their new home.

Ferreira was delighted with the results and energized to take the next steps. "With this approach," he said, "we made both the lock and the key for creating immune tolerance."

Now that Ferreira and colleagues have shown the feasibility of their approach to T1D treatment, they plan to continue their research efforts, including building a whole library of locks and keys -- differentiated stem cells and tagged protective Tregs -- for multiple purposes, such as targeting certain cancers, lupus and other autoimmune diseases.

A few questions remain, such as the specific ligand that should be used for human transplantation and the longevity of Treg-mediated immune protection. The ligand or tag must be inert and have no negative impact on the function of the cells or create any reaction that could cause side effects. And it is still unknown if one Treg treatment will be effective or might need to be repeated at intervals that have yet to be established. Because Tregs can educate immune cells to maintain immune tolerance, it is possible that one treatment will be adequate, but further research is needed to understand the long-term effects.

Answering these questions and confirming the validity of the approach in humans may soon transform T1D from a chronic, high-maintenance disease with many complications to one that can be managed much more easily.
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Potential new biomarker for psychosis diagnosis | ScienceDaily
The current standard of care for psychosis is a diagnostic interview, but what if it could be diagnosed before the first symptom emerged? Researchers at the Del Monte Institute for Neuroscience at the University of Rochester are pointing toward a potential biomarker in the brain that could lead to more timely interventions and personalized care.


						
"Establishing such biomarkers could provide a key step in changing how we care for, treat, and offer interventions to people with psychosis," said Brian Keane, PhD, assistant professor of Psychiatry, Center for Visual Science, and Neuroscience at the University of Rochester Medical Center. Keane recently co-authored an article in Molecular Psychiatry that identifies how MRI scans could reveal brain differences in people with psychosis. "Aside from potentially predicting future psychosis onset, biomarkers could also help stratify patients into clinically meaningful subgroups and suggest new options for treatment or intervention."

Using data collected by the Human Connectome Early Psychosis Project, researchers looked at MRI scans from 159 participants. These included 105 who developed a psychotic disorder up to five years prior to testing. In the brains of participants with psychosis, researchers found that sensory regions in the cortex were more weakly connected to each other and more strongly connected to the thalamus, the brain's information relay station. These differences were confined to the somatomotor network, which processes bodily movement and sensations, and a visual network, which generates representations of objects, faces, and complex features. Combining the dysconnectivity patterns across these two networks allowed the researchers to create a "somato-visual" biomarker.

Previous research has suggested that abnormal brain connectivity exists prominently in the sensory networks of people with schizophrenia, but it remained unclear which networks were most responsible or whether dysconnectivity could be explained by other illness factors, such as antipsychotic use, anxiety, or stress.

"What makes this biomarker unique is its large effect size, its robustness to over a dozen common confounds, and its high reliability across multiple scans. A single five-minute scan could potentially improve our ability to predict which at-risk individuals will transition to a psychotic disorder, which in turn could allow for more timely treatments or interventions," Keane said. "It also gives us a place to keep looking. An important next step will be to determine if the somato-visual biomarker emerges before or as psychosis begins."

Additional authors include Yonatan Abrham, Boyang Hu, and Brent Johnson of the University of Rochester, Carrisa Cocuzza of Yale University, and Michael Cole of Rutgers University. This work was supported by a K01 grant and a Psychiatry Department pilot grant at the University of Rochester.
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Hunger hormone leptin can direct neural development in a leptin receptor-independent manner | ScienceDaily
Researchers from the Vanderbilt University School of Medicine Basic Sciences have uncovered the first example of activity-dependent development of hypothalamic neural circuitry. Although previous research has shown that the hormone leptin acts directly on hunger neurons through leptin receptors to promote the development of neural circuitry, results that will be published in PNAS on Nov. 25 indicate that certain neurons that do not express leptin receptors are nonetheless sensitive to its activity.


						
The research, led by the lab of Richard Simerly, Louise B. McGavock Professor and professor of molecular physiology and biophysics, also supports a novel role for leptin in specifying the development of neural circuits involved in autonomic regulation and food intake. His lab found that silencing the activity of hunger neurons (called "AgRP" neurons) during the critical, postnatal period of neuronal circuitry development may exert lasting effects on the structure and function of circuits that control energy balance.

Leptin is a hormone that, in adults, regulates hunger by providing a sensation of satiety and helps maintain body weight on a long-term basis. In the weeks following birth, however, leptin also helps direct the formation of circuits that control homeostatic functions.

In their PNAS paper, the Simerly lab describes three primary results:
    	Leptin is required for the normal development of neural connections between hypothalamic oxytocin neurons, which link AgRP neurons with brainstem neurons that coordinate autonomic responses associated with feeding, even though oxytocin neurons in this pathway do not express leptin receptors.
    	The development of the neural circuits that link the hypothalamus and brainstem are dependent on the activity of leptin-sensing AgRP neurons during a postnatal, critical period of hypothalamic development.
    	Perturbing of the neural activity in hypothalamic neurons can permanently alter the functional regulation of brainstem regions that coordinate gastrointestinal processes related to feeding.

The results reported in this paper should expand our appreciation of the developmental role that hormones such as leptin play in specifying the organization of neural circuits that control essential functions related to metabolic health and expression of disease risk. Although we have known for decades that neural activity impacts the development of the visual system and other sensory systems, the role of neuronal activity in mediating actions of hormones has been largely overlooked in studies of hypothalamic development, where the focus has been on receptor-mediated control of gene expression.

"The possibility that neural circuits that control something as fundamental as energy balance are sensitive to activity alone during key periods of development suggests that there may be a wide variety of factors impacting hypothalamic development through this mechanism," Simerly said. "Exposure of the developing brain to molecules that alter neural activity may have lasting consequences when building key neural circuits, which may have lasting effects on how the brain functions in health and disease."

This research opens the door to the possibility of harnessing this mechanism to facilitate normal development and improve outcomes for populations who are at risk due to genetic abnormalities or harmful environmental exposure.

The work described here would not have been possible without the talent and tenacity of staff scientist and first author Jessica Biddinger. The contributions of collaborating author Julio Ayala, associate professor of molecular physiology and biophysics and director of the Vanderbilt Mouse Metabolic Phenotyping Center, were also integral to the work.
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Language used by mothers affects oxytocin levels of infants | ScienceDaily
Infants whose mothers regularly use language to describe what their child is thinking or feeling, have higher levels of the hormone oxytocin, finds a new study led by UCL researchers.


						
Oxytocin, a hormone that is involved in a range of psychological processes, plays an important role in social relationships, such as the development of the bond between a parent and child, and the formation of trust, and social understanding, across the lifespan.

For the research, published in Development and Psychopathology, 62 new mothers aged between 23 and 44 years old, and who had an infant between three and nine months old, were filmed interacting naturally with their baby for five minutes.

The researchers analysed the videos to see how well the mother accurately referred to her infant's internal experience (e.g., their thoughts, feelings, desires and perceptions) during the interaction.

They also collected saliva samples from the infant and measured the level of the hormone oxytocin.

When the relationship between these two measures was analysed, the researchers found a positive correlation.

Lead author, Dr Kate Lindley Baron-Cohen (UCL Psychology & Language Sciences), said: "It has long been known that the hormone oxytocin is involved in intimate social relationships, including the attachment bond between a mother and her child. It is also known that how well a mother is attuned to her infant's thoughts and feelings in the first year of life is a long-term predictor of the child's social and emotional development. But the pathways underlying these effects have been unclear.




"We have, for the first time, discovered that the amount that a mother talks to their infant about their infant's thoughts and feelings is directly correlated with their infant's oxytocin levels. This suggests that oxytocin is involved in regulating children's early social experience, and this is itself shaped by the way a parent interacts with their infant."

For example, when a child demonstrates interest in a toy, a parent who displays understanding of their child's internal state might say "Oh, you like this toy" or "You're excited" and might imitate their child's actions or facial expression. In this way the parent is mirroring the child's internal experience, and the new results now reveal that this influences the infant's oxytocin system as well.

The team also found that mothers who were experiencing postnatal depression referred less to their infant's internal states than mothers who were not experiencing depression.

Dr Lindley Baron-Cohen said: "This study demonstrates a new psychobiological link between mothers and their infant, in which the mother's emotionally sensitive speech is reflected in her infant's hormone levels.

"This highlights the key role mothers play in their child's early development, and indicates how mothers who are experiencing depression could be supported to facilitate their child's social development."

This research was funded by the National Institute for Health Research (NIRH) ARC North Thames, the Lord Leonard and Lady Estelle Wolfson Foundation, Wellcome Trust, the University of York, the Fund for Psychoanalytic Research through the American Psychoanalytic Association, the International Psychoanalytical Association, the Michael Samuel Charitable Trust, the Denman Charitable Trust, and the Galvani Foundation.
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Dopamine and serotonin work in opposition to shape learning | ScienceDaily
If you've heard of two of the brain's chemical neurotransmitters, it's probably dopamine and serotonin. Never mind that glutamate and GABA do most of the work -- it's the thrill of dopamine as the "pleasure chemical" and serotonin as tender mood-stabilizer that attract all the headlines.


						
Of course, the headlines mostly get it wrong. Dopamine's role in shaping behavior goes way beyond simple concepts like "pleasure" or even "reward." And the fact that it takes weeks or months for serotonin-boosting SSRI antidepressants to work suggests that it's not actually the immediate jump in serotonin levels that drum out the doldrums of depression, but some still-mysterious shift in downstream brain circuits.

A new study from Stanford's Wu Tsai Neurosciences Institute reveals yet another new facet of these mood-managing molecules. The research, published on-line November 25, 2024 in Nature, demonstrates for the first time exactly how dopamine and serotonin work together -- or more precisely, in opposition -- to shape our behavior.

"In addition to their involvement in our everyday behavior, dopamine and serotonin are implicated in a wide variety of neurological and psychiatric disorders: addiction, autism, depression, schizophrenia, Parkinson's and more," said study senior author Robert Malenka, the Pritzker Professor of Psychiatry and Behavioral Sciences at Stanford. "It's critical for us to understand their interactions if we are to make progress treating these disorders."

The theory: dopamine and serotonin are both important for shaping behavior -- but how?

Research has long shown that dopamine and serotonin play crucial roles in learning and decision-making across species. However, the exact interplay between these neurotransmitters has remained unclear. While dopamine is associated with reward prediction and seeking, serotonin seems to moderate these impulses and promote long-term thinking.

Two main theories have emerged: the "synergy hypothesis," which suggests dopamine handles short-term rewards while serotonin manages long-term benefits, and the "opponency hypothesis," which proposes the two act as opposing forces balancing our decisions, with dopamine urging immediate action while serotonin counsels patience.




This new Stanford study, part of Wu Tsai Neuro's NeuroChoice Initiative, provides the first direct experimental test of these competing hypotheses.

The experiment: dual control of dopamine and serotonin during associative learning

Led by graduate student Daniel Cardozo Pinto, the research team created specially engineered mice that allowed them to observe and control both dopamine and serotonin systems in the same animal.

This innovative approach helped them pinpoint where these two systems interact in the brain -- specifically in a limbic region called the nucleus accumbens, which plays a key role in emotion, motivation, and reward processing.

"This was a very technically demanding project that required us to develop new strategies for recording and manipulating the activity of multiple neuromodulators simultaneously in awake, behaving animals," Cardozo Pinto shared. However, he added, "I persevered because I strongly suspected that there would be fascinating interactions between the dopamine and serotonin systems that were being missed by other studies that focused on only one neuromodulator at a time, and it turned out that this was exactly the case."

Cardozo Pinto and colleagues used their innovative new tools to observe how dopamine and serotonin signals changed in the nucleus accumbens as mice learned to connect a tone and flashing light with a sweet reward. They found that the dopamine and serotonin systems responded in opposite directions -- dopamine signaling jumped up in response to the reward, while serotonin signaling fell.




The researchers then used optogenetic manipulation (a technique that uses light to control genetically modified neurons) to selectively blunt the normal signaling of each system -- either alone or in combination -- during reward learning.

Predictably, given the history of studies linking these signaling systems to reward learning, blocking both dopamine and serotonin signaling made it impossible for mice to link sound and light cues with sugary reward. More surprisingly, restoring either dopamine or serotonin signaling on its own was not enough to allow the animals to learn again. Only with both systems online could animals successfully use the cues to predict the arrival of a reward.

"The most surprising and memorable moment in the project came when I performed my first optogenetic experiment, where I tested whether mice preferred the experience of a dopamine boost, a serotonin dip, or both together," Cardozo Pinto recalled. "We placed mice in a box and paired different parts of the box with each of those experiences, so mice could vote with their feet which experience they preferred. I will never forget the thrill of walking into the room at the end of the experiment to see all the mice on the side of the box representing both manipulations together. It's very rare in science to get a result so striking that you can see it immediately, and it was our first direct piece of evidence to support the decades-old hypothesis of dopamine-serotonin opponency."

On the horizon: choreographing dopamine and serotonin to improve psychiatric treatment

The findings suggest that dopamine and serotonin work together, but in opposite ways, to help the brain learn from rewards, the researchers say.

Based on their results, they propose that the two systems act a bit like the accelerator and the brakes on a car. Dopamine encourages reward-seeking behavior by signaling when things are better than expected, creating a 'go' signal. In contrast, serotonin seems to put the brakes on this process, creating a 'stop' or 'wait' signal, potentially helping us to be more patient and consider long-term consequences rather than just immediate rewards. Effective learning, the study suggests, requires both the 'go' signal from dopamine and the 'wait' signal from serotonin for an organism to properly evaluate and respond to rewarding opportunities.

The findings also have implications for disorders involving dopamine and serotonin dysfunction, such as addiction, where dopaminergic hypersensitivity and serotonergic deficits contribute to compulsive reward-seeking -- and in mood disorders including depression and anxiety, where diminished serotonin signaling might impair behavioral flexibility and long-term planning.

"As dopamine's role in reward learning has become increasingly clear, the dopamine system has become a natural place to start for studies investigating diseases that involve disrupted reward processing, like addiction and depression," Cardozo Pinto said. "Our work showing that the dopamine and serotonin systems form a gas-brake system for reward suggests it will be fruitful for future work to focus on the relative balance between these two systems."

For example, in addiction treatment, therapies might aim to dampen overactive dopamine signaling while boosting serotonin activity. In depression, the goal might be to enhance both systems to improve motivation and long-term planning.

Furthermore, the technical advances the team made to accomplish this study, may have long-standing applications for neuroscience research, Malenka added. "The novel methodologies we developed for this study can now be applied to a host of fascinating questions related to how the brain mediates adaptive behaviors and what goes wrong in these neuromodulatory systems during prevalent brain disorders such as addiction, depression, and autism spectrum disorders."

Competing interests: Eshel is a consultant for Boehringer Ingelheim. Bentzley is a co-founder of Magnus Medical. Malenka is on the scientific advisory boards of MapLight Therapeutics, MindMed, and Aelis Farma.
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Self-assembling proteins can be used for higher performance, more sustainable skincare products | ScienceDaily
NYU Tandon School of Engineering researchers have created a novel protein-based gel as a potential ingredient in sustainable and high-performance personal skincare products (PSCPs). This protein-based material, named Q5, could transform the rheological -- or flow-related -- properties of PSCPs, making them more stable under the slightly acidic conditions of human skin. This innovation could also streamline the creation of more eco-friendly skincare products, offering increased efficacy and durability while addressing market demands for ethically sourced ingredients.


						
If you have a meticulous skincare routine, you know that personal skincare products (PSCPs) are a big business. The PSCP industry will reach $74.12 billion USD by 2027, with an annual growth rate of 8.64%. With such competition, companies are always looking to engineer themselves an edge, producing products that perform better without the downsides of current offerings.

In a new study published in ACS Applied Polymer Materials from the lab of Professor of Chemical and Biomolecular Engineering Jin Kim Montclare, researchers have created a novel protein-based gel as a potential ingredient in sustainable and high-performance PSCPs. This protein-based material, named Q5, could transform the rheological -- or flow-related -- properties of PSCPs, making them more stable under the slightly acidic conditions of human skin. This innovation could also streamline the creation of more eco-friendly skincare products, offering increased efficacy and durability while addressing market demands for ethically sourced ingredients.

Personal skincare products, ranging from beauty cosmetics to medical creams, rely on sophisticated "chassis" formulations -- often emulsions or gels -- to effectively deliver active ingredients. The performance of these products depends heavily on the stability and responsiveness of their chassis under various environmental conditions, particularly pH.

Current formulations often rely on ingredients such as polysaccharides or synthetic polymers to achieve the desired texture, stability, and compatibility with skin's natural pH, which is mildly acidic (most human skin has a pH of between 5.4-5.9). However, these traditional rheological modifiers have raised environmental concerns regarding sourcing and sustainability.

To take on this challenge, Montclare and her colleagues fabricated a self-assembling coiled-coil protein they call Q5. In the study, Q5 demonstrated impressive pH stability. The protein's unique structure enables it to form strong gels that do not degrade easily under acidic conditions, enhancing the longevity and performance of skincare products.This resilience marks a significant improvement over earlier protein-based gels, which typically disassemble in lower pH environments.

Notably, the research suggests that Q5 could be produced sustainably via bacterial or yeast fermentation, circumventing the ethical and ecological issues associated with animal-derived proteins or synthetic polymers. The protein's natural amphiphilicity -- its ability to attract and retain moisture -- also enables it to bind various molecules, adding versatility as a moisturizer or binding agent in skincare products.

The research suggests that these protein-based rheological modifiers like Q5 could soon become a valuable component in the next generation of high-performance skincare products, helping brands meet consumer demand for sustainable beauty solutions without compromising on quality or functionality.
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Research links wildfire smoke exposure with increased dementia risk | ScienceDaily
As Baby Boomers hit retirement, about 1 in 6 Americans is now over the age of 65. The number of Americans living with dementia is projected to skyrocket -- but the proportion of older Americans who develop dementia has actually decreased. The exact reason why is uncertain, but various lifestyle and environmental factors can influence a person's risk of cognitive decline.


						
One recently discovered risk is air pollution. Studies have linked exposure to a type of air pollution called fine particulate matter, or PM2.5, with an increased risk of developing dementia, and researchers suspect that some sources of PM2.5 may pose a greater risk than others.

New research led by the University of Washington found that wildfire smoke is especially hazardous. An analysis of the health care records of 1.2 million Southern California residents found that higher long-term smoke exposure was associated with a significant increase in the odds that a person would be diagnosed with dementia.

The researchers presented their findings at the Alzheimer's Association International Conference in July and published the full study Nov. 25 in JAMA Neurology.

"There have been studies that have found total PM2.5 is related to people developing dementia, but no one had looked specifically at wildfire PM2.5," said lead author Joan Casey, a UW associate professor of environmental & occupational health sciences. "Wildfire smoke is a different animal, in that it's much spikier. There are many days where there's no wildfire smoke, and there are some days where exposure is really, really extreme."

Researchers analyzed the health records of 1.2 million members aged 60 and older of Kaiser Permanente Southern California between 2008 and 2019, all of whom were free from dementia at the start of the study period. They estimated each person's long-term exposure to both wildfire and non-wildfire PM2.5 as a three-year rolling average, and then identified people who received a dementia diagnosis.

Researchers found that for every 1 microgram per cubic meter (mg/m3) increase in three-year average wildfire PM2.5 concentration, the odds of a dementia diagnosis increased by 18%. Exposure to non-wildfire PM2.5 also increased a person's risk of dementia, but to a much lesser degree.




"One microgram per meter cubed might sound fairly small, but we have to think about how people are exposed to wildfire smoke," Casey said. "Most days they aren't exposed at all, so this might represent a few days of exposure at a concentration of something like 300 mg/m3, where the AQI is over 200 in someone's community. When you think about it, it's actually a few really severe wildfire smoke days that might translate into increased risk."

That risk further increased among racialized people and those living in high-poverty census tracts, following long-term trends in which vulnerable populations often experience disproportionate effects of environmental hazards. The authors suggested that disparities might be related to lower-quality housing, which can increase the amount of smoke that enters people's homes, or lower-income families' inability to afford air filtration systems.

The study period does not include the summers of 2020 and 2021, which produced the most extreme wildfire seasons recorded in California. The climate crisis has drastically increased the frequency and severity of wildfires across the American West, introducing "smoke season" in many West Coast regions The influx of smoke has chipped away at air quality improvements made over the last century.

"The main culprit here is climate change," Casey said. "It's a global problem. While individuals can protect themselves with air filters and masks, we need a global solution to climate change. It's going to have to be many-pronged -- many people have to be involved to solve this highly complex problem."

Co-authors on this study are Holly Elser of the University of Pennsylvania; Timothy Frankland of the Kaiser Permanente Hawaii Center for Integrated Health Research; Chen Chen and Tarik Benmarhnia of the Scripps Institution of Oceanography at UC San Diego; Sara Tartof and Gina Lee of Kaiser Permanente Southern California; Elizabeth Rose Mayeda of UCLA; Dr. Alexander Northrop of Columbia University; and Jacqueline Torres of UC San Francisco. This research was funded by the National Institute on Aging and the National Institute for Environmental Health Sciences.
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Beyond screen time: Complex factors shaping child development | ScienceDaily
New Curtin University research challenges views on screen time, revealing factors such as parental mental health and the type of screen being used may have some impact on child development.


						
Led by Dr Amber Beynon and Dr Juliana Zabatiero from the Curtin School of Allied Health, the research looked at how children's and parents' use of various types of screens impacted infant development at 12 months of age and also considered factors such as parental mental health and socioeconomic status.

Participants were from the longitudinal ORIGINS study, a collaboration between The Kids Research Institute Australia and Joondalup Health Campus which is following the health of 10,000 families to reduce chronic health conditions.

The study revealed parental technology use was not associated with development at 12 months, nor was infants watching TV.

Infants using mobile touch devices such as smartphones and tablets for just five minutes per day were weakly associated with lower developmental scores, however Dr Beynon said mental health, particularly of both parents, was a stronger factor influencing outcomes.

"We're increasingly finding 'screen time' doesn't tell us the full story; we need to focus more on the context and the content of the screen use," Dr Beynon said.

"We need to look at if parents and babies are watching content together, whether they're passively watching content or interacting with it -- and also of course what the content is.




"There's a complex relationship emerging between technology, infant development and other family factors; for example, we found a mother's mental health was also related to the amount of time an infant used technology."

Dr Beynon said she hoped the study and future research could help paint a clearer picture for how parents can navigate an increasingly technological world, while also looking after their children's development.

"Screens are all around us, children are engaging with them from a young age -- and the screens aren't going anywhere so we need to try to work out how this could impact development," Dr Beynon said.

"The message is often that small children shouldn't have any screen time whatsoever, but it's not as simple as that: it's really about how you're using the screen time and how the interaction is with the parents.

"So hopefully we see less pressure and parental guilt around the use of screens because that's really unhelpful and can affect mental health itself; we really need to work on supporting whole families with a more holistic approach."
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      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        Making a difference: Efficient water harvesting from air possible
        A research team has found a way to make more efficient the desorption of water-adsorption polymers used in atmospheric water harvesting and desiccant air conditioning.

      

      
        AI can predict study results better than human experts, researchers find
        Large language models, a type of AI that analyses text, can predict the results of proposed neuroscience studies more accurately than human experts, finds a new study. The findings demonstrate that large language models (LLMs) trained on vast datasets of text can distil patterns from scientific literature, enabling them to forecast scientific outcomes with superhuman accuracy. The researchers say this highlights their potential as powerful tools for accelerating research, going far beyond just kn...

      

      
        Drug research: Decoding the structure of nano 'gene ferries'
        Researchers have investigated how cationic polymers organize on a molecular level when transporting RNA drugs.

      

      
        Making quantum physics easier to digest in schools
        A team of physics educators is focusing on a new approach to teaching quantum physics in schools. Traditional classroom teaching has tended to focus on presenting the history of the origins of quantum physics, which often poses problems for learners. Using the quantum measurement process as an example, the researchers have now published their first empirical findings on learning quantum physics -- based on two-state systems.

      

      
        It might be wrecking the climate, but carbon dioxide is actually good for your cells
        Chemists unravel how bicarbonate can protect cells from oxidative stress in a study that challenges how cell damage has been studied for decades.

      

      
        New imaging platform revolutionizes 3D visualization of cellular structures
        A team of researchers has developed an innovative imaging platform that promises to improve our understanding of cellular structures at the nanoscale. This platform, called soTILT3D for single-objective tilted light sheet with 3D point spread functions (PSFs), offers significant advancements in super-resolution microscopy, enabling fast and precise 3D imaging of multiple cellular structures while the extracellular environment can be controlled and flexibly adjusted.

      

      
        Team unlocks new insights on pulsar signals
        Results showed that in almost all cases, measured bandwidths were higher than predictions by widely used models of the galaxy, highlighting a need for updates to current ISM density models.

      

      
        Quantum mechanism identified as a key to accelerating ocean temperatures
        Accelerating rates of heat uptake by oceans that don't fit current climate models can now be explained by quantum physics.

      

      
        Predicting the weather: New meteorology estimation method aids building efficiency
        Researchers propose a new method to generate meteorological data that takes into account the interdependence of meteorological factors, such as temperature, humidity, and solar radiation.

      

      
        A pathway towards new quantum devices: Electrically defined quantum dots in zinc oxide
        Creating and controlling quantum dots via electrical methods, is likely to lead to new frontiers in the quest to develop stable and efficient qubits. Exploring how zinc oxide can be used in electrically defined quantum dots, researchers have unearthed some surprising phenomenon.

      

      
        Astronomers may have discovered the answer to a mysterious stellar event
        Researchers have made a record-breaking astrophysical discovery while simultaneously uncovering a possible explanation for the rare and extreme astrophysical event known as long-period radio transients.

      

      
        Magnetic tornado is stirring up the haze at Jupiter's poles
        Dark ovals in Jupiter's polar haze, visible only at UV wavelengths, were first noticed 25 years ago, then ignored. A new study shows that these dark UV ovals are common, appearing at the south pole in 75% of Hubble Space Telescope images taken since 2015. They appear less often at the north pole. The scientists theorize that a magnetic vortex generated in the ionosphere stirs up and concentrates the hydrocarbon haze that blankets the poles.

      

      
        How catalysts secretly lose their stability
        Covalent organic framework compounds are more active as catalysts than one would expect. Researchers have now discovered why.

      

      
        Researchers highlight Nobel-winning AI breakthroughs and call for interdisciplinary innovation
        A new article examines the convergence of physics, chemistry, and AI, highlighted by recent Nobel Prizes. It traces the historical development of neural networks, emphasizing the role of interdisciplinary research in advancing AI. The authors advocate for nurturing AI-enabled polymaths to bridge the gap between theoretical advancements and practical applications, driving progress toward artificial general intelligence.

      

      
        Improved catalyst turns harmful greenhouse gases into cleaner fuels, chemical feedstocks
        A chemical reaction can convert two polluting greenhouse gases into valuable building blocks for cleaner fuels and feedstocks, but the high temperature required for the reaction also deactivates the catalyst. A team has found a way to thwart deactivation. The strategy may apply broadly to other catalysts.

      

      
        Simple lab-free test to detect bacteria in fluids from water to urine
        Engineers and biochemists have brought their skills together to make it possible for untrained users to confirm contamination in fluids using a biogel test that changes color in the presence of such bacteria as E. coli, listeria and other frequent testing targets.

      

      
        Can we avert the looming food crisis of climate change?
        Researchers share a mathematical model created to capture the nonlinear relationships between CO2, temperature, human population, and crop growth. Increasing evidence of chaotic and complex dynamics within ecological systems led them to use both autonomous and nonautonomous models to gain a deeper understanding of seasonal variations and potential mitigation strategies, such as developing temperature-tolerant crops.

      

      
        Uranus's swaying moons will help spacecraft seek out hidden oceans
        A new computer model can be used to detect and measure interior oceans on the ice covered moons of Uranus. The model works by analyzing orbital wobbles that would be visible from a passing spacecraft. The research gives engineers and scientists a slide-rule to help them design NASA's upcoming Uranus Orbiter and Probe mission.

      

      
        A clue to what lies beneath the bland surfaces of Uranus and Neptune
        When Voyager 2 flew by Uranus and Neptune 40 years ago, astronomers were surprised that it detected no global dipole magnetic fields, like Earth's. The explanation: the ice giants are layered and unmixed, which prevents large scale convection to create a dipole field. But what substances would remain immiscible? A scientist modeled the interiors and found that water-rich and hydrocarbon-rich layers naturally form at extreme pressure and temperature, and they do not mix.

      

      
        What makes large numbers of 'squishy' grains start flowing
        Researchers have clarified the conditions under which large numbers of 'squishy' grains, which can change their shape in response to external forces, transition from acting like a solid to acting like a liquid. Similar transitions occur in many biological processes, including the development of an embryo: cells are 'squishy' biological 'grains' that form solid tissues and sometimes flow to form different organs. Thus, the experimental and theoretical framework elaborated here will help separate t...

      

      
        To design better water filters, engineers look to manta rays
        Studying the filter-feeding mechanism of mobula rays, engineers developed a new design for industrial cross-flow water filters. Research shows the filter-feeders strike a natural balance between permeability and selectivity that could inform design of water treatment systems.

      

      
        Managing forests with smart technologies
        Deforestation has remained a significant issue globally, with primary forests contributing to 16 per cent of the total tree cover loss in the last two decades, driven by climate change and intensive human activity. This threatens natural resources, biodiversity, and people's quality of life. To protect forests, scientists have developed Forest 4.0, an intelligent forest data processing model integrating blockchain, Internet of Things (IoT), and Artificial Intelligence (AI) technologies. The syste...

      

      
        Self-assembling proteins can be used for higher performance, more sustainable skincare products
        Researchers have created a novel protein-based gel as a potential ingredient in sustainable and high-performance personal skincare products (PSCPs). This protein-based material, named Q5, could transform the rheological -- or flow-related -- properties of PSCPs, making them more stable under the slightly acidic conditions of human skin. This innovation could also streamline the creation of more eco-friendly skincare products, offering increased efficacy and durability while addressing market dema...

      

      
        Nonlinear compton scattering with a multi-petawatt laser producing ultra-bright gamma rays
        A team of researchers has successfully demonstrated nonlinear Compton scattering (NCS) between an ultra-relativistic electron beam and an ultrahigh intensity laser pulse using the 4-Petawatt laser. The innovative approach was the usage of only a laser for electron-photon collisions, in which a multi-PW laser is applied both for particle acceleration and for collision (also called an all-optical setup). This achievement represents a significant milestone in strong field physics, in particular stro...

      

      
        Breakthrough in scalable production of high-quality organoids
        Introducing the innovative 'UniMat' platform utilizing 3D engineered nanofiber membrane.

      

      
        Brighter and more efficient LEDs that don't droop
        LEDs with low polarization in a direction similar to standard LEDs show greater efficiency at higher power by resisting 'efficiency droop', a new study shows. The findings open the door to a new generation of efficient, high-powered LED lighting which exceeds the capabilities of existing systems.

      

      
        Scientists produce high-power attosecond X-ray pulses at megahertz repetition rates
        A research team has achieved a major advance in X-ray science by generating unprecedented high-power attosecond hard X-ray pulses at megahertz repetition rates. This advancement opens new frontiers in the study of ultrafast electron dynamics and enables non-destructive measurements at the atomic level.

      

      
        ODS FeCrAl alloys endure liquid metal flow at 600 degC resembling a fusion blanket environment
        Researchers explored protective coatings to resist corrosion in fusion reactors. They tested -Al2O3 oxide layers on ODS alloys in a high-temperature, flowing lithium-lead environment. Even bare ODS alloys formed a durable -LiAlO2 layer in situ, which suppressed further corrosion. The layers exhibited strong adhesion under mechanical stress, making these findings crucial for improving material durability in fusion reactors and high-temperature energy systems.

      

      
        The future of edge AI: Dye-sensitized solar cell-based synaptic device
        Physical reservoir computing (PRC) utilizing synaptic devices shows significant promise for edge AI. Researchers from the Tokyo University of Science have introduced a novel self-powered dye-sensitized solar cell-based device that mimics human synaptic behavior for efficient edge AI processing, inspired by the eye's afterimage phenomenon. The device has light intensity-controllable time constants, helping it achieve high performance during time-series data processing and motion recognition tasks....

      

      
        The next evolution of AI begins with ours
        The genome has space for only a small fraction of the information needed to control complex behaviors. So then how, for example, does a newborn sea turtle instinctually know to follow the moonlight? Neuroscientists have devised a potential explanation for this age-old paradox. Their ideas should lead to faster, more evolved forms of artificial intelligence.

      

      
        Using sunlight to recycle black plastics
        Not all plastics are equal -- some types and colors are easier to recycle than others. For instance, black foam and black coffee lids, which are often made of polystyrene, usually end up in landfills because color additives lead to ineffective sorting. Now, researchers report on the ability to leverage one additive in black plastics, with the help of sunlight or white LEDs, to convert black and colored polystyrene waste into reusable starting materials.

      

      
        Impact of climate change on water resources will increase price tag to decarbonize the grid
        A new study warns that current plans to achieve zero emissions on the grid by 2050 vastly underestimate the required investments in generation and transmission infrastructure. The reason: these plans do not account for climate change's impacts on water resources. Specifically, changes in water availability caused by climate change could decrease hydropower generation by up to 23% by the year 2050, while electricity demand could increase by 2%.

      

      
        Researchers use fitness tracker data and machine learning to detect bipolar disorder mood swings
        Investigators evaluated whether data collected from a fitness tracker could be used to accurately detect mood episodes in people with bipolar disorder.

      

      
        New AI tool generates realistic satellite images of future flooding
        With help from AI, scientists developed a method that generates satellite imagery from the future to depict how a region would look after a potential flooding event.

      

      
        Novel supernova observations grant astronomers a peek into the cosmic past
        An international team of researchers has made new observations of an unusual supernova, finding the most metal-poor stellar explosion ever observed.

      

      
        Most energetic cosmic-ray electrons and positrons ever observed
        Scientists have recently identified electrons and positrons with the highest energies ever recorded on Earth. They provide evidence of cosmic processes emitting colossal amounts of energy, the origins of which are as yet unknown.

      

      
        Reality check: Making indoor smartphone-based augmented reality work
        To understand the practical challenges of indoor augmented reality applications on smartphones, researchers conducted 113 hours of extensive experiments and case studies over 316 patterns to determine the factors that degrade localization accuracy in real-world indoor environments. Landmarks for vision systems, LiDAR, and the IMU were evaluated. To solve the identified problems, the researchers suggest radio-frequency-based localization as a potential solution for practical augmented reality appl...

      

      
        3D-printing advance mitigates three defects simultaneously for failure-free metal parts
        Engineers have found a way to simultaneously mitigate three types of defects in parts produced using a prominent additive manufacturing technique called laser powder bed fusion.

      

      
        Engineered additive makes low-cost renewable energy storage a possibility
        As part of an effort to overcome the long-term energy-storage challenge, engineers have invented a water-soluble chemical additive that improves the performance of a type of electrochemical storage called a bromide aqueous flow battery.

      

      
        Ancient hot water on Mars points to habitable past
        New research has uncovered what may be the oldest direct evidence of ancient hot water activity on Mars, revealing the planet may have been habitable at some point in its past.

      

      
        Researchers develop an efficient way to train more reliable AI agents
        Researchers developed an efficient approach for training more reliable reinforcement learning models, focusing on complex tasks that involve variability. This could enable the leverage of reinforcement learning across a wide range of applications.

      

      
        A groundbreaking new approach to treating chronic abdominal pain
        A research team has developed a new class of oral peptide therapeutic leads for treating chronic abdominal pain. This groundbreaking innovation offers a safe, non-opioid-based solution for conditions such as irritable bowel syndrome (IBS) and inflammatory bowel diseases (IBD), which affect millions of people worldwide.

      

      
        3.2 million km/h galaxy smash-up
        A massive collision of galaxies sparked by one travelling at a scarcely-believable 2 million mph (3.2 million km/h) has been seen in unprecedented detail by one of Earth's most powerful telescopes. The dramatic impact was observed in Stephan's Quintet, a nearby galaxy group made up of five galaxies first sighted almost 150 years ago. It sparked an immensely powerful shock akin to a 'sonic boom from a jet fighter' -- the likes of which are among the most striking phenomena in the Universe.

      

      
        Scientists develop novel high-fidelity quantum computing gate
        Researchers have succeeded in building a quantum computer gate based on a double-transmon coupler (DTC), which had been proposed theoretically as a device that could significantly enhance the fidelity of quantum gates. Using this, they achieved a fidelity of 99.92 percent for a two-qubit device known as a CZ gate and 99.98 percent for a single-qubit gate.

      

      
        Hear this! Transforming health care with speech-to-text technology
        Researchers study the importance of enunciation when using speech-to-text software in medical situations.

      

      
        Exploring the impact of offshore wind on whale deaths
        Scientists have presented work examining the circumstances surrounding the whale deaths off the coast of New Jersey in the winter of 2022-23, which prompted concern that survey work in the area somehow contributed to their deaths. The Marine Mammal Commission has stated there is no evidence linking the whales' deaths to wind energy development; many of them died from collisions with ships. Researchers, however, are concerned that the increased presence of survey ships in and around New Jersey wat...

      

      
        The Parasaurolophus' pipes: Modeling the dinosaur's crest to study its sound
        Scientists have presented results on the acoustic characteristics of a physical model of the Parasaurolophus' crest. They created a physical setup made of tubes to represent a mathematical model that will allow researchers to discover what was happening acoustically inside the crest. The physical model, inspired by resonance chambers, was suspended by cotton threads and excited by a small speaker, and a microphone was used to collect frequency data.

      

      
        AI protein engineer capable of making proteins 'better, faster, stronger'
        Engineered proteins are critical industrial and medical applications, ranging from vaccine development to making crops or food proteins more resilient. Scientists can engineer proteins to improve upon nature, but such experiments are time- and labor-intensive. Researchers have developed an AI-based protein design tool known as EVOLVEPro, which is already showing promise for several applications and could be used to help solve other medical challenges.

      

      
        Quantum-inspired design boosts efficiency of heat-to-electricity conversion
        Researchers have found a new way to improve a key element of thermophotovoltaic systems, which convert heat into electricity via light. Engineers designed a thermal emitter that can deliver high efficiencies within practical design parameters.

      

      
        Innovating archaeology: Scholars utilize immersive 3D tech to document and study the human past
        Archaeology studies the human past through the excavation of things people made and used thousands of years ago -- from architecture to objects like pottery bowls and animal bones from meals. Although many excavation projects create digital 3D models of what they uncover, archaeologists need new ways to meaningfully use those data. Some projects share 3D models with the public as tourism and teaching tools -- one may have recently seen 3D displays at museums. However, archaeologists themselves ha...
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Making a difference: Efficient water harvesting from air possible | ScienceDaily
Harvesting water from the air and decreasing humidity are crucial to realizing a more comfortable life for humanity. Water-adsorption polymers have been playing a key part in atmospheric water harvesting and desiccant air conditioning, but desorption so that the polymers can be efficiently reused has been an issue. Now, Osaka Metropolitan University researchers have found a way to make desorption of these polymers more efficient.


						
Usually, heat of around 100degC is required to desorb these polymers, but Graduate School of Engineering student Daisuke Ikegawa, Assistant Professor Arisa Fukatsu, Associate Professor Kenji Okada, and Professor Masahide Takahashi developed a liquid moisture adsorbent that requires only a temperature of around 35degC to do so.

This became possible through the use of random copolymers of polyethylene glycol, which adsorbs water well, and polypropylene glycol, which adsorbs water slightly less well. The difference in their water-loving properties created a transfer mechanism that broke down the water clusters, freeing the water more easily.

"This technology has the potential to be applied not only to water supply in arid regions and places with limited energy resources, but also to ensuring access to water in times of disaster and emergency," Dr. Fukatsu proclaimed.

"Improvements to this technology are also expected to lead to reductions in greenhouse gases and more efficient use of water resources," Professor Takahashi added. "From now on, we will aim to improve the liquid moisture adsorbent and increase the efficiency of the entire system in order to make it practical."
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AI can predict study results better than human experts, researchers find | ScienceDaily
Large language models, a type of AI that analyses text, can predict the results of proposed neuroscience studies more accurately than human experts, finds a new study led by UCL (University College London) researchers.


						
The findings, published in Nature Human Behaviour, demonstrate that large language models (LLMs) trained on vast datasets of text can distil patterns from scientific literature, enabling them to forecast scientific outcomes with superhuman accuracy.

The researchers say this highlights their potential as powerful tools for accelerating research, going far beyond just knowledge retrieval.

Lead author Dr Ken Luo (UCL Psychology & Language Sciences) said: "Since the advent of generative AI like ChatGPT, much research has focused on LLMs' question-answering capabilities, showcasing their remarkable skill in summarising knowledge from extensive training data. However, rather than emphasising their backward-looking ability to retrieve past information, we explored whether LLMs could synthesise knowledge to predict future outcomes.

"Scientific progress often relies on trial and error, but each meticulous experiment demands time and resources. Even the most skilled researchers may overlook critical insights from the literature. Our work investigates whether LLMs can identify patterns across vast scientific texts and forecast outcomes of experiments."

The international research team began their study by developing BrainBench, a tool to evaluate how well large language models (LLMs) can predict neuroscience results.

BrainBench consists of numerous pairs of neuroscience study abstracts. In each pair, one version is a real study abstract that briefly describes the background of the research, the methods used, and the study results. In the other version, the background and methods are the same, but the results have been modified by experts in the relevant neuroscience domain to a plausible but incorrect outcome.




The researchers tested 15 different general-purpose LLMs and 171 human neuroscience experts (who had all passed a screening test to confirm their expertise) to see whether the AI or the person could correctly determine which of the two paired abstracts was the real one with the actual study results.

All of the LLMs outperformed the neuroscientists, with the LLMs averaging 81% accuracy and the humans averaging 63% accuracy. Even when the study team restricted the human responses to only those with the highest degree of expertise for a given domain of neuroscience (based on self-reported expertise), the accuracy of the neuroscientists still fell short of the LLMs, at 66%. Additionally, the researchers found that when LLMs were more confident in their decisions, they were more likely to be correct.* The researchers say this finding paves the way for a future where human experts could collaborate with well-calibrated models.

The researchers then adapted an existing LLM (a version of Mistral, an open-source LLM) by training it on neuroscience literature specifically. The new LLM specialising in neuroscience, which they dubbed BrainGPT, was even better at predicting study results, attaining 86% accuracy (an improvement on the general-purpose version of Mistral, which was 83% accurate).

Senior author Professor Bradley Love (UCL Psychology & Language Sciences) said: "In light of our results, we suspect it won't be long before scientists are using AI tools to design the most effective experiment for their question. While our study focused on neuroscience, our approach was universal and should successfully apply across all of science.

"What is remarkable is how well LLMs can predict the neuroscience literature. This success suggests that a great deal of science is not truly novel, but conforms to existing patterns of results in the literature. We wonder whether scientists are being sufficiently innovative and exploratory."

Dr Luo added: "Building on our results, we are developing AI tools to assist researchers. We envision a future where researchers can input their proposed experiment designs and anticipated findings, with AI offering predictions on the likelihood of various outcomes. This would enable faster iteration and more informed decision-making in experiment design."

The study was supported by the Economic and Social Research Council (ESRC), Microsoft, and a Royal Society Wolfson Fellowship, and involved researchers in UCL, University of Cambridge, University of Oxford, Max Planck Institute for Neurobiology of Behavior (Germany), Bilkent University (Turkey) and other institutions in the UK, US, Switzerland, Russia, Germany, Belgium, Denmark, Canada, Spain and Australia.

Note:

* When presented with two abstracts, the LLM computes the likelihood of each, assigning a perplexity score to represent how surprising each is based on its own learned knowledge as well as the context (background and method). The researchers assessed LLMs' confidence by measuring the difference in how surprising/perplexing the models found real versus fake abstracts -- the greater this difference, the greater the confidence, which correlated with a higher likelihood the LLM had picked the correct abstract.
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Drug research: Decoding the structure of nano 'gene ferries' | ScienceDaily
LMU researchers have investigated how cationic polymers organize on a molecular level when transporting RNA drugs.


						
Cationic polymers are promising tools for transporting RNA therapeutics or RNA vaccines. Like lipid nanocarriers, they are used to deliver mRNA medicines. The nanoscopic packaging materials are able to effectively protect their load and deliver them to the target cells. "We manufacture so-called 'gene ferries,' into which all kinds of therapeutic nucleic acids can be encapsulated for secure transport to the site of action," explains Professor Olivia Merkel, Chair of Drug Delivery at LMU's Faculty of Chemistry and Pharmacy.

To further improve the effectiveness of these gene ferries, however, it is important to understand how these particles organize on a molecular level, encapsulate RNA, and release it again -- an aspect which so far has not been fully examined. Merkel is principal investigator of a new study that has yielded fresh insights into the organization of the nanocarriers. The study was carried out as part of her ERC research project RatInhalRNA (Rational and Simulation-Supported Design of Inhalable RNA Nanocarriers) and the findings were recently published in the journal Nano Letters.

"Our research used a technique called coarse-grained molecular dynamics (CG-MD) to simulate and visualize the particles," explains Merkel. The specific focus was on how changes in polymer structure and environmental conditions impact particle formation. Simulations were supported by wet lab experiments using nuclear magnetic resonance (NMR), which confirmed that CG-MD can reveal detailed insights into the structure and behavior of RNA nanoparticles. "This study highlights CG-MD's value in predicting and explaining the properties of RNA nano-formulations, which can help in designing better systems for future medical applications," says Merkel.
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Making quantum physics easier to digest in schools | ScienceDaily
The researchers, including physics education specialist Professor Philipp Bitzenbauer from Leipzig University, concentrate on what are known as qubits. These are two-state systems, the simplest and at the same time most important quantum systems that can be used to describe many situations. Controlling and manipulating these qubits plays a central role in modern quantum technologies.


						
According to Bitzenbauer, until now there have been no empirical studies of the effectiveness of these approaches using two-state systems in developing conceptual understanding in learners. There is also a lack of scientific research on the specific advantages and disadvantages for learning of different teaching approaches based on two-state systems. "Using the example of the quantum measurement process, one of the central problems of quantum physics, we show how to develop a survey method that can then be used in the field as part of intervention studies. Overall, teaching concepts that focus on two-state systems do indeed appear to be more conducive to learning than the traditional approach," says the Leipzig-based physics education specialist, who is the first author of the paper.

Making two-state systems the starting point for understanding quantum physics has been the subject of much discussion in recent years. According to Bitzenbauer, this approach opens the door to modern quantum technologies, be it quantum cryptography or quantum computing. One of the aims of quantum cryptography is to make communication secure against eavesdropping. Quantum computers can be used to solve problems that even supercomputers can only solve after a very long time or not at all, such as breaking down large integers into prime factors.

"My team and I are working to make the ground-breaking potential of quantum technologies accessible to schoolchildren," says Bitzenbauer. The American Physical Society (APS) has invited him to present the results of the project at the APS Global Physics Summit in Los Angeles in March 2025.

Bitzenbauer points out that 2025 will be the International Year of Quantum Science and Technology: the scientific community can look back on 100 years of quantum mechanics making world history. And it continues to do so today, albeit at a more advanced level. Scientists are talking about a second quantum revolution that will shape the new century in the same way that the first quantum revolution shaped the 20th century. "Today, the focus is on the transition from many-body systems to the control and manipulation of single electrons, single photons or, more generally, single degrees of freedom in a quantum system. The simplest and most important quantum system has only two degrees of freedom -- the two-state system. And this is the starting point for teaching quantum physics in schools," says the researcher.
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It might be wrecking the climate, but carbon dioxide is actually good for your cells | ScienceDaily
The cells in our bodies are like bustling cities, running on an iron-powered system that uses hydrogen peroxide (H2O2) not just for cleaning up messes but also for sending critical signals. Normally, this works fine, but under stress, such as inflammation or a burst of energy use, oxidative stress damages cells at the genetic level.


						
This is because iron and H2O2 react in what's known as the Fenton reaction, producing hydroxyl radicals, destructive molecules that attack DNA and RNA indiscriminately. But there's a catch. In the presence of carbon dioxide -- that pesky gas disrupting global climate systems -- our cells gain a secret weapon in the form of bicarbonate which helps keep pH levels balanced.

A team of University of Utah chemists has discovered that bicarbonate doesn't just act as a pH buffer but also alters the Fenton reaction itself in cells. Instead of producing chaotic hydroxyl radicals, the reaction instead makes carbonate radicals, which affect DNA in a far less harmful way, according to Cynthia Burrows, a distinguished professor of chemistry and senior author of a study published this week in PNAS.

"So many diseases, so many conditions have oxidative stress as a component of disease. That would include many cancers, effectively all age-related diseases, a lot of neurological diseases," Burrows said. "We're trying to understand cells' fundamental chemistry under oxidative stress. We have learned something about the protective effect of CO2 that I think is really profound."

Co-authors include Aaron Fleming, a research associate professor, and doctoral candidate Justin Dingman, both members of the Burrows Laboratory.

Without bicarbonate or CO2 present in experimental DNA oxidation reactions, the chemistry is also different. The free radical species generated, hydroxyl radical, is extremely reactive and hits DNA like a shotgun blast, causing damage everywhere, Burrows said.

In contrast, her team's findings show that the presence of bicarbonate from dissolved CO2 changes the reaction to make a milder radical striking only guanine, the G in our four-letter genetic code.




"Like throwing a dart at the bullseye where G is the center of the target," Burrows said. "It turns out that bicarbonate is a major buffer inside your cells. Bicarbonate binds to iron, and it completely changes the Fenton reaction. You don't make these super highly reactive radicals that everyone's been studying for decades."

What do these findings mean for science? Potentially a lot.

For starters, the team's discovery shows cells are a lot smarter than previously imagined, which could reshape how we understand oxidative stress and its role in diseases like cancer or aging.

But it also raises the possibility that many scientists studying cell damage have been conducting laboratory experiments in ways that don't reflect the real world, rendering their results suspect, Burrows said. Chemists and biologists everywhere grow cells in a tissue culture in an incubator set to 37 degrees Centigrade, or body temperature. In these cultures, carbon dioxide levels are raised to 5%, or about 100 times more concentrated than what's found in the atmosphere.

The elevated CO2 recreates the environment the cells normally inhabit as they metabolize nutrients, however, it is lost when researchers start their experiments outside the incubator.

"Just like opening up a can of beer. You release the CO2 when you take your cells out of the incubator. It's like doing experiments with a day-old glass of beer. It's pretty flat. It has lost the CO2, its bicarbonate buffer," Burrows said. "You no longer have the protection of CO2 to modulate the iron-hydrogen peroxide reaction."

She believes bicarbonate needs to be added to ensure reliable results from such experiments.




"Most people leave out bicarbonate/CO2 when studying DNA oxidation because it is difficult to deal with the constant outgassing of CO2," Burrows said. "These studies suggest that to get an accurate picture of DNA damage that occurs from normal cellular processes like metabolism, researchers need to be careful to mimic the proper conditions of the cell and add bicarbonate, i.e. baking powder!"

Burrows anticipates her study could result in unintended outcomes that may someday benefit research in other areas. Her lab is seeking new funding from NASA, for example, to study the effect of CO2 on people confined to enclosed spaces, such as inside of space capsules and submarines.

"You've got astronauts in a capsule living and breathing, and they are exhaling CO2. The problem is how much CO2 can they safely handle in their atmosphere? One of the things we found is that, at least in terms of tissue culture, CO2 does have a protective effect from some of the radiation damage these astronauts might experience. So what you might want to do is push up that CO2 level. You certainly don't want to go very high, but having it slightly higher might actually have a protective effect against radiation, which generates hydroxyl radicals."
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New imaging platform revolutionizes 3D visualization of cellular structures | ScienceDaily
A team of researchers led by Anna-Karin Gustavsson at Rice University has developed an innovative imaging platform that promises to improve our understanding of cellular structures at the nanoscale. This platform, called soTILT3D for single-objective tilted light sheet with 3D point spread functions (PSFs), offers significant advancements in super-resolution microscopy, enabling fast and precise 3D imaging of multiple cellular structures while the extracellular environment can be controlled and flexibly adjusted. The research was recently published in  Nature Communications.


						
Studying cells at the nanoscale provides insights into the intricate mechanisms that drive cellular behavior, enabling researchers to uncover details that are essential for understanding health and disease. These details can reveal how molecular interactions contribute to cellular functions, which is critical for advancing targeted therapies and understanding disease pathogenesis.

While conventional fluorescence microscopy has been useful for studying cellular structures, it has been limited by the diffraction of light, restricting its ability to resolve features smaller than a few hundred nanometers. Moreover, while single-molecule super-resolution microscopy has provided groundbreaking insights into biological structures at the nanoscale, existing techniques often suffer from high background fluorescence and slow imaging speeds, particularly when dealing with thick samples or complex cell aggregates. They also typically lack precise, adjustable control of the sample environment.

The soTILT3D platform directly addresses these challenges. By synergistically integrating an angled light sheet, a nanoprinted microfluidic system and advanced computational tools, soTILT3D significantly improves imaging precision and speed, allowing for clearer visualization of how different cellular structures interact at the nanoscale -- even in conventionally challenging samples.

Key innovations

The soTILT3D platform uses a single-objective tilted light sheet to selectively illuminate thin slices of a sample, effectively enhancing the contrast by reducing background fluorescence from out-of-focus areas, especially in thick biological samples such as mammalian cells.

"The light sheet is formed using the same objective lens as used in the microscope for imaging, and it is fully steerable, dithered to remove shadowing artifacts that are common in light sheet microscopy and angled to enable imaging all the way down to the coverslip," said Gustavsson, assistant professor of chemistry at Rice and corresponding author of the study. "This allows us to image entire samples from top to bottom with improved precision."

The platform also incorporates a custom-designed microfluidic system with an embedded customizable metalized micromirror, which enables precise control over the extracellular environment and allows for rapid solution exchange, which is ideal for sequential multitarget imaging without color offsets while also allowing for reflection of the light sheet into the sample.




"The design and geometry of the microfluidic chip and nanoprinted insert with the micromirror can be easily adapted for various samples and length scales, providing versatility in different experimental setups," said Nahima Saliba, co-first author of the paper alongside fellow graduate student Gabriella Gagliano, who is also associated with the Smalley-Curl Institute and the Applied Physics Graduate Program at Rice.

Additionally, soTILT3D leverages computational tools such as deep learning for analysis of higher fluorophore concentrations for improved imaging speed and algorithms for real-time drift correction, enabling stable, high-precision imaging over extended periods of time.

"The platform's PSF engineering enables 3D imaging of single molecules, while deep learning handles dense emitter conditions which conventional algorithms have trouble with, which significantly improves the acquisition speed," said Saliba.

SoTILT3D's microfluidic device also supports automated Exchange-PAINT imaging, allowing different targets to be visualized sequentially without the color offsets common in multicolor approaches when imaging in-depth at the nanoscale.

Groundbreaking results

The soTILT3D platform has demonstrated remarkable improvements in imaging precision and speed. The platform's angled light sheet improves the signal-to-background ratio for cellular imaging by up to six times compared to traditional epi-illumination methods, improving contrast and enabling precise nanoscale localization.




"This level of detail reveals intricate aspects of 3D cell architecture that have been traditionally difficult to observe with conventional approaches," said Gagliano.

In terms of speed, soTILT3D delivers a tenfold increase when combined with high emitter density and deep learning analysis, allowing researchers to capture detailed images of complex structures like the nuclear lamina, mitochondria and cell membrane proteins across entire cells in a fraction of the usual time. Additionally, the platform supports accurate whole-cell 3D multitarget imaging, capturing the distributions of multiple proteins within an entire cell and measuring nanoscale distances between them. Researchers can now visualize the spatial arrangement of closely situated proteins like nuclear lamina proteins lamin B1 and lamin A/C and lamina-associated protein 2 with remarkable precision and accuracy, offering new insights into protein organizations and their role in regulating cellular function.

Broad applications in biology and medicine

The soTILT3D platform opens new possibilities for researchers across various fields. Its capability to image complex samples, including stem cell aggregates, extends its application beyond individual cells. The microfluidic system's biocompatibility makes it suitable for live-cell imaging, allowing scientists to study cellular responses to different stimuli in real time with reduced photo damage. Its precisely controlled solution exchange feature also makes soTILT3D an ideal tool for testing how drug treatments affect cells in real time.

"Our goal with soTILT3D was to create a flexible imaging tool that overcomes limitations of traditional super-resolution microscopy," said Gustavsson. "We hope these advancements will enhance studies in biology, biophysics and biomedicine, where intricate interactions at the nanoscale are key to understanding cellular function in health and pathogenesis."

This research was supported by partial financial support from the National Institute of General Medical Sciences of the National Institutes of Health grant R00GM134187 and grant R35GM155365, the Welch Foundation grant C-2064-20210327 and startup funds from the Cancer Prevention and Research Institute of Texas grant RR200025.
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Team unlocks new insights on pulsar signals | ScienceDaily
Dr. Sofia Sheikh from the SETI Institute led a study that sheds new light on how pulsar signals -- the spinning remnants of massive stars -- distort as they travel through space.


						
This study, published in The Astrophysical Journal, was performed by a multi-year cohort of undergraduate researchers in the Penn State branch of the Pulsar Search Collaboratory student club. Maura McLaughlin, Chair, Eberly Distinguished Professor of Physics and Astronomy, West Virginia University, created the Pulsar Search Collaboratory to engage high schoolers and undergraduates in pulsar science, and she helped facilitate access to the data used in this study. Using archival data from the Arecibo Observatory, the student team found patterns that show how pulsar signals change as they move through the interstellar medium (ISM), the gas and dust that fills the space between stars. The team measured scintillation bandwidths for 23 pulsars, including new data for six pulsars not previously studied. The results showed that in almost all cases, measured bandwidths were higher than predictions by widely used models of the galaxy, highlighting a need for updates to current ISM density models.

"This work demonstrates the value of large, archived datasets," said Dr. Sofia Sheikh, SETI Institute researcher and lead author. "Even years after the Arecibo Observatory's collapse, its data continues to unlock critical information that can advance our understanding of the galaxy and enhance our ability to study phenomena like gravitational waves."

When radio light from a pulsar travels through the ISM, it gets distorted in a process known as "diffractive interstellar scintillation" (DISS). The same physics that makes light refract into patterns on the bottom of a swimming pool or causes stars to twinkle in the night sky also causes DISS. Instead of water in a pool or air in the atmosphere, DISS occurs when clouds of charged particles in space cause a pulsar's light to "twinkle" across time and frequency.

Collaborations such as the NANOGrav Physics Frontiers Center use pulsars to study the gravitational wave background, which can help researchers understand the early Universe and the prevalence of gravitational-wave sources such as supermassive black-hole binaries. The pulsar timing measurements must be extremely precise to measure the gravitational wave background correctly. The results from this study will help better model the distortions caused by DISS, which will increase the precision of the pulsar timing measurements of projects like NANOGrav.

The study found that models incorporating galactic structures, such as spiral arms, tend to better fit the DISS data despite the challenge of accurately modeling the Milky Way's structure. Moreover, the study showed that the models most accurately predicted the bandwidths of pulsars that were used in their development while predictions of newly discovered pulsars were worse. This suggests limitations that reinforce the need for continual updates to galactic structure models."

This pilot study, part of the AO327 survey from Arecibo, serves as a foundation for future research on pulsar scintillation and gravitational waves. By expanding the pilot study to more recently discovered pulsars in the AO327 dataset in the future, the team hopes to further improve ISM density models for collaborations that observe pulsar timing arrays like NANOGrav.

This research involves the collaboration between authors at the SETI Institute, Penn State, and the NANOGrav Group at West Virginia University. The team includes SETI Institute researcher Michael Lam and former SETI Institute researcher Grayce Brown.
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Quantum mechanism identified as a key to accelerating ocean temperatures | ScienceDaily
Accelerating rates of heat uptake by oceans that don't fit current climate models can now be explained by quantum physics according to an Australian scientist.


						
In a recent paper published in the Journal of Physics Communications, Emeritus Professor in Applied Physics at the University of Technology Sydney (UTS) Geoff Smith puts forward a new "quantum thermal physics paradigm" to better understand the impact of global warming on oceans and thus on climate and weather.

Professor Smith said accumulated data over 70 years showed an accelerating rise in ocean temperatures and the total energy stored in oceans, with the world earlier this year passing what was described as a "foreboding milestone" -- a record global average sea surface temperature of 21.1degC.

"Current scientific models in the presence of ongoing rises in atmospheric greenhouse gasses do not predict this threatening acceleration," Professor Smith said.

"The solution to this conundrum is that the energy being stored in oceans is a combination of heat with energy which is nature's source of information on material properties.

"When ocean water is heated by radiation from the sun and the sky it stores energy not only as heat, but as hybrid pairs of photons coupled to oscillating water molecules.

"These pairs are a natural form of quantum information, different to the information researchers are pursuing in the development of quantum computing. This extra store of energy has always been present and aided ocean thermal stability prior to 1960.




"But now the average heat dissipated overnight from each day's heating is no longer stable as extra heat input from Earth's atmosphere raises both forms of stored energy."

Professor Smith said the apparent role of non-thermal energy in accelerating ocean temperatures now needs to be factored into climate models.

"Our current models for the thermal responses of built and natural outdoor systems may also need refining for improved comfort, less use of supplied energy, and better human, plant and animal health in a warming climate," Professor Smith said.

"In the end though the only way to slow, then stop an alarming temperature acceleration is to stop the rise in atmospheric greenhouse gases."
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Predicting the weather: New meteorology estimation method aids building efficiency | ScienceDaily
Due to the growing reality of global warming and climate change, there is increasing uncertainty around meteorological conditions used in energy assessments of buildings. Existing methods for generating meteorological data do not adequately handle the interdependence of meteorological elements, such as solar radiation, air temperature, and absolute humidity, which are important for calculating energy usage and efficiency.


						
To address this challenge, a research team at Osaka Metropolitan University's Graduate School of Human Life and Ecology -- comprising Associate Professor Jihui Yuan, Professor Emeritus Kazuo Emura, Dr. Zhichao Jiao, and Associate Professor Craig Farnham -- developed an innovative evaluation method. This method utilizes a statistical model to represent the interdependence of multiple factors, facilitating the generation of probabilistic meteorological data.

The researchers modeled the temperature, solar radiation, and humidity at noon each day, and then gradually expanded this to 24 hours and 365 days to generate a year's worth of meteorological data. The most notable aspect of this method is that it takes into account the interdependence of meteorological variables and improves the accuracy of building energy simulations. Their generated data was almost identical to the original data set, proving the method's accuracy.

"We hope this method will lead to the promotion of energy-efficient building design that can respond to various weather conditions," stated Professor Yuan.
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A pathway towards new quantum devices: Electrically defined quantum dots in zinc oxide | ScienceDaily
Researchers have successfully created electrically defined quantum dots in zinc oxide (ZnO) heterostructures, marking a significant milestone in the development of quantum technologies.


						
Details of their breakthrough were published in the journal Nature Communications on November 7, 2024.

Quantum dots, tiny semiconductor structures that can trap electrons in nanometer-scale spaces, have long been studied for their potential to serve as qubits in quantum computing. These dots are crucial for quantum computing because they allow scientists to control the behavior of electrons, similar to how a conductor might control a current of water flowing through pipes.

Until now, most research has focused on materials such as gallium arsenide (GaAs) and silicon. However, zinc oxide, a material known for its strong electron correlation and excellent spin quantum coherence, had not yet been explored for use in electrically defined quantum dots, i.e., those created and controlled using electrical methods.

In this study, the research team was able to manipulate the internal states of quantum dots in zinc oxide using precise voltage control -- like adjusting the dials on a radio to fine-tune a signal. This innovation allowed them to observe the Coulomb diamond, a key characteristic of quantum dots, providing insights into the behavior of electrons trapped inside.

"The Coulomb diamond is like a fingerprint that helps identify the unique 'personality' of each quantum dot," points out Tomohiro Otsuka, an associate professor at Tohoku University and corresponding author of the paper. "By using zinc oxide, we're opening up new frontiers developing efficient and stable qubits, a cornerstone for quantum computing."

One of the most remarkable findings of this study was the discovery of the Kondo effect in zinc oxide quantum dots. The Kondo effect, a quantum phenomenon where electron interactions create conduction, typically depends on the number of electrons in the quantum dot. However, in zinc oxide, the researchers observed this effect even when the number of electrons did not fit the usual pattern. This new behavior, linked to the material's strong electron correlation, adds another layer of complexity and potential to zinc oxide-based quantum devices.

"The Kondo effect we observed is different from what we typically see in other semiconductors like GaAs," adds Otsuka. "This difference could help us better understand electron behavior in this new material and improve our ability to control and manipulate qubits."

Looking ahead, the team is focused on harnessing these new findings to develop practical quantum devices.
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Astronomers may have discovered the answer to a mysterious stellar event | ScienceDaily
Researchers from the Curtin node of the International Centre for Radio Astronomy Research (ICRAR) have made a record-breaking astrophysical discovery while simultaneously uncovering a possible explanation for the rare and extreme astrophysical event known as long-period radio transients.


						
Associate Professor Natasha Hurley-Walker, along with Csanad Horvath, a Curtin undergraduate student at the time, discovered a pulse of bright energy coming from deep space among archival low-frequency data from the MWA (Murchison Widefield Array), a precursor radio telescope to the SKAO (Square Kilometre Array Observatory). The energy pulse occurs every three hours and lasts 30-60 seconds, making this the longest-period radio transient ever detected.

Long-period radio transients are relatively new to science, and it has been an ongoing mystery how they generate radio waves. With this discovery, researchers believe they have also identified the probable source of the energy burst, potentially shedding light on the long radio transients.

All other previously discovered transients have been deep within our busy galaxy, surrounded by stars, making it challenging to determine precisely what is generating the radio waves.

Associate Professor Hurley-Walker explains, "The long-period transients are very exciting, and for astronomers to understand what they are, we need an optical image. However, when you look toward them, there are so many stars lying in the way that it's like 2001: A Space Odyssey. 'My god, it's full of stars!'."

In a stroke of good fortune, the newly discovered transient, named GLEAM-X J0704-37, was found on the outskirts of our galaxy, in a much emptier region of space in the Puppis constellation, around 5000 light years away.

"Our new discovery lies far off the Galactic Plane, so there are only a handful of stars nearby, and we're now certain one star system, in particular, is generating the radio waves."

The team was able to pinpoint the location of the radio waves to one specific star using another SKA precursor, the MeerKAT telescope in South Africa. Following up with the SOAR observatory in Chile, they determined the star's spectrum, finding it was a low-mass star, an 'M dwarf'.




This finding both created and answered some pressing questions. Associate Professor Hurley-Walker explains, "An M dwarf alone couldn't generate the amount of energy we're seeing.

"The M dwarfs are low-mass stars that have a mere fraction of the Sun's mass and luminosity. They constitute 70 per cent of the stars in the Milky Way, but not one of them is visible to the naked eye."

"Our data suggests that it is in a binary with another object, which is likely to be a white dwarf, the stellar core of a dying star. Together, they power radio emission."

Astronomers have detected similar pairs of objects, like this one discovered in 2016, but had not previously linked them to long period radio transients. Credit: ESO/L. Calcada/University of Warwick

The team is working on follow-up observations that will conclusively determine the nature of the system, and the explanation of this extreme astrophysical event.

Upon digging through the MWA archives, the astronomers found that GLEAM-X J0704-37 has been active for at least ten years since the MWA started observing; however, it could have been active and undiscovered for even longer, implying there are still many more to be found in archives around the world.

MWA Director, Professor Steven Tingay, said, "These long-period radio transients are new scientific discoveries and the MWA has fundamentally enabled the discoveries."

"The MWA has a 55-petabyte archive of observations that provide a decade-long record of our Universe. It is like having the data storage equivalent of 55,000 high-end home computers -- one of the biggest single collections of science data in the world. It is an absolute gold mine for discovering more phenomena in our Universe, and the data are a playground for astronomers," Professor Tingay said
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Magnetic tornado is stirring up the haze at Jupiter's poles | ScienceDaily
While Jupiter's Great Red Spot has been a constant feature of the planet for centuries, University of California, Berkeley, astronomers have discovered equally large spots at the planet's north and south poles that appear and disappear seemingly at random.


						
The Earth-size ovals, which are visible only at ultraviolet wavelengths, are embedded in layers of stratospheric haze that cap the planet's poles. The dark ovals, when seen, are almost always located just below the bright auroral zones at each pole, which are akin to Earth's northern and southern lights. The spots absorb more UV than the surrounding area, making them appear dark on images from NASA's Hubble Space Telescope. In yearly images of the planet taken by Hubble between 2015 and 2022, a dark UV oval appears 75% of the time at the south pole, while dark ovals appear in only one of eight images taken of the north pole.

The dark UV ovals hint at unusual processes taking place in Jupiter's strong magnetic field that propagate down to the poles and deep into the atmosphere, far deeper than the magnetic processes that produce the auroras on Earth.

The UC Berkeley researchers and their colleagues reported the phenomena today (Nov. 26) in the journal Nature Astronomy.

Dark UV ovals were first detected by Hubble in the late 1990s at the north and south poles and subsequently at the north pole by the Cassini spacecraft that flew by Jupiter in 2000, but they drew little attention. When UC Berkeley undergraduate Troy Tsubota conducted a systematic study of recent images obtained by Hubble, however, he found they were a common feature at the south pole -- he counted eight southern UV-dark ovals (SUDO) between 1994 and 2022. In all 25 of Hubble's global maps that show Jupiter's north pole, Tsubota and senior author Michael Wong, an associate research astronomer based at UC Berkeley's Space Sciences Laboratory, found only two northern UV-dark ovals (NUDO).

Most of the Hubble images had been captured as part of the Outer Planet Atmospheres Legacy (OPAL) project directed by Amy Simon, a planetary scientist at the NASA Goddard Space Flight Center and a co-author of the paper. Using Hubble, OPAL astronomers make yearly observations of Jupiter, Saturn, Uranus and Neptune to understand their atmospheric dynamics and evolution over time.

"In the first two months, we realized these OPAL images were like a gold mine, in some sense, and I very quickly was able to construct this analysis pipeline and send all the images through to see what we get," said Tsubota, who is in his senior year at UC Berkeley as a triple major in physics, mathematics and computer science. "That's when we realized we could actually do some good science and real data analysis and start talking with collaborators about why these show up."

Wong and Tsubota consulted two experts on planetary atmospheres -- Tom Stallard at Northumbria University in Newcastle-upon-Tyne in the UK and Xi Zhang at UC Santa Cruz -- to determine what could cause these areas of dense haze. Stallard theorized that the dark oval is likely stirred from above by a vortex created when the planet's magnetic field lines experience friction in two very distant locations: in the ionosphere, where Stallard and other astronomers previously detected spinning motion using ground-based telescopes, and in the sheet of hot, ionized plasma around the planet shed by the volcanic moon Io.




The vortex spins fastest in the ionosphere, progressively weakening as it reaches each deeper layer. Like a tornado touching down on dusty ground, the deepest extent of the vortex stirs up the hazy atmosphere to create the dense spots Wong and Tsubota observed. It's not clear if the mixing dredges up more haze from below or generates additional haze.

Based on the observations, the team suspects that the ovals form over the course of about a month and dissipate in a couple of weeks.

"The haze in the dark ovals is 50 times thicker than the typical concentration," said Zhang, "which suggests it likely forms due to swirling vortex dynamics rather than chemical reactions triggered by high-energy particles from the upper atmosphere. Our observations showed that the timing and location of these energetic particles do not correlate with the appearance of the dark ovals."

The findings are what the OPAL project was designed to discover: how atmospheric dynamics in the solar system's giant planets differ from what we know on Earth.

"Studying connections between different atmospheric layers is very important for all planets, whether it's an exoplanet, Jupiter or Earth," Wong said. "We see evidence for a process connecting everything in the entire Jupiter system, from the interior dynamo to the satellites and their plasma torii to the ionosphere to the stratospheric hazes. Finding these examples helps us to understand the planet as a whole."

The work was supported by the National Aeronautics and Space Administration.
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How catalysts secretly lose their stability | ScienceDaily
Covalent organic frameworks (COFs) are less stable as catalysts than previously thought but remain highly active. COFs are promising designer catalysts, for example for the sustainable production of chemicals and fuels. Their properties can be adjusted very specifically to catalyze a desired reaction based on their precise tunability, both in terms of molecular structure and chemical compositions. However, researchers at Ruhr University Bochum, Germany, and the Max Planck Institutes for Solid State Research (MPI-FKF) and for Sustainable Materials (MPI-SusMat) have shown that the catalytic activity is not generated by the COFs themselves. Instead, the cobalt ions detach from the scaffold and transform into oxidic nanoparticles that actually facilitate the catalysis. The team describes the results in the journal Advanced Science, published online on November 26, 2024.


						
"With the knowledge gained from this study, we will be able to design catalysts from organic frameworks and nanoparticles that are significantly more efficient than COFs designed before," says Professor Kristina Tschulik from Ruhr University Bochum and the RESOLV Cluster of Excellence, who came up with the idea for the study jointly with Professor Bettina Lotsch from the MPI-FKF. "As an electrochemist, I've always wondered a bit about how the catalytic activity of COFs actually comes about," says Kristina Tschulik -- she wanted to find out more.

Stable under harsh reaction conditions?

The Bochum-based group led by Kristina Tschulik started a collaboration with researchers from Stuttgart led by Bettina Lotsch, who are experts in the synthesis of COFs. Both teams are part of the Collaborative Research Centre 1333, based at the University of Stuttgart. Researchers around Pouya Hosseini, Andres Rodriguez-Camargo and Liang Yao analyzed the catalytic activity of several cobalt-containing COFs in the so-called oxygen evolution reaction. This reaction occurs in many industrially important reactions, for example in the electrolysis of water to produce hydrogen. "The reaction conditions in the oxygen evolution reaction are harsh," explains Kristina Tschulik. "There is actually only one catalyst -- iridium oxide -- that remains stable." However, an increasing number of studies have reported that COFs are also long-term stable in this reaction.

In the first step, the research team analyzed the COFs electrochemically during the oxygen evolution reaction. In fact, the conversion took place with high activity over several cycles. However, Kristina Tschulik had already seen the recorded current potential curves in a different context. As part of the Collaborative Research Centre 247, the scientist has been working for seven years with cobalt oxide nanoparticles as catalysts that generate precisely this curve shape. The group therefore started a more complex material characterization, supported by a team of researchers from MPI-SusMat led by Christina Scheu, who are experts in electron microscopy.

Scaffolds prevent nanoparticles from clumping together

These analyses showed that oxidic cobalt nanoparticles are formed from the cobalt-containing scaffold compounds, which take over the catalytic work. This conversion takes place immediately when the electrode is immersed in the basic solution. "However, the porous COF scaffolds still fulfil an important purpose," says Tschulik, explaining another result of the analyses. "They provide a suitable reaction environment and hold the nanoparticles in place. Normally, the particles tend to aggregate, which means that less of their catalytic surface is accessible and they deactivate."

In their publication, the authors also provide suggestions on how catalyst-loaded COFs could be produced in a targeted manner in the future so that they remain stable and catalytically active even under harsh reaction conditions.
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Researchers highlight Nobel-winning AI breakthroughs and call for interdisciplinary innovation | ScienceDaily
In 2024, the Nobel Prize in physics was awarded to John Hopfield and Geoffrey Hinton for their foundational work in artificial intelligence (AI), and the Nobel Prize in chemistry went to David Baker, Demis Hassabis, and John Jumper for using AI to solve the protein-folding problem, a 50-year grand challenge problem in science.


						
A new article, written by researchers at Carnegie Mellon University and Calculation Consulting, examines the convergence of physics, chemistry, and AI, highlighted by recent Nobel Prizes. It traces the historical development of neural networks, emphasizing the role of interdisciplinary research in advancing AI. The authors advocate for nurturing AI-enabled polymaths to bridge the gap between theoretical advancements and practical applications, driving progress toward artificial general intelligence. The article is published in Patterns.

"With AI being recognized in connections to both physics and chemistry, practitioners of machine learning may wonder how these sciences relate to AI and how these awards might influence their work," explained Ganesh Mani, Professor of Innovation Practice and Director of Collaborative AI at Carnegie Mellon's Tepper School of Business, who coauthored the article. "As we move forward, it is crucial to recognize the convergence of different approaches in shaping modern AI systems based on generative AI."

In their article, the authors explore the historical development of neural networks. By examining the history of AI development, they contend, we can understand more thoroughly the connections among computer science, theoretical chemistry, theoretical physics, and applied mathematics. The historical perspective illuminates how foundational discoveries and inventions across these disciplines have enabled modern machine learning with artificial neural networks.

Then they turn to key breakthroughs and challenges in this field, starting with Hopfield's work, and go on to explain how engineering has at times preceded scientific understanding, as is the case with the work of Jumper and Hassabis.

The authors conclude with a call to action, suggesting that the rapid progress of AI across diverse sectors presents both unprecedented opportunities and significant challenges. To bridge the gap between hype and tangible development, they say, a new generation of interdisciplinary thinkers must be cultivated.

These "modern-day Leonardo da Vincis," as the authors call them, will be crucial in developing practical learning theories that can be applied immediately by engineers, propelling the field toward the ambitious goal of artificial general intelligence.

This calls for a paradigm shift in how scientific inquiry and problem solving are approached, say the authors, one that embraces holistic, cross-disciplinary collaboration and learns from nature to understand nature. By breaking down silos between fields and fostering a culture of intellectual curiosity that spans multiple domains, innovative solutions can be identified to complex global challenges like climate change. Through this synthesis of diverse knowledge and perspectives, catalyzed by AI, meaningful progress can be made and the field can realize the full potential of technological aspirations.

"This interdisciplinary approach is not just beneficial but essential for addressing the many complex challenges that lie ahead," suggests Charles Martin, Principal Consultant at Calculation Consulting, who coauthored the article. "We need to harness the momentum of current advancements while remaining grounded in practical realities."

The authors acknowledge the contributions of Scott E. Fahlman, Professor Emeritus in Carnegie Mellon's School of Computer Science.
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Improved catalyst turns harmful greenhouse gases into cleaner fuels, chemical feedstocks | ScienceDaily
A chemical reaction can convert two polluting greenhouse gases into valuable building blocks for cleaner fuels and feedstocks, but the high temperature required for the reaction also deactivates the catalyst. A team led by the Department of Energy's Oak Ridge National Laboratory has found a way to thwart deactivation. The strategy may apply broadly to other catalysts.


						
The team improved a reaction called dry reforming of methane that converts methane and carbon dioxide into syngas, a valued mixture of hydrogen and carbon monoxide used by oil and chemical companies worldwide. The team has applied for a patent for their invention as a way to minimize catalytic deactivation.

"Syngas is important because it's a platform for the production of a lot of chemicals of mass consumption," said ORNL's Felipe Polo-Garzon, who, with ORNL's Junyan Zhang, led the study published in Nature Communications.

Improving the catalyst that speeds syngas production could have enormous impact on global energy security, cleaner fuels and chemical feedstocks. In countries lacking oil reserves, syngas derived from coal or natural gas is critical for making diesel and gasoline fuels. Moreover, syngas components can be used to make other commodity chemicals. Hydrogen, for example, can be used as a clean fuel or as a feedstock for ammonia to create fertilizer. Methanol, an alcohol that can be made from syngas, is a source of ingredients for producing plastics, synthetic fabrics and pharmaceuticals. Methanol is also a good carrier of hydrogen, which is hard to pressurize and dangerous to transport. As the simplest alcohol, methanol contains the highest ratio of hydrogen to carbon; it can be safely transported and converted to hydrogen at the destination.

"This [dry reforming of methane] reaction sounds attractive because you are converting two greenhouse gases into a valuable mixture," Polo-Garzon said. "However, the issue for decades has been that the catalysts required to carry out this reaction deactivate quickly under reaction conditions, making this reaction nonviable on an industrial scale."

To attain significant conversion of reactants, the reaction must be conducted at temperatures greater than 650 degrees Celsius, or 1,200 degrees Fahrenheit. "At this high temperature, the catalysts undergo two deactivation processes," Polo-Garzon said. "One is sintering, in which you lose surface sites that undertake the reaction. The other is the formation of coke -- basically solid carbon that blocks the catalyst from contacting the reactants."

Catalysts work by providing a large surface area for reactions. Metal atoms such as nickel have electronic properties that allow them to temporarily bind reactants, making chemical bonds easier to break and create. Sintering causes nickel particles to clump, reducing the surface area available for chemical reactions.




Likewise, coking chokes a catalyst. "During the reaction on the catalyst surface, methane will lose its hydrogen atoms one by one until only its one carbon atom is left," Zhang said. "If no oxygen bonds to it, leftover carbon will aggregate on the catalyst's nickel surface, covering its active face. This coking deposition causes deactivation. It is extremely common in thermal catalysis for hydrocarbon conversion."

Today, most commercial syngas is made by steam reforming of methane, a process that requires large amounts of water and heat and that also produces carbon dioxide. By contrast, dry reforming of methane requires no water and actually consumes carbon dioxide and methane.

By tuning interactions between the metal active sites and the support during catalyst synthesis, the scientists suppressed coke formation and metal sintering. The new catalyst provides outstanding performance for dry reforming of methane with extremely slow deactivation.

The novel catalyst consists of a crystalline material called a zeolite that contains silicon, aluminum, oxygen and nickel. The zeolite's supportive framework stabilizes the metal active sites.

"Zeolite is like sand in composition," Zhang said. "But unlike sand, it has a sponge-like structure filled with tiny pores, each around 0.6 nanometers in diameter. If you could completely open a zeolite to expose the surface area, 1 gram of sample would contain an area around 500 square meters, which is a tremendous amount of exposed surface."

To synthesize the zeolite catalyst, the researchers remove some atoms of aluminum and replace them with nickel. "We're effectively creating a strong bond between the nickel and the zeolite host," Polo-Garzon said. "This strong bond makes our catalyst resistant to degradation at high temperatures."

The high-performance catalyst was synthesized at ORNL's Center for Nanophase Materials Sciences. Zili Wu, leader of ORNL's Surface Chemistry and Catalysis group, served as a strategy advisor for the project.




Zhang performed infrared spectroscopy, revealing that nickel was typically isolated and bound by two silicon atoms in the zeolite framework.

At DOE's Brookhaven National Laboratory and SLAC National Accelerator Laboratory, ORNL's Yuanyuan Li led X-ray absorption spectroscopy studies detailing the electronic and bonding structures of nickel in the catalyst. At ORNL,Polo-Garzon and Zhang used a technique called steady-state isotopic transient kinetic analysis to measure catalyst efficiency -- the number of times a single active site converts a reactant into a product.

X-ray diffraction and scanning transmission electron microscopy characterized the structure and composition of materials at the nanoscale.

"In the synthesis method, we found that the reason the method works is because we're able to get rid of water, which is a byproduct of the catalyst synthesis," Polo-Garzon said. "We asked colleagues to use density functional theory to look into why water matters when it comes to the stability of nickel."

At Vanderbilt University, Haohong Song and De-en Jiang performed computational calculations showing that removing water from the zeolite strengthens its interactions with nickel.

Next, the researchers will develop other catalyst formulations for the dry reforming of methane reaction that are stable under a broad range of conditions. "We're looking for alternative ways to excite the reactant molecules to break thermodynamic constraints," Polo-Garzon said.

"We relied on rational design, not trial and error, to make the catalyst better," Polo-Garzon added. "We're not just developing one catalyst. We are developing design principles to stabilize catalysts for a broad range of industrial processes. It requires a fundamental understanding of the implications of synthesis protocols. For industry, that's important because rather than presenting a dead-end road in which you try something, see how it performs, and then decide where to go from there, we're providing an avenue to move forward."
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Simple lab-free test to detect bacteria in fluids from water to urine | ScienceDaily
A novel new test for bacteria in fluids makes it as easy as observing a colour change to confirm the presence of disease-causing pathogens, promising much easier diagnostic tests and greater food safety.


						
Engineers and biochemists at McMaster university have brought their skills together to make it possible for untrained users to confirm contamination in fluids using a biogel test that changes colour in the presence of such bacteria as E. coli, listeria and other frequent testing targets.

The test uses harmless bacteriophages embedded in the gel to locate target bacteria in a sample of fluid such as lake water, urine or a container of milk, even in low concentrations.

Bacteriophages are the most common form of life on Earth. Each form of bacteriophage is specialized to destroy one form of bacteria.

In the test, phages -- as they are called informally -- find and attack the target bacteria in a sample, causing the bacteria to release microscopic amounts of intracellular material which the test can read, triggering a colour change that is readily visible to the eye. If the sample is clean, the colour stays the same.

The new process takes just hours, producing results much more quickly than lab cultures, which can take two days to generate results.

"We've been using phages' destructive power to kill bacteria and resolve infections for years," says Zeinab Hosseinidoust, an associate professor of biomedial and chemical engineering who holds the Canada Research Chair in Bacteriophage Bioengineering. "Here, we're chanelling that power in another way. Because phages can burst bacteria open, they can give us quick access to the biological components of those bacteria that we use to confirm their presence."

The test, described in a new paper published in the journal Advanced Materials, is the latest in a series of technologies the group has developed, all aimed at placing simple technology within reach of producers, retailers, consumers and medical professionals.




"Now we have a tool that can be used in food samples, environmental samples and clinical samples," says corespounding author Tohid Didar, an associate professor of mechanical and biomedical engineering who holds the Canada Research Chair in Nano-Biomaterials. "Today, people who suspect they may have a urinary-tract infection must visit a doctor and sometimes wait days for a result. This technology would make it very easy for people to tests themselves at home and get a result in a matter of hours."

The group's previous work includes creating a portable testing library to match phages to otherwise untreatable antibiotic-resistant infections, a contamination test incorporated into food packaging, and a temperature-stable storage system for live vaccines.

The group confirmed the concept of their newest test using urine samples from patients at Hamilton Health Sciences, and in all cases, results from the experimental test produced the same results as traditional lab tests. The test also worked accurately to detect E. Coli in lake water samples.

The new test can be adapted to any bacterium by using bacteriophages and DNA probes that specifically target microbes such as listeria and salmonella.

"Phages can knock on every biological door, but they will only enter the ones they are programmed to find," says Carlos Filipe, a professor of chemical engineering and a senior authior on the paper. "That specificity is a huge advantage for quick and precise detection, even at low levels."

Such a test could have provided early and accurate detection in the recent listeria contamination of plant-based milk that killed two, sickened 10 and caused wide recalls in Canada, the researchers say.




"This technology could be helpful in rapidly limiting outbreaks ," says co-author Akansha Prasad, a Vanier Scholar and PhD student in biomedical engineering. "If you had something in your fridge that you were concerned about, this test could let you know if it was safe for consumption."

Testing for contamination in complex fluids such as milk, blood or urine is especially challenging, making simple, reliable alternatives such as the new test very useful, say the researchers, who hope to work with commercial partners to bring the technology to the marketplace.

"Once we have the appropriate approvals and partnerships to move this test to market, it could be very useful in many settings," says the paper's lead author Hannah Mann, a PhD student in chemical engineering and bioengineering. "About 12 per cent of Canadians don't have access to municipal piped water, for example, and this could bring them a lot of peace of mind."

The paper's other authors are Yingfu Li, Shadman Khan, Feresheteh Bayat, Jimmy Gu and Kyle Jackson.
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Can we avert the looming food crisis of climate change? | ScienceDaily

In Chaos, from AIP Publishing, the researchers share a mathematical model created to capture the nonlinear relationships between CO2, temperature, human population, and crop growth. Increasing evidence of chaotic and complex dynamics within ecological systems led them to use both autonomous and nonautonomous models to gain a deeper understanding of seasonal variations and potential mitigation strategies, such as developing temperature-tolerant crops.

The team's study integrates key concepts of the dynamics of atmospheric CO2, rising temperatures, human population, and crop yield.

"We've considered how the rising CO2 levels will initially boost crop growth through the 'CO2 fertilization effect,' but once temperatures exceed a critical threshold the heat stress will reduce yields," said A.K. Misra. "A nonautonomous system with seasonal variations reveals complex behaviors like periodic oscillations and chaos -- and highlights the unpredictability of crop responses to rising temperatures."

The concepts considered by the team are central to understanding the complexity of climate and crop interactions that may lead to unexpected extreme outcomes. Their work shows the importance of managing these variables effectively to sustain agricultural productivity.

"Our findings reveal a critical threshold for anthropogenic CO2 emission, beyond which crop yield starts to decrease significantly," said Misra. "It depends on the cultivated crop varieties -- different varieties exhibit varying responses, so the results may not apply uniformly across all crops."

The team's work highlights the urgent need to address CO2 emissions to maintain agricultural productivity. It also uncovers a promising strategy to mitigate crop loss caused by climate change: developing crop varieties with a higher temperature tolerance.




By breeding or engineering crops to withstand elevated temperature, farmers can better adapt to changing environmental conditions to protect the crop yield. This adaptability is especially crucial in the face of global warming -- making climate-resistant agriculture a key factor in ensuring food security. One surprising takeaway from the study is the extent to which relatively small increases in temperature may impact crop yields.

This work has applications for agriculture in the face of climate change.

"By identifying critical temperature thresholds, we get insights into when crop yields may begin to decline, which will guide policymakers in making more beneficial strategies," said Misra. "Our findings suggest breeding or using crops with increased temperature tolerance should be considered as a strategy to maintain productivity under elevated CO2 levels."

Understanding the chaotic behavior of crop systems helps to improve yield predictions and inform adaptive farming practices for managing seasonal and climatic variability.

Next steps for the team involve refining their model to include more variables like insect population, water availability, soil quality, and nutrient levels, which also impact crop yield under climate change.

"Further experimental validation with real-world data will help calibrate our model more accurately, while development of region-specific models will enable localized predictions and strategies," said Misra.
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Uranus's swaying moons will help spacecraft seek out hidden oceans | ScienceDaily
When NASA's Voyager 2 flew by Uranus in 1986, it captured grainy photographs of large ice-covered moons. Now nearly 40 years later, NASA plans to send another spacecraft to Uranus, this time equipped to see if those icy moons are hiding liquid water oceans.


						
The mission is still in an early planning stage. But researchers at the University of Texas Institute for Geophysics (UTIG) are preparing for it by building a new computer model that could be used to detect oceans beneath the ice using just the spacecraft's cameras.

The research is important because scientists don't know which ocean detection method will work best at Uranus. Scientists want to know if there's liquid water there because it's a key ingredient for life.

The new computer model works by analyzing small oscillations -- or wobbles -- in the way a moon spins as it orbits its parent planet. From there it can calculate how much water, ice and rock there is inside. Less wobble means a moon is mostly solid, while a large wobble means the icy surface is floating on a liquid water ocean. When combined with gravity data, the model computes the ocean's depth as well as the thickness of the overlying ice.

Uranus, along with Neptune, is in a class of planets called ice giants. Astronomers have detected more ice giant-sized bodies outside of our solar system than any other kind of exoplanet. If Uranus's moons are found to have interior oceans, that could mean there are vast numbers of potentially life-harboring worlds throughout the galaxy, said UTIG planetary scientist Doug Hemingway, who developed the model.

"Discovering liquid water oceans inside the moons of Uranus would transform our thinking about the range of possibilities for where life could exist," he said.

The UTIG research, which was published in the journal Geophysical Research Letters, will help mission scientists and engineers improve their chances of detecting oceans. UTIG is a research unit of the Jackson School of Geosciences at The University of Texas at Austin.




All large moons in the solar system, including Uranus's, are tidally locked. This means that gravity has matched their spin so that the same side always faces their parent planet while they orbit. This doesn't mean their spin is completely fixed, however, and all tidally locked moons oscillate back and forth as they orbit. Determining the extent of the wobbles will be key to knowing if Uranus's moons contain oceans, and if so, how large they might be.

Moons with a liquid water ocean sloshing about on the inside will wobble more than those that are solid all the way through. However, even the largest oceans will generate only a slight wobble: A moon's rotation might deviate only a few hundred feet as it travels through its orbit.

That's still enough for passing spacecraft to detect. In fact, the technique was previously used to confirm that Saturn's moon Enceladus has an interior global ocean.

To find out if the same technique would work at Uranus, Hemingway made theoretical calculations for five of its moons and came up with a range of plausible scenarios. For example, if Uranus's moon Ariel wobbles 300 feet, then it's likely to have an ocean 100 miles deep surrounded by a 20-mile-thick ice shell.

Detecting smaller oceans will mean a spacecraft will have to get closer or pack extra powerful cameras. But the model gives mission designers a slide rule to know what will work, said UTIG Research Associate Professor Krista Soderlund.

"It could be the difference between discovering an ocean or finding we don't have that capability when we arrive," said Soderlund, who was not involved in the current research.

Soderlund has worked with NASA on Uranus mission concepts. She is also part of the science team for NASA's Europa Clipper mission, which recently launched and carries an ice penetrating radar imager developed by UTIG.

The next step, Hemingway said, is to extend the model to include measurements by other instruments to see how they improve the picture of the moons' interiors.

The journal article was coauthored by Francis Nimmo at the University of California, Santa Cruz. The research was funded by UTIG.
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A clue to what lies beneath the bland surfaces of Uranus and Neptune | ScienceDaily

These are just two proposals that planetary scientists have come up with for what lies beneath the thick, bluish, hydrogen-and-helium atmospheres of Uranus and Neptune, our solar system's unique, but superficially bland, ice giants.

A planetary scientist at the University of California, Berkeley, now proposes an alternative theory -- that the interiors of both these planets are layered, and that the two layers, like oil and water, don't mix. That configuration neatly explains the planets' unusual magnetic fields and implies that earlier theories of the interiors are unlikely to be true.

In a paper appearing this week in the journal Proceedings of the National Academy of Sciences, Burkhard Militzer argues that a deep ocean of water lies just below the cloud layers and, below that, a highly compressed fluid of carbon, nitrogen and hydrogen. Computer simulations show that under the temperatures and pressures of the planets' interiors, a combination of water (H2O), methane (CH3) and ammonia (NH3) would naturally separate into two layers, primarily because hydrogen would be squeezed out of the methane and ammonia that comprise much of the deep interior.

These immiscible layers would explain why neither Uranus nor Neptune has a magnetic field like Earth's. That was one of the surprising discoveries about our solar system's ice giants made by the Voyager 2 mission in the late 1980s.

"We now have, I would say, a good theory why Uranus and Neptune have really different fields, and it's very different from Earth, Jupiter and Saturn," said Militzer, a UC Berkeley professor of earth and planetary science. "We didn't know this before. It's like oil and water, except the oil goes below because hydrogen is lost."

If other star systems have similar compositions to ours, Militzer said, ice giants around those stars could well have similar internal structures. Planets about the size of Uranus and Neptune -- so-called sub-Neptune planets -- are among the most common exoplanets discovered to date.




Convection leads to magnetic fields

As a planet cools from its surface downward, cold and denser material sinks, while blobs of hotter fluid rise like boiling water -- a process called convection. If the interior is electrically conducting, a thick layer of convecting material will generate a dipole magnetic field similar to that of a bar magnet. Earth's dipole field, created by its liquid outer iron core, produces a magnetic field that loops from the North Pole to the South Pole and is the reason compasses point toward the poles.

But Voyager 2 discovered that neither of the two ice giants has such a dipole field, only disorganized magnetic fields. This implies that there's no convective movement of material in a thick layer in the planets' deep interiors.

To explain these observations, two separate research groups proposed more than 20 years ago that the planets must have layers that can't mix, thus preventing large-scale convection and a global dipolar magnetic field. Convection in one of the layers could produce a disorganized magnetic field, however. But neither group could explain what these non-mixing layers were made of.

Ten years ago, Militzer tried repeatedly to solve the problem, using computer simulations of about 100 atoms with the proportions of carbon, oxygen, nitrogen and hydrogen reflecting the known composition of elements in the early solar system. At the pressures and temperatures predicted for the planets' interiors -- 3.4 million times Earth's atmospheric pressure and 4,750 Kelvin (8,000degF), respectively -- he could not find a way for layers to form.

Last year, however, with the help of machine learning, he was able to run a computer model simulating the behavior of 540 atoms and, to his surprise, found that layers naturally form as the atoms are heated and compressed.




"One day, I looked at the model, and the water had separated from the carbon and nitrogen. What I couldn't do 10 years ago was now happening," he said. "I thought, 'Wow! Now I know why the layers form: One is water-rich and the other is carbon-rich, and in Uranus and Neptune, it's the carbon-rich system that is below. The heavy part stays in the bottom, and the lighter part stays on top and it cannot do any convecting.'"

"I couldn't discover this without having a large system of atoms, and the large system I couldn't simulate 10 years ago," he added.

The amount of hydrogen squeezed out increases with pressure and depth, forming a stably stratified carbon-nitrogen-hydrogen layer, almost like a plastic polymer, he said. While the upper, water-rich layer likely convects to produce the observed disorganized magnetic field, the deeper, stratified hydrocarbon-rich layer cannot.

When he modeled the gravity produced by a layered Uranus and Neptune, the gravity fields matched those measured by Voyager 2 nearly 40 years ago.

"If you ask my colleagues, 'What do you think explains the fields of Uranus and Neptune?' they may say, 'Well, maybe it's this diamond rain, but maybe it's this water property which we call superionic,'" he said. "From my perspective, this is not plausible. But if we have this separation into two separate layers, that should explain it."

Militzer predicts that below Uranus' 3,000-mile-thick atmosphere lies a water-rich layer about 5,000 miles thick and below that a hydrocarbon-rich layer also about 5,000 miles thick. Its rocky core is about the size of the planet Mercury. Though Neptune is more massive than Uranus, it is smaller in diameter, with a thinner atmosphere, but similarly thick water-rich and hydrocarbon rich layers. Its rocky core is slightly larger than that of Uranus, approximately the size of Mars.

He hopes to work with colleagues who can test with laboratory experiments under extremely high temperatures and pressures whether layers form in fluids with the proportions of elements found in the protosolar system. A proposed NASA mission to Uranus could also provide confirmation, if the spacecraft has on board a Doppler imager to measure the planet's vibrations. A layered planet would vibrate at different frequencies than a convecting planet, Militzere said. His next project is to use his computational model to calculate how the planetary vibrations would differ.

The research was supported by the National Science Foundation (PHY-2020249) as part of the Center for Matter at Atomic Pressures.
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What makes large numbers of 'squishy' grains start flowing | ScienceDaily
Researchers Samuel Poincloux (currently at Aoyama Gakuin University) and Kazumasa A. Takeuchi of the University of Tokyo have clarified the conditions under which large numbers of "squishy" grains, which can change their shape in response to external forces, transition from acting like a solid to acting like a liquid. Similar transitions occur in many biological processes, including the development of an embryo: cells are "squishy" biological "grains" that form solid tissues and sometimes flow to form different organs. Thus, the experimental and theoretical framework elaborated here will help separate the roles of mechanical and biochemical processes, a critical challenge in biology. The findings were published in the journal Proceedings of the National Academy of Sciences (PNAS).


						
Imagine a pile of sand on a table. As we slowly raise one end of the table, it first sits undisturbed and acts like a solid. However, at a critical angle, the forces keeping the sandpile together yield to gravity: the pile breaks down and starts flowing, acting like a liquid. This is a yielding transition, a widely studied phenomenon with "grains" that do not change shape, such as sand or rocks. However, "grains" in biology are often "squishy," adapting their shape to external forces.

"Although our research revisits a well-studied problem," says Poincloux, the first author, "it hits the sweet spot of being complicated enough to be interesting and simple enough to develop various approaches. We incorporated interdisciplinary components, such as using a biomechanical tool that helped differentiate if the "grains" were changing shapes or positions."

Indeed, the researchers approached the challenge through experiments, computer modeling, and geometrical description. They used slender rubber rings as their "squishy" grains and stacked them in a container. They varied the number of rings, the density of "grains," and the strength of lateral forces applied to the rings. Then, using pictures, the researchers measured the rings' positions, shapes, and points of contact with each other as the batch of rings deformed. These measures allowed them to quantify how much the rings changed position (liquid-like behavior) or shape (solid-like behavior). Lastly, they performed computer simulations and geometric analyses to understand the role of friction and interactions between rings.

"We found the main surprise at the very end of the project," says Poincloux. "Surprisingly, a simple geometrical description underlies the yielding transition observed, despite involving large and complex shape changes coupled with frictional interactions."

These findings are the first steps toward understanding how "squishy" biological grains interact in living organisms, and Poincloux is already thinking of what to do next.

"To get closer to biological tissues, we could, for instance, modify the interactions and add ring adhesion to emulate linking proteins between cells. For those intending to use these squishy rings for experiments: do not forget to put a cover lid on top of the container to prevent the explosion of hundreds of rings across the laboratory... I will not disclose the number of times this incident happened."
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To design better water filters, engineers look to manta rays | ScienceDaily
Filter feeders are everywhere in the animal world, from tiny crustaceans and certain types of coral and krill, to various molluscs, barnacles, and even massive basking sharks and baleen whales. Now, MIT engineers have found that one filter feeder has evolved to sift food in ways that could improve the design of industrial water filters.


						
In a paper appearing in the Proceedings of the National Academy of Sciences, the team characterizes the filter-feeding mechanism of the mobula ray -- a family of aquatic rays that includes two manta species and seven devil rays. Mobula rays feed by swimming open-mouthed through plankton-rich regions of the ocean and filtering plankton particles into their gullet as water streams into their mouths and out through their gills.

The floor of the mobula ray's mouth is lined on either side with parallel, comb-like structures, called plates, that siphon water into the ray's gills. The MIT team has shown that the dimensions of these plates may allow for incoming plankton to bounce all the way across the plates and further into the ray's cavity, rather than out through the gills. What's more, the ray's gills absorb oxygen from the outflowing water, helping the ray to simultaneously breathe while feeding.

"We show that the mobula ray has evolved the geometry of these plates to be the perfect size to balance feeding and breathing," says study author Anette "Peko" Hosoi, the Pappalardo Professor of Mechanical Engineering at MIT.

The engineers fabricated a simple water filter modeled after the mobula ray's plankton-filtering features. They studied how water flowed through the filter when it was fitted with 3D-printed plate-like structures. The team took the results of these experiments and drew up a blueprint, which they say designers can use to optimize industrial cross-flow filters, which are broadly similar in configuration to that of the mobula ray.

"We want to expand the design space of traditional cross-flow filtration with new knowledge from the manta ray," says lead author and MIT postdoc Xinyu Mao PhD '24. "People can choose a parameter regime of the mobula ray so they could potentially improve overall filter performance."

Hosoi and Mao co-authored the new study with Irmgard Bischofberger, associate professor of mechanical engineering at MIT.




A better trade-off

The new study grew out of the group's focus on filtration during the height of the Covid pandemic, when the researchers were designing face masks to filter out the virus. Since then, Mao has shifted focus to study filtration in animals and how certain filter-feeding mechanisms might improve filters used in industry, such as in water treatment plants.

Mao observed that any industrial filter must strike a balance between permeability (how easily fluid can flow through a filter), and selectivity (how successful a filter is at keeping out particles of a target size). For instance, a membrane that is studded with large holes might be highly permeable, meaning a lot of water can be pumped through using very little energy. However, the membrane's large holes would let many particles through, making it very low in selectivity. Likewise, a membrane with much smaller pores would be more selective yet also require more energy to pump the water through the smaller openings.

"We asked ourselves, how do we do better with this tradeoff between permeability and selectivity?" Hosoi says.

As Mao looked into filter-feeding animals, he found that the mobula ray has struck an ideal balance between permeability and selectivity: The ray is highly permeable, in that it can let water into its mouth and out through its gills quickly enough to capture oxygen to breathe. At the same time, it is highly selective, filtering and feeding on plankton rather than letting the particles stream out through the gills.

The researchers realized that the ray's filtering features are broadly similar to that of industrial cross-flow filters. These filters are designed such that fluid flows across a permeable membrane that lets through most of the fluid, while any polluting particles continue flowing across the membrane and eventually out into a reservoir of waste.




The team wondered whether the mobula ray might inspire design improvements to industrial cross-flow filters. For that, they took a deeper dive into the dynamics of mobula ray filtration.

A vortex key

As part of their new study, the team fabricated a simple filter inspired by the mobula ray. The filter's design is what engineers refer to as a "leaky channel" -- effectively, a pipe with holes along its sides. In this case, the team's "channel" consists of two flat, transparent acrylic plates that are glued together at the edges, with a slight opening between the plates through which fluid can be pumped. At one end of the channel, the researchers inserted 3D-printed structures resembling the grooved plates that run along the floor of the mobula ray's mouth.

The team then pumped water through the channel at various rates, along with colored dye to visualize the flow. They took images across the channel and observed an interesting transition: At slow pumping rates, the flow was "very peaceful," and fluid easily slipped through the grooves in the printed plates and out into a reservoir. When the researchers increased the pumping rate, the faster-flowing fluid did not slip through, but appeared to swirl at the mouth of each groove, creating a vortex, similar to a small knot of hair between the tips of a comb's teeth.

"This vortex is not blocking water, but it is blocking particles," Hosoi explains. "Whereas in a slower flow, particles go through the filter with the water, at higher flow rates, particles try to get through the filter but are blocked by this vortex and are shot down the channel instead. The vortex is helpful because it prevents particles from flowing out."

The team surmised that vortices are the key to mobula rays' filter-feeding ability. The ray is able to swim at just the right speed that water, streaming into its mouth, can form vortices between the grooved plates. These vortices effectively block any plankton particles -- even those that are smaller than the space between plates. The particles then bounce across the plates and head further into the ray's cavity, while the rest of the water can still flow between the plates and out through the gills.

The researchers used the results of their experiments, along with dimensions of the filtering features of mobula rays, to develop a blueprint for cross-flow filtration.

"We have provided practical guidance on how to actually filter as the mobula ray does," Mao offers.

"You want to design a filter such that you're in the regime where you generate vortices," Hosoi says. "Our guidelines tell you: If you want your plant to pump at a certain rate, then your filter has to have a particular pore diameter and spacing to generate vortices that will filter out particles of this size. The mobula ray is giving us a really nice rule of thumb for rational design."

This work was supported, in part, by the U.S. National Institutes of Health, and the Harvey P. Greenspan Fellowship Fund.
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Managing forests with smart technologies | ScienceDaily
Deforestation has remained a significant issue globally, with primary forests contributing to 16 per cent of the total tree cover loss in the last two decades, driven by climate change and intensive human activity. This threatens natural resources, biodiversity, and people's quality of life. To protect forests, Lithuanian scientists, in collaboration with Swedish experts, have developed Forest 4.0, an intelligent forest data processing model integrating blockchain, Internet of Things (IoT), and Artificial Intelligence (AI) technologies. The system enables real-time monitoring of forest conditions, sustainable resource accounting, and a more transparent forest governance model.


						
"Imagine buying a table and knowing exactly from which forest and tree it originated. This is exactly the outcome of the proposed forest data management model," says Rytis Maskeliunas, a professor at Kaunas University of Technology (KTU) who helped develop the system.

Researchers from Kaunas University of Technology, Vytautas Magnus University in Lithuania, and Linnaeus University in Sweden collaborated on its creation.

Smart sensors can detect tree disease and illegal logging

This system consists of multiple layers, with the first focusing on data acquisition and management. This layer is responsible for gathering information from wireless sensor networks, which include various IoT devices that measure factors such as tree sap, temperature, and soil moisture, all connected by data transmission. "This way, nobody has to go into the forest and take measurements manually," adds a KTU professor.

The Forest 4.0 system features an IoT solution with sensors resembling birdhouses, which are installed in trees. "These devices send data to a central system, where it is analysed using AI algorithms within the data analysis layer," says KTU Centre of Real-Time Computer Systems professor Egidijus Kazanavicius, who developed the hardware.

The analysis findings are further used in the monitoring and evaluation layer to examine forest health, biodiversity, carbon sequestration, and ecosystem services. "This information is also essential for the next phase of the system -- forest management," explains Maskeliunas.




In practical applications, the researcher explains that by gathering data on environmental conditions such as temperature, humidity, and air quality from these sensors, the IoT system can assess forest health, monitor fire risks, and offer protection against diseases, pests, or illegal activities.

A smart monitoring system is not just sensors, according to Maskeliunas, cameras already installed in the forest can also be used. "By analysing camera images and looking at, for example, browning needles, the IoT can detect the impact of insects on trees, identify disease through spots on leaves, and by encrypting sounds, it can indicate illegal logging," he says.

It can also be adapted to predict changes in forest ecosystems and the spread of invasive species.

The goal -- healthy, lush forest full of animals

With the aim of revolutionising forest management, the system uses new technologies to improve the efficiency, sustainability, and profitability of forest businesses, optimise resource use, reduce waste, and facilitate decision-making.

In addition, the Forest 4.0 model provides supply chain traceability management, allowing processes to be monitored at all stages, from the forest to the sawmill or even the final wood product.




Blockchain, a decentralised digital ledger technology that ensures transparency and data integrity, is the foundation of this functionality.

"The technology works without the authority and provides a transparent, secure, and unchangeable record of everything that happens to the forest and its production reducing illegal logging and ensuring sustainable practices," adds the professor of KTU Faculty of Informatics (IF).

Despite these benefits, researchers are also facing some challenges in implementing Forest 4.0. These include high initial investment and an inert approach to innovation. "It is assumed that it is better to opt for expensive and complex solutions, while smaller and cheaper sensors are given less attention. We should be glad that a solution costing a few hundred euros is able to collect and send data by itself," says Prof. Maskeliunas.

Also, the use of decentralised blockchain technology requires a high level of trust from the users, however, the successful development of financial technology (Fintech) is helping to overcome these fears.

However, in other countries, such as Germany, such solutions have already gained more acceptance. This shows that Forest 4.0 has the potential to become a global standard and that Lithuania can serve as a role model for other countries in promoting responsible and sustainable forest management.

Speaking about the Forest 4.0 concept itself, Maskeliunas says that smart forest management is about caring for the future of nature: "It is like the fourth industrial revolution in forestry, with the goal of a non-flammable, lush forest full of animals."
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Self-assembling proteins can be used for higher performance, more sustainable skincare products | ScienceDaily
NYU Tandon School of Engineering researchers have created a novel protein-based gel as a potential ingredient in sustainable and high-performance personal skincare products (PSCPs). This protein-based material, named Q5, could transform the rheological -- or flow-related -- properties of PSCPs, making them more stable under the slightly acidic conditions of human skin. This innovation could also streamline the creation of more eco-friendly skincare products, offering increased efficacy and durability while addressing market demands for ethically sourced ingredients.


						
If you have a meticulous skincare routine, you know that personal skincare products (PSCPs) are a big business. The PSCP industry will reach $74.12 billion USD by 2027, with an annual growth rate of 8.64%. With such competition, companies are always looking to engineer themselves an edge, producing products that perform better without the downsides of current offerings.

In a new study published in ACS Applied Polymer Materials from the lab of Professor of Chemical and Biomolecular Engineering Jin Kim Montclare, researchers have created a novel protein-based gel as a potential ingredient in sustainable and high-performance PSCPs. This protein-based material, named Q5, could transform the rheological -- or flow-related -- properties of PSCPs, making them more stable under the slightly acidic conditions of human skin. This innovation could also streamline the creation of more eco-friendly skincare products, offering increased efficacy and durability while addressing market demands for ethically sourced ingredients.

Personal skincare products, ranging from beauty cosmetics to medical creams, rely on sophisticated "chassis" formulations -- often emulsions or gels -- to effectively deliver active ingredients. The performance of these products depends heavily on the stability and responsiveness of their chassis under various environmental conditions, particularly pH.

Current formulations often rely on ingredients such as polysaccharides or synthetic polymers to achieve the desired texture, stability, and compatibility with skin's natural pH, which is mildly acidic (most human skin has a pH of between 5.4-5.9). However, these traditional rheological modifiers have raised environmental concerns regarding sourcing and sustainability.

To take on this challenge, Montclare and her colleagues fabricated a self-assembling coiled-coil protein they call Q5. In the study, Q5 demonstrated impressive pH stability. The protein's unique structure enables it to form strong gels that do not degrade easily under acidic conditions, enhancing the longevity and performance of skincare products.This resilience marks a significant improvement over earlier protein-based gels, which typically disassemble in lower pH environments.

Notably, the research suggests that Q5 could be produced sustainably via bacterial or yeast fermentation, circumventing the ethical and ecological issues associated with animal-derived proteins or synthetic polymers. The protein's natural amphiphilicity -- its ability to attract and retain moisture -- also enables it to bind various molecules, adding versatility as a moisturizer or binding agent in skincare products.

The research suggests that these protein-based rheological modifiers like Q5 could soon become a valuable component in the next generation of high-performance skincare products, helping brands meet consumer demand for sustainable beauty solutions without compromising on quality or functionality.
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Nonlinear compton scattering with a multi-petawatt laser producing ultra-bright gamma rays | ScienceDaily

Nonlinear Compton scattering requires an electron to absorb multiple laser photons while emitting a single high-energy gamma-ray photon. To observe this phenomenon, researchers approached the "Schwinger limit" -- a theoretical laser intensity (2x1029 W/cm2) so strong that it "boils" the vacuum of space-time, for generating matter-antimatter pairs. Since the current record for the highest laser intensity in the world, demonstrated by CoReLS, is still a million times below this threshold, the team employed a workaround: an ultra-relativistic electron beam collided with an ultrahigh intensity laser pulse, exploiting Einstein's theory of relativity. In the electron's reference frame, the laser intensity appeared to be about 50% of the Schwinger limit, triggering nonlinear QED phenomena.

The scientists conducted a series of experiments using the CoReLS PW laser. The laser beam was split into two beams, each serving distinct roles. The first beam was focused onto a 5-cm-long gas-filled cell, where it triggered "laser wakefield acceleration" (LWFA) of electrons. In this mechanism of acceleration, electrons "surf" a laser-generated plasma wave, gaining an energy up to 3 GeV -- 99.999999% of the speed of light. The second beam was a flash of light focused to a 2-micron diameter (a few % of a hair diameter), lasting only 20 femtoseconds (a femtosecond represents a billionth of a millionth of a second). This beam was directed to collide with the accelerated electrons coming out of the plasma in the gas cell.

Achieving the precise overlap required for the collision, within a few microns and 10 femtoseconds, allowed the laser pulse to "shake" the electrons, which bounced up to 400 laser photons, absorbing them simultaneously. The absorbed energy was then emitted as a single high-energy gamma-ray photon with energy in the range of tens to hundreds of megaelectronvolts.

Researchers carefully characterized the gamma-ray energy, aided by Monte-Carlo simulations, to ensure that other x-ray and gamma-ray backgrounds did not interfere with the measurements. They verified the gamma-ray signatures against theoretical predictions and compared the experimental results with analytical models and particle-in-cell simulations performed using supercomputers. The agreement between the experiment and simulation confirmed the occurrence of nonlinear Compton scattering and allowed the team to deduce the colliding laser intensity by extracting its "fingerprint" from the gamma-ray signals.

Due to the large number of collisions, the resulting gamma-ray beam produced in experiments was 1,000 times brighter than anything previously achieved in laboratories at this energy scale. This breakthrough has potential applications in studying nuclear processes and understanding antimatter production, such as the Breit-Wheeler process for exploring photon-photon collisions to produce electron-positron pairs.

This research, published in Nature Photonics, is part of a broader effort to understand quantum electrodynamics (QED) in strong background fields, also known as Strong-Field Quantum Electrodynamics. The research can mimic laboratory phenomena typically found in astrophysical objects like magnetars, supernovae, and the regions in the vicinity of black holes. The first study using a laser-electron beam collision was performed at SLAC in 1996, but using a kilometer-long accelerator and a much less intense laser. Similar experiments are planned also at accelerator facilities such as the DESY (LUXE project, Germany), SLAC (FACET II, USA), and upcoming multi-petawatt laser facilities like Apollon (France), Station for Extreme Light (China), ELI-NP (Romania), ELI-Beamlines (Czech Republic), or Omega EP OPAL (U. Rochester) and ZEUS (U. Michigan, USA).
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Breakthrough in scalable production of high-quality organoids | ScienceDaily
A research team led by Professor Dong Sung Kim and researcher Dohui Kim from the Department of Mechanical Engineering at POSTECH (Pohang University of Science and Technology) has successfully developed a platform capable of scalable, uniform production of organoids that mimic biological functions. The project was carried out in collaboration with Professor Tae-Eun Park and researcher Hyeonji Lim from the Department of Biomedical Engineering at UNIST (Ulsan National Institute of Science and Technology). This groundbreaking research has recently been published in the online edition of Nature Communications.


						
Organoids are three-dimensional cellular constructs that replicate the functions of human organs, attracting significant attention in the fields of human organ development, disease modeling, and regenerative medicine research. However, the heterogeneity and low reproducibility of organoids present challenges for their scalable production, limiting their practical application in clinical trials and drug development processes. Additionally, current technologies face limitations in producing organoids at scale, falling short of meeting industrial demands.

To address these challenges, the research team has developed a platform called UniMat (Uniform and Mature Organoid Culture Platform), which enables the scalable production of mature organoids. This platform is implemented using a three-dimensional engineered membrane made of extremely fine nanofibers -- about 1/200 the width of a human hair -- providing a structural environment that allows for uniform organoid formation while also enhancing nutrient and differentiation factor delivery through material permeability, which is crucial for organoid differentiation and maturation. Using UniMat, the team successfully produced kidney organoids featuring nephron structures and blood vessels similar to those found in human kidneys from human-induced pluripotent stem cells, achieving consistent quality and greatly improving production efficiency. Furthermore, they used UniMat to establish a polycystic kidney disease model, demonstrating the potential for standardized organoid-based disease modeling and drug evaluation.

Professor Dong Sung Kim of POSTECH, who led the research, explained the significance of the study: "Through these research outcomes, we not only accelerate organoid-based R&D that requires high reproducibility and reliability, but we also expect to make significant contributions to the development of animal alternative testing methods, which are gaining increasing attention. By addressing both the quality assurance and scalable production challenges of organoids with UniMat, we have laid the foundation for the practical application of organoids in clinical and pharmaceutical industries."

This research was supported by the Bio & Medical Technology Development Program, Mid-Career Researcher Program, and Young Researcher Program funded by the National Research Foundation of Korea and the Ministry of Science and ICT, as well as the Alchemist Project funded by the Ministry of Trade, Industry and Energy.
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Brighter and more efficient LEDs that don't droop | ScienceDaily
Light-emitting diodes (LEDs) are everywhere in modern life, from smartphones to home lighting. But today's LEDs have a major limitation: when you try to make them brighter by increasing their power, they become less efficient. A team of researchers at Nagoya University in Japan has now found a way to make LEDs brighter while maintaining their efficiency. Their research promises to reduce the cost and environmental impact of LED production while improving performance in applications such as visible light communication and virtual reality (VR) glasses. The study appears in the journal Laser & Photonics Review.


						
"The innovation of this work is a better understanding of the effects of polarization, an intrinsic property of the gallium nitride/indium gallium nitride (GaN/InGaN) layer structure that is needed for light generation," lead researcher Markus Pristovsek said.

InGaN LEDs represent the most efficient light source globally, although they typically operate at low power levels. To obtain brighter light, it is necessary to increase their power. However, an increase in power supplied to the LED results in a decrease in its efficiency, a phenomenon known as efficiency droop.

One way to overcome efficiency droop is to increase the area of the LED, which gives you more light, but it also means that you need a larger chip. As a result, you get fewer LEDs from a wafer -- the thin, flat piece of semiconductor material made from InGaN that serves as the base for the fabrication of LED devices. The result is higher production costs and greater environmental impact.

Researchers can reduce the efficiency droop by tilting the InGaN layers and cutting the wafer into different orientations, which alter the resulting crystal's properties. The most important property altered in this manner is known as 'polarization'. Despite tilted orientations with low polarization being researched for over 15 years, InGaN LEDs made using these orientations have consistently exhibited less than half the efficiency of standard high-polarization LEDs.

The study by Pristovsek and Nan Hu at the Center for Integrated Research of Future Electronics (CIRFE) at Nagoya University found that a lower polarization is helpful only if it points in the same direction as that of standard LEDs. Using their findings, they grew LEDs on a cheap sapphire substrate in the so-called (10-13) orientation, an orientation with lower polarization but in a direction similar to that of standard LEDs. These (10-13) LEDs show greater efficiency at higher power.

This finding suggests innovative ways for manufacturers to develop next-generation LED technologies, such as more efficient and brighter micro-LED displays for mobile devices and large-screen TVs. Higher current density capability could also enable new applications in automotive and specialty industrial lighting, while faster switching speeds could find applications in visible-light communication technologies and VR glasses.

"Future research is unlikely to find a better orientation, particularly on the cost-efficient sapphire substrates, because only two tilted directions can be fit to it," Pristovsek said. "However, there are other ways to make (10-13) LEDs with fewer defects on sapphire and maybe even silicon. But the other orientations achieved on sapphire or silicon so far are worse, because they are either inherently rough, they increase the amount of polarization, or they have the wrong sign of polarization."
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Scientists produce high-power attosecond X-ray pulses at megahertz repetition rates | ScienceDaily
A research team at European XFEL and DESY has achieved a major advance in X-ray science by generating unprecedented high-power attosecond hard X-ray pulses at megahertz repetition rates. This advancement opens new frontiers in the study of ultrafast electron dynamics and enables non-destructive measurements at the atomic level.


						
Researchers have demonstrated single-spike hard X-ray pulses with pulse energies exceeding 100 microjoules and pulse durations of only a few hundred attoseconds. An attosecond is one quintillionth (10-18) of a second -- a timescale that allows scientists to capture even the fastest electron movements in matter.

"These high-power attosecond X-ray pulses could open new avenues for studying matter at the atomic scale," says Jiawei Yan, physicist at European XFEL and lead author of the study published in Nature Photonics. "With these unique X-rays, we can perform truly damage-free measurements of structural and electronic properties. This paves the way for advanced studies like attosecond crystallography, allowing us to observe electronic dynamics in real space."

Traditional methods for generating such ultra-short hard X-ray pulses required dramatically reducing the electron bunch charge to tens of picocoulombs, which limited the pulse energy and practical use. The team developed a self-chirping method, utilizing the collective effects of electron beams and specialized beam transport systems at the European XFEL. This approach enables the generation of attosecond X-ray pulses at terawatt-scale peak power and megahertz repetition rates without reducing the electron bunch charge.

"By combining ultra-short pulses with megahertz repetition rates, we can now collect data much faster and observe processes that were previously hidden from view," says Gianluca Geloni, group leader of the FEL physics group at the European XFEL. "This development promises to transform research across multiple scientific fields, especially for atomic-scale imaging of protein molecules and materials and investigating nonlinear X-ray phenomena."
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ODS FeCrAl alloys endure liquid metal flow at 600 degC resembling a fusion blanket environment | ScienceDaily
Researchers explored protective coatings to resist corrosion in fusion reactors. They tested a-Al2O3 oxide layers on ODS alloys in a high-temperature, flowing lithium-lead environment. Even bare ODS alloys formed a durable g-LiAlO2 layer in situ, which suppressed further corrosion. The layers exhibited strong adhesion under mechanical stress, making these findings crucial for improving material durability in fusion reactors and high-temperature energy systems.


						
Fusion reactors, a promising source of sustainable energy, require advanced materials that can withstand extreme temperatures and corrosive environments created by liquid metal coolants such as lithium and lithium-lead (LiPb) alloy. These coolants are essential in fusion reactors to extract heat and breed tritium, but their corrosive nature threatens the integrity of the structural materials used. LiPb is particularly aggressive, as it has a high concentration of lithium, which reacts with structural materials, causing corrosion and material degradation over time.

ODS FeCrAl alloys, known for their excellent high-temperature strength and corrosion resistance, have been proposed as promising candidates for fusion reactors and other high-temperature applications like concentrated solar power systems. These alloys rely on the formation of protective oxide layers, such as a-Al2O3, which offers stability and durability under high temperatures. However, in a liquid LiPb environment, the chemical interactions between the alloy and the coolant raise concerns about the stability and longevity of these protective layers.

In this view, a team of researchers from the Institute of Science Tokyo (Science Tokyo), led by Associate Professor Masatoshi Kondo in collaboration with Yokohama National University, Nippon Nuclear Fuel Development and Department of Research, National Institute for Fusion Science, conducted corrosion tests on oxide layers formed on ODS FeCrAl alloys under prolonged exposure to flowing liquid LiPb at elevated temperatures. Their study was published in the journal Corrosion Science on September 17, 2024.

The researchers carried out corrosion tests using two types of ODS FeCrAl alloys: SP10 and NF12. The tests were performed under both static and stirred-flow conditions at 873 K to simulate realistic scenarios in fusion reactor coolant systems. They employed advanced metallurgical analysis techniques, including scanning transmission electron microscopy coupled with electron energy loss spectroscopy, to investigate the composition and microstructure of the protective oxide layers formed on the alloy surfaces.

They found that the pre-formed a-Al2O3 layer effectively suppressed initial corrosion but partially transformed into a-/g-LiAlO2 due to the adsorption of lithium. Interestingly, even without pre-oxidation, the ODS alloys in situ developed a durable g-LiAlO2 layer, which served as a self-forming protective barrier. Microstructural analysis using advanced electron microscopy revealed the penetration of lithium into the a-Al2O3 layer, leading to the chemical transformation. Despite this, both a-Al2O3 and g-LiAlO2 layers demonstrated strong resistance to exfoliation. Micro-scratch tests confirmed that these layers adhered strongly to the alloy surface, with minimal degradation, even under high thermal stresses caused by LiPb solidification.

"The lithium-aluminum oxide layer's durability shows that these alloys could last longer in high-temperature, high-stress settings. This layer serves as a sustainable shield that continues protecting reactor components even after initial wear," explains Kondo.

As nuclear technology evolves, these findings bring us one step closer to developing reactors that can run safely for extended duration, making sustainable energy sources more feasible. "Our findings show that ODS FeCrAl alloys, with their ability to form durable protective layers, could play a vital role in the future of fusion reactors and other high-temperature power systems," says Kondo, highlighting the impact of the research study.
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The future of edge AI: Dye-sensitized solar cell-based synaptic device | ScienceDaily
Artificial intelligence (AI) is becoming increasingly useful for the prediction of emergency events such as heart attacks, natural disasters, and pipeline failures. This requires state-of-the-art technologies that can rapidly process data. In this regard, reservoir computing, specially designed for time-series data processing with low power consumption, is a promising option. It can be implemented in various frameworks, among which physical reservoir computing (PRC) is the most popular. PRC with optoelectronic artificial synapses (junction structures that permit a nerve cell to transmit an electrical or chemical signal to another cell) that mimic human synaptic elements are expected to have unparalleled recognition and real-time processing capabilities akin to the human visual system.


						
However, PRC based on existing self-powered optoelectronic synaptic devices cannot handle time-series data across multiple timescales, present in signals for monitoring infrastructure, natural environment, and health conditions.

In a recent breakthrough, a team of researchers from the Department of Applied Electronics, Graduate School of Advanced Engineering, Tokyo University of Science (TUS), led by Associate Professor Takashi Ikuno and including Mr. Hiroaki Komatsu, and Ms. Norika Hosoda, has successfully fabricated a self-powered dye-sensitized solar cell-based optoelectronic photopolymeric human synapse with a time constant that can be controlled by the input light intensity. Their study was published online on October 28, 2024, in the journal ACS Applied Materials & Interfaces.

Dr. Ikuno explains the motivation behind their research: "In order to process time-series input optical data with various time scales, it is essential to fabricate devices according to the desired time scale. Inspired by the afterimage phenomenon of the eye, we came up with a novel optoelectronic human synaptic device that can serve as a computational framework for power-saving edge AI optical sensors."

The solar cell-based device utilizes squarylium derivative-based dyes and incorporates optical input, AI computation, analog output, and power supply functions in the device itself at the material level. It exhibits synaptic plasticity in response to light intensity, showing synaptic features such as paired-pulse facilitation and paired-pulse depression. The researchers demonstrated that adjusting the light intensity results in high computational performance in time-series data processing tasks, irrespective of the input light pulse width.

Furthermore, when this device was used as the reservoir layer of PRC, it classified human movements such as bending, jumping, running, and walking with more than 90% accuracy. Additionally, the power consumption was just 1% of that required by conventional systems, which would also significantly reduce the associated carbon emissions. "We have demonstrated for the first time in the world that the developed device can operate with very low power consumption and yet identify human motion with a high accuracy rate," emphasizes Dr. Ikuno.

Notably, the proposed device opens a new path toward the realization of edge AI sensors for various time scales, with applications in surveillance cameras, car cameras, and health monitoring. According to Dr. Ikuno, "This invention can be used as a massively popular edge AI optical sensor that can be attached to any object or person, and can impact the cost involved in power consumption, such as car-mounted cameras and car-mounted computers." He adds, "This device can function as a sensor that can identify human movement with low power consumption, and thus has the potential to contribute to the improvement of vehicle power consumption. Furthermore, it is expected to be used as a low power consumption optical sensor in stand-alone smartwatches and medical devices, significantly reducing their costs to be comparable or even lower than that of current medical devices."

To conclude, this novel solar cell-based device has the potential to accelerate the development of energy-efficient edge AI sensors with varied applications.
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The next evolution of AI begins with ours | ScienceDaily
The genome has space for only a small fraction of the information needed to control complex behaviors. So then how, for example, does a newborn sea turtle instinctually know to follow the moonlight? Cold Spring Harbor neuroscientists have devised a potential explanation for this age-old paradox. Their ideas should lead to faster, more evolved forms of artificial intelligence.


						
In a sense, each of us begins life ready for action. Many animals perform amazing feats soon after they're born. Spiders spin webs. Whales swim. But where do these innate abilities come from? Obviously, the brain plays a key role as it contains the trillions of neural connections needed to control complex behaviors. However, the genome has space for only a small fraction of that information. This paradox has stumped scientists for decades. Now, Cold Spring Harbor Laboratory (CSHL) Professors Anthony Zador and Alexei Koulakov have devised a potential solution using artificial intelligence.

When Zador first encounters this problem, he puts a new spin on it. "What if the genome's limited capacity is the very thing that makes us so smart?" he wonders. "What if it's a feature, not a bug?" In other words, maybe we can act intelligently and learn quickly because the genome's limits force us to adapt. This is a big, bold idea -- tough to demonstrate. After all, we can't stretch lab experiments across billions of years of evolution. That's where the idea of the genomic bottleneck algorithm emerges.

In AI, generations don't span decades. New models are born with the push of a button. Zador, Koulakov, and CSHL postdocs Divyansha Lachi and Sergey Shuvaev set out to develop a computer algorithm that folds heaps of data into a neat package -- much like our genome might compress the information needed to form functional brain circuits. They then test this algorithm against AI networks that undergo multiple training rounds. Amazingly, they find the new, untrained algorithm performs tasks like image recognition almost as effectively as state-of-the-art AI. Their algorithm even holds its own in video games like Space Invaders. It's as if it innately understands how to play.

Does this mean AI will soon replicate our natural abilities? "We haven't reached that level," says Koulakov. "The brain's cortical architecture can fit about 280 terabytes of information -- 32 years of high-definition video. Our genomes accommodate about one hour. This implies a 400,000-fold compression technology cannot yet match."

Nevertheless, the algorithm allows for compression levels thus far unseen in AI. That feature could have impressive uses in tech. Shuvaev, the study's lead author, explains: "For example, if you wanted to run a large language model on a cell phone, one way [the algorithm] could be used is to unfold your model layer by layer on the hardware."

Such applications could mean more evolved AI with faster runtimes. And to think, it only took 3.5 billion years of evolution to get here.
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Using sunlight to recycle black plastics | ScienceDaily
Not all plastics are equal -- some types and colors are easier to recycle than others. For instance, black foam and black coffee lids, which are often made of polystyrene, usually end up in landfills because color additives lead to ineffective sorting. Now, researchers report in ACS Central Science the ability to leverage one additive in black plastics, with the help of sunlight or white LEDs, to convert black and colored polystyrene waste into reusable starting materials.


						
"Simple, visible light irradiation holds the potential to transform the chemical recycling of plastics, using the additives already found in many commercial products," say the paper's authors, Sewon Oh, Hanning Jiang and Erin Stache.

An emerging strategy for plastic recycling involves using light to help break down plastic into chemically useful materials that can be recycled into new products. This process requires a helper compound to convert light into the heat needed to break apart polymer bonds. However, finding the right helper that won't create more waste and is easily incorporated into recycled materials remains a challenge for researchers. Seeking to create a circular economy for plastic recycling, Stache and a team of researchers took advantage of something already found in black polystyrene waste -- an additive known as carbon black.

The researchers tested a method to recycle lab-made black polystyrene: They ground a mixture of polystyrene and carbon black to a fine powder, placed the powder in a sealed glass vial and then set the vial under high-intensity white LEDs for 30 minutes. The carbon black converted the LED light into heat. The heat then broke apart the polystyrene's molecular structure, creating a mixture of shorter one-, two- and three-styrene units. And these three components cleanly separated within the reaction apparatus. In experiments, the team recycled the leftover carbon black and styrene monomer into polystyrene, demonstrating the circularity of the new method.

Applying the technique to post-consumer black plastic from food containers and coffee cup lids, the researchers cut the waste into small pieces and found that up to 53% of the polystyrene converted to styrene monomer. Waste samples contaminated with canola oil, soy sauce and orange juice broke down slightly less efficiently. When the researchers switched the light source from LEDs to focused sunlight outdoors, they observed a higher reaction efficiency (80%). Additionally, a multicolored mixture of black, yellow, red and colorless polystyrene waste converted to styrene in sunlit conditions at a higher rate (67%) compared to white LEDs (45%). The researchers attribute the higher efficiencies to the greater light intensity achieved by focused sunlight. By demonstrating sunlight's ability to break down colored polystyrene waste, the researchers say that their method could create a closed-loop recycling process for this type of plastic.
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Impact of climate change on water resources will increase price tag to decarbonize the grid | ScienceDaily
A new study warns that current plans to achieve zero emissions on the grid by 2050 vastly underestimate the required investments in generation and transmission infrastructure. The reason: these plans do not account for climate change's impacts on water resources.


						
Specifically, changes in water availability caused by climate change could decrease hydropower generation by up to 23% by the year 2050, while electricity demand could increase by 2%. Both these phenomena would come together in summer to compound impacts on the grid.

To adapt to these impacts, the Western United States would need to build up to 139 gigawatts of power capacity between 2030 and 2050-equivalent to nearly three times California's peak power demand, or up to 13 gigawatts in transmission capacity during the same time period. The total additional investment would come with a price tag of up to $150 billion.

That is the conclusion of a study published Nov. 25 in Nature Communications (Szinai et al., 2024) and co-authored by a team of Canadian and U.S. researchers, including at the University of California San Diego.

In this study, researchers took into account the vulnerability of the Western United States to water-related climate change impacts, such as rising temperatures, changing patterns in rainfall and declining snowpack. They built simulations that link the region's water and electricity systems. They then evaluated how the region could adapt to a range of potential climate change futures from 2030 to 2050, while still trying to transition to a grid powered by carbon-free energy sources.

"Our results suggest that if [the West] ignores climate change impacts and associated water sector dynamics in planning, the grid will have insufficient resources to maintain system reliability and meet decarbonization goals," the researchers write.

Loss of hydropower no matter the scenario

Under the models researchers used, the Pacific Northwest would experience some increases in rainfall, while the Southwest would continue to experience drying and droughts. As a result, key water basins in the region, such as the Colorado River, would keep shrinking.




Hydropower, which constitutes 20% of average energy generation in the West, will decline in response to these conditions. The models indicate that a mix of renewable power sources, such as wind and solar, will be necessary to offset these hydropower shortfalls. In climate scenarios with lower hydropower shortfalls and lower increases in energy consumption, wind power would mostly fill the gap. In scenarios with greater shortfalls, solar power would play a large role in filling the gap, complemented by flexible battery storage and geothermal power.

Meanwhile, increased need for cooling buildings would drive up electricity demand, which would be especially high in the Southwest-California, Nevada, Arizona and New Mexico. In the Pacific Northwest-Oregon and Washington-decreased electricity use for heating could partially offset increased electricity use for cooling. The electricity demand related to water consumption is expected to increase in the Mountain region-Colorado, Montana, Wyoming, Idaho and Utah. Agricultural water needs, and associated electricity use for groundwater pumping, would also keep increasing in California's Central Valley.

"Without explicitly quantifying how climate change and water interdependencies may together affect future electricity supply and demand, grid planners may significantly underestimate the magnitude and type of resources needed to achieve decarbonization goals and maintain grid reliability," the researchers write.

Next steps

Next steps in the research would include evaluating how programs that seek to make demand more flexible and responsive could offset shortfalls in supply. Also, researchers would like to explore the role of transitions in the electricity sector, such as widespread electrification of buildings and transportation systems, and their synergies with the operation of the grid. More study is needed to understand how extended and more intense droughts would impact water and electricity systems in the West.

"Finally, we need to understand and overcome the significant political barriers to transmission expansion across the West, which may make capacity additions difficult to achieve in practice," the researchers write.

The study was supported by the U.S. Department of Energy.
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Researchers use fitness tracker data and machine learning to detect bipolar disorder mood swings | ScienceDaily
Study indicates that a fitness tracker can detect mood episodes in bipolar disorder to help drive treatment.


						
Investigators from Brigham and Women's Hospital, a founding member of the Mass General Brigham healthcare system, evaluated whether data collected from a fitness tracker could be used to accurately detect mood episodes in people with bipolar disorder. Their findings, published in Acta Psychiatrica Scandinavica, indicate that it is possible to detect time intervals when patients with bipolar disorder are experiencing depression or mania with high accuracy using data from fitness tracking devices.

"Most people are walking around with personal digital devices like smartphones and smartwatches that capture day-to-day data that could inform psychiatric treatment. Our goal was to use that data to identify when study participants diagnosed with bipolar disorder were experiencing mood episodes," said corresponding author Jessica Lipschitz, PhD, an investigator in the Brigham's Department of Psychiatry. "In the future, our hope is that machine learning algorithms like ours could help patients' treatment teams respond fast to new or unremitting episodes in order to limit negative impact."

Bipolar disorder (BD) is a chronic psychiatric disorder characterized by extreme mood swings, including depression, mania, and hypomania followed by periods of remission. Identification and treatment of new and unremitting mood episodes is essential for limiting the impact of BD on patients' lives. While previous research has indicated that personal digital devices can accurately detect mood episodes, previous studies have not used methods designed for broad application in clinical settings.

As an implementation scientist, Lipschitz, together with colleagues, focused on using methods that could be broadly implemented in clinical practice. Specifically, they used commercially available personal digital devices, limited data filtering, and entirely passively collected and noninvasive data. Applying a new type of machine learning algorithm, they were able to detect clinically significant symptoms of depression with 80.1% accuracy and clinically significant symptoms of mania with 89.1% accuracy.

The researchers note that, "overall, results move the field a step toward personalized algorithms suitable for the full population of patients, rather than only those with high compliance, access to specialized devices, or willingness to share invasive data." Their next step is to apply these predictive algorithms in routine care where they could be used to improve BD treatment by informing clinicians when their patients are experiencing depressive or manic episodes between scheduled appointments. The researchers have also been working on extending this work to major depressive disorder.
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New AI tool generates realistic satellite images of future flooding | ScienceDaily
Visualizing the potential impacts of a hurricane on people's homes before it hits can help residents prepare and decide whether to evacuate.


						
MIT scientists have developed a method that generates satellite imagery from the future to depict how a region would look after a potential flooding event. The method combines a generative artificial intelligence model with a physics-based flood model to create realistic, birds-eye-view images of a region, showing where flooding is likely to occur given the strength of an oncoming storm.

As a test case, the team applied the method to Houston and generated satellite images depicting what certain locations around the city would look like after a storm comparable to Hurricane Harvey, which hit the region in 2017. The team compared these generated images with actual satellite images taken of the same regions after Harvey hit. They also compared AI-generated images that did not include a physics-based flood model.

The team's physics-reinforced method generated satellite images of future flooding that were more realistic and accurate. The AI-only method, in contrast, generated images of flooding in places where flooding is not physically possible.

The team's method is a proof-of-concept, meant to demonstrate a case in which generative AI models can generate realistic, trustworthy content when paired with a physics-based model. In order to apply the method to other regions to depict flooding from future storms, it will need to be trained on many more satellite images to learn how flooding would look in other regions.

"The idea is: One day, we could use this before a hurricane, where it provides an additional visualization layer for the public," says Bjorn Lutjens, a postdoc in MIT's Department of Earth, Atmospheric and Planetary Sciences, who led the research while he was a doctoral student in MIT's Department of Aeronautics and Astronautics (AeroAstro). "One of the biggest challenges is encouraging people to evacuate when they are at risk. Maybe this could be another visualization to help increase that readiness."

To illustrate the potential of the new method, which they have dubbed the "Earth Intelligence Engine," the team has made it available as an online resource for others to try.




The researchers report their results today in the journal IEEE Transactions on Geoscience and Remote Sensing. The study's MIT co-authors include Brandon Leschchinskiy; Aruna Sankaranarayanan; and Dava Newman, professor of AeroAstro and director of the MIT Media Lab; along with collaborators from multiple institutions.

Generative adversarial images

The new study is an extension of the team's efforts to apply generative AI tools to visualize future climate scenarios.

"Providing a hyper-local perspective of climate seems to be the most effective way to communicate our scientific results," says Newman, the study's senior author. "People relate to their own zip code, their local environment where their family and friends live. Providing local climate simulations becomes intuitive, personal, and relatable."

For this study, the authors use a conditional generative adversarial network, or GAN, a type of machine learning method that can generate realistic images using two competing, or "adversarial," neural networks. The first "generator" network is trained on pairs of real data, such as satellite images before and after a hurricane. The second "discriminator" network is then trained to distinguish between the real satellite imagery and the one synthesized by the first network.

Each network automatically improves its performance based on feedback from the other network. The idea, then, is that such an adversarial push and pull should ultimately produce synthetic images that are indistinguishable from the real thing. Nevertheless, GANs can still produce "hallucinations," or factually incorrect features in an otherwise realistic image that shouldn't be there.




"Hallucinations can mislead viewers," says Lutjens, who began to wonder whether such hallucinations could be avoided, such that generative AI tools can be trusted to help inform people, particularly in risk-sensitive scenarios. "We were thinking: How can we use these generative AI models in a climate-impact setting, where having trusted data sources is so important?"

Flood hallucinations

In their new work, the researchers considered a risk-sensitive scenario in which generative AI is tasked with creating satellite images of future flooding that could be trustworthy enough to inform decisions of how to prepare and potentially evacuate people out of harm's way.

Typically, policymakers can get an idea of where flooding might occur based on visualizations in the form of color-coded maps. These maps are the final product of a pipeline of physical models that usually begins with a hurricane track model, which then feeds into a wind model that simulates the pattern and strength of winds over a local region. This is combined with a flood or storm surge model that forecasts how wind might push any nearby body of water onto land. A hydraulic model then maps out where flooding will occur based on the local flood infrastructure and generates a visual, color-coded map of flood elevations over a particular region.

"The question is: Can visualizations of satellite imagery add another level to this, that is a bit more tangible and emotionally engaging than a color-coded map of reds, yellows, and blues, while still being trustworthy?" Lutjens says.

The team first tested how generative AI alone would produce satellite images of future flooding. They trained a GAN on actual satellite images taken by satellites as they passed over Houston before and after Hurricane Harvey. When they tasked the generator to produce new flood images of the same regions, they found that the images resembled typical satellite imagery, but a closer look revealed hallucinations in some images, in the form of floods where flooding should not be possible (for instance, in locations at higher elevation).

To reduce hallucinations and increase the trustworthiness of the AI-generated images, the team paired the GAN with a physics-based flood model that incorporates real, physical parameters and phenomena, such as an approaching hurricane's trajectory, storm surge, and flood patterns. With this physics-reinforced method, the team generated satellite images around Houston that depict the same flood extent, pixel by pixel, as forecasted by the flood model.

"We show a tangible way to combine machine learning with physics for a use case that's risk-sensitive, which requires us to analyze the complexity of Earth's systems and project future actions and possible scenarios to keep people out of harm's way," Newman says. "We can't wait to get our generative AI tools into the hands of decision-makers at the local community level, which could make a significant difference and perhaps save lives."

The research was supported, in part, by the MIT Portugal Program, the DAF-MIT Artificial Intelligence Accelerator, NASA, and Google Cloud.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241125124937.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Novel supernova observations grant astronomers a peek into the cosmic past | ScienceDaily
An international team of researchers has made new observations of an unusual supernova, finding the most metal-poor stellar explosion ever observed.


						
This rare supernova, called 2023ufx, originated from the core collapse of a red supergiant star, exploded on the outskirts of a nearby dwarf galaxy. Results of the study showed that observations of both this supernova and the galaxy it was discovered in are of low metallicity, meaning they lack an abundance of elements heavier than hydrogen or helium.

Since the metals produced within supernovae inform their properties, including how stars evolve and die, learning more about their formation can tell astronomers much about the state of the universe when it began, especially since there were essentially no metals around during the time of its birth, said Michael Tucker, lead author of the study and a fellow at the Center for Cosmology and AstroParticle Physics at The Ohio State University.

"If you're someone who wants to predict how the Milky Way came to be, you want to have a good idea of how the first exploding stars seeded the next generation," said Tucker. "Understanding that gives scientists a great example of how those first objects affected their surroundings."

Dwarf galaxies in particular are useful local analogs to conditions scientists might expect to see in the early universe. Because of them, astronomers know that while the first galaxies were metal-poor, all the big, bright galaxies near the Milky Way had plenty of time for stars to explode and increase the amount of metal content, said Tucker.

The amount of metals a supernova has also influences aspects like the number of nuclear reactions it may have or how long its explosion remains bright. It's also one of the reasons that many low-mass stars also occasionally run the risk of collapsing into black holes.

The study was published recently in The Astrophysical Journal.




While the event observed by Tucker's team is only the second supernova to be found with low metallicity, what's most unusual about it is its location relative to the Milky Way, said Tucker.

Typically, any metal-poor supernova that astronomers would expect to find would likely be too faint to see from our galaxy because of how far away they are. Now, due to the advent of more powerful instruments like NASA's James Webb Space Telescope, detecting distant metal-poor galaxies has been made exponentially easier.

"There are not that many metal-poor locations in the nearby universe and before JWST, it was difficult to find them," said Tucker.

But the sighting of 2023ufx turned out to be a happy accident for researchers. New-found observations of this particular supernova revealed that many of its properties and behaviors are distinctly different from other supernovae in nearby galaxies.

For example, this supernova had a period of brightness that stayed steady for about 20 days before declining, whereas the brightness of its metal-rich counterparts usually lasted for about 100 days. The study also showed that a large amount of fast-moving material was ejected during the explosion, suggesting that it must have been spinning very quickly when it exploded.

This result implies that rapidly spinning metal-poor stars must have been relatively common during the early days of the universe, said Tucker. His team's theory is that the supernova likely had weak stellar winds -- streams of particles emitted from the atmosphere of the star -- which led it to cultivate and release so much energy.




Overall, their observations lay the groundwork for astronomers to better investigate how metal-poor stars survive in different cosmic environments, and may even help some theorists more accurately model how supernovae behaved in the early universe.

"If you're someone who wants to predict how galaxies form and evolve, the first thing you want is a good idea of how the first exploding stars influenced their local area," said Tucker.

Future research may aim to determine if the supernova was larger at one point, whether just by being a super-massive star or if its materials were stripped away by a still undiscovered binary companion.

Until then, researchers will have to wait for more data to become available.

"We're so early in the JWST era that we're still finding so many things we don't understand about galaxies," said Tucker. "The long-term hope is that this study acts as a benchmark for similar discoveries."

This work was supported by the National Science Foundation, the European Research Council (ERC), the Australian Research Council Discovery Early Career Researcher Award (DECRA), and NASA. Christopher S. Kochanek from Ohio State was also a co-author.
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Most energetic cosmic-ray electrons and positrons ever observed | ScienceDaily
The Universe teems with extreme environments, ranging from the very coldest temperatures to the highest energy sources possible. As a consequence, extreme objects such as supernova remnants, pulsars and active galactic nuclei are capable of emitting charged particles and gamma rays with incredibly high energies, so high that they exceed the energy produced by the nuclear fusion in stars by several orders of magnitude.


						
The gamma rays detected on Earth tell us a great deal about these sources, since they travel through space undisturbed. However, in the case of charged particles, also known as cosmic rays, things are more complicated because they are constantly buffeted by the magnetic fields present everywhere in the Universe, and impact the Earth isotropically, in other words from all directions. What's more, these charged particles lose some of their energy along the way, when they interact with light and magnetic fields. These energy losses are especially significant for the most energetic electrons and positrons, known as cosmic-ray electrons (CRe), whose energy exceeds one teraelectronvolt (TeV) (i.e. 1000 billion times greater than that of visible light)1. It is therefore impossible to determine the point of origin of such charged particles in space, although their detection on Earth is a clear indicator that there are powerful cosmic-ray particle accelerators in its vicinity.

However, detecting electrons and positrons with energies of several teraelectronvolts is particularly challenging. Space-based instruments, with detection areas of around one square metre, are unable to capture sufficient numbers of such particles, which become increasingly rare the higher their energy. Ground-based instruments on the other hand, which indirectly detect the arrival of cosmic rays via the showers of particles they produce in the Earth's atmosphere, are faced with the challenge of differentiating the showers triggered by cosmic-ray electrons (or positrons) from the much more frequent showers produced by the impact of the heavier cosmic-ray protons and nuclei. The H.E.S.S. Observatory2 located in Namibia uses five large telescopes to capture and record the faint Cherenkov radiation produced by the heavily charged particles and photons that enter the Earth's atmosphere, producing a shower of particles in their wake. Although the Observatory's main purpose is to detect and select gamma rays in order to investigate their sources, the data can also be used to search for cosmic-ray electrons.

In the most extensive analysis ever carried out, H.E.S.S. collaboration scientists have now obtained new information about the origin of these particles. The astrophysicists did this by combing through the huge data set collected over the course of a decade by the four 12-metre telescopes, applying new, more powerful selection algorithms capable of extracting the CRe from the background noise with unprecedented efficiency. This resulted in an unrivalled set of statistical data for the analysis of cosmic-ray electrons. More specifically, the H.E.S.S. researchers were able to obtain for the first time data about CRe in the highest energy ranges, all the way up to 40 TeV. This enabled them to identify a surprisingly sharp break in the energy distribution of the cosmic-ray electrons.

"This is an important result, as we can conclude that the measured CRe most likely originate from very few sources in the vicinity of our own solar system, up to a maximum of a few 1000 light years away, a very small distance compared to the size of our Galaxy," explains Kathrin Egberts, from the University of Potsdam, one of the corresponding authors of the study.

"We were able to put severe constrains on the origin of these cosmic electrons with our detailed analysis for the first time," adds Prof. Hofmann from the Max-Planck-Institut fur Kernphysik, co-author of the study. "The very low fluxes at larger TeV limit the possibilities of space-based missions to compete with this measurement. Thereby, our measurement does not only provide data in a crucial and previously unexplored energy range, impacting our understanding of the local neighbourhood, but it is also likely to remain a benchmark for the coming years," Mathieu de Naurois, CNRS Researcher from the Laboratoire Leprince-Ringuet, adds.

Footnotes :
    	1 TeV = 1012 electronvolts.
    	High-energy gamma rays can be observed from the ground only because of a very specific phenomenon. When a gamma ray enters the atmosphere it collides with its atoms and molecules, producing new particles that sweep towards the ground rather like an avalanche. The particles emit flashes lasting mere billionths of a second (Cherenkov radiation), which can be observed using large, specially equipped ground-based telescopes.The H.E.S.S. Observatory, located in the Khomas Highlands of Namibia at an altitude of 1835 m, officially began operation in 2002. It comprises an array of five telescopes. Four telescopes with mirrors 12 m in diameter are located at the corners of a square, with another 28 m telescope at the centre. This makes it possible to detect cosmic gamma rays ranging from a few tens of gigaelectronvolts (GeV, 109 electronvolts) to a few tens of teraelectronvolts (TeV, 1012 electronvolts). By comparison, photons of visible light have an energy of two to three electronvolts. H.E.S.S. is currently the only instrument observing the southern sky in high-energy gamma-ray light. It is also the largest and most sensitive telescope system of its kind.
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Reality check: Making indoor smartphone-based augmented reality work | ScienceDaily
Smartphone-based augmented reality, in which visual elements are overlaid on the image of a smartphone camera, are extremely popular apps. These apps allow users to see how furniture would look in their house, or navigate maps better, or to play interactive games. The global phenomenon Pokemon GO, which encourages players to catch digital creatures through their phone, is a well-known example.


						
However, if you want to use augmented reality apps inside a building, prepare to lower your expectations. The technologies available now to implement augmented reality struggle when they can't access a clear GPS signal. But after a series of extensive and careful experiments with smartphones and users, researchers from Osaka University have determined the reasons for these problems in detail and identified a potential solution. The work was recently presented at the 30th Annual International Conference on Mobile Computing and Networking.

"To augment reality, the smartphone needs to know two things," says Shunpei Yamaguchi, the lead author of the study. "Namely, where it is, which is called localization, and how it is moving, which is called tracking."

To do this, the smartphone uses two main systems: visual sensors (the camera and LiDAR) to find landmarks such as QR codes or AprilTags in the environment, and its inertial measurement unit (IMU), a small sensor inside the phone that measures movement.

To understand exactly how these systems perform, the research team set up case studies such as a virtual classroom in an empty lecture hall and asked participants to arrange virtual desks and chairs in an optimal way. Overall, 113 hours of experiments and case studies across 316 patterns in a real-world environment were performed. The aim was to isolate and examine the failure modes of AR by disabling some sensors and changing the environment and lighting.

"We found that the virtual elements tend to 'drift' in the scene, which can lead to motion sickness and reduce the sense of reality," explains Shunsuke Saruwatari, the senior author of the study. The findings highlighted that visual landmarks can be difficult to find from far away, at extreme angles, or in dark rooms; that LiDAR doesn't always work well; and that the IMU has errors at high and low speeds that add up over time.

To address these issues, the team recommends radio-frequency-based localization, such as ultra-wideband (UWB)-based sensing, as a potential solution. UWB works similarly to WiFi or Bluetooth, and its most well-known applications are the Apple AirTag and Galaxy SmartTag+. Radio-frequency localization is less affected by lighting, distance, or line of sight, avoiding the difficulties with vision-based QR codes or AprilTag landmarks. In the future, the researchers believe that UWB or alternative sensing modalities like ultra-sound, WiFi, BLE, or RFID have the potential for integration with vision-based techniques, leading to vastly improved augmented reality applications.
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3D-printing advance mitigates three defects simultaneously for failure-free metal parts | ScienceDaily
University of Wisconsin-Madison engineers have found a way to simultaneously mitigate three types of defects in parts produced using a prominent additive manufacturing technique called laser powder bed fusion.


						
Led by Lianyi Chen, an associate professor of mechanical engineering at UW-Madison, the team discovered the mechanisms and identified the processing conditions that can lead to this significant reduction in defects. The researchers detailed their findings in a paper published on November 16, 2024, in the International Journal of Machine Tools and Manufacture.

"Previous research has normally focused on reducing one type of defect, but that would require the usage of other techniques to mitigate the remaining types of defects," Chen says. "Based on the mechanisms we discovered, we developed an approach that can mitigate all the defects -- pores, rough surfaces and large spatters -- at once. In addition, our approach allows us to produce a part much faster without any quality compromises."

Multiple industries, including aerospace, medical and energy, are increasingly interested in using additive manufacturing, also known as 3D printing, to produce metal parts with complex shapes that are difficult or impossible to create using conventional methods.

But the big challenge is that metal parts created with additive manufacturing have defects -- like pores, or "voids," rough surfaces and large spatters -- that significantly compromise the finished part's reliability and durability. These quality problems prevent 3D-printed parts from being used for critical applications where failure is not an option.

By providing a path for simultaneously increasing part quality and manufacturing productivity, the UW-Madison team's advance could lead to widespread industry adoption of laser powder bed fusion.

Laser powder bed fusion uses a high-energy laser beam to melt and fuse thin layers of metal powder, constructing a part layer by layer from the bottom up. In this research, the UW-Madison team used an innovative ring-shaped laser beam, provided by a leading laser company called nLight, instead of the usual Gaussian-shaped beam.




The ring-shaped laser beam played a key role in this breakthrough -- as did critical "in-situ" experiments, says Jiandong Yuan, the lead author of the paper and a PhD student in Chen's group.

To see how the material behaved within the part as it was printing, researchers went to the Advanced Photon Source, an ultra-bright, high-energy synchrotron X-ray user facility at Argonne National Laboratory. Combining high-speed synchrotron X-ray imaging, theoretical analysis and numerical simulation, the researchers revealed the defect mitigation mechanisms, which involve phenomena that reduce instabilities in the laser powder bed fusion process.

The researchers also demonstrated that they could use the ring-shaped beam to drill deeper into the material without causing instabilities in the process. This enabled them to print thicker layers, increasing the manufacturing productivity. "Because we understood the underlying mechanisms, we could more quickly identify the right processing conditions to produce high-quality parts using the ring-shaped beam," says Chen.

Lianyi Chen is the Kuo K. & Cindy F. Wang Associate Professor of mechanical engineering.

Collaborators from UW-Madison include Qilin Guo, Luis Escano, Ali Nabba, Minglei Qu, Junye Huang, Qingyuan Li, Allen Jonathan Roman, and Professor Tim Osswald. Samuel Clark and Kamel Fezzaa from Argonne National Laboratory also collaborated on this project.

This work was supported by the National Science Foundation and the Wisconsin Alumni Research Foundation.
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Engineered additive makes low-cost renewable energy storage a possibility | ScienceDaily
Solar and wind are quickly transforming the energy landscape -- but if we are to realize the full potential of these intermittent, renewable energy sources, we'll need safe, affordable batteries capable of storing it.


						
As part of an effort to overcome the long-term energy-storage challenge, University of Wisconsin-Madison engineers have invented a water-soluble chemical additive that improves the performance of a type of electrochemical storage called a bromide aqueous flow battery.

"Bromide-based aqueous flow batteries are a promising solution, but there are many messy electrochemical problems with them. That's why there's no real successful bromide-based products today," says Patrick Sullivan who graduated from UW-Madison with a PhD in chemistry in 2023. "Yet, our one additive can solve so many different problems."

Sullivan, PhD student Gyohun Choi, and Dawei Feng, an assistant professor of materials science and engineering at UW-Madison, developed the additive. The research was published on October 23, 2024, by the journal Nature. 

Currently, giant tractor-trailer-sized lithium-ion battery packs store energy for the grid -- but with technical limitations. Lithium batteries have safety concerns due to the potential for fires and explosions and a complicated international supply chain.

Aqueous flow batteries, however, could make grid-scale storage safer and cheaper. In these batteries, positive and negative liquid electrolytes circulate over electrodes that are separated by a membrane. Since the batteries use ions dissolved in a liquid -- water -- they can be scalable, sustainable and safe.

The most commercially mature flow batteries are based on vanadium ions, which, like lithium, are expensive and hard to source. However, another version of these flow batteries relies on bromide, a cheap, widely available ion that performs similar to vanadium -- at least on paper.




In practice, however, tiny bromide ions cause all sorts of problems in flow batteries. They can pass through the membrane that separates the electrodes, and that reduces the battery's efficiency. Sometimes the ions precipitate out of the electrolyte and form a messy oil that "sinks" to the bottom of the solution. Occasionally, the ions also form toxic bromine gas. These issues hinder practical performance and reliability.

An additive called a complexing agent could help. Choi set out to find an additive that enhances bromide aqueous flow battery performance. The researchers used molecular design to engineer over 500 candidate organic molecules they call "soft-hard zwitterionic trappers." They synthesized and tested 13 of these representative molecules as potential additives for the bromide batteries.

The resulting multi-functional additives solve the flow battery's main problems. It encapsulates the bromide ions while allowing them to remain water-soluble, and since the resulting complex is now larger, they can't pass through the membrane. The ions are also "phase-stable," which means they don't separate out of the water electrolyte or create toxic bromine gas.

Importantly, the additives dramatically improve the flow battery's performance, increasing the efficiency and longevity of the chemical system. "Our devices with the additive functioned without decay for almost two months compared to ones without it, which typically fail within a day," says Feng. "This is important because for green energy storage, you want to use it for 10 or 20 years."

The team plans to continue refining the work. Choi will study the fundamental science behind additives for bromide and iodide flow batteries, while Sullivan, who is CEO of Flux XII -- a renewable energy spinoff company he co-founded with Feng -- will explore the commercial viability of the additive, which has already been successfully produced in industrial ton-scale reactions.

Dawei Feng is the Y. Austin Chang Assistant Professor in materials science and engineering. Other UW-Madison authors include Xiu-Liang Lv, Wenjie Li, Kwanpyung Lee, Haoyu Kong, Sam Gessler, and JR Schmidt.
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Ancient hot water on Mars points to habitable past | ScienceDaily
New Curtin University-led research has uncovered what may be the oldest direct evidence of ancient hot water activity on Mars, revealing the planet may have been habitable at some point in its past.


						
The study analysed a 4.45 billion-year-old zircon grain from the famous Martian meteorite NWA7034, also known as Black Beauty, and found geochemical 'fingerprints' of water-rich fluids.

Study co-author Dr Aaron Cavosie from Curtin's School of Earth and Planetary Sciences said the discovery opened up new avenues for understanding ancient Martian hydrothermal systems associated with magmatism, as well as the planet's past habitability.

"We used nano-scale geochemistry to detect elemental evidence of hot water on Mars 4.45 billion years ago," Dr Cavosie said.

"Hydrothermal systems were essential for the development of life on Earth and our findings suggest Mars also had water, a key ingredient for habitable environments, during the earliest history of crust formation."

"Through nano-scale imaging and spectroscopy, the team identified element patterns in this unique zircon, including iron, aluminium, yttrium and sodium. These elements were added as the zircon formed 4.45 billion years ago, suggesting water was present during early Martian magmatic activity."

Dr Cavosie said the research showed that even though Mars' crust endured massive meteorite impacts that caused major surface upheaval, water was present during the early Pre-Noachian period, prior to about 4.1 billion years ago.




"A 2022 Curtin study of the same zircon grain found it had been 'shocked' by a meteorite impact, marking it as the first and only known shocked zircon from Mars," Dr Cavosie said.

"This new study takes us a step further in understanding early Mars, by way of identifying tell-tale signs of water-rich fluids from when the grain formed, providing geochemical markers of water in the oldest known Martian crust."

Lead author Dr Jack Gillespie from the University of Lausanne was a Postdoctoral Research Associate at Curtin's School of Earth and Planetary Sciences at the time of the study, which was co-authored by researchers from Curtin's Space Science and Technology Centre, the John de Laeter Centre and the University of Adelaide, with funding from the Australian Research Council, Curtin University, University of Adelaide and the Swiss National Science Foundation.

The full study, titled 'Zircon evidence for early hydrothermal activity on Mars', will be published in Science Advances.
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Researchers develop an efficient way to train more reliable AI agents | ScienceDaily
Fields ranging from robotics to medicine to political science are attempting to train AI systems to make meaningful decisions of all kinds. For example, using an AI system to intelligently control traffic in a congested city could help motorists reach their destinations faster, while improving safety or sustainability.


						
Unfortunately, teaching an AI system to make good decisions is no easy task.

Reinforcement learning models, which underlie these AI decision-making systems, still often fail when faced with even small variations in the tasks they are trained to perform. In the case of traffic, a model might struggle to control a set of intersections with different speed limits, numbers of lanes, or traffic patterns.

To boost the reliability of reinforcement learning models for complex tasks with variability, MIT researchers have introduced a more efficient algorithm for training them.

The algorithm strategically selects the best tasks for training an AI agent so it can effectively perform all tasks in a collection of related tasks. In the case of traffic signal control, each task could be one intersection in a task space that includes all intersections in the city.

By focusing on a smaller number of intersections that contribute the most to the algorithm's overall effectiveness, this method maximizes performance while keeping the training cost low.

The researchers found that their technique was between five and 50 times more efficient than standard approaches on an array of simulated tasks. This gain in efficiency helps the algorithm learn a better solution in a faster manner, ultimately improving the performance of the AI agent.




"We were able to see incredible performance improvements, with a very simple algorithm, by thinking outside the box. An algorithm that is not very complicated stands a better chance of being adopted by the community because it is easier to implement and easier for others to understand," says senior author Cathy Wu, the Thomas D. and Virginia W. Cabot Career Development Associate Professor in Civil and Environmental Engineering (CEE) and the Institute for Data, Systems, and Society (IDSS), and a member of the Laboratory for Information and Decision Systems (LIDS).

She is joined on the paper by lead author Jung-Hoon Cho, a CEE graduate student; Vindula Jayawardana, a graduate student in the Department of Electrical Engineering and Computer Science (EECS); and Sirui Li, an IDSS graduate student. The research will be presented at the Conference on Neural Information Processing Systems.

Finding a middle ground

To train an algorithm to control traffic lights at many intersections in a city, an engineer would typically choose between two main approaches. She can train one algorithm for each intersection independently, using only that intersection's data, or train a larger algorithm using data from all intersections and then apply it to each one.

But each approach comes with its share of downsides. Training a separate algorithm for each task (such as a given intersection) is a time-consuming process that requires an enormous amount of data and computation, while training one algorithm for all tasks often leads to subpar performance.

Wu and her collaborators sought a sweet spot between these two approaches.




For their method, they choose a subset of tasks and train one algorithm for each task independently. Importantly, they strategically select individual tasks which are most likely to improve the algorithm's overall performance on all tasks.

They leverage a common trick from the reinforcement learning field called zero-shot transfer learning, in which an already trained model is applied to a new task without being further trained. With transfer learning, the model often performs remarkably well on the new neighbor task.

"We know it would be ideal to train on all the tasks, but we wondered if we could get away with training on a subset of those tasks, apply the result to all the tasks, and still see a performance increase," Wu says.

To identify which tasks they should select to maximize expected performance, the researchers developed an algorithm called Model-Based Transfer Learning (MBTL).

The MBTL algorithm has two pieces. For one, it models how well each algorithm would perform if it were trained independently on one task. Then it models how much each algorithm's performance would degrade if it were transferred to each other task, a concept known as generalization performance.

Explicitly modeling generalization performance allows MBTL to estimate the value of training on a new task.

MBTL does this sequentially, choosing the task which leads to the highest performance gain first, then selecting additional tasks that provide the biggest subsequent marginal improvements to overall performance.

Since MBTL only focuses on the most promising tasks, it can dramatically improve the efficiency of the training process.

Reducing training costs

When the researchers tested this technique on simulated tasks, including controlling traffic signals, managing real-time speed advisories, and executing several classic control tasks, it was five to 50 times more efficient than other methods.

This means they could arrive at the same solution by training on far less data. For instance, with a 50x efficiency boost, the MBTL algorithm could train on just two tasks and achieve the same performance as a standard method which uses data from 100 tasks.

"From the perspective of the two main approaches, that means data from the other 98 tasks was not necessary or that training on all 100 tasks is confusing to the algorithm, so the performance ends up worse than ours," Wu says.

With MBTL, adding even a small amount of additional training time could lead to much better performance.

In the future, the researchers plan to design MBTL algorithms that can extend to more complex problems, such as high-dimensional task spaces. They are also interested in applying their approach to real-world problems, especially in next-generation mobility systems.

The research is funded, in part, by a National Science Foundation CAREER Award, the Kwanjeong Educational Foundation PhD Scholarship Program, and an Amazon Robotics PhD Fellowship.
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A groundbreaking new approach to treating chronic abdominal pain | ScienceDaily
A research team at the University of Vienna, led by medicinal chemist Markus Muttenthaler, has developed a new class of oral peptide therapeutic leads for treating chronic abdominal pain. This groundbreaking innovation offers a safe, non-opioid-based solution for conditions such as irritable bowel syndrome (IBS) and inflammatory bowel diseases (IBD), which affect millions of people worldwide. The research results were recently published in the international edition of the journal Angewandte Chemie.


						
An Innovative Approach to Pain Management

Current medications used to treat chronic abdominal pain often rely on opioids. However, opioids can cause severe side effects such as addiction, nausea, and constipation. Additionally, they affect the central nervous system, often leading to fatigue and drowsiness, which impairs the quality of life of those affected. The addiction risk is particularly problematic and has contributed to the ongoing global opioid crisis. Therefore, there is an urgent need for alternatives that minimise these risks.

This new therapeutic approach targets oxytocin receptors in the gut. Oxytocin is commonly known as the 'love hormone' because of its role in social bonding. Less well-known is that oxytocin can also affect pain perception. When the peptide hormone oxytocin binds to these receptors, it triggers a signal that reduces pain signals in the gut. The advantage of this approach is that the effect is gut-specific, thus having a lower risk of side effects due to its non-systemic, gut-restricted action.

Oxytocin itself cannot be taken orally because it is rapidly broken down in the gastrointestinal tract. However, Prof. Muttenthaler's team has successfully created oxytocin compounds that are fully gut-stable yet can still potently and selectively activate the oxytocin receptor. This means these newly developed oxytocin-like peptides can be taken orally, allowing for convenient treatment for patients. This approach is especially innovative since most peptide drugs (such as insulin, GLP1 analogues) need to be injected as they are also quickly degraded in the gut.

"Our research highlights the therapeutic potential of gut-specific peptides and offers a new, safe alternative to existing pain medications, particularly for those suffering from chronic gut disorders and abdominal pain," explains Muttenthaler.

Next Steps and Future Outlook

With support from the European Research Council, the scientists are now working to translate their research findings into practice. The goal is to bring these new peptides to market as an effective and safe treatment for chronic abdominal pain. Moreover, the general approach of oral, stable, and gut-specific peptide therapeutics could revolutionise the treatment of gastrointestinal diseases, as the therapeutic potential of peptides in this area has not yet been fully explored.

The team has already secured a patent for the developed drug leads and is now actively seeking investors and industrial partners to advance the drug leads towards the clinic.
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3.2 million km/h galaxy smash-up | ScienceDaily
A massive collision of galaxies sparked by one travelling at a scarcely-believable 2 million mph (3.2 million km/h) has been seen in unprecedented detail by one of Earth's most powerful telescopes.


						
The dramatic impact was observed in Stephan's Quintet, a nearby galaxy group made up of five galaxies first sighted almost 150 years ago.

It sparked an immensely powerful shock akin to a "sonic boom from a jet fighter" -- the likes of which are among the most striking phenomena in the Universe.

Stephan's Quintet represents "a galactic crossroad where past collisions between galaxies have left behind a complex field of debris," which has now been reawakened by the passage of the galaxy, NGC 7318b.

The collision was spotted by a team of scientists using the first observations from the new 20-million Euro (PS16.7million) William Herschel Telescope Enhanced Area Velocity Explorer (WEAVE) wide-field spectrograph in La Palma, Spain.

This cutting-edge, next generation science facility will not only reveal how our Milky Way galaxy was built up over billions of years, but also offer new insights into millions of other galaxies across the Universe.

The discovery of NGC 7318b smashing through Stephan's Quintet was observed by a team of more than 60 astronomers and has been published today in Monthly Notices of the Royal Astronomical Society.




The system is an ideal laboratory to understand the chaotic and often violent relationship between galaxies, which is why it was the focus of the first-light observation by the WEAVE Large Integral Field Unit (LIFU).

Lead researcher Dr Marina Arnaudova, of the University of Hertfordshire, said: "Since its discovery in 1877, Stephan's Quintet has captivated astronomers, because it represents a galactic crossroad where past collisions between galaxies have left behind a complex field of debris.

"Dynamical activity in this galaxy group has now been reawakened by a galaxy smashing through it at an incredible speed of over 2 million mph (3.2 million km/h), leading to an immensely powerful shock, much like a sonic boom from a jet fighter."

The international team has uncovered a dual nature behind the shock front, previously unknown to astronomers.

"As the shock moves through pockets of cold gas, it travels at hypersonic speeds -- several times the speed of sound in the intergalactic medium of Stephan's Quintet* -- powerful enough to rip apart electrons from atoms, leaving behind a glowing trail of charged gas, as seen with WEAVE," Dr Arnaudova said.

However, when the shock passes through the surrounding hot gas, it becomes much weaker, according to PhD student Soumyadeep Das, of the University of Hertfordshire.




He added: "Instead of causing significant disruption, the weak shock compresses the hot gas, resulting in radio waves that are picked up by radio telescopes like the Low Frequency Array (LOFAR)."

The new insight and unprecedented detail came from WEAVE's LIFU, combining data with other cutting-edge instruments such as the LOFAR, the Very Large Array (VLA), and the James Webb Space Telescope (JWST).

WEAVE is a state-of-the-art super-fast mapping device that has been connected to the William Herschel Telescope to analyse the composition of stars and gas both in the Milky Way and in distant galaxies.

This is done with the help of a spectroscope, which reveals the elements that stars are made of by generating a bar code-style pattern within a prism of colours that make up a source of light.

It was designed and built following a multi-lateral agreement by France, Italy and the countries of the Isaac Newton Group of Telescopes partnership (the UK, Spain and the Netherlands).

Astronomers hope that WEAVE will help reveal how our galaxy formed in unprecedented detail and revolutionise our understanding of the Universe.

Dr Daniel Smith, of the University of Hertfordshire, said: "It's really neat work that Marina has put together with this large team, but this first WEAVE science paper also represents just a taste of what is to come over the next five years now that WEAVE is becoming fully operational."

Professor Gavin Dalton, WEAVE principal investigator at RAL Space and the University of Oxford, said: "It's fantastic to see the level of detail uncovered here by WEAVE.

"As well as the details of the shock and the unfolding collision that we see in Stephan's Quintet, these observations provide a remarkable perspective on what may be happening in the formation and evolution of the barely resolved faint galaxies that we see at the limits of our current capabilities."

Dr Marc Balcells, director of the Isaac Newton Group of Telescopes, said: "I'm excited to see that the data gathered at the WEAVE first light already provide a high-impact result, and I'm sure this is just an early example of the types of discoveries that will be made possible with WEAVE on the William Herschel Telescope in the coming years."

C-UKRI) of the United Kingdom, the Nederlandse Organisatie voor Wetenschappelijk Onderzoek (NWO) of the Netherlands, and the IAC in Spain. IAC's contribution to the ING is funded by the Spanish Ministry of Science, Innovation and Universities.
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Scientists develop novel high-fidelity quantum computing gate | ScienceDaily
Researchers from the RIKEN Center for Quantum Computing and Toshiba have succeeded in building a quantum computer gate based on a double-transmon coupler (DTC), which had been proposed theoretically as a device that could significantly enhance the fidelity of quantum gates. Using this, they achieved a fidelity of 99.92 percent for a two-qubit device known as a CZ gate and 99.98 percent for a single-qubit gate. This breakthrough, which was carried out as part of the Q-LEAP project, not only boosts the performance of existing noisy intermediate-scale quantum (NISQ) devices but also helps paves the way for the realization of fault-tolerant quantum computation through effective quantum error correction.


						
The DTC is a new kind of tunable coupler composed of two fixed-frequency transmons -- a type of qubit that is relatively insensitive to noise arising from charge -- coupled through a loop with an additional Josephson junction. Its architecture addresses one of the most pressing challenges in quantum computing: the development of hardware to connect qubits in a high-fidelity way. High gate fidelity is essential for minimizing errors and enhancing the reliability of quantum computations, and the DTC scheme stands out by achieving both suppressed residual interaction and rapid high-fidelity two-qubit gate operations, even for highly detuned qubits. Though fidelity of 99.9 percent has been achieved for single-qubit gates, fault rates for two-qubit devices are typically 1 percent or more, mainly due to interactions between the qubits known as the ZZ interaction.

A key of the current work, published in Physical Review X, is the construction of a gate using state-of-the-art fabrication techniques using a type of machine learning known as reinforcement learning. This approach allowed the researchers to translate the theoretical potential of the DTC into practical application. They used this approach to achieve a balance between two types of remaining error -- leakage error and decoherence error -- that remained within the system, selecting a length of 48 nanoseconds as an optimal compromise between the two error sources. Thanks to this, they were able to achieve fidelity levels that are among the highest reported in the field.

According to Yasunobu Nakamura, director of the RIKEN Center for Quantum Computing, "By reducing the error rates in quantum gates, we have made more reliable and accurate quantum computations possible. This is particularly important for the development of fault-tolerant quantum computers, which are the future of quantum computing."

He continues, "This device's ability to perform effectively with highly detuned qubits makes it a versatile and competitive building block for various quantum computing architectures. This adaptability ensures that it can be integrated into existing and future superconducting quantum processors, enhancing their overall performance and scalability. In the future, we plan to try to achieve a shorter gate length, as this could help minimize the incoherent error."
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Hear this! Transforming health care with speech-to-text technology | ScienceDaily
Speech-to-text programs are becoming more popular for everyday tasks like hands-free dictation, helping people who are visually impaired, and transcribing speech for those who are hard of hearing. These tools have many uses, and researcher Bozena Kostek from Gdansk University of Technology is exploring how STT can be better used in the medical field. By studying how clear speech affects STT accuracy, she hopes to improve its usefulness for health care professionals.


						
"Automating note-taking for patient data is crucial for doctors and radiologists, as it gives the doctors more face-to-face time with patients and allows for better data collection," Kostek says.

Kostek also explains the challenges they face in this work.

"STT models often struggle with medical terms, especially in Polish, since many have been trained mainly on English. Also, most resources focus on simple language, not specialized medical vocabulary. Noisy hospital environments make it even harder, as health care providers may not speak clearly due to stress or distractions."

To tackle these issues, a detailed audio dataset was created with Polish medical terms spoken by doctors and specialists in areas like cardiology and pulmonology. This dataset was analyzed using an Automatic Speech Recognition model, technology that converts speech into text, for transcription. Several metrics, such as Word Error Rate and Character Error Rate, were used to evaluate the quality of the speech recognition. This analysis helps understand how speech clarity and style affect the accuracy of STT.

Kostek will present this data Thursday, Nov. 21, at 3:25 p.m. ET as part of the virtual 187th Meeting of the Acoustical Society of America, running Nov. 18-22, 2024.

"Medical jargon can be tricky, especially with abbreviations that differ across specialties. This is an even more difficult task when we refer to realistic hospital situations in which the room is not acoustically prepared." Kostek said.

Currently, the focus is on Polish, but there are plans to expand the research to other languages, like Czech. Collaborations are being established with the University Hospital in Brno to develop medical term resources, aiming to enhance the use of STT technology in health care.

"Even though artificial intelligence is helpful in many situations, many problems should be investigated analytically rather than holistically, focusing on breaking a whole picture into individual parts."
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Exploring the impact of offshore wind on whale deaths | ScienceDaily
In the winter of 2022-2023, nearly a dozen whales died off the coast of New Jersey, near the sites of several proposed wind farms. Their deaths prompted concern that related survey work being conducted in the area somehow contributed to their deaths.


						
Michael Stocker of Ocean Conservation Research will present his work Thursday, Nov. 21, as part of the virtual 187th Meeting of the Acoustical Society of America, running Nov. 18-22, 2024.

In pursuit of clean energy goals and to reduce atmospheric carbon emissions, developers are increasingly exploring building wind turbines in the waters off the East Coast of the United States. Three offshore wind farms are already in operation, with several more planned or underway. These wind farms stand to generate a significant amount of carbon-free electricity, which can help coastal states meet their decarbonization goals.

The increased presence of these turbines in coastal waters, along with the noise from construction and surveys, has led to concerns of their impact on marine life. In particular, cetaceans such as whales and dolphins are likely to be sensitive to the noises and increased marine traffic brought by these turbines.

However, the Marine Mammal Commission, a federal oversight agency, states there is no evidence linking the whales that died in the New Jersey region in the winter of 2022-2023 to wind energy development.

According to necropsies performed on recovered whales, many of them died from collisions with ships. The Marine Mammal Commission notes that this is not a particularly unusual occurrence, nor is the number of whale deaths in this period higher than average. A rise in ship strikes over the last decade is mostly due to a simple combination of more whales plus more ships.

"In the case of a lot of whales, population recoveries since the cessation of commercial whaling are coincident with increasing shipping traffic and increasing fishing efforts," said Stocker. "This is resulting in increased interactions between whales and the industrialization of the ocean."

Stocker, however, is concerned that the increased presence of survey ships in and around New Jersey waters may have exacerbated this issue.




"Were the ship strikes just a coincidence?" asked Stocker. "Or were they a product of compromised whale vigilance due to aggregated stress factors?"

Survey ships are employed by wind farm developers to map the seafloor in preparation for construction. These ships use underwater acoustic devices in their efforts, which can stress marine mammals such as whales. While one survey ship likely has little effect, Stocker highlights that 11 different surveys were operating in the region from December 2022 to March 2023, and that the cumulative impact of these surveys has not been properly evaluated.

Stocker hopes his Thursday session will spark a discussion among attendees with the goal of identifying approaches to minimize whale deaths in the future.
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The Parasaurolophus' pipes: Modeling the dinosaur's crest to study its sound | ScienceDaily
Fossils might give a good image of what dinosaurs looked like, but they can also teach scientists what they sounded like.


						
The Parasaurolophus is a duck-billed dinosaur with a unique crest that lived 70 million to 80 million years ago. It stood around 16 feet tall and is estimated to have weighed 6,000 to 8,000 pounds.

Hongjun Lin from New York University will present results on the acoustic characteristics of a physical model of the Parasaurolophus' crest Thursday, Nov. 21 as part of the virtual 187th Meeting of the Acoustical Society of America, running Nov. 18-22, 2024.

"I've been fascinated by giant animals ever since I was a kid. I'd spend hours reading books, watching movies, and imagining what it would be like if dinosaurs were still around today," said Lin. "It wasn't until college that I realized the sounds we hear in movies and shows -- while mesmerizing -- are completely fabricated using sounds from modern animals. That's when I decided to dive deeper and explore what dinosaurs might have actually sounded like."

Lin created a physical setup made of tubes to represent a mathematical model that will allow researchers to discover what was happening acoustically inside the Parasaurolophus crest. The physical model, inspired by resonance chambers, was suspended by cotton threads and excited by a small speaker, and a microphone was used to collect frequency data.

While it isn't a perfect replication of the Parasaurolophus, the pipes -- nicknamed the "Linophone," after the researcher -- will serve as a verification of the mathematical framework.

"I wanted something simplified and accessible for both modeling and building a physical device," Lin explained.

Lin's initial results indicate that the Parasaurolophus' crest was used for resonance, similar to the crests of birds we see today. The mathematical model is still in progress, but Lin hopes it will be useful for studying animals with similar vocal structures.

He is also planning to create an accessible plug-in for people to experiment with and even add dinosaur sounds to music.

"Once we have a working model, we'll move toward using fossil scans," Lin said. "My ultimate goal is to re-create the sound of the Parasaurolophus."
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AI protein engineer capable of making proteins 'better, faster, stronger' | ScienceDaily
Nature is pretty good at designing proteins. Scientists are even better. But artificial intelligence holds the promise of improving proteins many times over. Medical applications for such "designer proteins" range from creating more precise antibodies for treating autoimmune conditions or cancers to more effective vaccines against viruses. Applications may extend beyond medicine to, for example, growing better crops that could be more nutritious or absorb more carbon dioxide from the atmosphere. Investigators from Mass General Brigham and Beth Israel Deaconess Medical Center (BIDMC) have developed an artificial intelligence (AI) tool known as EVOLVEpro that may represent a leap forward in protein engineering. In a paper published in Science, the research team demonstrates the tool's ability to make proteins more stable, precise, and efficient by applying the model to engineer six proteins with different applications.


						
"The power of a tool like this is that we're not restricted by evolution. Using AI, we can choose to optimize a protein to be better in whatever way is needed," said co-senior author Omar Abudayyeh, PhD, an investigator at the Gene and Cell Therapy Institute at Mass General Brigham and Engineering in Medicine Division in the Department of Medicine at Brigham and Women's Hospital. Abudayyeh also has a secondary appointment in the Center for Virology and Vaccine Research at BIDMC and is an assistant professor at Harvard Medical School. "We can make a protein that's better, faster, stronger. We can design it to be more efficient at binding to a target to improve a therapy or improve its function. If we can measure it, we can improve upon it."

The concept of protein engineering is not new, but the emergence of AI and large language models is beginning to revolutionize the field. Protein language models (PLMs) can learn the "grammar" of proteins, reading protein sequences from across large genomic databases and offering suggestions that can improve proteins in ways that a scientist specifies. Much like new LLMs, EVOLVEpro acts as a layer on top of previous models, which can reason and provide more thought before responding.

"Protein modeling has advanced in recent years, and we wondered if we could now use large language models to essentially predict better protein sequences," said co-senior author Jonathan S. Gootenberg, PhD, of the Center for Virology and Vaccine Research at BIDMC, member of the Gene and Cell Therapy Institute at Mass General Brigham, and member of the faculty at Harvard Medical School. "Our results consistently show how well this tool can work. We picked two clinically relevant antibodies -- either already in use or close to human use -- and found that with EVOLVEpro, we could engineer an antibody that could bind better and had better expression. Usually, you can do well on one of those outcomes, but here we saw improvements to both."

Studies like this one show the promise of advances in gene and cell therapy technologies for transforming medicine. The Mass General Brigham Gene and Cell Therapy Institute (GCTI) was established in 2022 to fuel the discovery and development of targeted, transformative treatments that have the potential to cure diseases or halt their progression. The Institute unites more than 500 researchers and clinicians dedicated to advancing gene and cell therapy for first-in-human clinical trials, and ultimately, life-saving treatments for patients.

The research team for the Science paper, led by first authors Kaiyi Jiang and Zhaoqing Yan, of the Gene and Cell Therapy Institute at Mass General Brigham, and Matteo Di Bernardo at the Massachusetts Institute of Technology, used EVOLVEpro to engineer six proteins. The researchers found that the two monoclonal antibodies EVOLVEpro engineered were up to 30-fold better at sticking to their target. A miniature CRISPR nuclease was five times more effective at making genetic changes. A protein used for n gene editing, called a prime editor, was twice as good at inserting sequences into different parts of the genome. A protein called Bxb1 integrase was four times more efficient at inserting DNA into cells for programmable gene integration applications, and a protein for RNA production, a T7 RNA polymerase, was 100 times better at making accurate copies of RNA, which is important for manufacturing mRNA for mRNA therapies or vaccines.

"We anticipate that this is just the beginning for EVOLVEpro, which will continue to improve with time and could be used for a wide variety of protein engineering applications," said Jiang. "This technology marks the beginning of a new era where we can design proteins not just to match nature's designs, but to solve challenges nature never had to face -- from creating more precise medicines to developing proteins that could help address global challenges like climate change and food security."
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Quantum-inspired design boosts efficiency of heat-to-electricity conversion | ScienceDaily
Researchers at Rice University have found a new way to improve a key element of thermophotovoltaic (TPV) systems, which convert heat into electricity via light. Using an unconventional approach inspired by quantum physics, Rice engineer Gururaj Naik and his team designed a thermal emitter that can deliver high efficiencies within practical design parameters.


						
The research could inform the development of thermal-energy electrical storage, which holds promise as an affordable, grid-scale alternative to batteries. More broadly, efficient TPV technologies could facilitate renewable energy growth -- an essential component of the transition to a net-zero world. Another major benefit of better TPV systems is recouping waste heat from industrial processes, making them more sustainable. To put this in context, up to 20-50% of the heat used to transform raw materials into consumer goods ends up being wasted, costing the United States economy over $200 billion annually.

TPV systems involve two main components -- photovoltaic (PV) cells that convert light into electricity and thermal emitters that turn heat into light. Both of these components have to work well in order for the system to be efficient, but efforts to optimize them have focused more on the PV cell.

"Using conventional design approaches limits thermal emitters' design space, and what you end up with is one of two scenarios: practical, low-performance devices or high-performance emitters that are hard to integrate in real-world applications," said Naik, associate professor of electrical and computer engineering.

In a new study published in npj Nanophotonics, Naik and his former Ph.D. student Ciril Samuel Prasad -- who has since earned a doctorate in electrical and computer engineering from Rice and has taken on a role as a postdoctoral research associate at Oak Ridge National Laboratory -- demonstrated a new thermal emitter that promises efficiencies of over 60% despite being application-ready.

"We essentially showed how to achieve the best possible performance for the emitter given realistic, practical design constraints," said Prasad, who is the first author on the study.

The emitter is composed of a tungsten metal sheet, a thin layer of a spacer material and a network of silicon nanocylinders. When heated, the base layers accumulate thermal radiation, which can be thought of as a bath of photons. The tiny resonators sitting on top "talk" to each other in a way that allows them to "pluck photon by photon" from this bath, controlling the brightness and bandwidth of the light sent to the PV cell.




"Instead of focusing on the performance of single-resonator systems, we instead took into account the way these resonators interact, which opened up new possibilities," Naik explained. "This gave us control over how the photons are stored and released."

This selective emission, achieved through insights from quantum physics, maximizes energy conversion and allows for higher efficiencies than previously possible, operating at the limit of the materials' properties. To improve on the newly achieved 60% efficiency, new materials with better properties would need to be developed or discovered.

These gains could make TPV a competitive alternative to other energy storage and conversion technologies like lithium-ion batteries, particularly in scenarios where long-term energy storage is needed. Naik noted that this innovation has significant implications for industries that generate large amounts of waste heat such as nuclear power plants and manufacturing facilities.

"I feel confident that what we have demonstrated here, coupled with a very efficient low bandgap PV cell, has very promising potential," Naik said. "Based on my own experience working with NASA and launching a startup in the renewable energy space, I think that energy conversion technologies are very much in need today."

The team's technology could also be used in space applications such as powering rovers on Mars.

"If our approach could lead to an increase in efficiency from 2% to 5% in such systems, that would represent a significant boost for missions that rely on efficient power generation in extreme environments," Naik said.

The research was supported by the National Science Foundation (1935446) and the U.S. Army Research Office.
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Innovating archaeology: Scholars utilize immersive 3D tech to document and study the human past | ScienceDaily
Archaeologists from the Faculty of Arts at the University of Hong Kong (HKU) are revolutionising the excavation and documentation of ancient sites with cutting-edge 3D immersive technologies.


						
Archaeology studies the human past through the excavation of things people made and used thousands of years ago -- from architecture to objects like pottery bowls and animal bones from meals. Although many excavation projects create digital 3D models of what they uncover, archaeologists need new ways to meaningfully use those data. Some projects share 3D models with the public as tourism and teaching tools -- one may have recently seen 3D displays at museums. However, archaeologists themselves have not yet taken full advantage of these models in their own fieldwork and research. That is about to change!

By wearing Mixed and Augmented Reality (MR/AR) headsets while actively digging, the HKU team is pioneering the interactive application of digital 3D scientific data at archaeological sites. MR headsets enable users to effortlessly view and interact with both the real world and 3D models integrated within it, using devices such as the Microsoft HoloLens 2 and the Meta Quest Pro. On the other hand, AR smart glasses display information on a small screen within the lenses and are equipped with cameras and microphones for hands-free data collection.

These technologies play a crucial role in the field of archaeology, often regarded as a 'destructive science', where data collection involves the excavation and removal of artifacts, preventing anyone else from digging the same place again.

The HKU team innovatively applied the technologies in their fieldwork project in the South Caucasus country of Armenia, where the team often removes ancient stone walls and pottery vessels to uncover earlier remains beneath. Professor Peter J. Cobb, an archaeologist at the HKU Faculty of Arts, emphasised the benefits of the new technology, stating: "By wearing an MR device while I dig, I can virtually see a removed wall at its original location. This helps me decide where to dig next, and I can compare, in situ, multiple sections of ancient architecture that were removed at different times."

Additionally, the team uses AR smart glasses for basic data recording such as capturing photographs and using voice recognition for notetaking. Professor Cobb pointed out that "Archaeologists must have their hands free while recording data, since we need to hold our trowels and brushes while digging."

HKU Faculty of Arts PhD candidate Mr Hayk Azizbekyan, who leads this research and is from Armenia himself, explained: "MR and AR headsets have never been used before at an actual archaeological excavation project to support the digging work of a team, this is our game-changing innovation! I'm excited to experiment with future ways of studying old things and preserving cultural heritage. We call this project our 'vision for the future', since the technology enables new ways of 'viewing' the past'."

The team also employs an MR headset to compare 3D scanned ancient pottery sherds with physical ones, aiding in the analysis of inaccessible artifacts displayed in museums. They anticipate that in the future, AI will facilitate the matching of these sherds based on their shapes.




These groundbreaking achievements were recently published in the Journal of Computer Applications in Archaeology (JCAA), ranked 8th out of over 350 archaeology journals in the world, by Scopus.

Professor Cobb noted: "It was interesting, the journal faced a challenge finding peer reviewers since our approach was so novel." He also led a discussion on these innovations at the Institute for the Study of the Ancient World (ISAW) of New York University (NYU) on November 13, 2024.

This interdisciplinary research collaboration bridges the gap between humanities and engineering, driven by the team's passion for advancing the field of archaeology through a unique Arts-Tech partnership with HKU engineers. The Tam Wing Fan Innovation Wing of the HKU Faculty of Engineering provided equipment and know-how. Recognizing the limitations of existing MR/AR headsets, the interdisciplinary team is now developing custom smart glasses for future fieldwork seasons.
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      Environment News

      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Sound of traffic increases stress and anxiety, study finds
        Manmade sounds such vehicle traffic can mask the positive impact of nature soundscapes on people's stress and anxiety, according to a new study.

      

      
        Global food yields have grown steadily during last six decades, study finds
        Contrary to widespread concerns that global crop yields have stagnated in recent decades, a comprehensive study of worldwide food production finds yields have continued to grow at roughly the same rate since the 1960s.

      

      
        Discovering the traits of extinct birds
        Analysis of 216 extinct species by biologists found birds endemic to islands, occupied ecologically specific niche, lacking flight, with large bodies and sharply angled wings were the ones likely to disappear the soonest after 1500.

      

      
        Moving 'hotspot' created world's longest straight underwater mountain belt
        New research has revealed that the Ninetyeast Ridge -- the Earth's longest straight underwater mountain chain -- formed through a different process than previously believed. Stretching 5000 km along the Indian Ocean's 90-degree east longitude and nearly matching the length of North America's Rocky Mountains, the ridge offers crucial new insights into the movement of the Earth's tectonic plates.

      

      
        Making a difference: Efficient water harvesting from air possible
        A research team has found a way to make more efficient the desorption of water-adsorption polymers used in atmospheric water harvesting and desiccant air conditioning.

      

      
        Shells, teeth and bones of 'weird and wonderful organisms' provide historical environmental clues
        A groundbreaking international study shows how chemical fingerprints left by 'underappreciated' aquatic organisms could help scientists monitor global environmental change.

      

      
        Brains grew faster as humans evolved
        Brain size increased gradually within each ancient human species rather than through sudden leaps between species.

      

      
        How fungi colonize plant roots
        Researchers have identified two fungal enzymes that hijack the immune system of plants, playing a critical role in the colonization of plant roots. These findings open new avenues for interventions in both medicine and agriculture.

      

      
        'Genetic time machine' reveals complex chimpanzee cultures
        Chimpanzees are known for their remarkable intelligence and use of tools, but could their cultures also evolve over time like human cultures? A new, multidisciplinary study suggests that some of their most advanced behaviors may have been passed down and refined through generations.

      

      
        Food additive carrageenan (E 407) could disrupt the intestinal barrier and increase the risk of type 2 diabetes, study finds
        The food additive carrageenan (E 407) can be responsible for the development of chronic inflammatory bowel disease, ulcers, and increased blood sugar levels in animals. Researchers have now investigated the effects of carrageenan on the human intestine and sugar metabolism. They found increased permeability of the small intestine, most likely due to intestinal inflammation.

      

      
        Drug research: Decoding the structure of nano 'gene ferries'
        Researchers have investigated how cationic polymers organize on a molecular level when transporting RNA drugs.

      

      
        Fowl play: Why the hunt for Thanksgiving's favorite bird could get tougher
        If hunters continue to follow their current strategies and prey continue their same routine, turkeys may become tougher to harvest in the future, according to new research.

      

      
        Cellular traffic congestion in chronic diseases suggests new therapeutic targets
        Chronic diseases such as diabetes are on the rise and are costly and challenging to treat. Scientists have discovered a common denominator driving these diverse diseases, which may prove to be a promising therapeutic target: proteolethargy, or reduced protein mobility, in the presence of oxidative stress.

      

      
        Researchers redefine what it means for a cell to be alive or dead
        Cellular death is a fundamental concept in the biological sciences. Given its significance though, its definition depends on the context in which it takes place, and lacks a general mathematical definition. Researchers propose a new mathematical definition of death based on whether a potentially dead cell can return to a predefined 'representative state of living,' which are the states of being that we can confidently call 'alive.' The researchers' work could be useful for biological researchers ...

      

      
        What a gut fungus reveals about symbiosis and allergy
        A fungus discovered in the mouse stomach may hold a key to fungal evolution within the gastrointestinal tract, according to new research. The finding suggests that preclinical studies until now have overlooked a major influencer of mouse physiology.

      

      
        Breakthrough could revolutionize future of tick control
        Scientists create potential for genetic tools to control disease-spreading ticks.

      

      
        Same plant, different tactic: Habitat determines response to climate
        A research team has found some clues to how plants survive in colder regions.

      

      
        It might be wrecking the climate, but carbon dioxide is actually good for your cells
        Chemists unravel how bicarbonate can protect cells from oxidative stress in a study that challenges how cell damage has been studied for decades.

      

      
        World's oldest lizard wins fossil fight
        A storeroom specimen that changed the origins of modern lizards by millions of years has had its identity confirmed.

      

      
        Unexplained heat-wave 'hotspots' are popping up across the globe
        A striking new phenomenon is emerging: distinct regions are seeing repeated heat waves that are so extreme, they fall far beyond what any model of global warming can predict or explain. A new study provides the first worldwide map of such regions, which show up on every continent except Antarctica like giant, angry skin blotches.

      

      
        Great apes visually track subject-object relationships like humans do, study finds
        Great apes track events with their eyes in the same way that humans do, according to a new study.

      

      
        Oil spill still contaminating sensitive Mauritius mangroves three years on, study finds
        Three years after bulk carrier MV Wakashio ran aground on a coral reef off Mauritius, spilling 1000 tonnes of a new type of marine fuel oil, research has confirmed the oil is still present in an environmentally sensitive mangrove forest close to important Ramsar conservation sites.

      

      
        Quantum mechanism identified as a key to accelerating ocean temperatures
        Accelerating rates of heat uptake by oceans that don't fit current climate models can now be explained by quantum physics.

      

      
        Predicting the weather: New meteorology estimation method aids building efficiency
        Researchers propose a new method to generate meteorological data that takes into account the interdependence of meteorological factors, such as temperature, humidity, and solar radiation.

      

      
        Brain test shows that crabs process pain
        Researchers have demonstrated that painful stimuli are sent to the brain of shore crabs providing more evidence for pain in crustaceans. EEG style measurements show clear neural reactions in the crustacean's brain during mechanical or chemical stimulation.

      

      
        Delay and pay: Climate tipping point costs quadruple after waiting
        The cost of reversing the effects of climate change -- restoring melted polar sea ice, for example -- quickly climbs nearly fourfold soon after a tipping point is crossed, according to new work. Much work has been done to explore the environmental costs tied to climate change. But this new study marks the first time researchers have quantified the costs of controlling tipping points before and after they unfold.

      

      
        Air fryers confirmed as least polluting cooking method
        Air fryers produce a tiny fraction of the indoor air pollution emitted by other cooking methods including pan and deep frying, a new study has shown.

      

      
        Wild boars could be a potential source of hepatitis E transmission to humans in the Barcelona metropolitan area
        Over the last few decades, wild boar populations have increased in the urban areas of Barcelona and in other parts of Catalonia. This wild animal is an important reservoir of the hepatitis E virus. Now, a team has identified a relevant molecular similarity between the hepatitis E virus (HEV) strains of wild boars in the metropolitan area of Barcelona and the citizens of this area. According to the researchers, these data suggest that these animals could be a source of human hepatitis E infections...

      

      
        Machine learning reveals behaviors linked with early Alzheimer's, points to new treatments
        Scientists used a new video-based machine learning tool to pinpoint otherwise-undetectable signs of early disease in mice that were engineered to mimic key aspects of Alzheimer's. Their work sheds light on a new strategy for identifying neurological disease earlier than currently possible and tracking how it develops over time.

      

      
        Under-ice species at risk as Arctic warms
        'Specialist' lifeforms that live under Arctic sea ice are at risk as the ice retreats, new research shows.

      

      
        Cellular 'power plants' control inflammation
        Researchers discover how mitochondria not only produce energy but also influence inflammation.

      

      
        Improved catalyst turns harmful greenhouse gases into cleaner fuels, chemical feedstocks
        A chemical reaction can convert two polluting greenhouse gases into valuable building blocks for cleaner fuels and feedstocks, but the high temperature required for the reaction also deactivates the catalyst. A team has found a way to thwart deactivation. The strategy may apply broadly to other catalysts.

      

      
        Simple lab-free test to detect bacteria in fluids from water to urine
        Engineers and biochemists have brought their skills together to make it possible for untrained users to confirm contamination in fluids using a biogel test that changes color in the presence of such bacteria as E. coli, listeria and other frequent testing targets.

      

      
        Can we avert the looming food crisis of climate change?
        Researchers share a mathematical model created to capture the nonlinear relationships between CO2, temperature, human population, and crop growth. Increasing evidence of chaotic and complex dynamics within ecological systems led them to use both autonomous and nonautonomous models to gain a deeper understanding of seasonal variations and potential mitigation strategies, such as developing temperature-tolerant crops.

      

      
        New era in amphibian biology
        Amphibians hold a significant place in evolution, representing the transition from aquatic to terrestrial lifestyles. They are crucial for understanding the brain and spinal cord of tetrapods -- animals with four limbs, including humans. A group of scientists now shows how harmless viruses can be used to illuminate the development of the frog nervous system.

      

      
        Fighting aging by staying compact
        The secret to cellular youth may depend on keeping the nucleolus -- a condensed structure inside the nucleus of a cell -- small, according to nvestigators. The findings were elucidated in yeast, a model organism famous for making bread and beer and yet surprisingly similar to humans on the cellular level.

      

      
        'Biodiversity is not a luxury': Connection between wealth and ecosystem health
        This study examines the positive correlation between an area's wealth and biodiversity, known as the 'luxury effect.' The authors present an alternative framework for understanding links between socio-economic factors and ecosystem health which emphasizes the agency of less-wealthy communities in promoting healthy ecosystems where they live.

      

      
        New study reveals the explosive secret of the squirting cucumber
        A team has solved a mystery that has intrigued scientists for centuries: how does the squirting cucumber squirt? The findings were achieved through a combination of experiments, high-speed videography, image analysis, and advanced mathematical modelling.

      

      
        To design better water filters, engineers look to manta rays
        Studying the filter-feeding mechanism of mobula rays, engineers developed a new design for industrial cross-flow water filters. Research shows the filter-feeders strike a natural balance between permeability and selectivity that could inform design of water treatment systems.

      

      
        How climate change threatens this iconic Florida bird
        A new analysis of data from a long-term study finds that warmer winters driven by climate change reduced the number of offspring raised annually by the federally threatened Florida scrub-jay by 25% since 1981.

      

      
        Crayfish map gives conservation a helping claw
        A new mapping project puts 427 crayfish taxa and over 100,000 observation records on the first searchable global atlas: World of Crayfish. The resource will help protect vulnerable crayfish species and manage invasive ones worldwide.

      

      
        Managing forests with smart technologies
        Deforestation has remained a significant issue globally, with primary forests contributing to 16 per cent of the total tree cover loss in the last two decades, driven by climate change and intensive human activity. This threatens natural resources, biodiversity, and people's quality of life. To protect forests, scientists have developed Forest 4.0, an intelligent forest data processing model integrating blockchain, Internet of Things (IoT), and Artificial Intelligence (AI) technologies. The syste...

      

      
        Self-assembling proteins can be used for higher performance, more sustainable skincare products
        Researchers have created a novel protein-based gel as a potential ingredient in sustainable and high-performance personal skincare products (PSCPs). This protein-based material, named Q5, could transform the rheological -- or flow-related -- properties of PSCPs, making them more stable under the slightly acidic conditions of human skin. This innovation could also streamline the creation of more eco-friendly skincare products, offering increased efficacy and durability while addressing market dema...

      

      
        Research links wildfire smoke exposure with increased dementia risk
        Research found that wildfire smoke is especially hazardous to people's memory health. An analysis of the health care records of 1.2 million Southern California residents found that higher long-term smoke exposure was associated with a significant increase in the odds that a person would be diagnosed with dementia.

      

      
        Prehistoric hunter-gatherers heard the elks painted on rocks 'talking'
        Researchers performed acoustic impulse response measurements in front of 37 rock painting site and found that the same vertical rock surfaces that have the painted elks, humans and boats, are also effective sound reflectors.

      

      
        Focaccia: A Neolithic culinary tradition dating back 9,000 years ago
        A new study indicates that during the Late Neolithic, between 7000 and 5000 BCE, the fully agricultural communities in the Fertile Crescent region of the Near East, developed a complex culinary tradition that included the baking of large loaves of bread and 'focaccias' with different flavors on special trays known to archaeologists as husking trays.

      

      
        Bats' amazing plan B for when they can't hear
        When bats can't hear, new research finds that these hearing-dependent animals employ a remarkable compensation strategy.

      

      
        The next evolution of AI begins with ours
        The genome has space for only a small fraction of the information needed to control complex behaviors. So then how, for example, does a newborn sea turtle instinctually know to follow the moonlight? Neuroscientists have devised a potential explanation for this age-old paradox. Their ideas should lead to faster, more evolved forms of artificial intelligence.

      

      
        Using sunlight to recycle black plastics
        Not all plastics are equal -- some types and colors are easier to recycle than others. For instance, black foam and black coffee lids, which are often made of polystyrene, usually end up in landfills because color additives lead to ineffective sorting. Now, researchers report on the ability to leverage one additive in black plastics, with the help of sunlight or white LEDs, to convert black and colored polystyrene waste into reusable starting materials.

      

      
        Impact of climate change on water resources will increase price tag to decarbonize the grid
        A new study warns that current plans to achieve zero emissions on the grid by 2050 vastly underestimate the required investments in generation and transmission infrastructure. The reason: these plans do not account for climate change's impacts on water resources. Specifically, changes in water availability caused by climate change could decrease hydropower generation by up to 23% by the year 2050, while electricity demand could increase by 2%.
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Sound of traffic increases stress and anxiety, study finds | ScienceDaily
Manmade sounds such vehicle traffic can mask the positive impact of nature soundscapes on people's stress and anxiety, according to a new study published November 27, 2024, in the open-access journal PLOS ONE by Paul Lintott of the University of the West of England, U.K., and Lia Gilmour of the Bat Conservation Trust, U.K.


						
Existing research shows that natural sounds, like birdsong, can lower blood pressure, heart, and respiratory rates, as well as self-reported stress and anxiety. Conversely, anthropogenic soundscapes, like traffic or aircraft noise, are hypothesized to have negative effects on human health and wellbeing in a variety of ways.

In the new study, 68 student volunteers listened to three 3-minute soundscapes: a nature soundscape recorded at sunrise in West Sussex, U.K., the same soundscape combined with 20 mile per hour road traffic sounds, and the same soundscape with 40 mile per hour traffic sounds. General mood and anxiety were assessed before and after the soundscapes using self-reported scales.

The study found that listening to a natural soundscape reduced self-reported stress and anxiety levels, and also enhanced mood recovery after a stressor. However, the benefits of improved mood associated with the natural soundscape was limited when traffic sounds were included. The natural soundscape alone was associated with the lowest levels of stress and anxiety, with the highest levels reported after the soundscape that included 40 mile per hour traffic.

The authors conclude that reducing traffic speed in urban areas might influence human health and wellbeing not only through its safety impacts, but also through its effect on natural soundscapes.

The authors add: "Our study shows that listening to natural soundscapes can reduce stress and anxiety, and that anthropogenic sounds such as traffic noise can mask potential positive impacts. Reducing traffic speeds in cities is therefore an important step towards more people experiencing the positive effects of nature on their health and wellbeing."
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Global food yields have grown steadily during last six decades, study finds | ScienceDaily
Contrary to widespread concerns that global crop yields have stagnated in recent decades, a comprehensive study of worldwide food production finds yields have continued to grow at roughly the same rate since the 1960s. John Baffes of the World Bank and Xiaoli Etienne of the University of Idaho, U.S., report these findings on November 27, 2024, in the open-access journal PLOS ONE. 


						
Almost 10 billion people are expected to inhabit Earth by 2050, so agricultural production will become increasingly critical to feeding the growing population. Over the past six decades, much of the growth in food production has stemmed from technological advances, including the widespread development and use of better crop varieties. But some studies have suggested that the growth in production has leveled off, raising concerns about future food availability, especially in the low- and middle-income countries with the highest population growth.

In the new study, the researchers developed standardized measures for production and yield for 144 crops, covering 98 percent of global agricultural land. These measures allow scientists and policymakers to compare agricultural productivity across different countries and regions. The researchers found that there has been no discernable slowdown in the global growth of crop yields during the last six decades -- any observed slowdown in specific crops, regions or countries has been offset by gains in others. Their findings show that yields grew annually at a rate equivalent to about 33 kg of wheat per hectare.

While the study's findings are reassuring from a global food supply perspective, the researchers caution that sustainable food production and the affordability of food will continue to be challenges to global food security. They emphasize that these concerns are particularly relevant in the face of intensifying climate change and increased demand for food due to population and income growth.

The authors add: "Utilizing a comprehensive caloric-based index of production and yield for 144 crops, covering 98% of global agricultural land and food output, this paper reveals that, on an aggregate level, global yield growth -- a vital indicator of agricultural productivity -- has not slowed over the past six decades. This steady growth equates to an annual increase of approximately 33 kilograms of wheat per hectare, highlighting continued productivity gains worldwide."
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Discovering the traits of extinct birds | ScienceDaily
Looking to inform the conservation of critically endangered bird species, University of Utah biologists completed an analysis identifying traits that correlate with all 216 bird extinctions since 1500.


						
Species most likely to go extinct sooner were endemic to islands, lacked the ability to fly, had larger bodies and sharply angled wings, and occupied ecologically specific niches, according to research published this month.

While some of these findings mirror previous research on extinct birds, they are the first to correlate bird traits with the timing of extinctions, said lead author Kyle Kittelberger, a graduate student in the School of Biological Sciences.

"I've been very interested in extinctions and understanding the species that we've lost and trying to get a sense of how we can use the past to better inform the present and future," said Kittelberger, who is completing his dissertation on how the bodies and wings of certain species of migratory songbirds have changed in response to climate change.

His team's analysis tapped into BirdBase, a dataset of ecological traits for the world's 11,600+ bird species compiled by U biology professor Ca?an ?ekercio?lu and the Biodiversity and Conservation Ecology Lab at the U. The team simultaneously analyzed a broad range of biogeographical, ecological and life history traits previously associated with extinction and extinction risk for bird species that have gone extinct as well as those that lack recent confirmed sightings and have therefore disappeared.

"Importantly, we examine biological correlates of bird extinctions through the lens of when birds went extinct, providing a novel extinction timing element that helps better inform why birds with certain traits disappeared when they did," Kittelberger wrote in a series of posts on X. By identifying traits that most predispose birds to extinction, the findings can help guide conservation efforts of hundreds of species that are at peril.

"One of the strengths of the approach that we use is we compared all of these traits simultaneously against each other, whereas a lot of previous studies in the literature just look at traits in isolation."

While only around 2% of the world's bird species have gone extinct since 1500, the year Kittelberger's analysis begins, even more had already disappeared by then. Before 1500, however, there is not as reliable a record of the birds that went extinct and data on their traits and characteristics.




This timing coincides with the rise of scientific observation, resulting in a systematic documentation of plant and animal life. It is also the time when European exploration took off, leading to the disruption of ecosystems around the globe as a result of colonization and introduced species.

Today, 1,314 bird species are at risk of extinction, according to the IUCN Red List of Threatened Species, or about 12% of the total.

Many species, such as the 'Akikiki (Oreomystis bairdi), endemic to the Hawaiian island of Kauai, are so rare that they are functionally extinct. Kittelberger photographed the pictured 'Akikiki, also called Kauai's creeper, in the Alaka'i Wilderness Preserve in 2022, when it was believed around 70 or so remained in the wild; today, only one individual remains.

The proportion of 216 bird species globally extinct or likely lost since 1500 that were endemic to a region, found solely on islands, and were either flightless or partially flightless, as well as the breakdown of species by primary habitat or diet.

As with many other Hawaiian bird species, the main threat to the 'Akikiki comes in the form of introduced species, principally malaria-carrying mosquitoes and habitat-wrecking livestock, according to Hawaii's Division of Forestry and Wildlife.

The single most critical trait associated with extinction is insularity, those species endemic to islands. Other traits that appear to increase extinction risk, such as body size, wing shape and ecological specialization, are also associated with island insularity.




Pacific islands are home to a vast array of endemic species, many of which are now on the IUCN list. No archipelago has seen more loss of avian biodiversity than Hawaii, which accounts for 34 post-1500 extinctions, according to the study.

The bird family that experienced the most extinctions is Rallidae, or rails, which are globally distributed medium-sized semi-amphibious bird species. This family lost 26 members, while the entire line of the Mohoidae family, small nectar-sipping songbirds commonly known as Hawaiian honeyeaters, is completely gone (the only bird family to go fully extinct in modern times). The family's last member, the Kauai O'o (Moho braccatus), was last observed in 1987.

The finding that did surprise Kittelberger's team was the correlation of wing shape to extinction. They found that bird species with a larger hand-wing index, that is more pointed wings, were more likely to have vanished earlier. Since pointier wings indicate stronger flying and dispersal abilities, the team predicted such birds would be better equipped to respond to environmental pressures than those with rounder wings.

Yet birds with rounder wings, those with smaller hand-wing ratios, proved to be more resilient.

"It likely ties with the fact that a lot of these birds that went extinct were on islands. For these species or their ancestors to have arrived at these islands to begin with, they would've needed the ability to fly across large, open distances. So a lot of these birds on islands have, not necessarily longer, but more pointed wings," Kittelberger said. "Think of a swift or a swallow or a bird like an albatross that flies over the ocean. They have really pointy wings that allow them to fly really well, whereas birds in dense tropical rainforests are not flying these large distances, so they have rounded wings because they're just moving in their local habitat patches."

Ecological specialists, as opposed to generalists, face great challenges when their specific ecological niche is altered, so they tend to be less able to respond and adapt to disturbances, like invasive species or disruption of a food source.

In other findings, the study concluded more than 87% were endemic to islands; nearly two-thirds inhabited forests; 45% ate primarily insects and other invertebrates; and 20% were completely or partially flightless. Finally, species with big bodies were overly represented on the extinct list.

"Heavier birds have been more likely to be targeted for hunting, with several well-known examples of birds being hunted to extinction in part for food, including the Dodo, Great Auk (Pinguinus impennis), and Spectacled Cormorant (Urile perspicillatus)," the study said. "Body mass has also been linked with a species' inhabitance of islands, as island birds tend to be larger than mainland species." Of the 43 species whose average body weight exceeded 500 grams, or 1.1 pounds, three-quarters were endemic to an island.

The decade of the 1890s saw the highest number on extinctions, with 21 recorded. The 1980s was another bad decade for bird loss with 20 species, including the Kauai O'o. This latter decade "is noteworthy since focused and targeted conservation efforts were already underway globally before and during this period," the study said. "Though the rate of extinction declined in the subsequent decades, the number of globally threatened species has only increased."

The study, "Correlates of avian extinction timing around the world since 1500 CE," was published Nov. 7 in the journal Avian Research. The research team included Colby J. Tanner, Amy N. Buxton, Amira Prewett and Ca?an ?ekercio?lu. Support for this research came from the University of Utah's Graduate Research Fellowship.
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Moving 'hotspot' created world's longest straight underwater mountain belt | ScienceDaily
New Curtin University research has revealed that the Ninetyeast Ridge -- the Earth's longest straight underwater mountain chain -- formed through a different process than previously believed.


						
Stretching 5000km along the Indian Ocean's 90-degree east longitude and nearly matching the length of North America's Rocky Mountains, the ridge offers crucial new insights into the movement of the Earth's tectonic plates.

Co-author Dr Hugo Olierook from Curtin's School of Earth and Planetary Sciences said high-precision dating of minerals extracted from the ridge shows it formed between 83 and 43 million years ago as a massive volcanic chain, with its oldest sections in the north, near India.

"Unlike most volcanic hotspots that remain stationary in the mantle and create volcanic trails as tectonic plates drift over them, this study found that the hotspot responsible for the Ninetyeast Ridge moved by several hundred kilometres within the mantle over time," Dr Olierook said.

"This kind of hotspot movement is thought to be common but is hard to prove and has only previously been demonstrated for a few hotspots in the Pacific Ocean, making this the first documented case in the Indian Ocean."

This discovery not only revises the estimated age and origin of the ridge but also helps scientists to create more accurate models of how Earth's tectonic plates have shifted over millions of years.

Co-author Professor Fred Jourdan, from Curtin's School of Earth and Planetary Sciences and the John de Laeter Centre, said precise dating techniques were vital to understanding Earth's geological past.




"For years, rough age estimates of the Ninetyeast Ridge have been used to construct models of how Earth's tectonic plates moved and reconfigured," Professor Jourdan said.

"By using high-precision dating we can refine these models significantly, leading to better insights into ancient continental movements."

A PhD student at Curtin's School of Earth and Planetary Sciences at the time of the study, lead author Associate Professor Qiang Jiang from the China University of Petroleum said in order to better predict the occurrence of natural disasters such as earthquakes and volcanic eruptions, it was important to know precisely how the internal plumbing of the Earth works.

"Currently, this is far from being the case, so studies like this one are a major step in the right direction," Associate Professor Jiang said.
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Making a difference: Efficient water harvesting from air possible | ScienceDaily
Harvesting water from the air and decreasing humidity are crucial to realizing a more comfortable life for humanity. Water-adsorption polymers have been playing a key part in atmospheric water harvesting and desiccant air conditioning, but desorption so that the polymers can be efficiently reused has been an issue. Now, Osaka Metropolitan University researchers have found a way to make desorption of these polymers more efficient.


						
Usually, heat of around 100degC is required to desorb these polymers, but Graduate School of Engineering student Daisuke Ikegawa, Assistant Professor Arisa Fukatsu, Associate Professor Kenji Okada, and Professor Masahide Takahashi developed a liquid moisture adsorbent that requires only a temperature of around 35degC to do so.

This became possible through the use of random copolymers of polyethylene glycol, which adsorbs water well, and polypropylene glycol, which adsorbs water slightly less well. The difference in their water-loving properties created a transfer mechanism that broke down the water clusters, freeing the water more easily.

"This technology has the potential to be applied not only to water supply in arid regions and places with limited energy resources, but also to ensuring access to water in times of disaster and emergency," Dr. Fukatsu proclaimed.

"Improvements to this technology are also expected to lead to reductions in greenhouse gases and more efficient use of water resources," Professor Takahashi added. "From now on, we will aim to improve the liquid moisture adsorbent and increase the efficiency of the entire system in order to make it practical."
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Shells, teeth and bones of 'weird and wonderful organisms' provide historical environmental clues | ScienceDaily
A groundbreaking international study shows how chemical fingerprints left by "underappreciated" aquatic organisms could help scientists monitor global environmental change.


						
The study, led by the University of South Australia (UniSA), reveals how various understudied aquatic species act as "natural data loggers," providing a historical record of the environment.

Lead scientist Dr Zoe Doubleday, from UniSA's Future Industries Institute, collaborated with researchers from Canada, Croatia and the UK to synthesise hundreds of studies that analyse chemical variations in the shells, teeth, and bones of weird and wonderful organisms.

"Many aquatic organisms -- like whales, seals, octopus and even algae -- harbour chemical fingerprints that can give us a record of the environment over time, from historical water temperatures, pollution levels, and ecosystem health," Dr Doubleday says. "They can also be used to predict the future."

"Unlike traditional environmental monitoring, which can be costly and time consuming, or simply impossible, these organisms provide cheap, ready-made, archival data, which can be extracted using a scientific method called chemical sclerochronology."

The research team compiled an extensive database of studies on "underappreciated" organisms, ranging from sponges and barnacles to marine mammals, and everything in between.

The team's analysis has uncovered gaps in the current research landscape, highlighting previously understudied species and structures as alternative environmental indicators.

"These findings are crucial, as data on aquatic environments is both scarce and challenging to gather, especially in remote regions like the polar seas or deep oceans, both of which are sensitive to climate change," Dr Doubleday says.

"Expanding our focus beyond traditional methods and species will allow scientists to tap into a wealth of data that's been largely overlooked until now. It will help us to track environmental changes, species ecology, pollution and human impacts, informing conservation strategies so we can manage our ecosystems more effectively."
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Brains grew faster as humans evolved | ScienceDaily
Modern humans, Neanderthals, and other recent relatives on our human family tree evolved bigger brains much more rapidly than earlier species, a new study of human brain evolution has found.


						
The study, published today (Tuesday, 26 November) in the journal PNAS, overturns long-standing ideas about human brain evolution. Scientists from the University of Reading, the University of Oxford and Durham University found that brain size increased gradually within each ancient human species rather than through sudden leaps between species.

The team assembled the largest-ever dataset of ancient human fossils spanning 7 million years and used advanced computational and statistical methods to account for gaps in the fossil record. These innovative approaches provided the most comprehensive view yet of how brain size evolved over time.

Professor Chris Venditti, co-author of the study from the University of Reading, said: "This study completely changes our understanding of how human brains evolved. It was previously thought that brain size jumps dramatically between species, like new upgrades between the latest computer models. Our study instead shows a steady, incremental 'software update' happening within each species over millions of years."

The research challenges old ideas that some species, like Neanderthals, were unchanging and unable to adapt and instead highlights gradual and continuous change as the driving force behind brain size evolution.

Dr Thomas Puschel, lead author now at Oxford University, said: "Big evolutionary changes don't always need dramatic events. They can happen through small, gradual improvements over time, much like how we learn and adapt today."

Brains, bodies, and evolutionary scale

The researchers also uncovered a striking pattern: while larger-bodied species generally had bigger brains, the variation observed within an individual species did not consistently correlate with body size. Brain size evolution across long evolutionary timescales extending millions of years is therefore shaped by different factors to those observed within individual species -- highlighting the complexity of evolutionary pressures on brain size.

Dr Joanna Baker, co-author from the University of Reading, said: "Why and how humans evolved large brains is a central question in human evolution. By studying brain and body size in various species over millions of years, we reveal that our hallmark large brains arose primarily from gradual changes within individual species."

The study was produced as part of a PS1 million Research Leadership Awards grant from the Leverhulme Trust. The project was to better understand the evolution of human ancestors.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241127140019.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How fungi colonize plant roots | ScienceDaily
Researchers at the University of Cologne's CEPLAS Cluster of Excellence on Plant Sciences have identified two fungal enzymes that hijack the immune system of plants, playing a critical role in the colonization of plant roots. These findings open new avenues for interventions in both medicine and agriculture / publication in Cell Host & Microbe. 


						
In nature, plant roots are always colonized by fungi. This interaction can be either mutualistic, benefiting both the plant and the fungus, or pathogenic, where the fungus harms the host plant. A research group led by Professor Dr Alga Zuccaro at the CEPLAS Cluster of Excellence has now deciphered how the beneficial root fungus Serendipita indica successfully colonizes plant roots of the model plant Arabidopsis thaliana. Initially, the fungus colonizes living root cells. Subsequently, limited cell death is triggered in the host plant, facilitating successful colonization without causing significant harm. The mechanisms controlling this host cell death are largely unknown. The team discovered now that Serendipita indica secretes two enzymes, NucA and E5NT, which produce the molecule deoxyadenosine (dAdo). This molecule activates a regulated cell death in plants, enabling the fungus to colonize the root system. The study 'A nucleoside signal generated by fungal endophyte regulates host cell death and promotes root colonization' was published in Cell Host & Microbe.

The researchers show that dAdo is initially produced in the apoplast, an extracellular space outside the host cells. In a subsequent step, dAdo enters the plant cell through the membrane transporter ENT3, where it hijacks the host's immune system to induce cell death. This phenomenon, as described by Professor Zuccaro's team, is not limited to plants. A similar process occurs in human patients during interactions between the pathogenic bacterium Staphylococcus aureus and human immune cells.

'We found that the beneficial root fungus Serendipita indica uses two enzymes to produce dAdo, much like S. aureus, to induce cell death and enable successful colonization. This demonstrates that the mechanism is conserved across different microbes and lifestyles,' said Professor Alga Zuccaro. The findings underscore the crucial interplay between microbial colonization and the host's immune metabolism, paving the way for new strategies in medicine and agriculture. 'By understanding these shared mechanisms, we can develop more effective approaches to manage both harmful and beneficial microbes in human health and crop production.'
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'Genetic time machine' reveals complex chimpanzee cultures | ScienceDaily
Chimpanzees are known for their remarkable intelligence and use of tools, but could their cultures also evolve over time like human cultures? A new, multidisciplinary study led by the University of Zurich suggests that some of their most advanced behaviors may have been passed down and refined through generations.


						
In recent decades, scientists have clearly demonstrated that chimpanzees, like humans, pass on complex cultures such as tool use from generation to generation. But human culture has become vastly more sophisticated, from the Stone Age to the Space Age, as new advances have been incorporated. Chimpanzee cultures haven't changed in the same way, which suggests that only humans have the remarkable ability to build more sophisticated cultures over time.

Scientists studying chimpanzees in the wild, however, have disputed this, suggesting that some of chimpanzees' most complex technologies, in which they use multiple tools in sequence to extract hidden food sources, were probably built on previous knowledge over time.

Tracing genetic links

"As most chimpanzee tools, such as sticks and stems, are perishable, there are few records of their history to confirm this hypothesis -- unlike human cases such as the evolution of the wheel or computer technology," says lead author Cassandra Gunasekaram from the Department of Evolutionary Anthropology at the University of Zurich.

For the new study, a team of anthropologists, primatologists, physicists and geneticists from universities and research institutions in Zurich, St. Andrews, Barcelona, Cambridge, Konstanz and Vienna joined forces to trace genetic links between chimpanzee populations over thousands of years, using new discoveries in genetics to uncover key pieces of chimpanzee cultural history in ways never before imagined.

Early stages of cumulative culture

The authors collected information on markers of genetic similarity -- genetic evidence of links between different groups of chimpanzees -- as well as a range of foraging behaviors previously reported to be culturally learned, from a total of 35 chimpanzee study sites across Africa. They grouped these behaviors into those that required no tools; those that required simple tools, such as using a leaf sponge to get water from a tree hole; and the most complex behaviors that relied on a toolset.




Trading toolsets across generations

"As an example of such a toolset, chimpanzees in the Congo region first use a strong stick to dig a deep tunnel through hard soil to reach an underground termite nest," explains Gunasekaram. "Next, they make a 'fishing' probe by pulling a long plant stem through their teeth to form a brush-like tip, pressing it into a point and deftly threading it down the tunnel they've made. They then pull it out and nibble off any defending termites that have bitten into it."

"We made the surprising discovery that it is the most complex chimpanzee technologies -- the use of entire 'toolsets' -- that are most strongly linked across now distant populations," says corresponding author Andrea Migliano, professor of evolutionary anthropology at UZH. "This is exactly what would be predicted if these more advanced technologies were rarely invented and even less likely to be reinvented, and therefore more likely to have been transmitted between groups."

How female migrations spread innovation

In chimpanzees, it is sexually maturing females, rather than males, who migrate to new communities to avoid inbreeding. In this way, genes are spread between neighboring groups and then further afield over the years, centuries and millennia. The study authors discovered that it would be these same female migrations that could spread any new cultural advances to communities that lacked them.

The study also showed that when both complex toolsets and their simpler versions (i.e., mostly the components of the toolsets) occur at different study sites, the genetic markers indicate that the sites were connected in the past by female migrations. This suggests that the complex versions were built cumulatively by adding to or modifying the simple ones. "These groundbreaking discoveries provide a new way to demonstrate that chimpanzees have a cumulative culture, albeit at an early stage of development," Migliano adds.
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Food additive carrageenan (E 407) could disrupt the intestinal barrier and increase the risk of type 2 diabetes, study finds | ScienceDaily
The food additive carrageenan (E 407) can be responsible for the development of chronic inflammatory bowel disease, ulcers, and increased blood sugar levels in animals. DZD researchers have now investigated the effects of carrageenan on the human intestine and sugar metabolism. They found increased permeability of the small intestine, most likely due to intestinal inflammation.


						
The food additive carrageenan -- also known as E 407 -- is used by the food industry as an emulsifier and thickening agent in numerous finished products. Studies have shown that the additive can lead to the development of chronic inflammatory bowel disease, ulcers and increased blood sugar levels in animals. However, it is not yet known what effect carrageenan has on the risk of developing type 2 diabetes in humans. This question has now been investigated in a clinical study led by DZD researchers Prof. Dr. med. Robert Wagner and Prof. Dr. med. Norbert Stefan.

Increasing the permeability of the small intestine

In the study, young, healthy men with a BMI of less than 30 kg/m2 (average BMI 24.5 kg/m2) were given either carrageenan in addition to their normal diet, in an amount roughly equivalent to two to three times the daily dose consumed in the USA, or a placebo. Both groups were observed over a period of two weeks. The results showed an increase in the permeability of the small intestine, most likely due to inflammation of the gut.

"Our investigation suggests that the consumption of carrageenan, similar to what has been observed in animal studies, can impair the barrier function of the intestine," explains Prof. Robert Wagner. "This could have long-term health consequences and increase the risk of inflammatory diseases."

The data indicated that participants with higher body weight experienced a reduction in insulin sensitity

The primary endpoint of the study was insulin sensitivity -- the effectiveness of the blood sugar-lowering hormone insulin -- which decreases early on before the onset of type 2 diabetes. Although the insulin action was not significantly altered by carrageenan in the 20 study participants, the data indicated that participants with higher body weight experienced a reduction in insulin effectiveness, especially in the liver, with increased consumption of carrageenan. Furthermore, more overweight men tended to increase the inflammatory markers in the blood and show signs of inflammation in the hypothalamus -- the brain region responsible for sugar metabolism and appetite -- under higher carrageenan intake.

Further research on the health impacts of carrageenan is necessary

"Our subjects were, on average, probably still too healthy to show significant metabolic effects from carrageenan," says Prof. Norbert Stefan. "However, in older or overweight individuals, the effects could be stronger. To confirm this, further studies in these population groups are necessary."

The researchers emphasize the importance of further investigations into the effects of carrageenan on the human body. "Given the widespread use of carrageenan in foods, potential health risks should be taken seriously," concludes Prof. Wagner. "It's important that we understand how food additives can affect our health in order to make informed recommendations to the public."
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Drug research: Decoding the structure of nano 'gene ferries' | ScienceDaily
LMU researchers have investigated how cationic polymers organize on a molecular level when transporting RNA drugs.


						
Cationic polymers are promising tools for transporting RNA therapeutics or RNA vaccines. Like lipid nanocarriers, they are used to deliver mRNA medicines. The nanoscopic packaging materials are able to effectively protect their load and deliver them to the target cells. "We manufacture so-called 'gene ferries,' into which all kinds of therapeutic nucleic acids can be encapsulated for secure transport to the site of action," explains Professor Olivia Merkel, Chair of Drug Delivery at LMU's Faculty of Chemistry and Pharmacy.

To further improve the effectiveness of these gene ferries, however, it is important to understand how these particles organize on a molecular level, encapsulate RNA, and release it again -- an aspect which so far has not been fully examined. Merkel is principal investigator of a new study that has yielded fresh insights into the organization of the nanocarriers. The study was carried out as part of her ERC research project RatInhalRNA (Rational and Simulation-Supported Design of Inhalable RNA Nanocarriers) and the findings were recently published in the journal Nano Letters.

"Our research used a technique called coarse-grained molecular dynamics (CG-MD) to simulate and visualize the particles," explains Merkel. The specific focus was on how changes in polymer structure and environmental conditions impact particle formation. Simulations were supported by wet lab experiments using nuclear magnetic resonance (NMR), which confirmed that CG-MD can reveal detailed insights into the structure and behavior of RNA nanoparticles. "This study highlights CG-MD's value in predicting and explaining the properties of RNA nano-formulations, which can help in designing better systems for future medical applications," says Merkel.
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Fowl play: Why the hunt for Thanksgiving's favorite bird could get tougher | ScienceDaily
The turkey may be the centerpiece of the Thanksgiving dinner table now, but harvesting the iconic holiday bird could become harder in the holidays to come.


						
If hunters continue to follow their current strategies and prey continue their same routine, turkeys may become tougher to harvest in the future, according to new research from the University of Georgia.

"Hunters should be willing to adapt because the turkeys are also adapting as well. If we continue to harvest individuals that are close to risky areas associated with hunters, turkeys will adjust their behavior and could become harder to detect and harder to harvest," said Nickolas Gulotta, lead author of the study and a doctoral student in UGA's Warnell School of Forestry and Natural Resources.

Gulotta studied risk-taking and exploratory behavior from 109 wild male turkeys across Georgia Wildlife management areas and how they acted in response to both hunters and predators. He and other researchers found that a turkey's choice of movement and the level of risk associated were directly impacted by hunters and natural predators.

Bold birds don't always benefit

Most of the tracked male turkeys showed frequently daring behavior.

They traveled close to areas where hunters parked their cars, popular trails and roads, as well as wide open areas. That's great news for hunters -- but not so great for the turkeys.




"If turkeys are closer to these open areas, it's going to be easier for both a hunter and a predator to detect them. Across both study sites in general, turkeys that took more risks were more likely to be harvested," Gulotta said.

That bodes well for the initial waves of hunters. But when future turkeys see how that turned out for their predecessors, they are unlikely to make those same choices.

That means hunters may have to get more creative to find the birds and be more patient.

"Turkeys are obviously adapting and learning that if you're closer to risky areas, then there's potential to be harvested. That's why some of them are adopting less risky behaviors that essentially make them less detectable," said Gulotta. "If hunters harvest birds that are riskier and more detectable, it could become more difficult to harvest turkeys because we could be left with a bunch of individuals that are harder to detect."

Predator vs. poultry presents another challenge for turkeys

The turkeys that avoided those areas beneficial for hunters often remained static or in high cover areas to survive.




A big giveaway for hunters is when turkeys gobble. So, when the birds don't move around or yap in open spaces, that makes things more challenging for the humans.

Turkeys don't keep calendars, though, so when the hunters vacate and those relaxed routines remain, predators can move in.

"There are certain traits associated with outlasting the hunting season, like hiding in areas with good cover and reducing the distance traveled within a day. But in turn, if turkeys stay in the same area and don't travel a lot, then they're going to be more likely to be detected by a predator," said Gulotta. "It's kind of a catch-22 where if they can survive that hunting season, they're most likely going to be fine. But at the same time, too, if they don't travel that fast and are predictable, then they have the potential to be killed by a predator."

Future fowl and humans can learn from each other

Individual behaviors of turkeys can of course vary, and overall survival techniques are something that can be inherited.

This study shows a need for tailored hunting strategies based on local conditions. If an area is patterned with the habitual actions of hunters, then turkeys could become harder to harvest over time. Gulotta said that could also have a long-term impact on hunting license sales and overall hunter satisfaction.

"The turkeys closer to areas that hunters use are the ones that are harvested," Gulotta said. "So if we continue to harvest them like that across the Southeast, then there's the potential that we could shift the behavioral strategies of wild turkeys making them more difficult to harvest."

Published by the Royal Society, the study was co-authored by Patrick Wightman and Michael Chamberlain of UGA's Warnell School of Forestry and Natural Resources and Bret Collier of Louisiana State University.
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Cellular traffic congestion in chronic diseases suggests new therapeutic targets | ScienceDaily
Chronic diseases like type 2 diabetes and inflammatory disorders have a huge impact on humanity. They are a leading cause of disease burden and deaths around the globe, are physically and economically taxing, and the number of people with such diseases is growing.


						
Treating chronic disease has proven difficult because there is not one simple cause, like a single gene mutation, that a treatment could target. At least, that's how it has appeared to scientists. However, research from Whitehead Institute Member Richard Young and colleagues, published in the journal Cell on November 27, reveals that many chronic diseases have a common denominator that could be driving their dysfunction: reduced protein mobility. What this means is that around half of all proteins active in cells slow their movement when cells are in a chronic disease state, reducing the proteins' functions. The researchers' findings suggest that protein mobility may be a linchpin for decreased cellular function in chronic disease, making it a promising therapeutic target.

In this paper, Young and colleagues in his lab, including postdoc Alessandra Dall'Agnese, graduate students Shannon Moreno and Ming Zheng, and research scientist Tong Ihn Lee, describe their discovery of this common mobility defect, which they call proteolethargy; explain what causes the defect and how it leads to dysfunction in cells; and propose a new therapeutic hypothesis for treating chronic diseases.

"I'm excited about what this work could mean for patients," says Dall'Agnese. "My hope is that this will lead to a new class of drugs that restore protein mobility, which could help people with many different diseases that all have this mechanism as a common denominator."

"This work was a collaborative, interdisciplinary effort that brought together biologists, physicists, chemists, computer scientists and physician-scientists," Lee says. "Combining that expertise is a strength of the Young lab. Studying the problem from different viewpoints really helped us think about how this mechanism might work and how it could change our understanding of the pathology of chronic disease."

Commuter delays cause work stoppages in the cell

How do proteins moving more slowly through a cell lead to widespread and significant cellular dysfunction? Dall'Agnese explains that every cell is like a tiny city, with proteins as the workers who keep everything running. Proteins have to commute in dense traffic in the cell, traveling from where they are created to where they work. The faster their commute, the more work they get done. Now, imagine a city that starts experiencing traffic jams along all the roads. Stores don't open on time, groceries are stuck in transit, meetings are postponed. Essentially all operations in the city are slowed.




The slow down of operations in cells experiencing reduced protein mobility follows a similar progression. Normally, most proteins zip around the cell bumping into other molecules until they locate the molecule they work with or act on. The slower a protein moves, the fewer other molecules it will reach, and so the less likely it will be able to do its job. Young and colleagues found that such protein slow-downs lead to measurable reductions in the functional output of the proteins. When many proteins fail to get their jobs done in time, cells begin to experience a variety of problems -- as they are known to do in chronic diseases.

Discovering the protein mobility problem

Young and colleagues first suspected that cells affected in chronic disease might have a protein mobility problem after observing changes in the behavior of the insulin receptor, a signaling protein that reacts to the presence of insulin and causes cells to take in sugar from blood. In people with diabetes, cells become less responsive to insulin -- a state called insulin resistance -- causing too much sugar to remain in the blood. In researchpublished on insulin receptors in Nature Communications in 2022, Young and colleagues reported that insulin receptor mobility might be relevant to diabetes.

Knowing that many cellular functions are altered in diabetes, the researchers considered the possibility that altered protein mobility might somehow affect many proteins in cells. To test this hypothesis, they studied proteins involved in a broad range of cellular functions, including MED1, a protein involved in gene expression; HP1a, a protein involved in gene silencing; FIB1, a protein involved in production of ribosomes; and SRSF2, a protein involved in splicing of messenger RNA. They used single-molecule tracking and other methods to measure how each of those proteins moves in healthy cells and in cells in disease states. All but one of the proteins showed reduced mobility (about 20-35%) in the disease cells.

"I'm excited that we were able to transfer physics-based insight and methodology, which are commonly used to understand the single-molecule processes like gene transcription in normal cells, to a disease context and show that they can be used to uncover unexpected mechanisms of disease," Zheng says. "This work shows how the random walk of proteins in cells is linked to disease pathology."

Moreno concurs: "In school, we're taught to consider changes in protein structure or DNA sequences when looking for causes of disease, but we've demonstrated that those are not the only contributing factors. If you only consider a static picture of a protein or a cell, you miss out on discovering these changes that only appear when molecules are in motion."

Can't commute across the cell, I'm all tied up right now




Next, the researchers needed to determine what was causing the proteins to slow down. They suspected that the defect had to do with an increase in cells of the level of reactive oxygen species (ROS), molecules that are highly prone to interfering with other molecules and their chemical reactions. Many types of chronic-disease-associated triggers, such as higher sugar or fat levels, certain toxins, and inflammatory signals, lead to an increase in ROS, also known as an increase in oxidative stress. The researchers measured the mobility of the proteins again, in cells that had high levels of ROS and were not otherwise in a disease state, and saw comparable mobility defects, suggesting that oxidative stress was to blame for the protein mobility defect.

The final part of the puzzle was why some, but not all, proteins slow down in the presence of ROS. SRSF2 was the only one of the proteins that was unaffected in the experiments, and it had one clear difference from the others: its surface did not contain any cysteines, an amino acid building block of many proteins. Cysteines are especially susceptible to interference from ROS because it will cause them to bond to other cysteines. When this bonding occurs between two protein molecules, it slows them down because the two proteins cannot move through the cell as quickly as either protein alone.

About half of the proteins in our cells contain surface cysteines, so this single protein mobility defect can impact many different cellular pathways. This makes sense when one considers the diversity of dysfunctions that appear in cells of people with chronic diseases: dysfunctions in cell signaling, metabolic processes, gene expression and gene silencing, and more. All of these processes rely on the efficient functioning of proteins -- including the diverse proteins studied by the researchers. Young and colleagues performed several experiments to confirm that decreased protein mobility does in fact decrease a protein's function. For example, they found that when an insulin receptor experiences decreased mobility, it acts less efficiently on IRS1, a molecule to which it usually adds a phosphate group.

From understanding a mechanism to treating a disease

Discovering that decreased protein mobility in the presence of oxidative stress could be driving many of the symptoms of chronic disease provides opportunities to develop therapies to rescue protein mobility. In the course of their experiments, the researchers treated cells with an antioxidant drug -- something that reduces ROS -- called N-acetyl cysteine and saw that this partially restored protein mobility.

The researchers are pursuing a variety of follow ups to this work, including the search for drugs that safely and efficiently reduce ROS and restore protein mobility. They developed an assay that can be used to screen drugs to see if they restore protein mobility by comparing each drug's effect on a simple biomarker with surface cysteines to one without. They are also looking into other diseases that may involve protein mobility, and are exploring the role of reduced protein mobility in aging.

"The complex biology of chronic diseases has made it challenging to come up with effective therapeutic hypotheses," says Young, who is also a professor of biology at the Massachusetts Institute of Technology. "The discovery that diverse disease-associated stimuli all induce a common feature, proteolethargy, and that this feature could contribute to much of the dysregulation that we see in chronic disease, is something that I hope will be a real game changer for developing drugs that work across the spectrum of chronic diseases."
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Researchers redefine what it means for a cell to be alive or dead | ScienceDaily
Cellular death is a fundamental concept in the biological sciences. Given its significance though, its definition depends on the context in which it takes place, and lacks a general mathematical definition. Researchers from the University of Tokyo propose a new mathematical definition of death based on whether a potentially dead cell can return to a predefined "representative state of living," which are the states of being that we can confidently call "alive." The researchers' work could be useful for biological researchers and future medical research.


						
While it's not something we like to think about, death comes for us all eventually, whether you're an animal, a plant, or even a cell. And even though we can all differentiate between what is alive and dead, it might be surprising to know that death at a cellular level lacks a widely recognized mathematical definition. Given that cell death plays such an important role in various biological processes and can have important health implications, it's of critical importance to understand what we really mean by cellular death, especially in research.

"My long-term scientific goal is to understand the inherent difference between life and nonlife, mathematically; why the transition from nonlife to life is so difficult, while the other way around is so easy," said Assistant Professor Yusuke Himeoka from the Universal Biology Institute. "Our aim in this project was to develop a mathematical definition and computational method to quantify the life-death boundary. We were able to do this by exploiting an important feature of biological reaction systems, specifically enzymatic reactions within cells."

Himeoka and his team proposed a mathematical definition of cell death. It's based on the way cellular states including metabolism can be controlled by modulating the activities of enzymes. They define dead states as those states from which cells cannot return to an apparent "living" state, regardless of the modulation of any biochemical processes. This led them to develop a computational method for quantifying the life-death boundary, which they call "stoichiometric rays." The method was developed by focusing on enzymatic reactions and the second law of thermodynamics, which states that systems naturally move from ordered to disordered states. Researchers could use these methods to better understand, control, and possibly even reverse, cellular death in controlled lab experiments.

"This method of computation is not applicable to autonomic systems, however, the systems which make the machinery for control, such as proteins. Autonomy is one of the hallmarks of living systems. I would like to extend our method so that it can also be applied to these," said Himeoka. "We naively believe that death is irreversible, but it is not so trivial and does not have to be the case. I believe that should death come more under our control, human beings, our understanding of life, and society will change completely. In this sense, to understand death is crucial in terms of science and also in terms of social implications."
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What a gut fungus reveals about symbiosis and allergy | ScienceDaily
A fungus discovered in the mouse stomach may hold a key to fungal evolution within the gastrointestinal tract, according to new research led by Weill Cornell Medicine investigators. The finding suggests that preclinical studies until now have overlooked a major influencer of mouse physiology.


						
Scientists recently have come to appreciate the importance, for human health and disease, of microbes -- often called "commensals" -- that naturally dwell in the gut. Bacterial commensals, for example, are known to have a big influence on human immunity; abnormal changes in these populations have been tied to cancers, inflammatory disorders and even depression. However, how gut fungal commensals affect immunity is less well understood, due in part to the lack of a good mouse model of fungal commensalism.

The new study, reported Nov. 27 in Nature, found that a yeast called Kazachstania pintolopesii, abundant in the stomach of wild mice, is exceptionally well adapted to mice and benefits them by boosting their immune protection against parasites, though it also enhances their vulnerability to some allergies.

"For years we've been looking for a true fungal commensal in mice, but fungal populations in lab mice, as identified by analyzing fungal DNA, tend to be transient and vary greatly from colony to colony," said study senior author Dr. Iliyan Iliev, an associate professor of immunology in medicine, member of the Jill Roberts Institute for Research in Inflammatory Bowel Disease, and a faculty member in the Immunology & Microbial Pathogenesis Graduate School Program at Weill Cornell Medicine.

In 2019, a team led by co-author Dr. Barbara Rehermann of the National Institutes of Health found that "wildling" lab mice raised with gut microbes like those of wild mice do a better job of modeling human immune responses than traditional lab mice. Dr. Iliev's lab, which participated in that study, found significantly higher levels of fungal DNA in the gut of these mice -- magnitudes greater than previously observed in lab mice.

"This was the start of a kind of Sherlock Holmes story as we went looking for the dominant fungus, extending our study to other mouse populations," Dr. Iliev said. "And what better place to find wild mice than New York City!"

The team looked for evidence of the fungus in fecal samples and other material provided by pest-control companies in New York City and Los Angeles, and acquired samples from multiple research institutions that use or sell lab mice. Ultimately, they determined that K. pintolopesii is very common in wild mice, but also often present in lab mouse colonies without researchers knowing about its presence.




"The presence or absence of this fungus should be taken into account in many types of mouse studies," said co-first author Dr. Yun Liao, a postdoctoral researcher in the Iliev laboratory.

"K. pintolopesii can completely change the experimental outcome," said co-first author Dr. Iris Gao, who was a graduate student in the Iliev lab during the study.

The researchers found that K. pintolopesii can rapidly colonize the gastrointestinal tracts of laboratory mice, is reliably transmitted to mouse newborns, and somehow evades its hosts antifungal immunity even as it partially suppresses the growth of other fungal species -- all of which hints that this fungus is evolutionarily adapted for living in mice and is a true commensal.

However, upon gastrointestinal mucus fluctuations caused by dietary changes or antibiotics, for example, the fungus becomes visible to the immune system by activating the production of a cytokine called IL-33. This cytokine, in turn, triggers what is known as a "type 2" immune response. The fungus symbiotically benefits its hosts by suppressing other fungi and by protecting them against worms through this enhanced type 2 immune response, but on the flip side it exacerbates food allergies, the team discovered.

"If you're using mice to research allergies, parasite infections, cancer development, or any other area where type 2 or type 17 immune responses are relevant, then this fungus may be an important factor that you shouldn't omit," Dr. Iliev said.

While the study suggests that K. pintolopesii is a good model for fungal commensalism, it also raises important questions: Is this fungus a normal component of the mouse microbiota that should always be present in lab mice, especially for studies touching on immunology? Is there a fungal commensal that has a similar role in promoting type 2 immunity in humans?

Dr. Iliev and his lab are now seeking answers to these questionsin samples collected across the continent in a research collaboration formed between labs in multiple institutions including the Broad Institute, The National Institutes of Health and Penn State.
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Breakthrough could revolutionize future of tick control | ScienceDaily
Research collaboration by the Texas A&M Department of Entomology and the U.S. Department of Agriculture, USDA, creates potential for genetic tools to control disease-spreading ticks.


						
Jason Tidwell is seeking his doctorate as he works for the USDA-ARS Cattle Fever Tick Research Unit in Edinburg. (Courtesy photo)

A recently published study by Jason Tidwell, a part-time graduate student in the Texas A&M College of Agricultural and Life Sciences Department of Entomology and full-time microbiologist with the USDA's Agricultural Research Service Cattle Fever Tick Research Unit at Edinburg, lays the foundation for potential new control methods against cattle fever ticks, the vectors of pathogens causing bovine babesiosis, historically known as Texas cattle fever.

Tidwell primarily conducts genetic research in arthropods, specifically cattle fever ticks. The publication is based on a foundational research project that identified the genetic markers for sex determination in the tick species Rhipicephalus microplus, one of two invasive cattle fever tick species found in northern Mexico that constantly threaten re-establishment in the U.S.

Collaboration could aid tick control

Kimberly Lohmeyer, Ph.D., center director at the Knipling-Bushland U.S. Livestock Insects Research Laboratory, Kerrville, said Tidwell's findings are a great example of a researcher identifying an unknown aspect of a pest's biology that could be leveraged and used as a novel control tool.

Lohmeyer said Tidwell was hooked by the idea of using genetic control methods of an important pest and that his study's discovery now opens the door for innovative solutions against disease-carrying ticks.




"This study sets the stage for advancements in how we protect U.S. livestock from cattle fever ticks," she said. "It answers a basic biological mystery about these ticks, but it is also a big step toward novel tools for the eradication program."

Pete Teel, Ph.D., a Texas A&M AgriLife Research scientist in the Department of Entomology and one of Tidwell's co-advisors, said Tidwell's work identifying the mechanisms of sex determination is critical to understanding genetic control of tick reproduction.

"It lays the foundation for potential genetic pest control methods that have been applied to other arthropods including the primary screwworm and several mosquito species," Teel said.

A female Rhipicephalus (Boophilus) microplus, Southern cattle fever tick. The USDA-Texas A&M Department of Entomology study identified chromosomes that determine whether ticks develop as male or female. The discovery could lead to novel control methods of these and other disease-spreading ticks. (Sam Craft/Texas A&M AgriLife)

Research provides foundation for potential weapon against ticks

The Cattle Fever Tick Eradication Program is a joint effort of USDA Animal and Plant Health Inspection Service Veterinary Services and the Texas Animal Health Commission to prevent the two species of cattle fever ticks from reestablishing in the U.S., Tidwell said. The program started in 1906 and eradicated the ticks in all 13 southern states and California, aside from a permanent quarantine zone in South Texas.




"These ticks are the only vectors of pathogens causing bovine babesiosis, thus eliminate the ticks and you eliminate the risk of disease," Teel said.

There are no approved anti-babesia vaccines, nor therapeutic drugs to treat the disease. The program has depended on chemical control with acaricides, pesticides for controlling ticks and mites. Discovery of genetic control tactics would be a novel approach, Teel said. New tactics are increasingly necessary because cattle fever ticks are showing increased resistance to acaricides.

"One idea is to genetically manipulate sex ratios in the environment in ways that prevent reproduction and crash populations of the pest," Tidwell said.

That genetic method has already shown promise to control Aedes aegypti mosquitoes, which vector diseases like West Nile virus, Dengue, yellow fever and Zika to humans. In that way, Tidwell's discovery could lead to similar control methods for other tick-borne diseases like Lyme disease in humans.

Aaron Tarone, Ph.D., an AgriLife Research scientist and professor in the Department of Entomology, and co-advisor to Tidwell, said any new control tool will need to be logistically, environmentally and economically sustainable, but agreed the study has opened the door for innovative advancements.

"The next step will be building genomes of ticks of local reference from both here in Texas and Mexico to examine their genetic variation," Tarone said. "The whole genomics arena and technology associated with it has opened the door to so many possibilities when it comes to dealing with vectors that pose serious threats to human and animal health."
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Same plant, different tactic: Habitat determines response to climate | ScienceDaily
Plants need light to grow, but too much light can induce damage to the photosynthetic complex known as photosystem II. It is known that plants adapted to growing under full sun repair this light-induced damage more. But this repair activity slows down in colder temperatures. An Osaka Metropolitan University-led international research team has now found some clues to how plants survive in colder regions.


						
Graduate School of Science Associate Professor Riichi Oguchi and colleagues from Australia, Austria, and Japan grew Arabidopsis thaliana (commonly called thale cress) using ecotypes from around the world. They were all grown at 22degC, before some were kept as a control group at that temperature and others were exposed to colder weather at 12degC for three days. The plants were then subjected to 5degC conditions in this experiment.

Damage to photosynthesis capacity by light, known as photoinhibition, is repaired at a certain rate in plants. The control Arabidopsis thaliana showed no difference among ecotypes in the rate of repair at 5degC, but the plants acclimated to the cold for three days showed an increased photoinhibition repair rate and the extent of the increase was higher in the ecotypes from colder regions.

"What we found in this experiment is that plants acclimated in cold temperatures increase their rate of photoinhibition repair in the cold, and the acclimation capacity is higher in the ecotypes from colder regions," explained Professor Oguchi. "But during the warmer seasons, as suggested by the control group, the plants do not increase the rate as the cost of such repair capacity is high."
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It might be wrecking the climate, but carbon dioxide is actually good for your cells | ScienceDaily
The cells in our bodies are like bustling cities, running on an iron-powered system that uses hydrogen peroxide (H2O2) not just for cleaning up messes but also for sending critical signals. Normally, this works fine, but under stress, such as inflammation or a burst of energy use, oxidative stress damages cells at the genetic level.


						
This is because iron and H2O2 react in what's known as the Fenton reaction, producing hydroxyl radicals, destructive molecules that attack DNA and RNA indiscriminately. But there's a catch. In the presence of carbon dioxide -- that pesky gas disrupting global climate systems -- our cells gain a secret weapon in the form of bicarbonate which helps keep pH levels balanced.

A team of University of Utah chemists has discovered that bicarbonate doesn't just act as a pH buffer but also alters the Fenton reaction itself in cells. Instead of producing chaotic hydroxyl radicals, the reaction instead makes carbonate radicals, which affect DNA in a far less harmful way, according to Cynthia Burrows, a distinguished professor of chemistry and senior author of a study published this week in PNAS.

"So many diseases, so many conditions have oxidative stress as a component of disease. That would include many cancers, effectively all age-related diseases, a lot of neurological diseases," Burrows said. "We're trying to understand cells' fundamental chemistry under oxidative stress. We have learned something about the protective effect of CO2 that I think is really profound."

Co-authors include Aaron Fleming, a research associate professor, and doctoral candidate Justin Dingman, both members of the Burrows Laboratory.

Without bicarbonate or CO2 present in experimental DNA oxidation reactions, the chemistry is also different. The free radical species generated, hydroxyl radical, is extremely reactive and hits DNA like a shotgun blast, causing damage everywhere, Burrows said.

In contrast, her team's findings show that the presence of bicarbonate from dissolved CO2 changes the reaction to make a milder radical striking only guanine, the G in our four-letter genetic code.




"Like throwing a dart at the bullseye where G is the center of the target," Burrows said. "It turns out that bicarbonate is a major buffer inside your cells. Bicarbonate binds to iron, and it completely changes the Fenton reaction. You don't make these super highly reactive radicals that everyone's been studying for decades."

What do these findings mean for science? Potentially a lot.

For starters, the team's discovery shows cells are a lot smarter than previously imagined, which could reshape how we understand oxidative stress and its role in diseases like cancer or aging.

But it also raises the possibility that many scientists studying cell damage have been conducting laboratory experiments in ways that don't reflect the real world, rendering their results suspect, Burrows said. Chemists and biologists everywhere grow cells in a tissue culture in an incubator set to 37 degrees Centigrade, or body temperature. In these cultures, carbon dioxide levels are raised to 5%, or about 100 times more concentrated than what's found in the atmosphere.

The elevated CO2 recreates the environment the cells normally inhabit as they metabolize nutrients, however, it is lost when researchers start their experiments outside the incubator.

"Just like opening up a can of beer. You release the CO2 when you take your cells out of the incubator. It's like doing experiments with a day-old glass of beer. It's pretty flat. It has lost the CO2, its bicarbonate buffer," Burrows said. "You no longer have the protection of CO2 to modulate the iron-hydrogen peroxide reaction."

She believes bicarbonate needs to be added to ensure reliable results from such experiments.




"Most people leave out bicarbonate/CO2 when studying DNA oxidation because it is difficult to deal with the constant outgassing of CO2," Burrows said. "These studies suggest that to get an accurate picture of DNA damage that occurs from normal cellular processes like metabolism, researchers need to be careful to mimic the proper conditions of the cell and add bicarbonate, i.e. baking powder!"

Burrows anticipates her study could result in unintended outcomes that may someday benefit research in other areas. Her lab is seeking new funding from NASA, for example, to study the effect of CO2 on people confined to enclosed spaces, such as inside of space capsules and submarines.

"You've got astronauts in a capsule living and breathing, and they are exhaling CO2. The problem is how much CO2 can they safely handle in their atmosphere? One of the things we found is that, at least in terms of tissue culture, CO2 does have a protective effect from some of the radiation damage these astronauts might experience. So what you might want to do is push up that CO2 level. You certainly don't want to go very high, but having it slightly higher might actually have a protective effect against radiation, which generates hydroxyl radicals."
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World's oldest lizard wins fossil fight | ScienceDaily
A storeroom specimen that changed the origins of modern lizards by millions of years has had its identity confirmed.


						
The tiny skeleton, unearthed from Triassic-aged rocks in a quarry near Bristol, is at least 205 million years old and the oldest modern-type lizard on record.

Recently, the University of Bristol team's findings came under question, but fresh analysis, published today in Royal Society Open Science, proves that the fossil is related to modern anguimorphs such as anguids and monitors. The discovery shifts the origin of the whole lizard-snake group, called Squamata, back by 35 million years.

In the original study, Dr David Whiteside, Dr Sofia Chambi-Trowell and Professor Mike Benton, named the little critter Cryptovaranoides microlanius, meaning 'hidden lizard, small butcher' because of its identification as a lizard and its sharp teeth, probably used for cutting up prey animals for food. The Bristol team identified many anatomical features of the skull and skeleton that allowed them to place it well within Squamata, and even close to the Anguimorpha.

"We knew our paper would be controversial," explained Dr Whiteside. "But we were confident that we had looked at every possible feature and compared it with everything we could."

Professor Benton said: "We were therefore surprised, perhaps even shocked, that in 2023 another team of academics suggested that Cryptovaranoides was not a lizard or even a lizard relative, but in fact an archosauromorph, more closely related to crocodilians and dinosaurs."

In checking their original work, and the questions posed in the rival paper, the Bristol team explored all the data, including the original specimen as well as the X-ray scans that show the details hidden within the rock. "We had the marvellous images from those CT scans as well as further access to the fossil which enabled us to check all their suggestions," said Dr Chambi-Trowell. "We found that most of the concerns raised were wrong."

Professor Benton added: "All the details of the skull, the jaws, the teeth, and the limb bones confirm that Cryptovaranoides is a lizard, not an archosauromorph.




"In our new paper, we provide great detail of every criticism made and we provide more photographs of the specimen and 3D images from the scans, so everyone can check the detail."

Dr Whiteside concluded: "The result of all this had to be tested by a phylogenetic analysis.

"This is where we code hundreds of anatomical features in Cryptovaranoides and other modern and fossil lizards, as well as various archosauromorphs.

"We ran the analysis time after time, and it gave our original result, that the little Bristol reptile is indeed the world's oldest modern-type lizard."
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Unexplained heat-wave 'hotspots' are popping up across the globe | ScienceDaily
Earth's hottest recorded year was 2023, at 2.12 degrees F above the 20th-century average. This surpassed the previous record set in 2016. So far, the 10 hottest yearly average temperatures have occurred in the past decade. And, with the hottest summer and hottest single day, 2024 is on track to set yet another record.


						
All this may not be breaking news to everyone, but amid this upward march in average temperatures, a striking new phenomenon is emerging: distinct regions are seeing repeated heat waves that are so extreme, they fall far beyond what any model of global warming can predict or explain. A new study provides the first worldwide map of such regions, which show up on every continent except Antarctica like giant, angry skin blotches. In recent years these heat waves have killed tens of thousands of people, withered crops and forests, and sparked devastating wildfires.

"The large and unexpected margins by which recent regional-scale extremes have broken earlier records have raised questions about the degree to which climate models can provide adequate estimates of relations between global mean temperature changes and regional climate risks," says the study.

"This is about extreme trends that are the outcome of physical interactions we might not completely understand," said lead author Kai Kornhuber, an adjunct scientist at the Columbia Climate School's Lamont-Doherty Earth Observatory. "These regions become temporary hothouses." Kornhuber is also a senior research scholar at the International Institute for Applied Systems Analysis in Austria.

The study was just published in the journal Proceedings of the National Academy of Sciences.

The study looks at heat waves over the past 65 years, identifying areas where extreme heat is accelerating considerably faster than more moderate temperatures. This often results in maximum temperatures that have been repeatedly broken by outsize, sometimes astonishing, amounts. For instance, a nine-day wave that hammered the U.S. Pacific Northwest and southwestern Canada in June 2021 broke daily records in some locales by 30 degrees C, or 54 F. This included the highest ever temperature recorded in Canada, 121.3 F, in Lytton, British Columbia. The town burned to the ground the next day in a wildfire driven in large part by the drying of vegetation in the extraordinary heat. In Oregon and Washington state, hundreds of people died from heat stroke and other health conditions.

These extreme heat waves have been hitting predominantly in the last five years or so, though some occurred in the early 2000s or before. The most hard-hit regions include populous central China, Japan, Korea, the Arabian peninsula, eastern Australia and scattered parts of Africa. Others include Canada's Northwest Territories and its High Arctic islands, northern Greenland, the southern end of South America and scattered patches of Siberia. Areas of Texas and New Mexico appear on the map, though they are not at the most extreme end.




According to the report, the most intense and consistent signal comes from northwestern Europe, where sequences of heat waves contributed to some 60,000 deaths in 2022 and 47,000 deaths in 2023. These occurred across Germany, France, the United Kingdom, the Netherlands and other countries. Here, in recent years, the hottest days of the year are warming twice as fast the summer mean temperatures. The region is especially vulnerable in part because, unlike places like the United States, few people have air conditioning, because traditionally it was almost never needed. The outbreaks have continued; as recently as this September, new maximum temperature records were set in Austria, France, Hungary, Slovenia, Norway and Sweden.

The researchers call the statistical trends "tail-widening" that is, the anomalous occurrence of temperatures at the far upper end, or beyond, anything that would be expected with simple upward shifts in mean summer temperatures. But the phenomenon is not happening everywhere; the study shows that maximum temperatures across many other regions are actually lower than what models would predict. These include wide areas of the north-central United States and south-central Canada, interior parts of South America, much of Siberia, northern Africa and northern Australia. Heat is increasing in these regions as well, but the extremes are increasing at similar or lower speed than what changes in average would suggest.

Climbing overall temperatures make heat waves more likely in many cases, but the causes of the extreme heat outbreaks are not entirely clear. In Europe and Russia, an earlier study led by Kornhuber blamed heat waves and droughts on wobbles in the jet stream, a fast-moving river of air that continuously circles the northern hemisphere. Hemmed in by historically frigid temperatures in the far north and much warmer ones further south, the jet stream generally confines itself to a narrow band. But the Arctic is warming on average far more quickly than most other parts of the Earth, and this appears to be destabilizing the jet stream, causing it to develop so-called Rossby waves, which suck hot air from the south and park it in temperate regions that normally do not see extreme heat for days or weeks at a time.

This is only one hypothesis, and it does not seem to explain all the extremes. A study of the fatal 2021 Pacific Northwest/southwestern Canada heat wave led by Lamont-Doherty graduate student Samuel Bartusek (also a coauthor on the latest paper) identified a confluence of factors. Some seemed connected to long-term climate change, others to chance. The study identified a disruption in the jet stream similar to the Rossby waves thought to affect Europe and Russia. It also found that decades of slowly rising temperatures had been drying out regional vegetation, so that when a spell of hot weather came along, plants had fewer reserves of water to evaporate into the air, a process that helps moderate heat. A third factor: a series of smaller-scale atmospheric waves that gathered heat from the Pacific Ocean surface and transported it eastward onto land. Like Europe, few people in this region have air conditioning, because it is generally not needed, and this probably upped the death toll.

The heat wave "was so extreme, it's tempting to apply the label of a 'black swan' event, one that can't be predicted," said Bartusek. "But there's a boundary between the totally unpredictable, the plausible and the totally expected that's hard to categorize. I would call this more of a grey swan."

While the wealthy United States is better prepared than many other places, excessive heat nevertheless kills more people than all other weather-related causes combined, including hurricanes, tornadoes and floods. According to a study out this past August, the yearly death rate has more than doubled since 1999, with 2,325 heat-related deaths in 2023. This has recently led to calls for heat waves to be named, similar to hurricanes, in order to heighten public awareness and motivate governments to prepare.

"Due to their unprecedented nature, these heat waves are usually linked to very severe health impacts, and can be disastrous for agriculture,vegetation and infrastructure," said Kornhuber. "We're not built for them, and we might not be able to adapt fast enough."

The study was also coauthored by Richard Seager and Mingfang Ting of Lamont-Doherty Earth Observatory, and H.J. Schellnhuber of the International Institute for Applied Systems Analysis.
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Great apes visually track subject-object relationships like humans do, study finds | ScienceDaily
Great apes track events with their eyes in the same way that humans do, according to a study published November 26 in the open-access journal PLOS Biology by Vanessa Wilson from the University of Neuchatel, Switzerland, and colleagues.


						
When watching a cat chase a mouse, humans will alternate looking at cat and mouse, using the information to connect the two into what's called an agent-patient relationship -- with the cat as the agent and the mouse as the patient. This cognitive mechanism is thought to be one of the bases for the evolution of human language, forming both how people think about events and structure speech. To find out if great apes can identify agent-patient relationships, the authors of this study showed 84 short video clips to 14 humans and examined their visual responses. They compared human responses to the visual responses of five chimpanzees, two gorillas, and two orangutans at the Basel Zoo. They also performed the test with 29 six-month-old infants.

The authors found that both apes and adult humans paid the most attention to the agents and the patients compared with background information. They often alternated attention between the two, focusing more on the agent when video clips involved food. Humans tended to focus entirely on the agents and patients, while apes showed more attention to the background. But while apes tended to track events like human adults, six-month-old human babies did not, instead paying attention mostly to the background. The findings suggest that the way brains order events evolved before language, and that the way people break down events into agents and patients is not unique to humans, but instead is part of a cognitive spectrum between humans and other great apes. Future studies will be needed to understand why great apes do not communicate like humans, and to better understand how humans developed language.

The authors add, "Gaze patterns from eye tracking data suggest that apes, like human adults, can decompose causal actions into agent and patient roles, something that is crucial for language. Our findings are consistent with a shared cognitive mechanism between humans and apes, suggesting that event role tracking evolved long before language."
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Oil spill still contaminating sensitive Mauritius mangroves three years on, study finds | ScienceDaily

Lead researcher Dr Alan Scarlett, from Curtin's WA Organic and Isotope Geochemistry Centre in the School of Earth and Planetary Sciences, said the chemical 'fingerprint' of the oil found in the mangrove sediments was a near-perfect match for the Very Low Sulphur Fuel Oil (VLSFO) spilled by the Wakashio in 2020 -- the first recorded spill involving this type of fuel.

"Local communities in Mauritius have been aware of oil contamination in the mangrove wetlands since the Wakashio spill, but no official confirmation had been made regarding the source," Dr Scarlett said.

"Identifying and acknowledging this contamination is crucial, both for the people of Mauritius and for global understanding, as little is known about how this new marine fuel behaves once spilled."

Dr Scarlett said samples from the mangrove wetlands, including a reference site thought to be unaffected by the spill, were analysed using advanced chemical techniques.

"We confirmed the reference site was free of oil contamination, while another site contained oil originating from the Wakashio's fuel tanks," Dr Scarlett said.

"We found the spilled oil had undergone substantial weathering and biodegradation in the three years since the accident and this had removed or reduced the levels of many of its toxic compounds.




"However, the ongoing presence of the oil could still pose an unknown risk to the sensitive mangrove ecosystem."

In a previous collaboration with the Woods Hole Oceanographic Institution, the Curtin research team obtained a unique chemical 'fingerprint' of the spilled oil, which enabled them to confirm its presence in the mangrove sediments.

The study also compared the behaviour of the Wakashio's VLSFO with traditional marine heavy fuel oils using models developed from the National Oceanic and Atmospheric Administration's oil spill scenario tool, WebGNOME-ADIOS.

"Our modelling suggested more of the Wakashio's fuel would evaporate, naturally disperse or sink compared to traditional fuels, but assessing the impact on organisms remains challenging," Dr Scarlett said.

The research, titled "Very Low Sulfur Fuel Oil spilled from the MV Wakashio in 2020 remains in sediments in a Mauritius mangrove ecosystem nearly three years after the grounding," was published in Marine Pollution Bulletin.
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Quantum mechanism identified as a key to accelerating ocean temperatures | ScienceDaily
Accelerating rates of heat uptake by oceans that don't fit current climate models can now be explained by quantum physics according to an Australian scientist.


						
In a recent paper published in the Journal of Physics Communications, Emeritus Professor in Applied Physics at the University of Technology Sydney (UTS) Geoff Smith puts forward a new "quantum thermal physics paradigm" to better understand the impact of global warming on oceans and thus on climate and weather.

Professor Smith said accumulated data over 70 years showed an accelerating rise in ocean temperatures and the total energy stored in oceans, with the world earlier this year passing what was described as a "foreboding milestone" -- a record global average sea surface temperature of 21.1degC.

"Current scientific models in the presence of ongoing rises in atmospheric greenhouse gasses do not predict this threatening acceleration," Professor Smith said.

"The solution to this conundrum is that the energy being stored in oceans is a combination of heat with energy which is nature's source of information on material properties.

"When ocean water is heated by radiation from the sun and the sky it stores energy not only as heat, but as hybrid pairs of photons coupled to oscillating water molecules.

"These pairs are a natural form of quantum information, different to the information researchers are pursuing in the development of quantum computing. This extra store of energy has always been present and aided ocean thermal stability prior to 1960.




"But now the average heat dissipated overnight from each day's heating is no longer stable as extra heat input from Earth's atmosphere raises both forms of stored energy."

Professor Smith said the apparent role of non-thermal energy in accelerating ocean temperatures now needs to be factored into climate models.

"Our current models for the thermal responses of built and natural outdoor systems may also need refining for improved comfort, less use of supplied energy, and better human, plant and animal health in a warming climate," Professor Smith said.

"In the end though the only way to slow, then stop an alarming temperature acceleration is to stop the rise in atmospheric greenhouse gases."
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Predicting the weather: New meteorology estimation method aids building efficiency | ScienceDaily
Due to the growing reality of global warming and climate change, there is increasing uncertainty around meteorological conditions used in energy assessments of buildings. Existing methods for generating meteorological data do not adequately handle the interdependence of meteorological elements, such as solar radiation, air temperature, and absolute humidity, which are important for calculating energy usage and efficiency.


						
To address this challenge, a research team at Osaka Metropolitan University's Graduate School of Human Life and Ecology -- comprising Associate Professor Jihui Yuan, Professor Emeritus Kazuo Emura, Dr. Zhichao Jiao, and Associate Professor Craig Farnham -- developed an innovative evaluation method. This method utilizes a statistical model to represent the interdependence of multiple factors, facilitating the generation of probabilistic meteorological data.

The researchers modeled the temperature, solar radiation, and humidity at noon each day, and then gradually expanded this to 24 hours and 365 days to generate a year's worth of meteorological data. The most notable aspect of this method is that it takes into account the interdependence of meteorological variables and improves the accuracy of building energy simulations. Their generated data was almost identical to the original data set, proving the method's accuracy.

"We hope this method will lead to the promotion of energy-efficient building design that can respond to various weather conditions," stated Professor Yuan.
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Brain test shows that crabs process pain | ScienceDaily
Researchers from the University of Gothenburg are the first to prove that painful stimuli are sent to the brain of shore crabs providing more evidence for pain in crustaceans. EEG style measurements show clear neural reactions in the crustacean's brain during mechanical or chemical stimulation.


						
In the search for a better welfare of animals that we humans kill for food, researchers at the University of Gothenburg have chosen to focus on decapod crustaceans. This includes shellfish delicacies such as prawns, lobsters, crabs and crayfish that we both catch wild and farm. Currently, shellfish are not covered by animal welfare legislation in EU, but this might be about to change. For a good reason, according to researchers.

"We need to find less painful ways to kill shellfish if we are to continue eating them. Because now we have scientific evidence that they both experience and react to pain," says Lynne Sneddon, zoophysiologist at the University of Gothenburg.

Several research groups have previously conducted a number of observational studies on crustaceans where they have been subjected to mechanical impact, electric shocks or acids to soft tissues such as the antennae. These crustaceans have reacted by touching the exposed area or trying to avoid the danger in repeated experiments, leading researchers to assume that they feel pain.

Pain receptors in the soft tissues

The researchers at the University of Gothenburg are the first to carry out neurobiological studies by measuring the activity in the brain of a shore crab, through an EEG style measurement.

"We could see that the crab has some kind of pain receptors in its soft tissues, because we recorded an increase in brain activity when we applied a potentially painful chemical, a form of vinegar, to the crab's soft tissues. The same happened when we applied external pressure to several of the crab's body parts," says Eleftherios Kasiouras, PhD student at the University of Gothenburg and lead author of the study published in the journal Biology.




The activity of the central nervous system in the brain was measured in the crab when the soft tissues of claws, antennae and legs were subjected to some form of stress. The responses show that shore crabs must have some form of pain signalling to the brain from these body parts. The pain response was shorter and more powerful in the case of physical stress than in the case of chemical stress, which lasted longer.

Allowed to cut up alive

"It is a given that all animals need some kind of pain system to cope by avoiding danger. I don't think we need to test all species of crustaceans, as they have a similar structure and therefore similar nervous systems. We can assume that shrimps, crayfish and lobsters can also send external signals about painful stimuli to their brain which will process this information," says Eleftherios Kasiouras.

The researchers point out that we need to find more humane ways to handle and even kill crustaceans. At present, it is allowed to cut up a crustacean alive, unlike the mammals we eat.

"We need more research to find less painful ways to kill shellfish," says Lynne Sneddon.
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Delay and pay: Climate tipping point costs quadruple after waiting | ScienceDaily
Tip the first tile in a line of dominoes and you'll set off a chain reaction, one tile falling after another. Cross a tipping point in the climate system and, similarly, you might spark a cascading set of consequences like hastened warming, rising sea levels and increasingly extreme weather.


						
It turns out there's more to weigh than catastrophic environmental change as tipping points draw near, though. Another point to consider, a new study reveals, is the cost of undoing the damage.

The cost of reversing the effects of climate change -- restoring melted polar sea ice, for example -- quickly climbs nearly fourfold soon after a tipping point is crossed, according to new work published today in the journal npj Climate and Atmospheric Science. Much work has been done to explore the environmental costs tied to climate change. But this new study marks the first time researchers have quantified the costs of controlling tipping points before and after they unfold.

Common examples of Earth's tipping points include melting ice sheets and dwindling tropical coral reefs. As ice melts and reefs die off, drastic environmental effects like flooded coastal cities and lost biodiversity soon follow -- a shared trait among what the Intergovernmental Panel on Climate Change defines as "critical thresholds in a system that, when exceeded, can lead to a significant change in the state of the system."

Despite the well-established dangers of crossing a tipping point, little is known about the cost of controlling them. How much effort would it take to stop and reverse course just before crossing a tipping point?

In the case of polar sea ice, which is melting at a pace unrivaled by any period in the past 1,500 years, a reversal would entail halting melt and reestablishing ice cover. But how about after we tip -- how might the cost of intervention change if we wait?

Cross a tipping point threshold, said mathematician and lead author Parvathi Kooloth, and it costs nearly four times the effort to reverse the effects and reestablish the climate system to where it was just before tipping, as opposed to reversing course before the threshold. The message applies to most tipping points, said Kooloth, whether they involve tropical coral reefs or frigid sea ice.




"You either shoulder the cost now, just before the threshold is crossed," said Kooloth, "or you wait. And if you wait, the degree of intervention needed to bring the climate system back to where it was rises steeply. A key insight from this work is the confirmation that corrective action after the fact is much more costly and intrusive than preventive action."

Each tipping point is unique. The physical qualities that determine its behavior -- the extent of cloud cover or, say, the transport of heat in the nearest ocean waters -- determine how post-tipping changes take shape in the climate system. In turn, those qualities dictate the nuts and bolts of an actual intervention strategy.

At the heart of each tipping point, however, is a shared, core equation that describes its basic nature. This universality allows researchers like Kooloth to probe the fundamental, shared behavior of tipping points using simplified mathematical models.

From their findings, scientists can then glean broad stroke details that could inform future intervention plans and perhaps, as Kooloth hopes, even a way to identify early warning signals that a tipping point is drawing near.

"It's actually really hard to pin a tipping point down," said Kooloth. "We know a great deal about the climate system today. But even now we're never really sure how far or close we are to a tipping point. Could we one day use observable precursors to provide early warning? My hope is that we can."

The team behind the new study uncovered one other interesting phenomenon: that some tipping points have an "overshoot window." In this window of time just after a tipping point is crossed, the cost of intervention doesn't start its steep climb right away. Instead, cost only grows linearly with time. This can happen because nearby ocean waters take longer to heat up, for example, delaying the onset of rapid change.




It's a fortunate thing, Kooloth points out, a gift of additional time before dire changes start piling on. But this is "no free lunch," she adds. The extra leeway comes with an even steeper increase in intervention costs once the overshoot window is fully crossed. The bigger the overshoot window, the mightier the cost.

The authors point out that not all effects of climate change are reversible, like flora and fauna lost to rapid and prolonged environmental change. And some effects could demand a great deal of effort to reverse -- even more than the effort it took to push the climate system past a tipping point.

There is an asymmetry at play, said Kooloth. We could approach and pass a tipping point rather quickly, but the journey to revert the climate system to where it was could take much, much longer.

"The path forward and the path backward are often not the same," said Kooloth. "Imagine that we go down a high-emissions pathway, where the planet warms enough to melt all our sea ice by the end of the century. If we arrive in the year 2100 with no sea ice, it may not be sufficient to bring the ice back if we dialed our emissions down to the levels we're emitting now in 2024, when we still have some ice left. We may need to dial emissions down much further, to levels predating 2024 -- that asymmetry is important for us to consider as we choose our path forward."
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Air fryers confirmed as least polluting cooking method | ScienceDaily
Air fryers produce a tiny fraction of the indoor air pollution emitted by other cooking methods including pan and deep frying, a new study has shown.


						
Cooking is a key source of indoor air pollution and, while plenty of research has been done to show the energy-efficiencies available with air-frying, less is known about the environmental benefits.

Most people spend more than 80 per cent of their time indoors, so the effects of indoor pollutants, which include a range of acute symptoms and chronic conditions such as cardiovascular, neurodegenerative and respiratory diseases, are a major health concern.

The researchers, based in the University of Birmingham's School of Geography, Earth and Environmental Sciences, used a campus-based research kitchen to bridge the gap between laboratory-based chamber experiments measuring pollution from different cooking methods and less well-controlled testing in domestic kitchens. Their results are published in Indoor Air.

In the experiments the researchers cooked chicken breast using five different methods: pan frying, stir-frying, deep-fat frying, boiling and air-frying, in a well-controlled research kitchen. They measured the levels of particulate matter and volatile organic compounds (VOCs) emitted by each method.

For particulate matter, the team measured peak concentrations in micrograms per cubic metre of air. For pan frying, the peak concentration was 92.9; for stir-frying it was 26.7, for deep frying 7.7, for boiling 0.7 and for air-frying it was 0.6.

For VOCs, the results were measured in 'parts per billion', or ppb. The relative levels of pollution were in a similar order across the different cooking methods as for the particulate matter emissions, with pan-frying recording 260 ppb of VOCs; deep frying 230 ppb, stir-frying 110 ppb; boiling 30 ppb and air-frying 20 ppb. The researchers have also identified and quantified the specific VOCs that are mostly strongly emitted during the cooking activities.

Lead author Professor Christian Pfrang said: "There are a number of factors that will affect the levels of pollution from cooking alongside the method used, including the amount of oil used, and the temperature of the stove. What we can say with certainty, however, is that improving the ventilation in kitchens by opening windows or using extractor fans, will help to disperse polluting particles and reduce personal exposure."

For both particulate matter and VOCs, the researchers continued to measure pollution after the cooking process had finished. They recorded substantially higher levels of pollutants in the kitchen for well over an hour after the food had been cooked despite the cooking process only taking ca. 10 minutes.

Professor Pfrang added: "It's also really important to understand that particles will remain in the air for quite some time after you have finished cooking, so continuing to ventilate, or keeping extractor fans turned on for a period of time will really help to avoid the build-up of this indoor pollution and reduce the potential for the pollutants to be transported and distributed throughout the house with the associated higher personal exposures."
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Wild boars could be a potential source of hepatitis E transmission to humans in the Barcelona metropolitan area | ScienceDaily
Over the last few decades, wild boar populations have increased in the urban areas of Barcelona and in other parts of Catalonia. This wild animal is an important reservoir of the hepatitis E virus, the disease causative agent that affects more than 20 million people every year, according to the World Health Organization (WHO). Now, a team from the Faculty of Biology, the Institute for Research on Biodiversity (IRBio) of the University of Barcelona and the Faculty of Veterinary Medicine of the Universitat Autonoma de Barcelona (UAB) has identified a relevant molecular similarity between the hepatitis E virus (HEV) strains of wild boars in the metropolitan area of Barcelona and the citizens of this area. According to the researchers, these data suggest that these animals could be a source of human hepatitis E infections in the metropolitan region.


						
Jordi Serra-Cobo, lecturer at the UB's Faculty of Biology and researcher at IRBio, has co-led the study with Maria Isabel Costafreda, lecturer at the Department of Genetics, Microbiology and Statistics, and researcher at the UB Nutrition and Food Safety Institute (INSA) and the Liver and Digestive Diseases Networking Biomedical Research Centre (CIBEREHD). Jordi Serra-Cobo warns that "the results should serve to take preventive measures and be watchful against possible transmission of the hepatitis E virus from wild boars to the citizens of the Barcelona metropolitan area." The study, published in Science of The Total Environment, also involved Abir Monastiri and Marc Lopez-Roig (IRBio), and Maria Costafreda, along with other researchers from the Banc de Sang i Teixits (Blood and Tissue Bank of Catalonia), the Vall d'Hebron Research Institute (VHIR), the University of Lleida and the Wildlife Ecopathology Service (UAB).

An endemic virus in the wild boar population

The metropolitan area of Barcelona is made up of thirty-six municipalities, spread over 636 km2 and populated by around 3.2 million people. This area, which includes the Collserola natural park -- a peri-urban Mediterranean forest of 8,000 hectares, surrounded by urban centres -- has a wild boar population density of between five and fifteen individuals per square kilometre.

In the study, the researchers analysed the faeces of 312 wild boars collected in this region between 2016 and 2021, seven of which tested positive for the presence of the virus. The comparison of these samples, together with six additional samples from a previous study, has made it possible to establish "a close phylogenetic relationship" -- that is, evolutionary kinship and genetic similarity -- with the HEV strains from blood donors in this area. Serra-Cobo, a member of the UB's Department of Evolutionary Biology, Ecology and Environmental Sciences, notes that "all the isolated viruses were classified within genotype 3 of HEV."

Moreover, the wild boar samples with the virus belonged to non-adult individuals, which, according to the researchers, indicates the endemic -- that is, habitual and permanent -- maintenance of HEV in the wild boar population of the metropolitan area by young individuals. In this sense, they explain that "the lack of HEV detection in adult wild boars suggests that young animals are exposed to infection by the virus in the first years of life, while adults have already overcome the infection and are protected from reinfection." "This suggests that the virus is endemic in the wild boar population in this region," add the researchers.

A global public health problem

The growing presence of wild boars in the urban areas of Barcelona (but also in other cities such as Lugo, Rome, Berlin, Genoa or Hong Kong) is mainly due to factors such as the loss of natural habitats induced by human activities. "Given that the synurbization -- the presence and adaptation of wild boar in urbanized environments -- of wild boar is a global phenomenon, which is increasing and expanding, the results of this study should be useful to develop and establish programmes for monitoring, surveillance and, eventually, control of HEV both in the metropolitan area of Barcelona and in other urban areas of the world," says Serra-Cobo.




In the article, the experts explain that "although most human cases of hepatitis E are mild, HEV infection causes approximately 50,000 human deaths each year, and is particularly serious in pregnant women, with mortality rates of up to 30%, and can be transmitted to infants."

Prevention and information measures

Among the measures to prevent transmission of the hepatitis E virus to the public, the researchers stress the importance of avoiding "contact with wild boars, as well as not eating their raw or undercooked meat." In cases where contact has occurred, such as with hunters or forestry agents, they recommend washing hands with soap and water. "This practice removes the lipid envelope of the virus and inactivates it," they note.

They also highlight other measures related to pets. "Wild boars can invade the streets of central Barcelona, where they find food in rubbish bins or urban gardens. These spaces are frequented by dogs and cats, which can become infected with wild boar faeces and can contribute to spreading the infection to citizens," warns Jordi Serra-Cobo.

In this regard, they recommend preventing household pets from coming into contact with wild animal faeces and installing systems to prevent wild boars from knocking over waste containers. The researchers also note that "it is also important to tell the public about the risk factors for the transmission of hepatitis E from wild boars, either to humans or to pets."

Long-term monitoring of wild boars

The IRBio research group at the UB has another study underway to determine the dynamics of hepatitis E virus infection in the wild boar population in the metropolitan area of Barcelona. The researcher also stresses the "fundamental importance" of a long-term follow-up and monitoring of the health status of the wild boar population, "especially at a time when the structure and functioning of ecosystems are changing at an unprecedented rate, as a result of climate change and anthropogenic factors."
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Machine learning reveals behaviors linked with early Alzheimer's, points to new treatments | ScienceDaily
Subtle signs of Alzheimer's disease can emerge decades before a diagnosis -- often in the form of irregular behaviors that reflect very early stages of brain dysfunction.


						
But until now, identifying and measuring these slight behavioral changes in a scientific way hasn't been feasible, not even when studying Alzheimer's in mice.

In a study published in Cell Reports, a team of scientists at Gladstone Institutes used a new video-based machine learning tool to pinpoint otherwise-undetectable signs of early disease in mice that were engineered to mimic key aspects of Alzheimer's. Their work sheds light on a new strategy for identifying neurological disease earlier than currently possible and tracking how it develops over time.

"We've shown the potential of machine learning to revolutionize how we analyze behaviors indicative of early abnormalities in brain function," says Gladstone investigator Jorge Palop, PhD, senior author of the study. "We leveraged a valuable tool that opens the door to a more complete understanding of devastating brain disorders and how they begin."

The scientists used a machine learning platform called VAME, short for "Variational Animal Motion Embedding," to analyze video footage of mice exploring an open arena. The open-source tool identified subtle behavioral patterns captured on camera -- changes that might not be noticed by simply looking at the mice.

Tracking Disorganized Behavior

VAME's deep learning platform is unlike conventional behavioral tests in mice, which often center around preconceived tasks that the animals are challenged to complete.




Among the limitations of those tests, they can't capture the full range of spontaneous behavioral changes caused by disease -- particularly in early stages, explains Stephanie Miller, PhD, staff scientist at Gladstone and first author of the study. They also lack scalability and often rely on labor-intensive methods.

For the Gladstone study using VAME, the team evaluated two types of mice that simulated different aspects of Alzheimer's. In both models, the machine learning tool identified a significantly increased level of "disorganized behavior" as the mice aged. For example, the mice exhibited unusual patterns of behavior and transitioned more often between different activities -- factors that might be associated with memory and attention deficits.

"Similar machine learning approaches could be used one day to study spontaneous behaviors in humans, potentially providing early diagnosis of neurological diseases," Miller says, noting that smartphone-quality video is sufficient for VAME analysis. "I envision this technology will be used to assess patients in the clinic and even in their homes. It gives scientists and doctors a way to solve the very hard problem of diagnosing preclinical stages of disease."

Miller began experimenting with VAME several years ago when the technology was still in its infancy. She and Palop collaborated with the team of Stefan Remy, MD, in Germany, which initially developed the platform. Together, they helped demonstrate VAME's utility for neuroscience research in a study published in Communications Biology.

Evaluating a Potential Treatment 

Adding another dimension to their new study, the Gladstone team used VAME to learn whether a potential therapeutic intervention for Alzheimer's would prevent the disorganized behavior in mice.




The scientists leveraged prior research from Gladstone investigator Katerina Akassoglou, PhD, who discovered that a blood-clotting protein called fibrin creates a cascade of toxic effects when it leaks into the brain through damaged blood vessels. By blocking fibrin's toxic effects, Akassoglou's lab has been able to prevent the neurodegeneration that leads to cognitive decline and to protect against Alzheimer's in animals.

To find out if this therapeutic strategy could safeguard mice from Alzheimer's-linked behaviors, the team genetically blocked fibrin from triggering toxic inflammation in the brain. This intervention reduced the development of abnormal behaviors in the Alzheimer's mice.

"It was highly encouraging to see that blocking fibrin's inflammatory activity in the brain reduced virtually all of the spontaneous behavioral changes in Alzheimer's mice, reaffirming that fibrin and the ensuing neuroinflammation are key drivers of the disease," says Akassoglou, also an author of the study. "Machine learning can offer an unbiased way to evaluate potential treatments in the lab -- and I believe it may ultimately become an invaluable clinical tool, as well."

Palop and Miller are now working with other Gladstone teams who study neurological disease to help them employ the VAME technology for new behavioral studies.

"My goal is to make this tool and similar approaches more accessible to biologists and clinicians in order to shorten the time it takes to develop powerful new medicines," Miller says.

About the Study

The study, "Machine learning reveals prominent spontaneous behavioral changes and treatment efficacy in humanized and transgenic Alzheimer's disease models," appears in the November 26 issue of Cell Reports. Authors include Stephanie Miller, Kevin Luxem, Kelli Lauderdale, Pranav Nambiar, Patrick Honma, Katie Ly, Shreya Bangera, Mary Bullock, Jia Shin, Nick Kaliss, Yuechen Qiu, Catherine Cai, Kevin Shen, K. Dakota Mallen, Zhaoqi Yan, Andrew Mendiola, Takashi Saito, Takaomi Saido, Alexander Pico, Reuben Thomas, Erik Roberson, Katerina Akassoglou, Pavol Bauer, Stefan Remy, and Jorge Palop.
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Under-ice species at risk as Arctic warms | ScienceDaily
"Specialist" lifeforms that live under Arctic sea ice are at risk as the ice retreats, new research shows.


						
Scientists studied microscopic organisms in four environments -- open ocean, river mouths, coasts and under sea ice -- in the Beaufort Sea off northern Canada.

The under-ice mix of species was the least diverse -- instead being made up of specialist plankton and microbes adapted to these harsh conditions.

The Arctic is warming at least twice as fast as the rest of the planet, causing sea ice to melt and raising the risk of an ice-free Arctic summer.

The international research team was led by the University of Exeter and included Laval and Concordia universities.

"Every drop of the ocean is alive with tiny organisms," said Vicky Jackson, from Exeter's Living Systems Institute.

"These form complex communities that are the basis of all marine food webs -- directly or indirectly feeding all ocean animals.




"The communities we found under the ice were made up of rare, specialist species.

"With the ice melting rapidly, such communities might be replaced by the more generalist ones we found elsewhere."

Dr Adam Monier added: "These under-ice species are adapted to their environment -- for example, receiving low levels of ultraviolet light.

"Species can adapt, but change in the Arctic is happening on a timescale that makes this difficult or impossible.

"Instead, they may rapidly find themselves in an entirely new environment where they are out-completed by more generalist species.

"It is hard to predict what impacts this could have on wider marine food webs."

The researchers took samples of seawater and extracted RNA to discover what microbes were active within it.

The study was partly funded by Dr Monier's Royal Society University Research Fellowship.

The paper, published in the journal Scientific Reports, is entitled: "Vulnerability of Arctic Ocean microbial eukaryotes to sea ice loss."
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Cellular 'power plants' control inflammation | ScienceDaily
Whether cells in the human body survive or die under stress depends, among other things, on their mitochondria. Scientists at the Faculty of Medicine at the University of Freiburg have now shown that a sudden stop in energy production in these cell "power plants" prevents normal cell death or so-called apoptosis and instead triggers an inflammatory response. The results of this research were published in the journal Immunity on 20 November 2024.


						
"We found that mitochondria provide a kind of decision-making aid: they regulate whether a cell undergoes clean, silent apoptosis or releases pro-inflammatory messenger substances," explains Prof. Dr Olaf Gross, head of the study, a scientist at the Institute of Neuropathology at the Medical Center -- University of Freiburg and a member of the Cluster of Excellence CIBSS -- Centre for Integrative Biological Signalling Studies at the University of Freiburg. "This finding helps us to better understand how the body maintains a balance between cell protection and defence mechanisms. This could open up new avenues for the treatment of inflammatory diseases." The research work was funded as part of several collaborative research centres at the University of Freiburg.

A complex interplay for good health

The universal "fuel source" for cellular activity is ATP (adenosine triphosphate). If the ATP in the mitochondria drops sharply, a protein important for apoptosis, known as cytochrome c, remains trapped in the mitochondria and the cell does not die, even if it receives the signal to do so from outside. Instead, the mitochondria activate mechanisms that trigger an inflammatory response, which puts the tissue on alert and prepares it for a possible threat.

The researchers have now discovered that a special "sensor" in the cells, known as NLRP3, is activated when the mitochondria cease energy production. However, a second signal from other areas of the cell is needed to activate the NLRP3 sensor. This so-called "two-signal mechanism" ensures that inflammation is only triggered in the event of serious danger, thus protecting healthy cells. This enables the body to react to threats in a targeted manner while at the same time preventing unnecessary inflammation that could damage the tissue.

New options for treating inflammatory diseases

This discovery could be helpful for the treatment of diseases in which inflammatory processes play a role -- such as gout, type 2 diabetes or severe cases of COVID-19. "In the future, drugs could be specifically designed to mitochondria or the activation of NLRP3 in order to better control inflammation and, on the one hand, to prevent damage to healthy tissue and, on the other, to promote the immune response to infection or the rejection of cancer by the immune system," says Gross.
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Improved catalyst turns harmful greenhouse gases into cleaner fuels, chemical feedstocks | ScienceDaily
A chemical reaction can convert two polluting greenhouse gases into valuable building blocks for cleaner fuels and feedstocks, but the high temperature required for the reaction also deactivates the catalyst. A team led by the Department of Energy's Oak Ridge National Laboratory has found a way to thwart deactivation. The strategy may apply broadly to other catalysts.


						
The team improved a reaction called dry reforming of methane that converts methane and carbon dioxide into syngas, a valued mixture of hydrogen and carbon monoxide used by oil and chemical companies worldwide. The team has applied for a patent for their invention as a way to minimize catalytic deactivation.

"Syngas is important because it's a platform for the production of a lot of chemicals of mass consumption," said ORNL's Felipe Polo-Garzon, who, with ORNL's Junyan Zhang, led the study published in Nature Communications.

Improving the catalyst that speeds syngas production could have enormous impact on global energy security, cleaner fuels and chemical feedstocks. In countries lacking oil reserves, syngas derived from coal or natural gas is critical for making diesel and gasoline fuels. Moreover, syngas components can be used to make other commodity chemicals. Hydrogen, for example, can be used as a clean fuel or as a feedstock for ammonia to create fertilizer. Methanol, an alcohol that can be made from syngas, is a source of ingredients for producing plastics, synthetic fabrics and pharmaceuticals. Methanol is also a good carrier of hydrogen, which is hard to pressurize and dangerous to transport. As the simplest alcohol, methanol contains the highest ratio of hydrogen to carbon; it can be safely transported and converted to hydrogen at the destination.

"This [dry reforming of methane] reaction sounds attractive because you are converting two greenhouse gases into a valuable mixture," Polo-Garzon said. "However, the issue for decades has been that the catalysts required to carry out this reaction deactivate quickly under reaction conditions, making this reaction nonviable on an industrial scale."

To attain significant conversion of reactants, the reaction must be conducted at temperatures greater than 650 degrees Celsius, or 1,200 degrees Fahrenheit. "At this high temperature, the catalysts undergo two deactivation processes," Polo-Garzon said. "One is sintering, in which you lose surface sites that undertake the reaction. The other is the formation of coke -- basically solid carbon that blocks the catalyst from contacting the reactants."

Catalysts work by providing a large surface area for reactions. Metal atoms such as nickel have electronic properties that allow them to temporarily bind reactants, making chemical bonds easier to break and create. Sintering causes nickel particles to clump, reducing the surface area available for chemical reactions.




Likewise, coking chokes a catalyst. "During the reaction on the catalyst surface, methane will lose its hydrogen atoms one by one until only its one carbon atom is left," Zhang said. "If no oxygen bonds to it, leftover carbon will aggregate on the catalyst's nickel surface, covering its active face. This coking deposition causes deactivation. It is extremely common in thermal catalysis for hydrocarbon conversion."

Today, most commercial syngas is made by steam reforming of methane, a process that requires large amounts of water and heat and that also produces carbon dioxide. By contrast, dry reforming of methane requires no water and actually consumes carbon dioxide and methane.

By tuning interactions between the metal active sites and the support during catalyst synthesis, the scientists suppressed coke formation and metal sintering. The new catalyst provides outstanding performance for dry reforming of methane with extremely slow deactivation.

The novel catalyst consists of a crystalline material called a zeolite that contains silicon, aluminum, oxygen and nickel. The zeolite's supportive framework stabilizes the metal active sites.

"Zeolite is like sand in composition," Zhang said. "But unlike sand, it has a sponge-like structure filled with tiny pores, each around 0.6 nanometers in diameter. If you could completely open a zeolite to expose the surface area, 1 gram of sample would contain an area around 500 square meters, which is a tremendous amount of exposed surface."

To synthesize the zeolite catalyst, the researchers remove some atoms of aluminum and replace them with nickel. "We're effectively creating a strong bond between the nickel and the zeolite host," Polo-Garzon said. "This strong bond makes our catalyst resistant to degradation at high temperatures."

The high-performance catalyst was synthesized at ORNL's Center for Nanophase Materials Sciences. Zili Wu, leader of ORNL's Surface Chemistry and Catalysis group, served as a strategy advisor for the project.




Zhang performed infrared spectroscopy, revealing that nickel was typically isolated and bound by two silicon atoms in the zeolite framework.

At DOE's Brookhaven National Laboratory and SLAC National Accelerator Laboratory, ORNL's Yuanyuan Li led X-ray absorption spectroscopy studies detailing the electronic and bonding structures of nickel in the catalyst. At ORNL,Polo-Garzon and Zhang used a technique called steady-state isotopic transient kinetic analysis to measure catalyst efficiency -- the number of times a single active site converts a reactant into a product.

X-ray diffraction and scanning transmission electron microscopy characterized the structure and composition of materials at the nanoscale.

"In the synthesis method, we found that the reason the method works is because we're able to get rid of water, which is a byproduct of the catalyst synthesis," Polo-Garzon said. "We asked colleagues to use density functional theory to look into why water matters when it comes to the stability of nickel."

At Vanderbilt University, Haohong Song and De-en Jiang performed computational calculations showing that removing water from the zeolite strengthens its interactions with nickel.

Next, the researchers will develop other catalyst formulations for the dry reforming of methane reaction that are stable under a broad range of conditions. "We're looking for alternative ways to excite the reactant molecules to break thermodynamic constraints," Polo-Garzon said.

"We relied on rational design, not trial and error, to make the catalyst better," Polo-Garzon added. "We're not just developing one catalyst. We are developing design principles to stabilize catalysts for a broad range of industrial processes. It requires a fundamental understanding of the implications of synthesis protocols. For industry, that's important because rather than presenting a dead-end road in which you try something, see how it performs, and then decide where to go from there, we're providing an avenue to move forward."
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Simple lab-free test to detect bacteria in fluids from water to urine | ScienceDaily
A novel new test for bacteria in fluids makes it as easy as observing a colour change to confirm the presence of disease-causing pathogens, promising much easier diagnostic tests and greater food safety.


						
Engineers and biochemists at McMaster university have brought their skills together to make it possible for untrained users to confirm contamination in fluids using a biogel test that changes colour in the presence of such bacteria as E. coli, listeria and other frequent testing targets.

The test uses harmless bacteriophages embedded in the gel to locate target bacteria in a sample of fluid such as lake water, urine or a container of milk, even in low concentrations.

Bacteriophages are the most common form of life on Earth. Each form of bacteriophage is specialized to destroy one form of bacteria.

In the test, phages -- as they are called informally -- find and attack the target bacteria in a sample, causing the bacteria to release microscopic amounts of intracellular material which the test can read, triggering a colour change that is readily visible to the eye. If the sample is clean, the colour stays the same.

The new process takes just hours, producing results much more quickly than lab cultures, which can take two days to generate results.

"We've been using phages' destructive power to kill bacteria and resolve infections for years," says Zeinab Hosseinidoust, an associate professor of biomedial and chemical engineering who holds the Canada Research Chair in Bacteriophage Bioengineering. "Here, we're chanelling that power in another way. Because phages can burst bacteria open, they can give us quick access to the biological components of those bacteria that we use to confirm their presence."

The test, described in a new paper published in the journal Advanced Materials, is the latest in a series of technologies the group has developed, all aimed at placing simple technology within reach of producers, retailers, consumers and medical professionals.




"Now we have a tool that can be used in food samples, environmental samples and clinical samples," says corespounding author Tohid Didar, an associate professor of mechanical and biomedical engineering who holds the Canada Research Chair in Nano-Biomaterials. "Today, people who suspect they may have a urinary-tract infection must visit a doctor and sometimes wait days for a result. This technology would make it very easy for people to tests themselves at home and get a result in a matter of hours."

The group's previous work includes creating a portable testing library to match phages to otherwise untreatable antibiotic-resistant infections, a contamination test incorporated into food packaging, and a temperature-stable storage system for live vaccines.

The group confirmed the concept of their newest test using urine samples from patients at Hamilton Health Sciences, and in all cases, results from the experimental test produced the same results as traditional lab tests. The test also worked accurately to detect E. Coli in lake water samples.

The new test can be adapted to any bacterium by using bacteriophages and DNA probes that specifically target microbes such as listeria and salmonella.

"Phages can knock on every biological door, but they will only enter the ones they are programmed to find," says Carlos Filipe, a professor of chemical engineering and a senior authior on the paper. "That specificity is a huge advantage for quick and precise detection, even at low levels."

Such a test could have provided early and accurate detection in the recent listeria contamination of plant-based milk that killed two, sickened 10 and caused wide recalls in Canada, the researchers say.




"This technology could be helpful in rapidly limiting outbreaks ," says co-author Akansha Prasad, a Vanier Scholar and PhD student in biomedical engineering. "If you had something in your fridge that you were concerned about, this test could let you know if it was safe for consumption."

Testing for contamination in complex fluids such as milk, blood or urine is especially challenging, making simple, reliable alternatives such as the new test very useful, say the researchers, who hope to work with commercial partners to bring the technology to the marketplace.

"Once we have the appropriate approvals and partnerships to move this test to market, it could be very useful in many settings," says the paper's lead author Hannah Mann, a PhD student in chemical engineering and bioengineering. "About 12 per cent of Canadians don't have access to municipal piped water, for example, and this could bring them a lot of peace of mind."

The paper's other authors are Yingfu Li, Shadman Khan, Feresheteh Bayat, Jimmy Gu and Kyle Jackson.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241126134819.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Can we avert the looming food crisis of climate change? | ScienceDaily

In Chaos, from AIP Publishing, the researchers share a mathematical model created to capture the nonlinear relationships between CO2, temperature, human population, and crop growth. Increasing evidence of chaotic and complex dynamics within ecological systems led them to use both autonomous and nonautonomous models to gain a deeper understanding of seasonal variations and potential mitigation strategies, such as developing temperature-tolerant crops.

The team's study integrates key concepts of the dynamics of atmospheric CO2, rising temperatures, human population, and crop yield.

"We've considered how the rising CO2 levels will initially boost crop growth through the 'CO2 fertilization effect,' but once temperatures exceed a critical threshold the heat stress will reduce yields," said A.K. Misra. "A nonautonomous system with seasonal variations reveals complex behaviors like periodic oscillations and chaos -- and highlights the unpredictability of crop responses to rising temperatures."

The concepts considered by the team are central to understanding the complexity of climate and crop interactions that may lead to unexpected extreme outcomes. Their work shows the importance of managing these variables effectively to sustain agricultural productivity.

"Our findings reveal a critical threshold for anthropogenic CO2 emission, beyond which crop yield starts to decrease significantly," said Misra. "It depends on the cultivated crop varieties -- different varieties exhibit varying responses, so the results may not apply uniformly across all crops."

The team's work highlights the urgent need to address CO2 emissions to maintain agricultural productivity. It also uncovers a promising strategy to mitigate crop loss caused by climate change: developing crop varieties with a higher temperature tolerance.




By breeding or engineering crops to withstand elevated temperature, farmers can better adapt to changing environmental conditions to protect the crop yield. This adaptability is especially crucial in the face of global warming -- making climate-resistant agriculture a key factor in ensuring food security. One surprising takeaway from the study is the extent to which relatively small increases in temperature may impact crop yields.

This work has applications for agriculture in the face of climate change.

"By identifying critical temperature thresholds, we get insights into when crop yields may begin to decline, which will guide policymakers in making more beneficial strategies," said Misra. "Our findings suggest breeding or using crops with increased temperature tolerance should be considered as a strategy to maintain productivity under elevated CO2 levels."

Understanding the chaotic behavior of crop systems helps to improve yield predictions and inform adaptive farming practices for managing seasonal and climatic variability.

Next steps for the team involve refining their model to include more variables like insect population, water availability, soil quality, and nutrient levels, which also impact crop yield under climate change.

"Further experimental validation with real-world data will help calibrate our model more accurately, while development of region-specific models will enable localized predictions and strategies," said Misra.
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New era in amphibian biology | ScienceDaily
Amphibians hold a significant place in evolution, representing the transition from aquatic to terrestrial lifestyles. They are crucial for understanding the brain and spinal cord of tetrapods -- animals with four limbs, including humans. A group of scientists led by a team at the Institute of Science and Technology Austria (ISTA) now shows how harmless viruses can be used to illuminate the development of the frog nervous system. The results have now been published in Developmental Cell.


						
Virus. When you hear the word, you probably shudder. But not all viruses are bad or cause disease. Some are even used for therapeutic applications or vaccination. In basic research, they are often employed to infect certain cells, genetically modify them, or visualize neurons in the organism's central nervous system (CNS) -- the command center made up of the brain, spinal cord, and nerves. The highlighting process now finally works in amphibians. This has been shown in a new study by an international EDGE consortium jointly led by the Sweeney Lab at the Institute of Science and Technology Austria (ISTA) and the Tosches Lab at Columbia University. The researchers established a new technique that uses adeno-associated viruses (AAVs) to track a frog's nervous system throughout its metamorphosis -- a developmental transition from the early tadpole stages to its adult form. A breakthrough that can help usher amphibian neurobiology into a new era.

Swimming vs. walking

David Vijatovic and Lora Sweeney enter a laboratory full of water tanks. Vijatovic taps on one of them. Inside, a small mottled greenish-brown African clawed frog (Xenopus laevis) appears. Its limbs are prominent, gracefully maneuvering and gripping its surroundings. In another tank, tadpoles are swirling around using simple swimming motions. It is remarkable to think that one transforms into the other.

"Frogs undergo metamorphosis," Sweeney says, "making them a great model organism for studying the transition between two movement modes -- swimming and walking." A frog's development spans over 12 to 16 weeks, giving scientists time to study each stage. During these weeks, a frog embryo develops to a young tadpole, a tadpole with two legs, and a young froglet with four legs before reaching the adult stage. "By looking at the several stages of development, we can investigate these locomotive behaviors and the underlying changes in the nervous system," Vijatovic adds.

Just like an electrical circuit: how frogs are wired

An organism's nervous system is referred to as the neural circuit because it resembles an electrical circuit. "Nerve cells (neurons) are connected to other neurons, transmitting electrical information. How we behave, what we sense, and how we interact with the world are the product of the way our neurons communicate with each other within these circuits," explains Sweeney. The critical piece is how the circuit is wired. We know that neurons are connected but which neuron connects to which? Which other cells does a single cell talk to, and what messages does it convey? To know more about this wiring, researchers have been using viruses, proven to be a powerful tool. Adeno-associated viruses (AAVs) are ideal in that regard. They are non-pathogenic while being able to infect a wide range of cell types, including neurons. AAVs can be modified to glow in bright green fluorescent colors under the microscope as they travel along neurons, whether in retrograde (backward, from the synapse toward the cell body) or anterograde (forward, from the cell body toward the synapse). In other words, AAVs can be used to illuminate the neural circuit from the broadcasting end to the receiving end or vice-versa. "This is a common technique used in neuroscience, especially in well-studied organisms like mice. For amphibians, it was thought that it could not be done," says Vijatovic. That was the general belief until now.




The power of scientific collaboration

To make AAV labeling work in amphibians, Sweeney and Vijatovic joined forces with an international team of scientists from Maria Tosches' group at Columbia University, where the study's other two co-first authors Eliza Jaeger and Astrid Deryckere are based. The consortium also included researchers from Tel Aviv University, the University of Utah, the Scripps Research Institute, and the California Institute of Technology. The researchers put their heads together, drew expertise from each other, visited conferences, had countless Zoom calls, and came up with different perspectives and ideas. "When you start researching an organism that is not yet well understood, it is great to have a community where you can share information," says Sweeney. They screened existing AAVs to find what was suitable for amphibians and optimized the infecting strategy eventually developing a "how-to guide" for frogs and newts. Vijatovic summarizes his PhD journey, "We started with young tadpoles, made our way to older tadpoles, and finally moved to juvenile and then adult frogs as well as adult newts. We tailored the tool to each life stage."

Comparing frogs to humans: what this research says about us

With this new technique, the scientists managed to apply AAVs for tracing neuron connections in amphibians. This will help them find out more about how the amphibian brain compares to that of mammals. Besides that, the new approach also opens doors to further analyzing neuronal development. With some of the screened AAV variants, the researchers can label progenitor cells at a specific point in time during the circuit's development and follow them to see what neurons they become. "This way, we can resolve the whole circuit by its development, see how it changes over time, and how the whole nervous system is built," Sweeney says.

Although amphibians and mammals last shared a common ancestor about 360 million years ago, they share common traits. "By comparing the details of a frog's nervous system to a human's, we can see what we don't have and what we have," Sweeney continues. This knowledge can help us understand how the human nervous system became specialized over time. "The better we understand the basic building blocks of the nervous system, the more we understand how we can replace them during disease and injury."
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Fighting aging by staying compact | ScienceDaily
The secret to cellular youth may depend on keeping the nucleolus -- a condensed structure inside the nucleus of a cell -- small, according to Weill Cornell Medicine investigators. The findings were elucidated in yeast, a model organism famous for making bread and beer and yet surprisingly similar to humans on the cellular level.


						
The study, published Nov. 25 in Nature Aging, may lead to new longevity treatments that could extend human lifespan. It also establishes a mortality timer that reveals how long a cell has left before it dies.

As people get older, they are more likely to develop health conditions, such as cancer, cardiovascular disease and neurodegenerative diseases.

"Aging is the highest risk factor for these diseases," said Dr. Jessica Tyler, professor of pathology and laboratory medicine at Weill Cornell Medicine. "Rather than treating each disease separately, a better approach would be to develop a therapeutic or supplement that will delay the onset of diseases by preventing the underlying molecular defects that cause them." The nucleolus may hold the key.

Small Packages

The nucleus holds the cell's chromosomes and the nucleolus where the ribosomal DNA (rDNA) is housed. The nucleolus isolates the rDNA which encodes the RNA portions of the ribosomes, the protein-building machinery. The rDNA is one of the most fragile parts of the genome, due to its repetitive nature making it more difficult to maintain and fix if damaged. If damage in the rDNA is not accurately repaired, it can lead to chromosomal rearrangements and cell death.

In organisms from yeast to worms to humans, nucleoli expand during aging. On the flip side, anti-aging strategies like calorie restriction, or eating less, result in smaller nucleoli. "Calorie restriction does so many different things, and no one knows the precise way that it is extending lifespan," Dr. Tyler said.




Dr. Tyler and postdoctoral fellow Dr. J. Ignacio Gutierrez, the first author of the paper, suspected that keeping nucleoli small could delay aging. To test this idea, they engineered an artificial way to secure rDNA to the membrane surrounding the nucleus of yeast cells so they could control when it was anchored and when it was not. "The advantage of our system is that we could isolate the nucleolus size from all of the other effects of anti-aging strategies," Dr. Gutierrez said.

The researchers discovered that tethering the nucleolus was enough to keep it compact, and small nucleoli delayed aging to about the same extent as calorie restriction.

Final Moments

Interestingly, nucleoli did not expand at the same rate during the entire lifespan as cells aged. They remained small for most of the yeast's life, but at a nucleolar size threshold, the nucleoli suddenly began to grow quickly and expand to a much larger size. Cells only survived for an average of about five more cell divisions after hitting this threshold.

"When we saw it wasn't a linear size increase, we knew something really important was happening," said Dr. Gutierrez. Passing the threshold appears to serve as a mortality timer, ticking down the final moments of a cell's life.

During aging, DNA accumulates damage, some of which can be devastating to the cell. In tests, the team found that large nucleoli had less stable rDNA than smaller ones. Also, when the structure is large, proteins and other factors that are usually excluded from the nucleolus are no longer kept out. It's as if the nucleolus becomes leaky, letting in molecules that can wreak havoc on the fragile rDNA.

"The whole point of condensates is to separate biological reactions to help them work efficiently, but now when you have other proteins coming into the nucleolus, it leads to genome instability, which triggers the end of the lifespan," Dr. Tyler said. These proteins can cause catastrophic problems, such as chromosomal rearrangements, to build up.

Next, the researchers plan to study nucleolar effects on aging in human stem cells. Stem cells are special because they have the potential to replace other cell types as they die. But eventually, the stem cells stop dividing, so the researchers hope to use the knowledge gained from this project to make them last longer.

"I was excited that we could connect the structure of the nucleolus with the repair process in a way that could be conserved from yeast to humans," said Dr. Gutierrez.
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'Biodiversity is not a luxury': Connection between wealth and ecosystem health | ScienceDaily
A new study suggests that a more complex understanding of how wealth and biodiversity are linked may help communities with little wealth achieve the levels of diversity typically associated with more affluent areas.


						
Researchers have long understood that areas with more wealth tend to have higher biodiversity, a phenomenon known as the "luxury effect." However, the mechanisms by which wealth translates into biodiversity have been relatively underexplored, said Madhusudan Katti, associate professor of forestry and environmental resources at NC State. Katti, senior author of a paper on the study, said that framing biodiversity as a luxury undercuts the agency that people have in creating it.

"Biodiversity is not a luxury, it is something we can work to nurture in cities," Katti said. "It is not just a passive byproduct of wealth. Rather than just rely on the correlation of wealth and biodiversity, we wanted to understand the many ways that biodiversity intersects with different social pressures and systems."

To do this, researchers began with the land itself. By first analyzing the common characteristics of biodiverse areas, they were able to work backward to uncover the processes that promoted biodiversity and the social structures which would allow those processes to occur. Katti referred to this as the social-ecological framework, which examines how nature is shaped by human actions in a social context.

"Socially, you have actors who make decisions about land use and management," Katti said. "Someone decides how land will be used, whether it's a city deciding where a park is going to go or zoning for industry. Then you also have individuals in their backyards deciding what they want to do with it, whether they want to a lawn, a pollinator friendly garden or something else."

Those decisions are part of what the study calls the POSE framework. Rather than rely on descriptors like "luxury," the framework instead describes four social factors that determine how an individual, community group, or institution can influence biodiversity: power, objectives, social/ecological context and effort (POSE). Each piece of the framework represents a point of influence that communities can leverage to build biodiversity, and which may explain the luxury effect. A person with more wealth who owns a home, for instance, would have more power over the landscape on their property than someone living in an apartment complex. By using the POSE framework, communities with less wealth can find ways to leverage the resources they do have, such as focusing on increasing effort through collective organizing.

Katti hopes that the POSE framework will help inspire people to work toward healthier landscapes in their communities.

"We want people to understand that they can influence the landscape around them even without a lot of money," Katti said. "This is what community groups have been doing for a long time: they organize to overcome the handicap of wealth through effort. Our paper is a call to action. Biodiversity is achievable, and people have the power to create it together."

The paper, "Biodiversity is not a luxury: Unpacking wealth and power to accommodate the complexity of urban biodiversity," is published open access in the journal Ecosystems. First author of the paper is Renata Poulton Kamakura of Duke University. The paper was co-authored by Jin Bai and Vallari Sheel, Ph.D. students at NC State.

The work was done with support from the National Science Foundation under grant 2139754, and from the U.S. Geological Survey Southeast Climate Adaptation Science Center.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241125163030.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New study reveals the explosive secret of the squirting cucumber | ScienceDaily
A team led by the University of Oxford has solved a mystery that has intrigued scientists for centuries: how does the squirting cucumber squirt? The findings, achieved through a combination of experiments, high-speed videography, image analysis, and advanced mathematical modelling, have been published today (25 November) in The Proceedings of the National Academy of Sciences (PNAS).


						
The squirting cucumber (Ecballium elaterium, from the Greek 'ekballein,' meaning to throw out) is named for the ballistic method the species uses to disperse its seeds. When ripe, the ovoid-shaped fruits detach from the stem and eject the seeds explosively in a high-pressure jet of mucilage. This projectile launch -- lasting just 30 milliseconds- causes the seeds to reach speeds of around 20 metres per second, and land at distances up to 250 times the length of the fruit (around 10 m).

Until now, the exact mechanism of the squirting cucumber's seed dispersal -- and how this affects its reproductive success -- remained poorly understood. In the new study, researchers from the University of Oxford and the University of Manchester conducted a variety of experiments on Ecballium specimens grown at the University of Oxford Botanic Garden.

This included filming the seed dispersal using a high-speed camera (capturing up to 8600 frames per second), measuring fruit and stem volume before and after dispersal, performing indentation tests and CT scans of an intact cucumber, and monitoring the fruit with time-lapse photography in the days leading up to launch. They then developed a suite of mathematical models to describe the mechanics of the pressurized fruit, the stem, and the ballistic trajectories of the seeds.

Using this combined approach, the team elucidated the key components of the plant's dispersal strategy:
    	A pressurised system: In the weeks leading up to seed dispersal, the fruits become highly pressurised due to a build-up of mucilaginous fluid.
    	Fluid redistribution: In the days before dispersal, some of this fluid is redistributed from fruit to stem, making the stem longer, thicker, and stiffer. This causes the fruit to rotate from being nearly vertical to an angle close to 45deg, a key element needed for successful seed launch.
    	A rapid recoil: In the first hundreds of microseconds of ejection, the tip of the stem recoils away from the fruit, causing the fruit to counter-rotate in the opposite direction.
    	Variable launch: Due to the components above, the seeds are ejected with an exit speed and launch angle that depend on their sequence: with subsequent seeds, the exit speed decreases (because the pressure of the now emptying fruit capsule decreases) while the launch angle increases (due to the fruit's rotation). This causes the initial seeds to reach the furthest distance, with subsequent seeds landing closer. As multiple fruits are distributed around the centre of the plant, the overall result is a wide and nearly uniform distribution of seeds covering a ring-shaped area at a distance of between 2 and 10 m from the mother plant.

Together, these components make up a sophisticated seed dispersal system. In particular, the redistribution of fluid from the fruit back into the stem is thought to be unique within the plant kingdom.

Using the mathematical model, the researchers explored the consequences of artificially altering different parameters. This revealed that the seed projection method of the squirting cucumber has been fine-tuned to ensure near-optimal dispersal and the success of the plant over generations.




For instance, making the stem thicker and stiffer resulted in the seeds being launched almost horizontally, since the fruit would rotate less during discharge. This would cause the seeds to be distributed over a narrower area, with fewer likely to survive.

Meanwhile, reducing the amount of fluid redistributed from the fruit to the stem resulted in an over-pressurised fruit, causing the seed to be ejected at higher speeds but at a nearly vertical launch angle. Consequently, the seeds would not be dispersed far enough away from the parent plant, and again, few would survive.

Author Dr Chris Thorogood (Deputy Director and Head of Science at Oxford Botanic Garden) said: 'For centuries people have asked how and why this extraordinary plant sends its seeds into the world in such a violent way. Now, as a team of biologists and mathematicians, we've finally begun to unravel this great botanical enigma.'

Co-author Dr Derek Moulton (Professor of Applied Mathematics at the Oxford Mathematical Institute) said: `The first time we inspected this plant in the Botanic Garden, the seed launch was so fast that we weren't sure that it had actually happened. It was very exciting to dig in and uncover the mechanism of this unique plant.'

According to co-author Dr Finn Box, (Royal Society University Research Fellow, University of Manchester), 'This research offers potential applications in bio-inspired engineering and material science, particularly on-demand drug delivery systems, for instance microcapsules that eject nanoparticles where precise control of rapid, directional release is crucial.'

Ecballium elaterium (pronounced: eck-ball-ee-uhm elaht-eh-ree-uhm) is a member of the gourd family (Cucurbitaceae) which also includes melon, pumpkin, squash, and courgette. The species is native to the Mediterranean, where -- thanks to its effective seed-dispersal strategy- it is often regarded as a weed. The plant was described by the ancient Greeks and Romans: naturalist Pliny the Elder (AD 23/24 -- AD 79) said 'Unless, to prepare it, the cucumber be cut open before it is ripe, the seed spurts out, even endangering the eyes.'




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241125162946.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



To design better water filters, engineers look to manta rays | ScienceDaily
Filter feeders are everywhere in the animal world, from tiny crustaceans and certain types of coral and krill, to various molluscs, barnacles, and even massive basking sharks and baleen whales. Now, MIT engineers have found that one filter feeder has evolved to sift food in ways that could improve the design of industrial water filters.


						
In a paper appearing in the Proceedings of the National Academy of Sciences, the team characterizes the filter-feeding mechanism of the mobula ray -- a family of aquatic rays that includes two manta species and seven devil rays. Mobula rays feed by swimming open-mouthed through plankton-rich regions of the ocean and filtering plankton particles into their gullet as water streams into their mouths and out through their gills.

The floor of the mobula ray's mouth is lined on either side with parallel, comb-like structures, called plates, that siphon water into the ray's gills. The MIT team has shown that the dimensions of these plates may allow for incoming plankton to bounce all the way across the plates and further into the ray's cavity, rather than out through the gills. What's more, the ray's gills absorb oxygen from the outflowing water, helping the ray to simultaneously breathe while feeding.

"We show that the mobula ray has evolved the geometry of these plates to be the perfect size to balance feeding and breathing," says study author Anette "Peko" Hosoi, the Pappalardo Professor of Mechanical Engineering at MIT.

The engineers fabricated a simple water filter modeled after the mobula ray's plankton-filtering features. They studied how water flowed through the filter when it was fitted with 3D-printed plate-like structures. The team took the results of these experiments and drew up a blueprint, which they say designers can use to optimize industrial cross-flow filters, which are broadly similar in configuration to that of the mobula ray.

"We want to expand the design space of traditional cross-flow filtration with new knowledge from the manta ray," says lead author and MIT postdoc Xinyu Mao PhD '24. "People can choose a parameter regime of the mobula ray so they could potentially improve overall filter performance."

Hosoi and Mao co-authored the new study with Irmgard Bischofberger, associate professor of mechanical engineering at MIT.




A better trade-off

The new study grew out of the group's focus on filtration during the height of the Covid pandemic, when the researchers were designing face masks to filter out the virus. Since then, Mao has shifted focus to study filtration in animals and how certain filter-feeding mechanisms might improve filters used in industry, such as in water treatment plants.

Mao observed that any industrial filter must strike a balance between permeability (how easily fluid can flow through a filter), and selectivity (how successful a filter is at keeping out particles of a target size). For instance, a membrane that is studded with large holes might be highly permeable, meaning a lot of water can be pumped through using very little energy. However, the membrane's large holes would let many particles through, making it very low in selectivity. Likewise, a membrane with much smaller pores would be more selective yet also require more energy to pump the water through the smaller openings.

"We asked ourselves, how do we do better with this tradeoff between permeability and selectivity?" Hosoi says.

As Mao looked into filter-feeding animals, he found that the mobula ray has struck an ideal balance between permeability and selectivity: The ray is highly permeable, in that it can let water into its mouth and out through its gills quickly enough to capture oxygen to breathe. At the same time, it is highly selective, filtering and feeding on plankton rather than letting the particles stream out through the gills.

The researchers realized that the ray's filtering features are broadly similar to that of industrial cross-flow filters. These filters are designed such that fluid flows across a permeable membrane that lets through most of the fluid, while any polluting particles continue flowing across the membrane and eventually out into a reservoir of waste.




The team wondered whether the mobula ray might inspire design improvements to industrial cross-flow filters. For that, they took a deeper dive into the dynamics of mobula ray filtration.

A vortex key

As part of their new study, the team fabricated a simple filter inspired by the mobula ray. The filter's design is what engineers refer to as a "leaky channel" -- effectively, a pipe with holes along its sides. In this case, the team's "channel" consists of two flat, transparent acrylic plates that are glued together at the edges, with a slight opening between the plates through which fluid can be pumped. At one end of the channel, the researchers inserted 3D-printed structures resembling the grooved plates that run along the floor of the mobula ray's mouth.

The team then pumped water through the channel at various rates, along with colored dye to visualize the flow. They took images across the channel and observed an interesting transition: At slow pumping rates, the flow was "very peaceful," and fluid easily slipped through the grooves in the printed plates and out into a reservoir. When the researchers increased the pumping rate, the faster-flowing fluid did not slip through, but appeared to swirl at the mouth of each groove, creating a vortex, similar to a small knot of hair between the tips of a comb's teeth.

"This vortex is not blocking water, but it is blocking particles," Hosoi explains. "Whereas in a slower flow, particles go through the filter with the water, at higher flow rates, particles try to get through the filter but are blocked by this vortex and are shot down the channel instead. The vortex is helpful because it prevents particles from flowing out."

The team surmised that vortices are the key to mobula rays' filter-feeding ability. The ray is able to swim at just the right speed that water, streaming into its mouth, can form vortices between the grooved plates. These vortices effectively block any plankton particles -- even those that are smaller than the space between plates. The particles then bounce across the plates and head further into the ray's cavity, while the rest of the water can still flow between the plates and out through the gills.

The researchers used the results of their experiments, along with dimensions of the filtering features of mobula rays, to develop a blueprint for cross-flow filtration.

"We have provided practical guidance on how to actually filter as the mobula ray does," Mao offers.

"You want to design a filter such that you're in the regime where you generate vortices," Hosoi says. "Our guidelines tell you: If you want your plant to pump at a certain rate, then your filter has to have a particular pore diameter and spacing to generate vortices that will filter out particles of this size. The mobula ray is giving us a really nice rule of thumb for rational design."

This work was supported, in part, by the U.S. National Institutes of Health, and the Harvey P. Greenspan Fellowship Fund.
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How climate change threatens this iconic Florida bird | ScienceDaily
Because of warmer winters, Florida scrub-jays are now nesting one week earlier than they did in 1981. But these early birds are not always getting the worm.


						
A new analysis of data from a long-term study, published in Ornithological Advances, finds that warmer winters driven by climate change reduced the number of offspring raised annually by the federally threatened Florida scrub-jay by 25% since 1981.

Warmer temperatures, the scientists hypothesize, make jay nests susceptible to predation by snakes for a longer period of the Florida spring than in the past.

Researchers from Archbold Biological Station and the Cornell Lab of Ornithology examined 37 years of data to assess the impacts of warming on reproductive effort. From 1981 to 2018, the average winter temperature at Archbold Biological Station increased by 2.5 degrees Fahrenheit.

"There is significantly more snake activity in warmer weather," said Sahas Barve, lead author and director of avian ecology at Archbold, "and snakes are the primary nest predator."

These losses are compounded by additional stresses. In an effort to produce young each season, Florida scrub-jays will keep building nests and laying more eggs after nests are lost to predators -- "until they finally give up," said John Fitzpatrick, director emeritus of the Cornell Lab of Ornithology.

"Despite increases in the number of nests built and eggs laid over the longer breeding season, Florida scrub-jays are not producing more young," said Fitzpatrick, co-author of the paper. "In the bird world, there is a well-known trade-off between the number of breeding attempts and longevity. The more breeding effort expended each year, the less likely the bird is to be alive five or 10 years later."

"The idea that over the long-term jays are experiencing an average reduction in reproductive success along with reduction in longevity is alarming," Fitzpatrick said.




The findings suggest that climate change could dampen the success of conservation efforts for this threatened species.

"Even in permanently protected areas like Archbold, jay populations face ever-worsening odds of persistence," Barve said. "We've spent decades managing habitat for the Florida scrub-jay, but there is one thing we can't control and that is climate. What might be a healthy and stable population of jays now might not be in the next 10 to 20 years despite nothing changing on the ground."

This study was funded by Archbold Biological Station, the Cornell Lab of Ornithology and the National Science Foundation.
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Crayfish map gives conservation a helping claw | ScienceDaily
If you're a crayfish, location is everything. Here in North America, times are tough for the mini crustaceans. Habitat destruction, damming, and pollution have decimated local populations, such that many species are in dire need of help. But when some of the same species were exported to Europe, they found a much more favorable environment and are thriving. A little too much -- American expats bully European crayfish and spread disease, driving many local species to the brink.


						
Conservation scientists and those who coordinate invasive species control efforts have different aims, but both need one thing: to know where their target crayfish are. Previously, researchers and conservation planners had to spend hours sifting through separate data sources to learn where target species had been documented, but a new mapping project led by the West University of Timioara, Romania (WUT) and the University of Illinois Urbana-Champaign puts 427 crayfish taxa and over 100,000 observation records on the first searchable global atlas: World of Crayfish.

The free-to-access crayfish atlas is described in Peer J.

"One of the most basic pieces of information to know about a species is where it lives: its distribution and its range size. But we just don't have that information for a lot of crayfish species," said atlas co-creator Caitlin Bloomer, teaching assistant professor in the Department of Natural Resources and Environmental Sciences, part of the College of Agricultural, Consumer and Environmental Sciences at Illinois. "About a third of crayfish are thought to be threatened or endangered, but for another 20-ish percent, we don't have the data available to even assess what their conservation status should be."

Bloomer admits most people outside her field don't particularly notice or appreciate crayfish, but she says they're surprisingly charismatic little creatures and are extremely important in their freshwater ecosystems. Considered "keystone species" by many, crayfish play an outsized role as food sources for other animals and as ecosystem engineers, creating burrows that act as habitat for many species in semi-terrestrial environments. Unfortunately, their impacts as invaders are just as significant.

"Invasive species are one of the gravest challenges to biodiversity in Europe, with profound ecological, economic, and societal consequences. They disrupt ecosystems, outcompete native species, and impose significant costs on sectors like agriculture and fisheries. In some cases, they even threaten public health," said atlas co-creator Mihaela Ion, researcher at the Institute of Biology Bucharest, Romanian Academy. "A unified, science-driven approach is essential to mitigate their impact."

These ecosystem changes happen on a local scale, of course, but crayfish conservation and invasion mitigation have become bigger-picture challenges, often requiring transnational coordination. That's why Ion, Bloomer, and their collaborators think the new global crayfish atlas will make a difference.




"We're looking at climate change, habitat loss, and international spread of invasive species and disease," Bloomer said. "These global issues require global collaborations to move forward and make an impact."

Lucian Parvulescu, professor at WUT and project coordinator for the atlas said, "The World of CrayfishTM (WoC) platform is designed to become a transformative tool in biodiversity research and management. It serves as a foundation for integrating expert-validated datasets and applying advanced analysis techniques to address pressing ecological challenges like invasive species management. WoC exemplifies the future of biodiversity data infrastructure -- accessible, integrative, and purpose-driven. By focusing on freshwater ecosystems, particularly crayfish species, it addresses an urgent need for tools that do more than collect data -- they provide solutions."

Creating the atlas meant pulling the GPS coordinates from every modern crayfish occurrence record in the literature and from museum and agency collections. Several thousand records were sourced on-campus from the Crustacean Collection of the Illinois Natural History Survey, part of the Prairie Research Institute at Illinois. Atlas co-creator and emeritus curator Christopher Taylor has collected and curated the collection for nearly 30 years.

The more-than-100,000 data points can be visualized on a world map scalable to 20-kilometer hexagons, including an address lookup tool. Bloomer says this spatial scale is meaningful for conservation planning efforts but masks the exact locations where sensitive or imperiled species were found. Researchers and resource managers can register for an account with the website where they can access more detailed location data.

Future updates to the atlas will make it even more powerful.

"Through collaboration with international experts and leveraging scientific advancements, WoC aims to combine ecological data with geospatial and predictive tools. These tools will support tailored analyses, such as mapping invasive species dynamics, evaluating habitat suitability, and predicting population trends," Parvulescu said. "The platform's strength lies in its ability to merge diverse data streams into a cohesive system that generates actionable insights."

Ultimately, the team hopes the atlas will empower researchers, policymakers, and agencies to develop conservation assessments and policies to protect these important animals with precision and urgency. But Bloomer also hopes the atlas will inspire members of the public to get curious about crayfish.

"The unfortunate reality in conservation biology is that a lot of the species that get attention and funding are charismatic megafauna that people see on TV or in zoos," she said. "This website gives the public better access to information on what lives near them, and could get them more interested in their local landscape. Hopefully, they'll see that crayfish are just as cool as lions and rhinos."
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Managing forests with smart technologies | ScienceDaily
Deforestation has remained a significant issue globally, with primary forests contributing to 16 per cent of the total tree cover loss in the last two decades, driven by climate change and intensive human activity. This threatens natural resources, biodiversity, and people's quality of life. To protect forests, Lithuanian scientists, in collaboration with Swedish experts, have developed Forest 4.0, an intelligent forest data processing model integrating blockchain, Internet of Things (IoT), and Artificial Intelligence (AI) technologies. The system enables real-time monitoring of forest conditions, sustainable resource accounting, and a more transparent forest governance model.


						
"Imagine buying a table and knowing exactly from which forest and tree it originated. This is exactly the outcome of the proposed forest data management model," says Rytis Maskeliunas, a professor at Kaunas University of Technology (KTU) who helped develop the system.

Researchers from Kaunas University of Technology, Vytautas Magnus University in Lithuania, and Linnaeus University in Sweden collaborated on its creation.

Smart sensors can detect tree disease and illegal logging

This system consists of multiple layers, with the first focusing on data acquisition and management. This layer is responsible for gathering information from wireless sensor networks, which include various IoT devices that measure factors such as tree sap, temperature, and soil moisture, all connected by data transmission. "This way, nobody has to go into the forest and take measurements manually," adds a KTU professor.

The Forest 4.0 system features an IoT solution with sensors resembling birdhouses, which are installed in trees. "These devices send data to a central system, where it is analysed using AI algorithms within the data analysis layer," says KTU Centre of Real-Time Computer Systems professor Egidijus Kazanavicius, who developed the hardware.

The analysis findings are further used in the monitoring and evaluation layer to examine forest health, biodiversity, carbon sequestration, and ecosystem services. "This information is also essential for the next phase of the system -- forest management," explains Maskeliunas.




In practical applications, the researcher explains that by gathering data on environmental conditions such as temperature, humidity, and air quality from these sensors, the IoT system can assess forest health, monitor fire risks, and offer protection against diseases, pests, or illegal activities.

A smart monitoring system is not just sensors, according to Maskeliunas, cameras already installed in the forest can also be used. "By analysing camera images and looking at, for example, browning needles, the IoT can detect the impact of insects on trees, identify disease through spots on leaves, and by encrypting sounds, it can indicate illegal logging," he says.

It can also be adapted to predict changes in forest ecosystems and the spread of invasive species.

The goal -- healthy, lush forest full of animals

With the aim of revolutionising forest management, the system uses new technologies to improve the efficiency, sustainability, and profitability of forest businesses, optimise resource use, reduce waste, and facilitate decision-making.

In addition, the Forest 4.0 model provides supply chain traceability management, allowing processes to be monitored at all stages, from the forest to the sawmill or even the final wood product.




Blockchain, a decentralised digital ledger technology that ensures transparency and data integrity, is the foundation of this functionality.

"The technology works without the authority and provides a transparent, secure, and unchangeable record of everything that happens to the forest and its production reducing illegal logging and ensuring sustainable practices," adds the professor of KTU Faculty of Informatics (IF).

Despite these benefits, researchers are also facing some challenges in implementing Forest 4.0. These include high initial investment and an inert approach to innovation. "It is assumed that it is better to opt for expensive and complex solutions, while smaller and cheaper sensors are given less attention. We should be glad that a solution costing a few hundred euros is able to collect and send data by itself," says Prof. Maskeliunas.

Also, the use of decentralised blockchain technology requires a high level of trust from the users, however, the successful development of financial technology (Fintech) is helping to overcome these fears.

However, in other countries, such as Germany, such solutions have already gained more acceptance. This shows that Forest 4.0 has the potential to become a global standard and that Lithuania can serve as a role model for other countries in promoting responsible and sustainable forest management.

Speaking about the Forest 4.0 concept itself, Maskeliunas says that smart forest management is about caring for the future of nature: "It is like the fourth industrial revolution in forestry, with the goal of a non-flammable, lush forest full of animals."
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Self-assembling proteins can be used for higher performance, more sustainable skincare products | ScienceDaily
NYU Tandon School of Engineering researchers have created a novel protein-based gel as a potential ingredient in sustainable and high-performance personal skincare products (PSCPs). This protein-based material, named Q5, could transform the rheological -- or flow-related -- properties of PSCPs, making them more stable under the slightly acidic conditions of human skin. This innovation could also streamline the creation of more eco-friendly skincare products, offering increased efficacy and durability while addressing market demands for ethically sourced ingredients.


						
If you have a meticulous skincare routine, you know that personal skincare products (PSCPs) are a big business. The PSCP industry will reach $74.12 billion USD by 2027, with an annual growth rate of 8.64%. With such competition, companies are always looking to engineer themselves an edge, producing products that perform better without the downsides of current offerings.

In a new study published in ACS Applied Polymer Materials from the lab of Professor of Chemical and Biomolecular Engineering Jin Kim Montclare, researchers have created a novel protein-based gel as a potential ingredient in sustainable and high-performance PSCPs. This protein-based material, named Q5, could transform the rheological -- or flow-related -- properties of PSCPs, making them more stable under the slightly acidic conditions of human skin. This innovation could also streamline the creation of more eco-friendly skincare products, offering increased efficacy and durability while addressing market demands for ethically sourced ingredients.

Personal skincare products, ranging from beauty cosmetics to medical creams, rely on sophisticated "chassis" formulations -- often emulsions or gels -- to effectively deliver active ingredients. The performance of these products depends heavily on the stability and responsiveness of their chassis under various environmental conditions, particularly pH.

Current formulations often rely on ingredients such as polysaccharides or synthetic polymers to achieve the desired texture, stability, and compatibility with skin's natural pH, which is mildly acidic (most human skin has a pH of between 5.4-5.9). However, these traditional rheological modifiers have raised environmental concerns regarding sourcing and sustainability.

To take on this challenge, Montclare and her colleagues fabricated a self-assembling coiled-coil protein they call Q5. In the study, Q5 demonstrated impressive pH stability. The protein's unique structure enables it to form strong gels that do not degrade easily under acidic conditions, enhancing the longevity and performance of skincare products.This resilience marks a significant improvement over earlier protein-based gels, which typically disassemble in lower pH environments.

Notably, the research suggests that Q5 could be produced sustainably via bacterial or yeast fermentation, circumventing the ethical and ecological issues associated with animal-derived proteins or synthetic polymers. The protein's natural amphiphilicity -- its ability to attract and retain moisture -- also enables it to bind various molecules, adding versatility as a moisturizer or binding agent in skincare products.

The research suggests that these protein-based rheological modifiers like Q5 could soon become a valuable component in the next generation of high-performance skincare products, helping brands meet consumer demand for sustainable beauty solutions without compromising on quality or functionality.
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Research links wildfire smoke exposure with increased dementia risk | ScienceDaily
As Baby Boomers hit retirement, about 1 in 6 Americans is now over the age of 65. The number of Americans living with dementia is projected to skyrocket -- but the proportion of older Americans who develop dementia has actually decreased. The exact reason why is uncertain, but various lifestyle and environmental factors can influence a person's risk of cognitive decline.


						
One recently discovered risk is air pollution. Studies have linked exposure to a type of air pollution called fine particulate matter, or PM2.5, with an increased risk of developing dementia, and researchers suspect that some sources of PM2.5 may pose a greater risk than others.

New research led by the University of Washington found that wildfire smoke is especially hazardous. An analysis of the health care records of 1.2 million Southern California residents found that higher long-term smoke exposure was associated with a significant increase in the odds that a person would be diagnosed with dementia.

The researchers presented their findings at the Alzheimer's Association International Conference in July and published the full study Nov. 25 in JAMA Neurology.

"There have been studies that have found total PM2.5 is related to people developing dementia, but no one had looked specifically at wildfire PM2.5," said lead author Joan Casey, a UW associate professor of environmental & occupational health sciences. "Wildfire smoke is a different animal, in that it's much spikier. There are many days where there's no wildfire smoke, and there are some days where exposure is really, really extreme."

Researchers analyzed the health records of 1.2 million members aged 60 and older of Kaiser Permanente Southern California between 2008 and 2019, all of whom were free from dementia at the start of the study period. They estimated each person's long-term exposure to both wildfire and non-wildfire PM2.5 as a three-year rolling average, and then identified people who received a dementia diagnosis.

Researchers found that for every 1 microgram per cubic meter (mg/m3) increase in three-year average wildfire PM2.5 concentration, the odds of a dementia diagnosis increased by 18%. Exposure to non-wildfire PM2.5 also increased a person's risk of dementia, but to a much lesser degree.




"One microgram per meter cubed might sound fairly small, but we have to think about how people are exposed to wildfire smoke," Casey said. "Most days they aren't exposed at all, so this might represent a few days of exposure at a concentration of something like 300 mg/m3, where the AQI is over 200 in someone's community. When you think about it, it's actually a few really severe wildfire smoke days that might translate into increased risk."

That risk further increased among racialized people and those living in high-poverty census tracts, following long-term trends in which vulnerable populations often experience disproportionate effects of environmental hazards. The authors suggested that disparities might be related to lower-quality housing, which can increase the amount of smoke that enters people's homes, or lower-income families' inability to afford air filtration systems.

The study period does not include the summers of 2020 and 2021, which produced the most extreme wildfire seasons recorded in California. The climate crisis has drastically increased the frequency and severity of wildfires across the American West, introducing "smoke season" in many West Coast regions The influx of smoke has chipped away at air quality improvements made over the last century.

"The main culprit here is climate change," Casey said. "It's a global problem. While individuals can protect themselves with air filters and masks, we need a global solution to climate change. It's going to have to be many-pronged -- many people have to be involved to solve this highly complex problem."

Co-authors on this study are Holly Elser of the University of Pennsylvania; Timothy Frankland of the Kaiser Permanente Hawaii Center for Integrated Health Research; Chen Chen and Tarik Benmarhnia of the Scripps Institution of Oceanography at UC San Diego; Sara Tartof and Gina Lee of Kaiser Permanente Southern California; Elizabeth Rose Mayeda of UCLA; Dr. Alexander Northrop of Columbia University; and Jacqueline Torres of UC San Francisco. This research was funded by the National Institute on Aging and the National Institute for Environmental Health Sciences.
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Prehistoric hunter-gatherers heard the elks painted on rocks 'talking' | ScienceDaily
Finnish prehistoric rock paintings (5000-1500 BCE) on the cliffs rising directly from the lakes are acoustically special environments.


						
When the lake levels have remained unchanged, these extremely smooth rock surfaces generate distinct single-repeat echoes, which accurately copy the given sounds, forming auditory mirror images that appear to emanate from behind the rock walls. The adjacent, more jagged lakeshore cliffs generate weaker and less distinct echoes, while the more or less contemporary dwelling sites on the sandy shores of the same water bodies have no audible echoes at all.

Recording from the ice or a raft

The acoustic measurement data were collected with a custom-designed recording raft or during the winter from the lake ice. The data shows that prehistoric hunter-gatherers approaching the rock painting sites by water entered a special sensory environment where reality sounded doubled.

"According to the psychoacoustic criterion used, the echoes are so strong that there is no reason to assume that the people in the past did not hear them," archaeologist Riitta Rainio estimates.

"So, people heard the painted elks talking and the human figures responding with a voice that resembled their own."

A digital reconstruction helps perceive the acoustics

In addition to the acoustic analysis, the researchers used impulse responses to make the acoustic characteristics of the rock painting sites perceptible to the public.




Perttu Kesaniemi and Mikko Ojanen recorded the artists' vocal and instrumental improvisations at the University of Helsinki Music Research Laboratory, and digitally added the acoustics of selected sites to them. Listen to the sound sample in Youtube.

Based on on-site and aerial LiDAR scans, Paavo Rinkkala and Jami Pekkanen created a digital 3D reconstruction of the Siliavuori site, which complements the audio demonstrations with a visual scenery and animated scenes from about 5000 years ago. Watch the video in Youtube.

Sound reflections participated in the activities

Ethnomusicologist Julia Shpinitskaya is excited about the results of the multi-year project:

"Although the sounds produced by prehistoric people are beyond our reach, this study brings out one key feature of the sensory experiences associated with rock paintings by the water -- that sound reflections strongly participated in the activities, making the cliffs energetic and active agents."

The possibility to communicate reciprocally with the physical environment or more-than-human reality may have been an essential reason why these cliffs were visited and painted, and why offerings were left to them. For the history of sound and music, the study provides an example of how significant a role sound reflections could have in past societies.

The work was part of the Academy of Finland funded project Acoustics and auditory culture at hunter-gatherer rock art sites in Northern Europe, Siberia and North America (2018-2023).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241125125648.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Focaccia: A Neolithic culinary tradition dating back 9,000 years ago | ScienceDaily
A study led by researchers from the UAB and the University La Sapienza in Rome indicates that during the Late Neolithic, between 7000 and 5000 BCE, the fully agricultural communities in the Fertile Crescent region of the Near East, developed a complex culinary tradition that included the baking of large loaves of bread and "focaccias" with different flavours on special trays known to archaeologists as husking trays.


						
The study was published in the journal Scientific Reports (Nature Portfolio) and also involved staff from the Mila i Fontanals Institution (IMF-CSIC) and the University of Lyon (France).

The husking trays were containers with a large oval base and low walls, made of coarse clay. They differed from common trays due to their internal surface, marked with rough impressions or incisions arranged repetitively and regularly. Previous experiments using replicas of these trays and cooking structures similar to those found at archaeological sites from the studied period had already allowed researchers to hypothesize their function. These investigations suggested that large loaves made with water and flour might have been baked on these trays, placed in domed ovens for about 2 hours at an initial temperature of 420degC. The grooves on the internal surface would have facilitated the removal of the bread once baked. Moreover, the large size of the loaves, approximately 3 kg, suggested they were likely intended for communal consumption.

The research team analyzed ceramic fragments of husking trays from between 6400 and 5900 BCE to identify their use as specialized containers for baking cereal-based doughs and whether these doughs could have been seasoned with products such as animal fat or vegetable oil. The analyzed remains come from the archaeological sites of Mezraa Teleilat, Akarcay Tepe, and Tell Sabi Abyad, located in the area between Syria and Turkey. The analyses were carried out at the Universities of Istanbul and the Koc (Turkey).

The study, based on various types of analyses from an integrated perspective, provides clear evidence regarding both the uses of these artifacts and the nature of the foods processed in them. In particular, the analysis of phytoliths (silica residues from plants) suggests that cereals such as wheat (Triticum sp.) or barley (Hordeum sp.), reduced to flour, were processed in these trays. Furthermore, the analysis of organic residues indicates that some of the trays were used to cook foods containing animal-derived ingredients, such as animal fat, and in one case, plant-based seasonings. The degradation state of the residues suggests that, in at least two cases, the trays reached temperatures compatible with those experimentally verified for baking dough in domed ovens. Finally, the use-alterations analysis of the ceramic surface allowed the identification of use-wear specifically associated with bread residues and others linked to seasoned focaccia residues.

"Our study offers a vivid picture of communities using the cereals they cultivated to prepare breads and 'focaccias' enriched with various ingredients and consumed in groups," explains Sergio Taranto, lead author of the study, part of a doctoral thesis carried out at the UAB and La Sapienza. "The use of the husking trays we identified leads us to consider that this Late Neolithic culinary tradition developed over approximately six centuries and was practiced in a wide area of the Near East," the researcher concludes.

Researchers from the UAB's Prehistoric Archaeology of the Near East Research Group (SAPPO), Adria Breu, Anna Bach, and Miquel Molist, are also authors of the study.
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Bats' amazing plan B for when they can't hear | ScienceDaily
When bats can't hear, new research finds that these hearing-dependent animals employ a remarkable compensation strategy.


						
They adapt immediately and robustly, suggesting for the first time that bats' brains are hard-wired with an ability to launch a Plan B in times of diminished hearing.

The Johns Hopkins University work, newly published in Current Biology, raises questions about whether other animals and even humans might be capable of such deft accommodations.

"Bats have this amazing flexible adaptive behavior that they can employ anytime," said senior author Cynthia F. Moss, a Johns Hopkins neuroscientist who studies bats. "Other mammals and humans also have these adaptive circuits that they can use to help make decisions and navigate their environment but what's striking here is that it's very fast, almost automatic."

All animals adapt in various ways as a response to sensory deprivation. People at a loud bar, might lean in to better hear what someone is saying. A dog might tilt its head toward a muted sound.

Here researchers wondered how hearing-dependent echolocating bats might adapt when a key auditory region in the brain was turned off.

They trained bats to fly from a platform, down a corridor, and through a window to get a treat. Researchers then had the same bats repeat the task but with a critical auditory pathway in the midbrain temporarily blocked. Disabling this brain region isn't like plugging your ears; it's preventing most auditory signals from reaching the deep brain. The drug-induced technique is reversible and lasts about 90 minutes.




With their hearing blocked, bats were able to navigate the course surprisingly well, even on the first try. They weren't as agile and ran into things, but every tested bat compensated immediately and effectively.

"They struggled but managed," Moss said.

The bats changed their flight path and vocalizations. They flew lower, oriented themselves along walls and increased both the number and length of their calls, which boosted the power of echo signals they use for navigation.

"Echolocation acts like strobes, so they were basically taking more snapshots to help them get the missing information," said co-author Clarice A. Diebold, a former Johns Hopkins graduate student who is now a postdoctoral student at Washington University in St. Louis. "We also found that they broadened the bandwidth on these calls. These adaptations are very interesting because we'd usually see them when bats are compensating for external noise but this is an internal processing deficit."

Although the team repeated the experiments, the compensation skills of the bats didn't improve over time. This means the adaptation behaviors the bats employed weren't learned; they were innate, latent and hard-wired into the bats' brain circuitry.

"It highlights how robust the brain is to manipulation and external noise," said co-author Jennifer Lawlor, a postdoctoral fellow at Johns Hopkins.




The team was surprised that the bats could hear at all with this region of their brain disabled. They believe bats either relied on a previously unknown auditory pathway or that unaffected neurons might support hearing in previously unknown ways.

"You'd think an animal wouldn't be able to hear at all," Moss said. "But it suggests that there might be multiple pathways for sound to travel to the auditory cortex."

The team would next like to determine to what degree the findings apply to other animals and humans.

"Can this work tell us something about auditory processing and adaptive responses in humans? Moss said. "Since no one has done this, we don't know. The findings raise important questions that will be exciting to pursue in other research models."

Authors include Kathryne Allen, Grace Capshaw, Megan G. Humphrey, Diego Cintron-De Leon and Kishore V. Kuchibhotla, all of Johns Hopkins.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241125125118.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The next evolution of AI begins with ours | ScienceDaily
The genome has space for only a small fraction of the information needed to control complex behaviors. So then how, for example, does a newborn sea turtle instinctually know to follow the moonlight? Cold Spring Harbor neuroscientists have devised a potential explanation for this age-old paradox. Their ideas should lead to faster, more evolved forms of artificial intelligence.


						
In a sense, each of us begins life ready for action. Many animals perform amazing feats soon after they're born. Spiders spin webs. Whales swim. But where do these innate abilities come from? Obviously, the brain plays a key role as it contains the trillions of neural connections needed to control complex behaviors. However, the genome has space for only a small fraction of that information. This paradox has stumped scientists for decades. Now, Cold Spring Harbor Laboratory (CSHL) Professors Anthony Zador and Alexei Koulakov have devised a potential solution using artificial intelligence.

When Zador first encounters this problem, he puts a new spin on it. "What if the genome's limited capacity is the very thing that makes us so smart?" he wonders. "What if it's a feature, not a bug?" In other words, maybe we can act intelligently and learn quickly because the genome's limits force us to adapt. This is a big, bold idea -- tough to demonstrate. After all, we can't stretch lab experiments across billions of years of evolution. That's where the idea of the genomic bottleneck algorithm emerges.

In AI, generations don't span decades. New models are born with the push of a button. Zador, Koulakov, and CSHL postdocs Divyansha Lachi and Sergey Shuvaev set out to develop a computer algorithm that folds heaps of data into a neat package -- much like our genome might compress the information needed to form functional brain circuits. They then test this algorithm against AI networks that undergo multiple training rounds. Amazingly, they find the new, untrained algorithm performs tasks like image recognition almost as effectively as state-of-the-art AI. Their algorithm even holds its own in video games like Space Invaders. It's as if it innately understands how to play.

Does this mean AI will soon replicate our natural abilities? "We haven't reached that level," says Koulakov. "The brain's cortical architecture can fit about 280 terabytes of information -- 32 years of high-definition video. Our genomes accommodate about one hour. This implies a 400,000-fold compression technology cannot yet match."

Nevertheless, the algorithm allows for compression levels thus far unseen in AI. That feature could have impressive uses in tech. Shuvaev, the study's lead author, explains: "For example, if you wanted to run a large language model on a cell phone, one way [the algorithm] could be used is to unfold your model layer by layer on the hardware."

Such applications could mean more evolved AI with faster runtimes. And to think, it only took 3.5 billion years of evolution to get here.
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Using sunlight to recycle black plastics | ScienceDaily
Not all plastics are equal -- some types and colors are easier to recycle than others. For instance, black foam and black coffee lids, which are often made of polystyrene, usually end up in landfills because color additives lead to ineffective sorting. Now, researchers report in ACS Central Science the ability to leverage one additive in black plastics, with the help of sunlight or white LEDs, to convert black and colored polystyrene waste into reusable starting materials.


						
"Simple, visible light irradiation holds the potential to transform the chemical recycling of plastics, using the additives already found in many commercial products," say the paper's authors, Sewon Oh, Hanning Jiang and Erin Stache.

An emerging strategy for plastic recycling involves using light to help break down plastic into chemically useful materials that can be recycled into new products. This process requires a helper compound to convert light into the heat needed to break apart polymer bonds. However, finding the right helper that won't create more waste and is easily incorporated into recycled materials remains a challenge for researchers. Seeking to create a circular economy for plastic recycling, Stache and a team of researchers took advantage of something already found in black polystyrene waste -- an additive known as carbon black.

The researchers tested a method to recycle lab-made black polystyrene: They ground a mixture of polystyrene and carbon black to a fine powder, placed the powder in a sealed glass vial and then set the vial under high-intensity white LEDs for 30 minutes. The carbon black converted the LED light into heat. The heat then broke apart the polystyrene's molecular structure, creating a mixture of shorter one-, two- and three-styrene units. And these three components cleanly separated within the reaction apparatus. In experiments, the team recycled the leftover carbon black and styrene monomer into polystyrene, demonstrating the circularity of the new method.

Applying the technique to post-consumer black plastic from food containers and coffee cup lids, the researchers cut the waste into small pieces and found that up to 53% of the polystyrene converted to styrene monomer. Waste samples contaminated with canola oil, soy sauce and orange juice broke down slightly less efficiently. When the researchers switched the light source from LEDs to focused sunlight outdoors, they observed a higher reaction efficiency (80%). Additionally, a multicolored mixture of black, yellow, red and colorless polystyrene waste converted to styrene in sunlit conditions at a higher rate (67%) compared to white LEDs (45%). The researchers attribute the higher efficiencies to the greater light intensity achieved by focused sunlight. By demonstrating sunlight's ability to break down colored polystyrene waste, the researchers say that their method could create a closed-loop recycling process for this type of plastic.
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Impact of climate change on water resources will increase price tag to decarbonize the grid | ScienceDaily
A new study warns that current plans to achieve zero emissions on the grid by 2050 vastly underestimate the required investments in generation and transmission infrastructure. The reason: these plans do not account for climate change's impacts on water resources.


						
Specifically, changes in water availability caused by climate change could decrease hydropower generation by up to 23% by the year 2050, while electricity demand could increase by 2%. Both these phenomena would come together in summer to compound impacts on the grid.

To adapt to these impacts, the Western United States would need to build up to 139 gigawatts of power capacity between 2030 and 2050-equivalent to nearly three times California's peak power demand, or up to 13 gigawatts in transmission capacity during the same time period. The total additional investment would come with a price tag of up to $150 billion.

That is the conclusion of a study published Nov. 25 in Nature Communications (Szinai et al., 2024) and co-authored by a team of Canadian and U.S. researchers, including at the University of California San Diego.

In this study, researchers took into account the vulnerability of the Western United States to water-related climate change impacts, such as rising temperatures, changing patterns in rainfall and declining snowpack. They built simulations that link the region's water and electricity systems. They then evaluated how the region could adapt to a range of potential climate change futures from 2030 to 2050, while still trying to transition to a grid powered by carbon-free energy sources.

"Our results suggest that if [the West] ignores climate change impacts and associated water sector dynamics in planning, the grid will have insufficient resources to maintain system reliability and meet decarbonization goals," the researchers write.

Loss of hydropower no matter the scenario

Under the models researchers used, the Pacific Northwest would experience some increases in rainfall, while the Southwest would continue to experience drying and droughts. As a result, key water basins in the region, such as the Colorado River, would keep shrinking.




Hydropower, which constitutes 20% of average energy generation in the West, will decline in response to these conditions. The models indicate that a mix of renewable power sources, such as wind and solar, will be necessary to offset these hydropower shortfalls. In climate scenarios with lower hydropower shortfalls and lower increases in energy consumption, wind power would mostly fill the gap. In scenarios with greater shortfalls, solar power would play a large role in filling the gap, complemented by flexible battery storage and geothermal power.

Meanwhile, increased need for cooling buildings would drive up electricity demand, which would be especially high in the Southwest-California, Nevada, Arizona and New Mexico. In the Pacific Northwest-Oregon and Washington-decreased electricity use for heating could partially offset increased electricity use for cooling. The electricity demand related to water consumption is expected to increase in the Mountain region-Colorado, Montana, Wyoming, Idaho and Utah. Agricultural water needs, and associated electricity use for groundwater pumping, would also keep increasing in California's Central Valley.

"Without explicitly quantifying how climate change and water interdependencies may together affect future electricity supply and demand, grid planners may significantly underestimate the magnitude and type of resources needed to achieve decarbonization goals and maintain grid reliability," the researchers write.

Next steps

Next steps in the research would include evaluating how programs that seek to make demand more flexible and responsive could offset shortfalls in supply. Also, researchers would like to explore the role of transitions in the electricity sector, such as widespread electrification of buildings and transportation systems, and their synergies with the operation of the grid. More study is needed to understand how extended and more intense droughts would impact water and electricity systems in the West.

"Finally, we need to understand and overcome the significant political barriers to transmission expansion across the West, which may make capacity additions difficult to achieve in practice," the researchers write.

The study was supported by the U.S. Department of Energy.
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        Sound of traffic increases stress and anxiety, study finds
        Manmade sounds such vehicle traffic can mask the positive impact of nature soundscapes on people's stress and anxiety, according to a new study.

      

      
        Global food yields have grown steadily during last six decades, study finds
        Contrary to widespread concerns that global crop yields have stagnated in recent decades, a comprehensive study of worldwide food production finds yields have continued to grow at roughly the same rate since the 1960s.

      

      
        Moving 'hotspot' created world's longest straight underwater mountain belt
        New research has revealed that the Ninetyeast Ridge -- the Earth's longest straight underwater mountain chain -- formed through a different process than previously believed. Stretching 5000 km along the Indian Ocean's 90-degree east longitude and nearly matching the length of North America's Rocky Mountains, the ridge offers crucial new insights into the movement of the Earth's tectonic plates.

      

      
        Caregivers experience decline in well-being
        New research, based on data from more than 28,000 caregivers in three countries, shows that the longer individuals spend caring for loved ones, the more their well-being suffers, regardless of the caregiving context. These findings underscore the need for policy discussions to alleviate the burden of informal care.

      

      
        Making quantum physics easier to digest in schools
        A team of physics educators is focusing on a new approach to teaching quantum physics in schools. Traditional classroom teaching has tended to focus on presenting the history of the origins of quantum physics, which often poses problems for learners. Using the quantum measurement process as an example, the researchers have now published their first empirical findings on learning quantum physics -- based on two-state systems.

      

      
        Eliminating physical activity disparities between male and female youth could save hundreds of millions of dollars, new study says
        Eliminating current physical activity disparities between male and female youth in the United States could save around $780 million for each new cohort of six-to-17-year-olds, according to a new study. In fact, bringing more equity to sports participation could save even more: $1.55 billion.

      

      
        Recovery of testing for heart disease risk factors post-COVID remains patchy
        Routine screening to detect risk factors for heart disease dropped sharply during the COVID-19 pandemic in England, and some key measurements, such as blood pressure readings, may still lag behind pre-pandemic levels, according to a new study.

      

      
        Delay and pay: Climate tipping point costs quadruple after waiting
        The cost of reversing the effects of climate change -- restoring melted polar sea ice, for example -- quickly climbs nearly fourfold soon after a tipping point is crossed, according to new work. Much work has been done to explore the environmental costs tied to climate change. But this new study marks the first time researchers have quantified the costs of controlling tipping points before and after they unfold.

      

      
        Researchers highlight Nobel-winning AI breakthroughs and call for interdisciplinary innovation
        A new article examines the convergence of physics, chemistry, and AI, highlighted by recent Nobel Prizes. It traces the historical development of neural networks, emphasizing the role of interdisciplinary research in advancing AI. The authors advocate for nurturing AI-enabled polymaths to bridge the gap between theoretical advancements and practical applications, driving progress toward artificial general intelligence.

      

      
        Sub-Saharan Africa leads global HIV decline
        A new study reveals significant progress in the global fight against HIV/AIDS, alongside a stark warning that current trends indicate the world is not on track to meet the ambitious UNAIDS 2030 targets.

      

      
        'Biodiversity is not a luxury': Connection between wealth and ecosystem health
        This study examines the positive correlation between an area's wealth and biodiversity, known as the 'luxury effect.' The authors present an alternative framework for understanding links between socio-economic factors and ecosystem health which emphasizes the agency of less-wealthy communities in promoting healthy ecosystems where they live.

      

      
        Dopamine and serotonin work in opposition to shape learning
        Research shows that reward-based learning requires the two neuromodulators to balance one another's influence -- like the accelerator and brakes on a car

      

      
        Managing forests with smart technologies
        Deforestation has remained a significant issue globally, with primary forests contributing to 16 per cent of the total tree cover loss in the last two decades, driven by climate change and intensive human activity. This threatens natural resources, biodiversity, and people's quality of life. To protect forests, scientists have developed Forest 4.0, an intelligent forest data processing model integrating blockchain, Internet of Things (IoT), and Artificial Intelligence (AI) technologies. The syste...

      

      
        Political opinions influence our choice of chocolate
        We distance ourselves from completely neutral products if they are liked by people who have political views that we find disagreeable. Even chocolate can be political, according to new research from Sweden. The behavior is reinforced if we have to make a decision when others are watching.

      

      
        Researchers develop tools to examine neighborhood economic effects on spinal cord injury outcomes
        A new study emphasizes that neighborhood conditions significantly shape recovery opportunities for individuals with SCI and advocates for environmental interventions to reduce health inequities.

      

      
        Social networked friendship quality can be means of combating loneliness
        Spending too much time social networking appears to be a key driver in loneliness, but a new article suggests motivated uses of social networking sites for connecting with people and feeling companionship can also play a role in alleviating it.

      

      
        Women who suffer pregnancy complications have fewer children
        Women who suffer severe complications during their first pregnancy or delivery are less inclined to have more babies, a study reports. Given the recent steady decline in birth rate in Sweden, the researchers propose monitoring in antenatal care to address the problem.

      

      
        Online health care reviews turned negative following COVID pandemic
        Researchers showed online reviews of health facilities took a negative turn after COVID and remain that way.

      

      
        Need a landing pad for helicopter parenting? Frame tasks as learning
        Parents are much less likely to intervene when their young children are getting dressed or performing other simple chores if those tasks are framed as learning opportunities, according to a new study.

      

      
        Animal characters can boost young children's psychological development
        A study has shown that iconic characters such as Peter Rabbit -- or Toad and Ratty from The Wind in the Willows -- can also play an important role in the development of children's theory of mind skills, which include the ability to read and predict social changes in the environment through tone of voice, choice of words, or facial expression.

      

      
        Standing at work can be detrimental to blood pressure
        A new study found that prolonged standing at work had a negative impact on the research participants' 24-hour blood pressure. In contrast, spending more time sitting at work was associated with better blood pressure. The study suggests that activity behavior during working hours may be more relevant to 24-hour blood pressure than recreational physical activity.

      

      
        Exploring factors affecting workers' acquisition of exercise habits using machine learning approaches
        Researchers analyzed data from middle-aged workers who had received Specific Health Guidance -- a revolutionary system implemented by the Japanese Ministry of Health, Labor, and Welfare to improve lifestyle habits for individuals with metabolic syndrome and those at presumptive risk of metabolic syndrome. Using machine learning approaches, they explored the factors that affect the acquisition of exercise habits. The results revealed that the most crucial factor that positively impacts the acquisi...

      

      
        Simplicity is key to understanding and achieving goals
        People's preference for simple explanations of any situation is connected to their desire to execute tasks efficiently, finds a new study from the University of Waterloo.

      

      
        Your child, the sophisticated language learner
        Sentences contain subtle hints in their grammar that tell young children about the meaning of new words, according to new research.

      

      
        Hear this! Transforming health care with speech-to-text technology
        Researchers study the importance of enunciation when using speech-to-text software in medical situations.

      

      
        Smarter city planning: Researchers use brain activity to predict visits to urban areas
        Researchers have measured the brain activity of people who had never been to a specific city and then use this brain activity to predict other people's actual visits to places around that city. This offers potential applications for urban planning and design that addresses the well-being of residents and visitors.

      

      
        Snoring linked to behavioral problems in adolescents without declines in cognition
        Adolescents who snore frequently were more likely to exhibit behavior problems such as inattention, rule-breaking, and aggression, but they do not have any decline in their cognitive abilities, according to a new study. This is the largest study to date tracking snoring in children from elementary school through their mid-teen years and it provides an important update to parents struggling with what medical measures to take to help manage snoring in their children.

      

      
        Confidence drives feedback-seeking behavior: Insights into learning and motivation
        New research reveals how low confidence drives feedback-seeking, enhancing learning with insights for education and rehabilitation strategies.

      

      
        Fewer than 7% of global hotspots for whale-ship collisions have protection measures in place
        A new study has quantified the risk for whale-ship collisions worldwide for four geographically widespread ocean giants that are threatened by shipping: blue, fin, humpback and sperm whales. Researchers report that global shipping traffic overlaps with about 92% of these whale species' ranges. Only about 7% of areas at highest risk for whale-ship collisions have any measures in place to protect whales from this threat. These measures include speed reductions, both mandatory and voluntary, for shi...

      

      
        Math-selective US universities reduce gender gap in STEM fields
        Nationally, men in colleges and universities currently outpace women in earning degrees in physics, engineering, and computer science (PECS) by an approximate ratio of 4 to 1. To better understand the factors driving these gaps, researchers analyzed bachelor's degrees awarded in the US from 2002-2022, and found that the most selective universities by math SAT scores have nearly closed the PECS gender gap while less selective universities have seen it widen dramatically.
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Sound of traffic increases stress and anxiety, study finds | ScienceDaily
Manmade sounds such vehicle traffic can mask the positive impact of nature soundscapes on people's stress and anxiety, according to a new study published November 27, 2024, in the open-access journal PLOS ONE by Paul Lintott of the University of the West of England, U.K., and Lia Gilmour of the Bat Conservation Trust, U.K.


						
Existing research shows that natural sounds, like birdsong, can lower blood pressure, heart, and respiratory rates, as well as self-reported stress and anxiety. Conversely, anthropogenic soundscapes, like traffic or aircraft noise, are hypothesized to have negative effects on human health and wellbeing in a variety of ways.

In the new study, 68 student volunteers listened to three 3-minute soundscapes: a nature soundscape recorded at sunrise in West Sussex, U.K., the same soundscape combined with 20 mile per hour road traffic sounds, and the same soundscape with 40 mile per hour traffic sounds. General mood and anxiety were assessed before and after the soundscapes using self-reported scales.

The study found that listening to a natural soundscape reduced self-reported stress and anxiety levels, and also enhanced mood recovery after a stressor. However, the benefits of improved mood associated with the natural soundscape was limited when traffic sounds were included. The natural soundscape alone was associated with the lowest levels of stress and anxiety, with the highest levels reported after the soundscape that included 40 mile per hour traffic.

The authors conclude that reducing traffic speed in urban areas might influence human health and wellbeing not only through its safety impacts, but also through its effect on natural soundscapes.

The authors add: "Our study shows that listening to natural soundscapes can reduce stress and anxiety, and that anthropogenic sounds such as traffic noise can mask potential positive impacts. Reducing traffic speeds in cities is therefore an important step towards more people experiencing the positive effects of nature on their health and wellbeing."
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Global food yields have grown steadily during last six decades, study finds | ScienceDaily
Contrary to widespread concerns that global crop yields have stagnated in recent decades, a comprehensive study of worldwide food production finds yields have continued to grow at roughly the same rate since the 1960s. John Baffes of the World Bank and Xiaoli Etienne of the University of Idaho, U.S., report these findings on November 27, 2024, in the open-access journal PLOS ONE. 


						
Almost 10 billion people are expected to inhabit Earth by 2050, so agricultural production will become increasingly critical to feeding the growing population. Over the past six decades, much of the growth in food production has stemmed from technological advances, including the widespread development and use of better crop varieties. But some studies have suggested that the growth in production has leveled off, raising concerns about future food availability, especially in the low- and middle-income countries with the highest population growth.

In the new study, the researchers developed standardized measures for production and yield for 144 crops, covering 98 percent of global agricultural land. These measures allow scientists and policymakers to compare agricultural productivity across different countries and regions. The researchers found that there has been no discernable slowdown in the global growth of crop yields during the last six decades -- any observed slowdown in specific crops, regions or countries has been offset by gains in others. Their findings show that yields grew annually at a rate equivalent to about 33 kg of wheat per hectare.

While the study's findings are reassuring from a global food supply perspective, the researchers caution that sustainable food production and the affordability of food will continue to be challenges to global food security. They emphasize that these concerns are particularly relevant in the face of intensifying climate change and increased demand for food due to population and income growth.

The authors add: "Utilizing a comprehensive caloric-based index of production and yield for 144 crops, covering 98% of global agricultural land and food output, this paper reveals that, on an aggregate level, global yield growth -- a vital indicator of agricultural productivity -- has not slowed over the past six decades. This steady growth equates to an annual increase of approximately 33 kilograms of wheat per hectare, highlighting continued productivity gains worldwide."
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Moving 'hotspot' created world's longest straight underwater mountain belt | ScienceDaily
New Curtin University research has revealed that the Ninetyeast Ridge -- the Earth's longest straight underwater mountain chain -- formed through a different process than previously believed.


						
Stretching 5000km along the Indian Ocean's 90-degree east longitude and nearly matching the length of North America's Rocky Mountains, the ridge offers crucial new insights into the movement of the Earth's tectonic plates.

Co-author Dr Hugo Olierook from Curtin's School of Earth and Planetary Sciences said high-precision dating of minerals extracted from the ridge shows it formed between 83 and 43 million years ago as a massive volcanic chain, with its oldest sections in the north, near India.

"Unlike most volcanic hotspots that remain stationary in the mantle and create volcanic trails as tectonic plates drift over them, this study found that the hotspot responsible for the Ninetyeast Ridge moved by several hundred kilometres within the mantle over time," Dr Olierook said.

"This kind of hotspot movement is thought to be common but is hard to prove and has only previously been demonstrated for a few hotspots in the Pacific Ocean, making this the first documented case in the Indian Ocean."

This discovery not only revises the estimated age and origin of the ridge but also helps scientists to create more accurate models of how Earth's tectonic plates have shifted over millions of years.

Co-author Professor Fred Jourdan, from Curtin's School of Earth and Planetary Sciences and the John de Laeter Centre, said precise dating techniques were vital to understanding Earth's geological past.




"For years, rough age estimates of the Ninetyeast Ridge have been used to construct models of how Earth's tectonic plates moved and reconfigured," Professor Jourdan said.

"By using high-precision dating we can refine these models significantly, leading to better insights into ancient continental movements."

A PhD student at Curtin's School of Earth and Planetary Sciences at the time of the study, lead author Associate Professor Qiang Jiang from the China University of Petroleum said in order to better predict the occurrence of natural disasters such as earthquakes and volcanic eruptions, it was important to know precisely how the internal plumbing of the Earth works.

"Currently, this is far from being the case, so studies like this one are a major step in the right direction," Associate Professor Jiang said.
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Caregivers experience decline in well-being | ScienceDaily
New research from the University of Zurich, based on data from more than 28,000 caregivers in three countries, shows that the longer individuals spend caring for loved ones, the more their well-being suffers, regardless of the caregiving context. These findings underscore the need for policy discussions to alleviate the burden of informal care.


						
The prevalence of informal caregiving continues to rise globally, bringing abrupt changes to caregivers' lives. But how does caregiving affect their well-being? Past research offers conflicting views: some suggest it enhances well-being by providing a sense of purpose, while others report declines due to emotional strain.

To address this, a new study from the University of Zurich (UZH) analyzed data from 28,663 caregivers, who contributed 281,884 observations across panel studies in the Netherlands, Germany, and Australia. The results show a consistent drop in life satisfaction and emotional health, with an increase in loneliness and anxiety -- particularly for women.

Well-being suffers over time

"The results of our analyses showed a decline in well-being in the years following the start of caregiving," explains co-author Michael Kramer from the Department of Psychology at UZH. "These declines were consistent across different aspects of well-being -- life satisfaction, emotional experiences, depression/anxiety, and loneliness -- and were more pronounced and longer lasting for women than for men."

The researchers also explored how time spent caregiving affected well-being. They found that the more time people spent on caregiving tasks, the more their well-being suffered, regardless of gender.

The study further examined factors like caregiving intensity, the relationship between caregivers and recipients, and full-time employment. Surprisingly, these factors had little influence on the overall decline in well-being, suggesting that caregivers face similar challenges across different contexts.

Mitigating the negative impact on caregivers

"While these findings highlight the stress caregiving can bring, individual experiences may differ," says Kramer. "There are other aspects of psychological well-being, such as finding a sense of purpose, that we couldn't assess with these data." Some caregivers may even find meaning in their role.

Overall, the findings are consistent with stress theory and show the potential decline in well-being that often accompanies informal caregiving. Women appear to be particularly vulnerable, likely because they tend to take on more intensive responsibilities for close family members. These findings highlight the need for policies that reduce the reliance on informal care, such as improved access to formal long-term care or blended care solutions that could mitigate the negative effects on caregivers.
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Making quantum physics easier to digest in schools | ScienceDaily
The researchers, including physics education specialist Professor Philipp Bitzenbauer from Leipzig University, concentrate on what are known as qubits. These are two-state systems, the simplest and at the same time most important quantum systems that can be used to describe many situations. Controlling and manipulating these qubits plays a central role in modern quantum technologies.


						
According to Bitzenbauer, until now there have been no empirical studies of the effectiveness of these approaches using two-state systems in developing conceptual understanding in learners. There is also a lack of scientific research on the specific advantages and disadvantages for learning of different teaching approaches based on two-state systems. "Using the example of the quantum measurement process, one of the central problems of quantum physics, we show how to develop a survey method that can then be used in the field as part of intervention studies. Overall, teaching concepts that focus on two-state systems do indeed appear to be more conducive to learning than the traditional approach," says the Leipzig-based physics education specialist, who is the first author of the paper.

Making two-state systems the starting point for understanding quantum physics has been the subject of much discussion in recent years. According to Bitzenbauer, this approach opens the door to modern quantum technologies, be it quantum cryptography or quantum computing. One of the aims of quantum cryptography is to make communication secure against eavesdropping. Quantum computers can be used to solve problems that even supercomputers can only solve after a very long time or not at all, such as breaking down large integers into prime factors.

"My team and I are working to make the ground-breaking potential of quantum technologies accessible to schoolchildren," says Bitzenbauer. The American Physical Society (APS) has invited him to present the results of the project at the APS Global Physics Summit in Los Angeles in March 2025.

Bitzenbauer points out that 2025 will be the International Year of Quantum Science and Technology: the scientific community can look back on 100 years of quantum mechanics making world history. And it continues to do so today, albeit at a more advanced level. Scientists are talking about a second quantum revolution that will shape the new century in the same way that the first quantum revolution shaped the 20th century. "Today, the focus is on the transition from many-body systems to the control and manipulation of single electrons, single photons or, more generally, single degrees of freedom in a quantum system. The simplest and most important quantum system has only two degrees of freedom -- the two-state system. And this is the starting point for teaching quantum physics in schools," says the researcher.
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Eliminating physical activity disparities between male and female youth could save hundreds of millions of dollars, new study says | ScienceDaily
Eliminating current physical activity disparities between male and female youth in the United States could save around $780 million for each new cohort of six-to-17-year-olds, according to a new study published in JAMA Network Open. In fact, bringing more equity to sports participation could save even more: $1.55 billion.


						
This study, led by researchers from the Center for Advanced Technology and Communication in Health (CATCH) at the CUNY Graduate School of Public Health and Health Policy (CUNY SPH) and the National Institute on Minority Health and Health Disparities (NIMHD), contributes to the growing body of evidence suggesting that targeted interventions can have a profound impact on the health of future generations while also alleviating financial burdens on healthcare systems.

Unfortunately, studies also show significant disparities between the physical activity levels of male and female youth. For example, only 15% of female participants in grades nine to 11 as compared to 31% of their male counterparts met aerobic guidelines, as shown by the 2011-2019 Youth Risk Behavior Survey. There are even greater disparities in sports participation. A 2019 study found that 54.1% of female participants as compared to 60.4% of male participants participate in sports.

To simulate what would happen if these disparities were reduced to different degrees, CATCH and NIMHD researchers decided to utilize a computational model of all the youth in the U.S. The computer simulation model represents all the six-to-17-year-olds in the U.S. as virtual agents starting with different ages in the model, and then simulated the daily physical activities of each youth, their growth, the impact of the physical activity on their health, the different chronic medical conditions that could emerge, and the resulting costs over time.

"This study shows how eliminating sex disparities in physical activity and sports would not only be the fair thing to do, it would also be economically beneficial for society," explains Bruce Y. Lee, MD, MBA, the study's senior author and professor of health policy and management at CUNY SPH. "Eventually efforts to increase physical activity and sport participation for girls and women could end up paying for themselves and more."

While there are different potential ways of reducing sex disparities in physical activity, reducing sex disparities in sports participation may be the easiest and most effective way. Sports-related interventions have clearer implementation locations such as schools and athletic associations, along with additional funding pathways apart from school budgets (e.g., recreation centers, community partners, and more). The Public Health Informatics, Computational, and Operations Research (PHICOR) team that is the core of CATCH has been part of the Aspen Institute's Project Play since 2016. Project Play has made ongoing efforts to reduce sex disparities in sports participation such as developing a Youth Sports Playbook that indicates a number of interventions that can get more female youth playing sports, including encouraging sports sampling, revitalizing in town leagues, carving out time at fields and gyms during prime hours each week for kids to engage in pickup or free play in their neighborhood, and recruiting female coaches who can serve as mentors and role models.

"Sports participation disparities among boys and girls can exist due to fewer opportunities for girls to play sports, especially in high school, and less social support. Our study shows that the cost savings of increasing girls' sports participation can justify investing in the changes needed to increase it," says Jessie Heneghan, MCP, co-author and senior analyst at PHICOR.

This research was supported by the National Institutes of Health Intramural Research Program via grant ZIA MD000020. The Socio-Spatial Determinants of Health (SSDH) Laboratory is supported by the Division of Intramural Research at the National Institute on Minority Health and Health Disparities (NIMHD) of the National Institutes of Health (NIH), and the NIH Distinguished Scholars Program. Yangyang Deng and Mohammad Moniruzzaman are supported by the NIH Postdoctoral Intramural Research Training Award. Breanna Rogers is supported by the NIH Postbaccalaureate Intramural Research Training Award. This work was also supported by the NIH Common Fund's Nutrition for Precision Health, powered by the All of Us Research Program and the National Center for Advancing Translational Sciences of the NIH through Award Number U54TR004279, the Agency for Healthcare Research and Quality through Grant 1R01HS028165-01, the National Institute of General Medical Sciences as part of the Models of Infectious Disease Agent Study network under Grants R01GM127512 and 3R01GM127512-01A1S1 and the National Science Foundation through Award Number 2054858.
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Recovery of testing for heart disease risk factors post-COVID remains patchy | ScienceDaily
Routine screening to detect risk factors for heart disease dropped sharply during the COVID-19 pandemic in England, and some key measurements, such as blood pressure readings, may still lag behind pre-pandemic levels. These findings are reported in a new study by Frederick Ho and Naveed Sattar of the University of Glasgow, Scotland, UK, and colleagues published November 26 in the open-access journal PLOS Medicine.


						
During the COVID-19 pandemic, patients went without routine face-to-face health checks, which are important for detecting common cardiometabolic conditions, such as obesity, type 2 diabetes and high blood pressure. Previously, it was unknown whether these health checks had recovered to pre-pandemic levels.

Researchers looked at how often clinicians took measurements of 12 risk factors for cardiometabolic disease between November 2018 and March 2024, using records from more than 49 million adults in England. They saw a sharp drop in the numbers of measurements being performed from March 2020 to February 2022, but most of the risk factor measurements returned to normal by 2022 to 2023. Blood pressure measurements were an exception, and as of March 2024 were still not back to normal, especially in patients belonging to lower socioeconomic levels.

The findings from the new research confirm previous studies showing that patients missed important routine health checks during the pandemic lockdowns. This lack of screening for cardiometabolic conditions likely explains previous observations that fewer patients received preventive prescriptions, like drugs to lower blood pressure, during the pandemic. The long-term disruption of blood pressure screening identified by the study could lead to missed opportunities for treatment, increasing the risk of cardiovascular events, such as heart attacks and strokes, or even death. This could also exacerbate existing health disparities for lower-income patients.

The authors add, "These data alert us to potential missed opportunities to measure key risk factors for chronic diseases, which are on the rise in the UK in an alarming way. Health care workers need better ways to more efficiently capture and then act upon changes in risks to prevent important diseases. The use of new technologies to capture data and better empower patients to make important lifestyle changes are needed."
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Delay and pay: Climate tipping point costs quadruple after waiting | ScienceDaily
Tip the first tile in a line of dominoes and you'll set off a chain reaction, one tile falling after another. Cross a tipping point in the climate system and, similarly, you might spark a cascading set of consequences like hastened warming, rising sea levels and increasingly extreme weather.


						
It turns out there's more to weigh than catastrophic environmental change as tipping points draw near, though. Another point to consider, a new study reveals, is the cost of undoing the damage.

The cost of reversing the effects of climate change -- restoring melted polar sea ice, for example -- quickly climbs nearly fourfold soon after a tipping point is crossed, according to new work published today in the journal npj Climate and Atmospheric Science. Much work has been done to explore the environmental costs tied to climate change. But this new study marks the first time researchers have quantified the costs of controlling tipping points before and after they unfold.

Common examples of Earth's tipping points include melting ice sheets and dwindling tropical coral reefs. As ice melts and reefs die off, drastic environmental effects like flooded coastal cities and lost biodiversity soon follow -- a shared trait among what the Intergovernmental Panel on Climate Change defines as "critical thresholds in a system that, when exceeded, can lead to a significant change in the state of the system."

Despite the well-established dangers of crossing a tipping point, little is known about the cost of controlling them. How much effort would it take to stop and reverse course just before crossing a tipping point?

In the case of polar sea ice, which is melting at a pace unrivaled by any period in the past 1,500 years, a reversal would entail halting melt and reestablishing ice cover. But how about after we tip -- how might the cost of intervention change if we wait?

Cross a tipping point threshold, said mathematician and lead author Parvathi Kooloth, and it costs nearly four times the effort to reverse the effects and reestablish the climate system to where it was just before tipping, as opposed to reversing course before the threshold. The message applies to most tipping points, said Kooloth, whether they involve tropical coral reefs or frigid sea ice.




"You either shoulder the cost now, just before the threshold is crossed," said Kooloth, "or you wait. And if you wait, the degree of intervention needed to bring the climate system back to where it was rises steeply. A key insight from this work is the confirmation that corrective action after the fact is much more costly and intrusive than preventive action."

Each tipping point is unique. The physical qualities that determine its behavior -- the extent of cloud cover or, say, the transport of heat in the nearest ocean waters -- determine how post-tipping changes take shape in the climate system. In turn, those qualities dictate the nuts and bolts of an actual intervention strategy.

At the heart of each tipping point, however, is a shared, core equation that describes its basic nature. This universality allows researchers like Kooloth to probe the fundamental, shared behavior of tipping points using simplified mathematical models.

From their findings, scientists can then glean broad stroke details that could inform future intervention plans and perhaps, as Kooloth hopes, even a way to identify early warning signals that a tipping point is drawing near.

"It's actually really hard to pin a tipping point down," said Kooloth. "We know a great deal about the climate system today. But even now we're never really sure how far or close we are to a tipping point. Could we one day use observable precursors to provide early warning? My hope is that we can."

The team behind the new study uncovered one other interesting phenomenon: that some tipping points have an "overshoot window." In this window of time just after a tipping point is crossed, the cost of intervention doesn't start its steep climb right away. Instead, cost only grows linearly with time. This can happen because nearby ocean waters take longer to heat up, for example, delaying the onset of rapid change.




It's a fortunate thing, Kooloth points out, a gift of additional time before dire changes start piling on. But this is "no free lunch," she adds. The extra leeway comes with an even steeper increase in intervention costs once the overshoot window is fully crossed. The bigger the overshoot window, the mightier the cost.

The authors point out that not all effects of climate change are reversible, like flora and fauna lost to rapid and prolonged environmental change. And some effects could demand a great deal of effort to reverse -- even more than the effort it took to push the climate system past a tipping point.

There is an asymmetry at play, said Kooloth. We could approach and pass a tipping point rather quickly, but the journey to revert the climate system to where it was could take much, much longer.

"The path forward and the path backward are often not the same," said Kooloth. "Imagine that we go down a high-emissions pathway, where the planet warms enough to melt all our sea ice by the end of the century. If we arrive in the year 2100 with no sea ice, it may not be sufficient to bring the ice back if we dialed our emissions down to the levels we're emitting now in 2024, when we still have some ice left. We may need to dial emissions down much further, to levels predating 2024 -- that asymmetry is important for us to consider as we choose our path forward."
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Researchers highlight Nobel-winning AI breakthroughs and call for interdisciplinary innovation | ScienceDaily
In 2024, the Nobel Prize in physics was awarded to John Hopfield and Geoffrey Hinton for their foundational work in artificial intelligence (AI), and the Nobel Prize in chemistry went to David Baker, Demis Hassabis, and John Jumper for using AI to solve the protein-folding problem, a 50-year grand challenge problem in science.


						
A new article, written by researchers at Carnegie Mellon University and Calculation Consulting, examines the convergence of physics, chemistry, and AI, highlighted by recent Nobel Prizes. It traces the historical development of neural networks, emphasizing the role of interdisciplinary research in advancing AI. The authors advocate for nurturing AI-enabled polymaths to bridge the gap between theoretical advancements and practical applications, driving progress toward artificial general intelligence. The article is published in Patterns.

"With AI being recognized in connections to both physics and chemistry, practitioners of machine learning may wonder how these sciences relate to AI and how these awards might influence their work," explained Ganesh Mani, Professor of Innovation Practice and Director of Collaborative AI at Carnegie Mellon's Tepper School of Business, who coauthored the article. "As we move forward, it is crucial to recognize the convergence of different approaches in shaping modern AI systems based on generative AI."

In their article, the authors explore the historical development of neural networks. By examining the history of AI development, they contend, we can understand more thoroughly the connections among computer science, theoretical chemistry, theoretical physics, and applied mathematics. The historical perspective illuminates how foundational discoveries and inventions across these disciplines have enabled modern machine learning with artificial neural networks.

Then they turn to key breakthroughs and challenges in this field, starting with Hopfield's work, and go on to explain how engineering has at times preceded scientific understanding, as is the case with the work of Jumper and Hassabis.

The authors conclude with a call to action, suggesting that the rapid progress of AI across diverse sectors presents both unprecedented opportunities and significant challenges. To bridge the gap between hype and tangible development, they say, a new generation of interdisciplinary thinkers must be cultivated.

These "modern-day Leonardo da Vincis," as the authors call them, will be crucial in developing practical learning theories that can be applied immediately by engineers, propelling the field toward the ambitious goal of artificial general intelligence.

This calls for a paradigm shift in how scientific inquiry and problem solving are approached, say the authors, one that embraces holistic, cross-disciplinary collaboration and learns from nature to understand nature. By breaking down silos between fields and fostering a culture of intellectual curiosity that spans multiple domains, innovative solutions can be identified to complex global challenges like climate change. Through this synthesis of diverse knowledge and perspectives, catalyzed by AI, meaningful progress can be made and the field can realize the full potential of technological aspirations.

"This interdisciplinary approach is not just beneficial but essential for addressing the many complex challenges that lie ahead," suggests Charles Martin, Principal Consultant at Calculation Consulting, who coauthored the article. "We need to harness the momentum of current advancements while remaining grounded in practical realities."

The authors acknowledge the contributions of Scott E. Fahlman, Professor Emeritus in Carnegie Mellon's School of Computer Science.
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Sub-Saharan Africa leads global HIV decline | ScienceDaily
The Institute for Health Metrics and Evaluation (IHME) has published a new study in The Lancet HIV journal that revealed significant progress in the global fight against HIV/AIDS, alongside a stark warning that current trends indicate the world is not on track to meet the ambitious UNAIDS 2030 targets.


						
The research, which analyzed the global, regional, and national burden of HIV/AIDS among 204 countries and territories from 1990 to 2021 and forecasted trends to 2050, highlighted a mixed landscape of achievements and challenges in the battle against this global epidemic.

Between 2010 and 2021, new HIV infections decreased from 2.1 million to 1.7 million, and HIV-related deaths decreased from 1.2 million to 718,000. Despite this progress, researchers found regional variation in the HIV response and forecast the world is not on track to meet UNAIDS 2030 targets to cut new HIV infections and AIDS-related deaths by 90%.

Sub-Saharan Africa leads the world in cutting new HIV infections and deaths from the disease

The global decline in HIV incidence is largely driven by sub-Saharan Africa, where the likelihood of getting HIV over a lifetime has fallen by 60% since its peak in 1995. This region also achieved the largest decrease in population without a suppressed level of HIV (PUV), from 19.7 million people in 2003 to 11.3 million people in 2021.

In contrast, the lifetime probability of HIV acquisition increased from 0.4% to 2.8% between 1995 and 2021, while PUV rose from 310,000 people to 680,000 people between 2003 and 2021 in Central Europe, Eastern Europe, and Central Asia.

"The world has made remarkable global progress to significantly reduce the number of new HIV infections and lives lost to the disease, yet there are remaining challenges to overcome," said Dr. Hmwe Kyu, IHME Associate Professor and study author. "More than a million people acquire a new HIV infection each year and, of the 40 million people living with HIV, a quarter are not receiving treatment," she added.




Despite progress, UNAIDS's HIV infection reduction and AIDS-related deaths 2030 targets won't be met

Although substantial progress has been made against HIV incidence and AIDS-related mortality, the world is not on target to meet the UN's 2030 targets to reduce new HIV infections and AIDS-related deaths by 90%.

The number of people living with HIV is expected to peak at 44.4 million by 2039, followed by a gradual decrease to 43.4 million people by 2050.

"The global community must make sustained and substantive efforts to sharpen the focus on prevention, optimize access to antiretroviral therapy, and make HIV testing widely available to achieve prompt diagnosis and linkage to care," said Dr. Kyu.

New cases of HIV, and deaths associated with the disease, are expected to continue to decrease globally. However, long-term increases have been forecast in North Africa and the Middle East, where only 67% of people living with HIV are aware of their status, 50% access ART, and 45% are virally suppressed.

"Although new HIV infections and HIV-related mortality have fallen globally, they are increasing in several nations and regions. Our analysis is designed to inform countries' sustained response to HIV that includes expanded access to lifesaving antiretroviral therapy (ART), effective prevention options, and innovative care models," said Austin Carter, IHME Research Scientist.

The study authors set a series of recommendations to sustain and invigorate the global HIV response, including the strengthening of the US President's Emergency Plan for AIDS Relief (PEPFAR) and other similar public health programs dedicated to HIV control, as well as the expansion of prevention services, with a multitude of existing and emerging technologies. Additionally, interventions and care delivery models that work must be studied and implemented effectively and equitably, with special emphasis on measuring progress and addressing remaining gaps in our collective goal of ending the HIV epidemic.

The findings and recommendations from the new study by the GBD 2021 HIV collaborators serve as a call to action for governments, health care providers, and the global community to renew their commitment to ending the HIV epidemic. Only through sustained, comprehensive, and equitable efforts will the world be able to achieve the UNAIDS 2030 targets and ultimately eradicate HIV/AIDS as a public health threat.
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'Biodiversity is not a luxury': Connection between wealth and ecosystem health | ScienceDaily
A new study suggests that a more complex understanding of how wealth and biodiversity are linked may help communities with little wealth achieve the levels of diversity typically associated with more affluent areas.


						
Researchers have long understood that areas with more wealth tend to have higher biodiversity, a phenomenon known as the "luxury effect." However, the mechanisms by which wealth translates into biodiversity have been relatively underexplored, said Madhusudan Katti, associate professor of forestry and environmental resources at NC State. Katti, senior author of a paper on the study, said that framing biodiversity as a luxury undercuts the agency that people have in creating it.

"Biodiversity is not a luxury, it is something we can work to nurture in cities," Katti said. "It is not just a passive byproduct of wealth. Rather than just rely on the correlation of wealth and biodiversity, we wanted to understand the many ways that biodiversity intersects with different social pressures and systems."

To do this, researchers began with the land itself. By first analyzing the common characteristics of biodiverse areas, they were able to work backward to uncover the processes that promoted biodiversity and the social structures which would allow those processes to occur. Katti referred to this as the social-ecological framework, which examines how nature is shaped by human actions in a social context.

"Socially, you have actors who make decisions about land use and management," Katti said. "Someone decides how land will be used, whether it's a city deciding where a park is going to go or zoning for industry. Then you also have individuals in their backyards deciding what they want to do with it, whether they want to a lawn, a pollinator friendly garden or something else."

Those decisions are part of what the study calls the POSE framework. Rather than rely on descriptors like "luxury," the framework instead describes four social factors that determine how an individual, community group, or institution can influence biodiversity: power, objectives, social/ecological context and effort (POSE). Each piece of the framework represents a point of influence that communities can leverage to build biodiversity, and which may explain the luxury effect. A person with more wealth who owns a home, for instance, would have more power over the landscape on their property than someone living in an apartment complex. By using the POSE framework, communities with less wealth can find ways to leverage the resources they do have, such as focusing on increasing effort through collective organizing.

Katti hopes that the POSE framework will help inspire people to work toward healthier landscapes in their communities.

"We want people to understand that they can influence the landscape around them even without a lot of money," Katti said. "This is what community groups have been doing for a long time: they organize to overcome the handicap of wealth through effort. Our paper is a call to action. Biodiversity is achievable, and people have the power to create it together."

The paper, "Biodiversity is not a luxury: Unpacking wealth and power to accommodate the complexity of urban biodiversity," is published open access in the journal Ecosystems. First author of the paper is Renata Poulton Kamakura of Duke University. The paper was co-authored by Jin Bai and Vallari Sheel, Ph.D. students at NC State.

The work was done with support from the National Science Foundation under grant 2139754, and from the U.S. Geological Survey Southeast Climate Adaptation Science Center.
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Dopamine and serotonin work in opposition to shape learning | ScienceDaily
If you've heard of two of the brain's chemical neurotransmitters, it's probably dopamine and serotonin. Never mind that glutamate and GABA do most of the work -- it's the thrill of dopamine as the "pleasure chemical" and serotonin as tender mood-stabilizer that attract all the headlines.


						
Of course, the headlines mostly get it wrong. Dopamine's role in shaping behavior goes way beyond simple concepts like "pleasure" or even "reward." And the fact that it takes weeks or months for serotonin-boosting SSRI antidepressants to work suggests that it's not actually the immediate jump in serotonin levels that drum out the doldrums of depression, but some still-mysterious shift in downstream brain circuits.

A new study from Stanford's Wu Tsai Neurosciences Institute reveals yet another new facet of these mood-managing molecules. The research, published on-line November 25, 2024 in Nature, demonstrates for the first time exactly how dopamine and serotonin work together -- or more precisely, in opposition -- to shape our behavior.

"In addition to their involvement in our everyday behavior, dopamine and serotonin are implicated in a wide variety of neurological and psychiatric disorders: addiction, autism, depression, schizophrenia, Parkinson's and more," said study senior author Robert Malenka, the Pritzker Professor of Psychiatry and Behavioral Sciences at Stanford. "It's critical for us to understand their interactions if we are to make progress treating these disorders."

The theory: dopamine and serotonin are both important for shaping behavior -- but how?

Research has long shown that dopamine and serotonin play crucial roles in learning and decision-making across species. However, the exact interplay between these neurotransmitters has remained unclear. While dopamine is associated with reward prediction and seeking, serotonin seems to moderate these impulses and promote long-term thinking.

Two main theories have emerged: the "synergy hypothesis," which suggests dopamine handles short-term rewards while serotonin manages long-term benefits, and the "opponency hypothesis," which proposes the two act as opposing forces balancing our decisions, with dopamine urging immediate action while serotonin counsels patience.




This new Stanford study, part of Wu Tsai Neuro's NeuroChoice Initiative, provides the first direct experimental test of these competing hypotheses.

The experiment: dual control of dopamine and serotonin during associative learning

Led by graduate student Daniel Cardozo Pinto, the research team created specially engineered mice that allowed them to observe and control both dopamine and serotonin systems in the same animal.

This innovative approach helped them pinpoint where these two systems interact in the brain -- specifically in a limbic region called the nucleus accumbens, which plays a key role in emotion, motivation, and reward processing.

"This was a very technically demanding project that required us to develop new strategies for recording and manipulating the activity of multiple neuromodulators simultaneously in awake, behaving animals," Cardozo Pinto shared. However, he added, "I persevered because I strongly suspected that there would be fascinating interactions between the dopamine and serotonin systems that were being missed by other studies that focused on only one neuromodulator at a time, and it turned out that this was exactly the case."

Cardozo Pinto and colleagues used their innovative new tools to observe how dopamine and serotonin signals changed in the nucleus accumbens as mice learned to connect a tone and flashing light with a sweet reward. They found that the dopamine and serotonin systems responded in opposite directions -- dopamine signaling jumped up in response to the reward, while serotonin signaling fell.




The researchers then used optogenetic manipulation (a technique that uses light to control genetically modified neurons) to selectively blunt the normal signaling of each system -- either alone or in combination -- during reward learning.

Predictably, given the history of studies linking these signaling systems to reward learning, blocking both dopamine and serotonin signaling made it impossible for mice to link sound and light cues with sugary reward. More surprisingly, restoring either dopamine or serotonin signaling on its own was not enough to allow the animals to learn again. Only with both systems online could animals successfully use the cues to predict the arrival of a reward.

"The most surprising and memorable moment in the project came when I performed my first optogenetic experiment, where I tested whether mice preferred the experience of a dopamine boost, a serotonin dip, or both together," Cardozo Pinto recalled. "We placed mice in a box and paired different parts of the box with each of those experiences, so mice could vote with their feet which experience they preferred. I will never forget the thrill of walking into the room at the end of the experiment to see all the mice on the side of the box representing both manipulations together. It's very rare in science to get a result so striking that you can see it immediately, and it was our first direct piece of evidence to support the decades-old hypothesis of dopamine-serotonin opponency."

On the horizon: choreographing dopamine and serotonin to improve psychiatric treatment

The findings suggest that dopamine and serotonin work together, but in opposite ways, to help the brain learn from rewards, the researchers say.

Based on their results, they propose that the two systems act a bit like the accelerator and the brakes on a car. Dopamine encourages reward-seeking behavior by signaling when things are better than expected, creating a 'go' signal. In contrast, serotonin seems to put the brakes on this process, creating a 'stop' or 'wait' signal, potentially helping us to be more patient and consider long-term consequences rather than just immediate rewards. Effective learning, the study suggests, requires both the 'go' signal from dopamine and the 'wait' signal from serotonin for an organism to properly evaluate and respond to rewarding opportunities.

The findings also have implications for disorders involving dopamine and serotonin dysfunction, such as addiction, where dopaminergic hypersensitivity and serotonergic deficits contribute to compulsive reward-seeking -- and in mood disorders including depression and anxiety, where diminished serotonin signaling might impair behavioral flexibility and long-term planning.

"As dopamine's role in reward learning has become increasingly clear, the dopamine system has become a natural place to start for studies investigating diseases that involve disrupted reward processing, like addiction and depression," Cardozo Pinto said. "Our work showing that the dopamine and serotonin systems form a gas-brake system for reward suggests it will be fruitful for future work to focus on the relative balance between these two systems."

For example, in addiction treatment, therapies might aim to dampen overactive dopamine signaling while boosting serotonin activity. In depression, the goal might be to enhance both systems to improve motivation and long-term planning.

Furthermore, the technical advances the team made to accomplish this study, may have long-standing applications for neuroscience research, Malenka added. "The novel methodologies we developed for this study can now be applied to a host of fascinating questions related to how the brain mediates adaptive behaviors and what goes wrong in these neuromodulatory systems during prevalent brain disorders such as addiction, depression, and autism spectrum disorders."

Competing interests: Eshel is a consultant for Boehringer Ingelheim. Bentzley is a co-founder of Magnus Medical. Malenka is on the scientific advisory boards of MapLight Therapeutics, MindMed, and Aelis Farma.
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Managing forests with smart technologies | ScienceDaily
Deforestation has remained a significant issue globally, with primary forests contributing to 16 per cent of the total tree cover loss in the last two decades, driven by climate change and intensive human activity. This threatens natural resources, biodiversity, and people's quality of life. To protect forests, Lithuanian scientists, in collaboration with Swedish experts, have developed Forest 4.0, an intelligent forest data processing model integrating blockchain, Internet of Things (IoT), and Artificial Intelligence (AI) technologies. The system enables real-time monitoring of forest conditions, sustainable resource accounting, and a more transparent forest governance model.


						
"Imagine buying a table and knowing exactly from which forest and tree it originated. This is exactly the outcome of the proposed forest data management model," says Rytis Maskeliunas, a professor at Kaunas University of Technology (KTU) who helped develop the system.

Researchers from Kaunas University of Technology, Vytautas Magnus University in Lithuania, and Linnaeus University in Sweden collaborated on its creation.

Smart sensors can detect tree disease and illegal logging

This system consists of multiple layers, with the first focusing on data acquisition and management. This layer is responsible for gathering information from wireless sensor networks, which include various IoT devices that measure factors such as tree sap, temperature, and soil moisture, all connected by data transmission. "This way, nobody has to go into the forest and take measurements manually," adds a KTU professor.

The Forest 4.0 system features an IoT solution with sensors resembling birdhouses, which are installed in trees. "These devices send data to a central system, where it is analysed using AI algorithms within the data analysis layer," says KTU Centre of Real-Time Computer Systems professor Egidijus Kazanavicius, who developed the hardware.

The analysis findings are further used in the monitoring and evaluation layer to examine forest health, biodiversity, carbon sequestration, and ecosystem services. "This information is also essential for the next phase of the system -- forest management," explains Maskeliunas.




In practical applications, the researcher explains that by gathering data on environmental conditions such as temperature, humidity, and air quality from these sensors, the IoT system can assess forest health, monitor fire risks, and offer protection against diseases, pests, or illegal activities.

A smart monitoring system is not just sensors, according to Maskeliunas, cameras already installed in the forest can also be used. "By analysing camera images and looking at, for example, browning needles, the IoT can detect the impact of insects on trees, identify disease through spots on leaves, and by encrypting sounds, it can indicate illegal logging," he says.

It can also be adapted to predict changes in forest ecosystems and the spread of invasive species.

The goal -- healthy, lush forest full of animals

With the aim of revolutionising forest management, the system uses new technologies to improve the efficiency, sustainability, and profitability of forest businesses, optimise resource use, reduce waste, and facilitate decision-making.

In addition, the Forest 4.0 model provides supply chain traceability management, allowing processes to be monitored at all stages, from the forest to the sawmill or even the final wood product.




Blockchain, a decentralised digital ledger technology that ensures transparency and data integrity, is the foundation of this functionality.

"The technology works without the authority and provides a transparent, secure, and unchangeable record of everything that happens to the forest and its production reducing illegal logging and ensuring sustainable practices," adds the professor of KTU Faculty of Informatics (IF).

Despite these benefits, researchers are also facing some challenges in implementing Forest 4.0. These include high initial investment and an inert approach to innovation. "It is assumed that it is better to opt for expensive and complex solutions, while smaller and cheaper sensors are given less attention. We should be glad that a solution costing a few hundred euros is able to collect and send data by itself," says Prof. Maskeliunas.

Also, the use of decentralised blockchain technology requires a high level of trust from the users, however, the successful development of financial technology (Fintech) is helping to overcome these fears.

However, in other countries, such as Germany, such solutions have already gained more acceptance. This shows that Forest 4.0 has the potential to become a global standard and that Lithuania can serve as a role model for other countries in promoting responsible and sustainable forest management.

Speaking about the Forest 4.0 concept itself, Maskeliunas says that smart forest management is about caring for the future of nature: "It is like the fourth industrial revolution in forestry, with the goal of a non-flammable, lush forest full of animals."
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Political opinions influence our choice of chocolate | ScienceDaily
We distance ourselves from completely neutral products if they are liked by people who have political views that we find disagreeable. This is shown in four studies from Linkoping University, Sweden. The behaviour is reinforced if we have to make a decision when others are watching.


						
Political distancing affects us more deeply than was previously known and governs our choices even when it is completely irrelevant. The studies show that even chocolate can be political.

"From a social perspective, it can unfortunately be rational to distance ourselves from these neutral things, but this contributes to a more polarised society," says Arvid Erlandsson, senior associate professor at the Department of Behavioural Sciences and Learning at Linkoping University.

In four studies, researchers investigated people's attitudes to completely non-political products before and after these were linked to people or groups with different political views. As far as is known, this is the first time such an investigation has been conducted. The results have been presented in the journal Personality and Social Psychology Bulletin.

The first study concerned clothing. The more than 600 participants were first shown a number of pictures of people wearing formal clothes. The heads of the people were hidden. Participants were asked to give their opinion on the design, fit and colour of the clothes and how much they would want to buy them. They were also asked their views on political parties. They then had to re-evaluate the clothes, but this time the faces of the people wearing them were visible. It turned out that the faces belonged to well-known Swedish politicians.

This clearly affected the results in the second round. Clothes worn by a politician from the participants' least liked party were now more often perceived as less stylish than in the first assessment.

In the next study, more than 800 participants first gave scores to eight well-known chocolate brands and stated their political stance. They were then divided into groups for a second round. One group was told that a previous pilot study showed that their political opponents liked a particular chocolate the best. A second group was instead told which kind their own side preferred. They then made a new assessment.




It turned out that chocolate that was liked by political opponents had now become significantly less appealing. However, varieties that were liked by their own side did not become more popular.

"It's less about you associating with what your own side likes and more about avoiding what's liked by the opposing side," summarises Arvid Erlandsson.

A third study similarly examined willingness to donate money to various charities. More than 1,200 people participated and the results were the same as in the previous studies. Participants were less likely to give money to organisations they were told were preferred by political opponents.

The researchers think that we unconsciously behave this way to maintain a consistent self-image. What the participants did not know was that the pilot study showed that everyone -- regardless of their political affiliation -- had actually liked the same chocolate varieties and the same charities.

In the last study, 1,295 people participated. They also had to choose between products, but with a difference. One group made their choices while being observed by animated faces they were told belonged to their own political grouping. It turned out that the tendency to distance oneself from products liked by political opponents was further reinforced. The researchers' conclusion is that we attach great importance to how we appear to others.

"Knowing about it might make you think twice, instead of just going on a gut feeling," says Arvid Erlandsson.
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Researchers develop tools to examine neighborhood economic effects on spinal cord injury outcomes | ScienceDaily
Kessler Foundation researchers have developed robust measures of neighborhood economic factors to study how social determinants influence health outcomes after spinal cord injury (SCI). The study reveals that individuals in disadvantaged neighborhoods face higher risks of poor health, emphasizing the need for public policy to address environmental inequities.


						
Research scientists developed and validated two composite measures -- neighborhood socioeconomic status and socioeconomic disadvantage -- using data from the U.S. Census Bureau's American Community Survey and the national Spinal Cord Injury Model Systems database, respectively.

The article, "Development of Composite Measures of Neighborhood Economic Factors for Use in Spinal Cord Injury Outcomes Studies: A Spinal Cord Injury Model Systems Database Study", was published in the November 2024 issue of the Archives of Physical Medicine and Rehabilitation. Foundation authors Amanda L. Botticello, PhD, MPH; Lauren Murphy, PhD; and Anthony Lequerica, PhD; collaborated on the article with colleagues from partnering institutions.

"These measures are an advancement for studying social determinants of health in SCI research. They provide critical tools that other researchers can use so that including indicators of neighborhood environmental factors can become standard in future rehabilitation outcomes studies," said lead author and principal investigator Dr. Amanda Botticello. She is associate director at the Foundation's Center for Outcomes and Assessment Research. "Our findings highlight the importance of understanding how the environment influences health, community integration, and the development of disparities in these outcomes over time. This research can guide targeted interventions to improve quality of life for those living with SCI."

This research was supported by the National Institute on Disability, Independent Living, and Rehabilitation Research (NIDILRR), Grant #90SIMS0021.
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Social networked friendship quality can be means of combating loneliness | ScienceDaily
Loneliness is on the rise in the U.S., with a third of Americans reporting they've experienced "serious loneliness" in recent years. Lonely people are twice as likely to become depressed, and loneliness is a key risk factor for self-harm and suicide, perhaps playing a role in the record number of suicides in the U.S. in 2023 -- more than 50,000.


						
Many suspect the increase in loneliness is due to the collapse of interpersonal social contact and community engagement, as more and more of our time is spent online rather than connecting in person. Young Americans between the ages of 18-29 now spend more than five hours a day social networking, and heavy social media use has been linked to depression.

Spending too much time social networking appears to be a key driver in loneliness, but a new paper published in Telematics and Informatics suggests motivated uses of social networking sites for connecting with people and feeling companionship can also play a role in alleviating it. The paper was written by Brandon Bouchillon, an associate professor of journalism at the U of A.

The paper tested the influence of networked friendship quality on trait self-esteem and loneliness. Bouchillon distinguishes between trait self-esteem, as the more constant and enduring form of self-esteem, and state self-esteem, which is transitory, like the boost someone might feel from a social media post being liked.

Bouchillon conducted a web survey of 1,500 participants matched to U.S. Census percentages for sex, race, ethnicity, age and region of residence, and was able to follow up with more than half of them six weeks later. Respondents were given statements like, "I am a person of worth" and "I feel that I have a number of good qualities," then asked to reply on a five-point scale ranging from "strongly disagree" to "strongly agree."

Respondents were also asked whether in the past week they felt left out or isolated from others. Networked friendship quality questions asked if they joked with friends on social networking sites or felt a sense of camaraderie when using them.

Generally, Bouchillon found that younger respondents, from 18-29 and 30-39, reported much greater networked friendship quality than people 50 and over. That said, younger people from 18-39 also tended to report lower self-esteem and higher rates of loneliness. But those who felt closeness and camaraderie with other users of social networking reported increased self-esteem even six weeks later, and this association was significant for users up to the age of 61. Gains in self-esteem spilled over to reductions in loneliness for younger generations as well, with the indirect effect eventually becoming non-significant for users in their 60s and 70s.




People over 70 reported lower levels of self-esteem as they became close with other people on social networking sites, perhaps because they see digital friendship less as a supplement to real life connections and more as a crutch.

"I'm finding that changes to personal networks -- feeling closeness and camaraderie with other users social networking -- can lead to increased feelings of self-worth, and this relates to lower levels of perceived social isolation, even over time," Bouchillon said.

"So despite the fact that how you feel about yourself is mostly stable through life," he continued, "connecting with people and sensing camaraderie even remotely can lead to feeling better about yourself, and less lonely, which in theory relates to lower chances of self-harm and suicide."

Bouchillon said he became interested in this topic because the Surgeon General issued a warning about the high level of suicides in America last year, and he encouraged researchers to look at the potential for networked modes of communication to connect people.

"It's really difficult to address suicidal ideation and self-harm directly through surveys," Bouchillon explained. "These are socially undesirable things to ask about, and nobody wants to admit feeling this way. That said, they are more willing to talk about feeling socially isolated and lonely. So I'm attacking the suicide risk and suicidal ideation problem through the lens of loneliness with this study."

Ultimately, Bouchillon thinks high school, college and adult education classes aimed at developing best practices for using social networking applications safely and effectively to establish connections with new and diverse others would be good places to start.

The question of how best to foster these friendships is not the focus of the paper, but in another forthcoming study for Human Behavior and Emerging Technologies, Bouchillon finds that joining hobby groups and interest groups based on topics unrelated to politics could help.

Using shared interests to break the ice on social networking sites can help users overlook other differences at first. This allows personal networks to expand and could potentially contribute to a sense of companionship. Nonpolitical topics can range from being fans of the same sports team to enjoying the same hobbies, such as hiking, gardening or birdwatching. Connecting with people on the basis of shared interests could be used to encourage real world social engagement and more diverse social camaraderie.
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Women who suffer pregnancy complications have fewer children | ScienceDaily
Women who suffer severe complications during their first pregnancy or delivery are less inclined to have more babies, a study published in JAMA by researchers at Karolinska Institutet reports. Given the recent steady decline in birth rate in Sweden, the researchers propose monitoring in antenatal care to address the problem.


						
"The clinical monitoring of these women is essential, and they need individualised advice on possible future pregnancies," says the study's first author Eleni Tsamantioti, doctoral student at the Department of Medicine in Solna, Karolinska Institutet.

Birth rates and fertility have both been in steady decline in Sweden over the past years. In this new population-based study, the researchers have studied the association between severe maternal morbidity in first-time mothers and the likelihood of their having a second baby. The study comprised over a million women in Sweden who had their first baby between 1999 and 2021.

"We found that the likelihood of having more children was much lower in women who had experienced severe complications during their first pregnancy, delivery or postnatal period," says the study's last author Neda Razaz, associate professor at the same department. "Such events can often have a physical and mental impact on women for a long time to come."

All in all, 3.5 per cent of the first-time mothers in the study suffered serious complications and were 12 per cent less likely to have a second baby. Most impacted were women who had experienced cardiac complications, a ruptured uterus or severe mental health problems, who were 50 per cent less likely to have another birth than women who had not experienced such complications.

Women who needed respiratory care or who suffered a cerebrovascular accident like stroke or intracranial haemorrhage were 40 per cent less likely to have a second baby. Acute kidney failure, severe preeclampsia and blood clotting were also associated with a lower probability of a second pregnancy. The researchers also compared the women with any sisters they had to control for familial factors.

"The reasons are hard to speculate on and may result from multiple factors, such as decreased desire for more children, trauma, infertility related to psychiatric medications, or lack of health counselling," says Tsamantioti. "Proper support and monitoring by antenatal care staff is therefore essential for women who have suffered serious health problems during pregnancy or delivery."

The study was financed by grants from the Swedish Heart-Lung Foundation, Region Stockholm, the ALF scheme and the Swedish Research Council. There are no reported conflicts of interest.
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Online health care reviews turned negative following COVID pandemic | ScienceDaily
After the COVID-19 pandemic struck, online reviews of health care facilities dropped signficiantly, and they have not yet fully recovered, according to a new analysis led by researchers at the Perelman School of Medicine at the University of Pennsylvania. More than half of reviews on the online platform, Yelp,now are negative, flipping the pre-COVID picture. The findings are published today in JAMA Network Open.


						
"Online reviews can tell us information about the patient experience that traditional reporting metrics, like hospital-administered patient experience surveys, might miss," said the study's lead author, Neil Sehgal, ME, an associate fellow in the Penn Leonard Davis Institute of Health Economics. "These reviews can help hospitals understand what matters most to patients and their support networks in near real time."

By analyzing all reviews of health care facilities in the United States on the online platform Yelp dated from 2014 through 2023, Sehgal, co-author Anish Agarwal, MD, an assistant professor of Emergency Medicine, and their team saw that the percentage of positive -- four- and five-star -- reviews dropped from 54.3 percent before March 2020 (marked as the beginning of the COVID pandemic in the United States) to 47.9 percent after.

In fact, from the latter half of 2021 on, the researchers found that positive reviews were never more than 50 percent.

"We analyzed Yelp reviews of health facilities nationwide -- which includes hospitals, urgent care centers, doctors' offices, and more," said Sehgal. "Our analysis shows how public perception of health care changed after COVID-19. And with this information, hopefully, health care professionals can work to improve upon what's been driving these opinions."

Feedback ups and downs 

In analyzing the reviews, the researchers used a language processing technique to tease out the most common topics from the reviews, organized them into themes, and measured how they changed over time.




The themes that saw the greatest change in mentions between the pre- and post-COVID periods were "insurance and billing issues" and "customer service and staff behavior."

One theme mentioned less in negative reviews after the arrival of COVID -- and a renewed, supercharged focus on hygiene: Facility cleanliness.

Trends emerge along ethnic and geographic lines 

While positive reviews of health care facilities on Yelp, as a whole, declined over time, health care facilities in rural areas already had lower ratings at the start of the time period examined, and the differences became more significant after COVID struck. Post-COVID, rural facilities were 23 percent less likely to have positive reviews, compared to health facilities in urban areas, which were 7 percent less likely to have positive reviews.

Looking at data on race, researchers found that health facilities in the sample of neighborhoods that they analyzed that had higher proportions of Black or white residents were more likely to have significant declines in positive reviews.

But when it came to areas with higher-than-average Hispanic populations, facilities still saw a decline in positive ratings, though the dips were not as pronounced.




"At the moment, we cannot understand what is driving these changes among different populations," Agarwal said. "But this could help us think critically on what questions to ask next and how to better deliver care around the nation in the future."

Researchers also identified ethnic correlations around the most mentioned complaints. Reviews for facilities in areas with higher Black and/or Hispanic populations criticized "insurance and billing issues" more often, while the facilities in areas with higher white populations found fault with "wait times" more often.

"Many of the themes have clear overlap but are distinct across geographic areas, which is interesting and begins to highlight a growing need for health systems and facilities to be more intentional and tailored to their local communities' needs -- and opinions," said Agarwal.

Moving forward, the researchers hope to look deeper into the content of the reviews to better understand how attitudes and opinions break down along socio-ethnographic lines, giving health care professionals better tools for discussing issues that are important to individuals and assuaging concerns.

This study was partially funded by National Institutes of Health grants (NIH NHLBI R01HL1-141844, NIH/DHHS R01 MH127686, NIH-NIMHD:R01MD018340, and NIH K24 HL157621).
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Need a landing pad for helicopter parenting? Frame tasks as learning | ScienceDaily
Parents are much less likely to intervene when their young children are getting dressed or performing other simple chores if those tasks are framed as learning opportunities, according to a new study by Yale researchers.


						
Media reports and academic literature suggest that overparenting -- a style of parenting in which adults persistently take over tasks or solve problems that would be developmentally appropriate for children to resolve on their own -- is becoming increasingly prevalent. Studies have demonstrated that overparenting diminishes children's motivation to complete tasks independently.

The study, published on November 21 in the journal Child Development, found that framing the task of getting dressed as a chance for preschool-aged children to learn reduced parental intervention by about 50%.

"When an adult steps in and completes a task for a young child, it can deprive the child of an opportunity to learn how to complete the task by themselves, which potentially harms their ability to develop self-efficacy, autonomy, and other important life skills," said lead author Reut Shachnai, a graduate student in Yale's Department of Psychology. "Our findings suggest that framing everyday tasks as learning opportunities can significantly reduce overparenting, and in turn boost children's independence, persistence, and resilience."

The study consists of three parts. In the first, the researchers surveyed 77 parents of 4-to-5-year-olds (62% mothers, 38% fathers) to gain a better understanding of their perceptions of children's learning and their overparenting behaviors, and whether parents' perceptions of learning and overparenting behaviors differ between academic and non-academic tasks. Parents reported taking over less on tasks they perceived as greater learning opportunities -- more likely academic tasks, such as solving puzzles or tracing letters, rather than nonacademic chores such as getting dressed.

Next, the researchers conducted an experiment at a children's museum in Philadelphia to test whether framing getting dressed as an educational opportunity reduced overparenting. To ensure the test was novel and challenging, they had 4-to-5-year-olds dress up in hockey gear -- two shin guards and a chest guard. Before initiating the experiment, they established that the children could successfully complete the task on their own, meaning any intervention by parents could be considered an instance of overparenting.

The researchers randomly assigned 30 parent-child pairs either to a "big learning opportunity" condition, in which the parents were informed that children can learn key lifelong skills from putting on clothes, or to a control group where parents were told that dress-up activities helped children engage with the museum.




The experiment showed that framing the task as a learning opportunity decreased the number of actions parents performed for their child as they put on the hockey pads by about half, from an average of 8.6 actions in the control condition to 4.4 actions in the learning opportunity condition. Additionally, parents offered their children more encouragement and positive feedback when the task was framed as a learning opportunity.

A subsequent experiment tested whether parents' perceptions of the magnitude of the learning opportunity affected how much they intervened during a task. Eighty parent-child pairs were randomly divided into two groups: One in which they were told that putting on clothes is an opportunity to learn important, lifelong skills, and another where parents were informed that putting on these clothes allows children to learn about hockey gear.

The experiment produced no evidence that parents intervene less when a task is couched as an important learning opportunity versus a minor one, as the number of interventions were similarly low in both groups. The researchers concluded that parents take over less wheneverthey view a task as a learning opportunity, no matter how big or small.

"It's very common for parents, who are often pressed for time, to complete everyday tasks for their children, but there's evidence that this behavior demotivates kids from doing things for themselves," said Julia Leonard, assistant professor of psychology in Yale's Faculty of Arts and Sciences and the study's senior author. "Based on our work, we can recommend the following to parents, teachers, and mentors alike: The next time you find yourself tempted to complete a task for a child, take a moment to appreciate all that they can learn from trying to complete the task on their own."

Mika Asaba, a postdoctoral fellow in Yale's Department of Psychology, and Lingyan Hu, a graduate student at the University of Pennsylvania, are coauthors of the study.
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Animal characters can boost young children's psychological development | ScienceDaily
Children's books are full of animal characters whose antics capture the hearts and inspire the imaginations of their young readers.


						
However, a new study has shown that iconic characters such as Peter Rabbit -- or Toad and Ratty from The Wind in the Willows -- can also play an important role in children's psychological development.

The research explored the extent to which different non-human characters influence children's theory of mind skills, which include the ability to read and predict social changes in the environment through tone of voice, choice of words, or facial expression.

For the study, more than 100 children aged between five and 10 were tested on their theory of mind skills when presented with stories featuring animal characters as opposed to those featuring human ones.

The study found that when faced with human characters, there was a clear age-related progression, with older children consistently outperforming their younger counterparts. In fact, Year 3 children performed better than the researchers had predicted in the tests featuring human characters.

However, in tests that involved animal characters, Year 1 participants were able to match the scores achieved by pupils from Year 3, two years older than them.

Writing in the Journal of Experimental Child Psychology, the researchers say the findings highlight the importance of both human and non-human characters for children's earliest development.




The research was led by Dr Gray Atherton and Dr Liam Cross, from the University of Plymouth's School of Psychology.

Dr Atherton, lead author on the new study, said: "Animals play a huge part of children's stories, whether that is in books and comics or through TV and film. We wanted to test if that is down to more than simply liking the characters, and whether there are actual benefits of children learning through by watching or reading about animals and if this changes over time. Our findings showed that both human and non-human characters are important in helping children interpret the world around them, and that they play differing roles at different stages in their development. Adapting activities and lessons in nurseries and the early school years to take that into account could be hugely effective in helping to support their development."

The research builds on previous studies by Dr Atherton and Dr Cross exploring factors which can influence the educational and social development of people with autism and learning difficulties.

These have included initiatives showing that playing board and online games can boost the confidence among people with autism, and others highlighting that people with dyslexia and dyscalculia show reduced bias against others based on characteristics such as their disability, race or gender.

Based on the new research, the academics now intend to explore in more detail if their findings could be used specifically to benefit children with such conditions.

Dr Cross added: "We believe this new study could have particular importance for people with autism or other conditions which can impact their learning. Working with teenagers in the past, we have noticed how tasks that involve animal characters can result in autistic people performing just as well as non-autistic children. It would be interesting to replicate our current study with autistic children, to understand if we can find more effective ways to support them at a critical point in their development."
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Standing at work can be detrimental to blood pressure | ScienceDaily
A Finnish study found that prolonged standing at work had a negative impact on the research participants' 24-hour blood pressure. In contrast, spending more time sitting at work was associated with better blood pressure. The study suggests that activity behaviour during working hours may be more relevant to 24-hour blood pressure than recreational physical activity.


						
Regular exercise is important for controlling blood pressure. In particular, more vigorous, aerobic exercise is effective for lowering blood pressure, but also everyday physical activity can have a beneficial impact. Previous studies have shown that exercise in leisure time is more beneficial for the cardiovascular system than physical activity at work, which can even be detrimental to health.

24-hour blood pressure important for cardiovascular health

In the Finnish Retirement and Aging study (FIREA) conducted at the University of Turku, the physical activity of municipal employees approaching retirement age was measured using thigh-worn accelerometers during working hours, leisure time, and days off. In addition, the research participants used a portable blood pressure monitor that automatically measured their blood pressure every 30 minutes for 24 hours.

"Rather than any single measurement, 24-hour blood pressure is a better indication of how blood pressure stresses the heart and blood vessels throughout the day and night. If blood pressure is slightly high throughout the day and does not fall sufficiently even at night, blood vessels start to stiffen and the heart has to work harder to cope with the increased pressure. Over the years, this can lead to the development of cardiovascular disease," says Doctoral Researcher Jooa Norha.

Take a break from standing during the workday

The latest results confirm previous findings that physical activity at work can be harmful to the heart and circulatory system. In particular, prolonged standing can raise blood pressure as the body boosts circulation to the lower limbs by constricting blood vessels and increasing the pumping power of the heart.




"A standing desk can provide a nice change from sitting at the office, but too much standing can be harmful. It's a good idea to take a break from standing during the work day, either by walking every half an hour or sitting for some parts of the day," Norha recommends.

Recreational physical activity is also needed

In addition, the results of the study suggest that sedentary work in itself is not necessarily harmful to blood pressure. Instead, researchers stress the importance of recreational physical activity for both office and construction workers.

"It is good to remember that being physically active at work is not enough on its own. Engaging in diverse physical exercise during leisure time helps to maintain fitness, making work-related strain more manageable. Similarly, employees with predominantly sedentary jobs should ensure that they get enough exercise during their leisure time," Norha highlights.
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Exploring factors affecting workers' acquisition of exercise habits using machine learning approaches | ScienceDaily


						Physical inactivity is the fourth leading mortality risk factor, following hypertension, smoking, and hyperglycemia. Therefore, acquiring an exercise habit is crucial to maintain and improve health. In Japan, Specific Health Guidance is provided to support the improvement of lifestyle habits, including exercise habits. To develop more efficient health guidance, it is important to identify factors that influence its effectiveness (e.g., characteristics and lifestyle of the target population). In this study, data from middle-aged workers who received Specific Health Guidance were analyzed using machine learning to explore the factors associated with the acquisition of exercise habits, and the importance of each factor was evaluated.


						
The researchers conducted a secondary analysis of data obtained by health insurance societies and other organizations through health projects in 2017-2018. They found that the most critical factor associated with the acquisition of exercise habits was "the higher stages of behavioral change toward lifestyle improvement," followed by "high level of physical activity" and "high density lipoprotein cholesterol level being within the reference range." In contrast, "daily alcohol consumption of [?]60 g" had a negative effect on the acquisition of exercise habits.

This study revealed the factors related to the characteristics and lifestyles of middle-aged workers who received Motivational Health Guidance under the Specific Health Guidance program that positively associate with the acquisition of exercise habits. The results of this study may contribute to developing more efficient health guidance.

This work was supported by the Japan Agency for Medical Research and Development (grant numbers 21ek0210124h9903 and JP23rea522107).
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Simplicity is key to understanding and achieving goals | ScienceDaily
People's preference for simple explanations of any situation is connected to their desire to execute tasks efficiently, finds a new study from the University of Waterloo.


						
"These findings show that our preference for simpler explanations mirrors how we evaluate actions. Simplicity isn't just valued in explanations -- it's part of how we think about achieving results efficiently," said Claudia Sehl, lead author and a PhD candidate in developmental psychology at Waterloo.

Sehl collaborated with Waterloo developmental psychology professors Ori Friedman and Stephanie Denison on this study. They conducted seven experiments involving 2,820 participants who were presented with simple and complex ways to explain an outcome or achieve a goal. Participants consistently favoured the simpler options.

The study found that people are more attracted to explanations that involve common and reliable causes. If a cause seemed rare or unreliable, it was viewed as less helpful. In other words, the simpler and more dependable the cause, the more appealing it was both for understanding an event and for achieving results in the future.

"Essentially, the more common and reliable a cause, the more appealing it became as both an explanation and a method for achieving outcomes," Sehl said. "Additionally, whether describing causes or seeking outcomes, using fewer causes seems both faster and more effective, pointing to a shared mental process behind both preferences."

Overall, the findings suggest that efficiency is valued both in explanations and when achieving goals.

"Our research suggests that people care a lot about efficiency -- the idea of doing more with less -- and that this focus on efficiency affects how people think about both explanations and accomplishments," Friedman said.
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Your child, the sophisticated language learner | ScienceDaily
As young children, how do we build our vocabulary? Even by age 1, many infants seem to think that if they hear a new word, it means something different from the words they already know. But why they think so has remained subject to inquiry among scholars for the last 40 years.


						
A new study carried out at the MIT Language Acquisition Lab offers a novel insight into the matter: Sentences contain subtle hints in their grammar that tell young children about the meaning of new words. The finding, based on experiments with 2-year-olds, suggests that even very young kids are capable of absorbing grammatical cues from language and leveraging that information to acquire new words.

"Even at a surprisingly young age, kids have sophisticated knowledge of the grammar of sentences and can use that to learn the meanings of new words," says Athulya Aravind, an associate professor of linguistics at MIT.

The new insight stands in contrast to a prior explanation for how children build vocabulary: that they rely on the concept of "mutual exclusivity," meaning they treat each new word as corresponding to a new object or category. Instead, the new research shows how extensively children respond directly to grammatical information when interpreting words.

"For us it's very exciting because it's a very simple idea that explains so much about how children understand language," says Gabor Brody, a postdoc at Brown University, who is the first author of the paper.

The paper is titled, "Why Do Children Think Words Are Mutually Exclusive?" It is published in advance online form in Psychological Science. The authors are Brody; Roman Feiman, the Thomas J. and Alice M. Tisch Assistant Professor of Cognitive and Psychological Sciences and Linguistics at Brown; and Aravind, the Alfred Henry and Jean Morrison Hayes Career Development Associate Professor in MIT's Department of Linguistics and Philosophy.

Focusing on focus

Many scholars have thought that young children, when learning new words, have an innate bias toward mutual exclusivity, which could explain how children learn some of their new words. However, the concept of mutual exclusivity has never been airtight: Words like "bat" refer to multiple kinds of objects, while any object can be described using countlessly many words. For instance a rabbit can be called not only a "rabbit" or a "bunny," but also an "animal," or a "beauty," and in some contexts even a "delicacy." Despite this lack of perfect one-to-one mapping between words and objects, mutual exclusivity has still been posited as a strong tendency in children's word learning.




What Aravind, Brody, and Fieman propose is that children have no such tendency, and instead rely on so-called "focus" signals to decide what a new word means. Linguists use the term "focus" to refer to the way we emphasize or stress certain words to signal some kind of contrast. Depending on what is focused, the same sentence can have different implications. "Carlos gave Lewis a Ferrari" implies contrast with other possible cars -- he could have given Lewis a Mercedes. But "Carlos gave Lewis a Ferrari" implies contrast with other people -- he could have given Alexandra a Ferrari.

The researchers' experiments manipulated focus in three experiments with a total of 106 children. The participants watched videos of a cartoon fox who asked them to point to different objects.

The first experiment established how focus influences kids' choice between two objects when they hear a label, like "toy," that could, in principle, correspond to either of the two. After giving a name to one of the two objects ("Look, I am pointing to the blicket"), the fox told the child, "Now you point to the toy!" Children were divided into two groups. One group heard "toy" without emphasis, while the other heard it with emphasis.

In the first version, "blicket" and "toy" plausibly refer to the same object. But in the second version, the added focus, through intonation, implies that "toy" contrasts with the previously discussed "blicket." Without focus, only 24 percent of the respondents thought the words were mutually exclusive, whereas with the focus created by emphasizing "toy," 89 percent of participants thought "blicket" and "toy" referred to different objects.

The second and third experiments showed that focus is not just key when it comes to words like "toy," but it also affects the interpretation of new words children have never encountered before, like "wug" or "dax." If a new word was said without focus, children thought the word meant the previously named object 71 percent of the time. But when hearing the new word spoken with focus, they thought it must refer to a new object 87 percent of the time.

"Even though they know nothing about this new word, when it was focused, that still told them something: Focus communicated to children the presence of a contrasting alternative, and they correspondingly understood the noun to refer to an object that had not previously been labeled," Aravind explains.




She adds: "The particular claim we're making is that there is no inherent bias in children toward mutual exclusivity. The only reason we make the corresponding inference is because focus tells you that the word means something different from another word. When focus goes away, children don't draw those exclusivity inferences any more."

The researchers believe the full set of experiments sheds new light on the issue.

"Earlier explanations of mutual exclusivity introduced a whole new problem," Feiman says. "If kids assume words are mutually exclusive, how do they learn words that are not? After all, you can call the same animal either a rabbit or a bunny, and kids have to learn both of those at some point. Our finding explains why this isn't actually a problem. Kids won't think the new word is mutually exclusive with the old word by default, unless adults tell them that it is -- all adults have to do if the new word is not mutually exclusive is just say it without focusing it, and they'll naturally do that if they're thinking about it as compatible."

Learning language from language

The experiment, the researchers note, is the result of interdisciplinary research bridging psychology and linguistics -- in this case, mobilizing the linguistics concept of focus to address an issue of interest in both fields.

"We are hopeful this will be a paper that shows that small, simple theories have a place in psychology," Brody says. "It is a very small theory, not a huge model of the mind, but it completely flips the switch on some phenomena we thought we understood."

If the new hypothesis is correct, the researchers may have developed a more robust explanation about how children correctly apply new words.

"An influential idea in language development is that children can use their existing knowledge of language to learn more language," Aravind says. "We're in a sense building on that idea, and saying that even in the simplest cases, aspects of language that children already know, in this case an understanding of focus, help them grasp the meanings of unknown words."

The scholars acknowledge that more studies could further advance our knowledge about the issue. Future research, they note in the paper, could reexamine prior studies about mutual exclusivity, record and study naturalistic interactions between parents and children to see how focus is used, and examine the issue in other languages, especially those marking focus in alternate ways, such as word order.

The research was supported, in part, by a Jacobs Foundation Fellowship awarded to Feiman.
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Hear this! Transforming health care with speech-to-text technology | ScienceDaily
Speech-to-text programs are becoming more popular for everyday tasks like hands-free dictation, helping people who are visually impaired, and transcribing speech for those who are hard of hearing. These tools have many uses, and researcher Bozena Kostek from Gdansk University of Technology is exploring how STT can be better used in the medical field. By studying how clear speech affects STT accuracy, she hopes to improve its usefulness for health care professionals.


						
"Automating note-taking for patient data is crucial for doctors and radiologists, as it gives the doctors more face-to-face time with patients and allows for better data collection," Kostek says.

Kostek also explains the challenges they face in this work.

"STT models often struggle with medical terms, especially in Polish, since many have been trained mainly on English. Also, most resources focus on simple language, not specialized medical vocabulary. Noisy hospital environments make it even harder, as health care providers may not speak clearly due to stress or distractions."

To tackle these issues, a detailed audio dataset was created with Polish medical terms spoken by doctors and specialists in areas like cardiology and pulmonology. This dataset was analyzed using an Automatic Speech Recognition model, technology that converts speech into text, for transcription. Several metrics, such as Word Error Rate and Character Error Rate, were used to evaluate the quality of the speech recognition. This analysis helps understand how speech clarity and style affect the accuracy of STT.

Kostek will present this data Thursday, Nov. 21, at 3:25 p.m. ET as part of the virtual 187th Meeting of the Acoustical Society of America, running Nov. 18-22, 2024.

"Medical jargon can be tricky, especially with abbreviations that differ across specialties. This is an even more difficult task when we refer to realistic hospital situations in which the room is not acoustically prepared." Kostek said.

Currently, the focus is on Polish, but there are plans to expand the research to other languages, like Czech. Collaborations are being established with the University Hospital in Brno to develop medical term resources, aiming to enhance the use of STT technology in health care.

"Even though artificial intelligence is helpful in many situations, many problems should be investigated analytically rather than holistically, focusing on breaking a whole picture into individual parts."
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Smarter city planning: Researchers use brain activity to predict visits to urban areas | ScienceDaily
Urbanization, the process by which cities and towns expand in size and population, is rapidly advancing globally, and the percentage of people living in urban environments has increased from 33% in 1960 to 57% in 2023.


						
Now, researchers from Michigan State University are the first to measure brain activity to make predictions that could help inform enhanced urban planning and design that addresses the well-being of residents and visitors.

Dar Meshi, an associate professor in the Department of Advertising and Public Relations and director of the Social Media and Neuroscience Lab at MSU, led the study, which was recently published in the journal Nature Cities and included collaborators from the University of Lisbon in Portugal. Together, they found that the brain's reward system can shape human behavior within urban environments and aid in designing cities that promote sustainable living.

Because urban areas typically offer better access to educational and employment opportunities, advanced health care facilities and diverse cultural and recreational activities, they can contribute to a higher standard of living. However, the swift pace of urbanization also gives rise to challenges such as lack of green spaces, increased traffic noise, and social inequities, emphasizing the need for sustainable urban development strategies that prioritize health, safety and well-being for residents.

To better understand how to create proactive urban planning frameworks, Meshi and his co-authors used principles from the budding field of neurourbanism -- the study of measuring the human brain to predict and understand the influence of urban environments on behavior -- to conduct the study.

"Neurourbanism has the potential to contribute significantly to the design of cities that prioritize cognitive, emotional and physical well-being," Meshi said. "By prioritizing the well-being of individuals, cities can create environments that are conducive to the overall health and happiness of their inhabitants."

Neurourbanism employs brain-scanning tools, such as functional magnetic resonance imaging, or fMRI. FMRI detects changes in blood oxygen levels, known as the blood oxygen level dependent, or BOLD, signal, and uses this signal to identify the brain regions that are active during specific tasks or mental processes. When neurons -- cells that send and receive signals in your brain -- become more active, they require more oxygen. Blood flows to the active areas to meet this demand, and the fMRI detects where changes in blood oxygenation levels occur.




Meshi and his colleagues focused on the ventromedial prefrontal cortex, or vmPFC, a key region in the brain's reward system involved in valuation and decision-making.

"Previous neuroforecasting research has used activity in the brain's reward system, including the vmPFC, to predict a variety of population behaviors, such as food choices, music purchasing, crowdfunding outcomes and stock market prices, making it a valuable region to study with respect to urban planning," said Ardaman Kaur, a postdoctoral researcher in the MSU Institute for Quantitative Health Science and Engineering and one of the study's authors.

For this study, 77 participants in the U.S. who had never visited Lisbon, Portugal, underwent fMRI scanning while viewing and rating photos depicting urban environments in the city. The photos were geotagged images posted on the photo-sharing application Flickr. The density of photos for each region served as a proxy for measuring visitation patterns around Lisbon.

The findings from the study suggest that the neural activity in the vmPFC can predict people's visitation patterns to or away from a specific environment.

"People typically make decisions to maximize value, and because certain urban areas induce greater value-related brain activity than others, people in the city are more likely to travel to, or take pictures of, those certain areas," Meshi said.

According to Meshi, the results of the study imply that the vmPFC may be involved in processing a range of value judgements within urban environments, including perceptual, cognitive, social and cultural values.




"Individuals may be drawn to visit urban spaces not only because of their aesthetic appeal, but also due to their sociocultural relevance," he said. "This could include places with historical significance or social importance, which may not necessarily be aesthetically pleasing, but still hold considerable value."

Kaur said this research sheds important light on how our brains may encode information related to urban environments and drive visits around these environments.

"The insights from our study can potentially aid in the development of future human-centric cities, specifically tailored to how our brains perceive and interact with the environment," Kaur said.

Meshi believes the neurourbanistic approach used in his team's work can contribute to refining urban planning strategies, ultimately fostering enhanced livability and well-being.

"By incorporating these findings into the urban infrastructure and services, we may be able to create cites that are more efficient and enhance population livability and make it easier for residents to get from place to place," he said.
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Snoring linked to behavioral problems in adolescents without declines in cognition | ScienceDaily
Adolescents who snore frequently were more likely to exhibit behavior problems such as inattention, rule-breaking, and aggression, but they do not have any decline in their cognitive abilities, according to a new study conducted by researchers at the University of Maryland School of Medicine (UMSOM). This is the largest study to date tracking snoring in children from elementary school through their mid-teen years and it provides an important update to parents struggling with what medical measures to take to help manage snoring in their children.


						
The findings were recently published in JAMA Network Open.

To conduct the study, researchers analyzed the parent-reported snoring data, cognitive, and behavioral test outcomes of nearly 12,000 children enrolled in the national Adolescent Brain Cognitive Development (ABCD) study, the largest study of brain development and child health in the U.S. Children were enrolled in the study at ages 9-10 and had annual visits through age 15 to assess their snoring frequency, cognitive abilities, and behavioral issues.

The researchers found that adolescents who snore three times or more per week were more likely to have behavioral problems such as inattentiveness in class, social difficulties with friendships or adequately expressing their thoughts and emotions. However, these teens who snored did not exhibit any differences in their reading and language abilities, nor any difference on memory or cognitive processing tests compared to their peers who did not snore. The researchers also found that snoring rates declined as children grew older even without any treatment.

"Adolescence is a period when the brain's resilience withstands adverse inputs, which could explain why we are seeing the preservation of cognition in light of habitual snoring," said Amal Isaiah, MD, PhD, MBA, study co-author, Chief of Pediatric Otorhinolaryngology at UMSOM and faculty at the Institute for Health Computing. "If a child is experiencing behavioral issues, it may be time to consult a pediatrician about a sleep study perhaps even before an evaluation for attention deficit hyperactivity disorder (ADHD). We hope that these findings will further distinguish the behavioral versus cognitive effects of snoring to improve our approaches to treatment."

As many as 15 percent of American children have some form of sleep disordered breathing and a significant percentage of these children are misdiagnosed as having ADHD and treated unnecessarily with stimulant medications. Dr. Isaiah's findings expand upon his previous research linking frequent snoring to concerning brain changes and behavioral problems in children, with long-term follow-up of these children into their teen years.

Frequent snoring in children is often associated with poor health outcomes including poor classroom performance, problem behaviors, and lower quality of life. While clinical associations advocate for proactive treatment of sleep disordered breathing, the lack of available data from the population presents challenges in weighing the appropriate management options such as surgery to remove the adenoids and tonsils (adenotonsillectomy) and other non-surgical options.




"Dr. Isaiah utilized sophisticated data analytics to examine over one million data points, assessing the impact of sleep-disordered breathing on the developing brains of children through adolescence," said Mark T. Gladwin, MD, who is the John Z. and Akiko K. Bowers Distinguished Professor and Dean of UMSOM, and Vice President for Medical Affairs at University of Maryland, Baltimore."With novel computational and AI tools now available at the UM Institute for Health Computing, calculations that once took months can now be completed in a matter of days."

The research team plans to further utilize AI capabilities at UM Institute for Health Computing to process larger datasets and examine the causal relationship between snoring and brain outcomes.

The study was supported by the National Heart, Lung and Blood Institute of the National Institutes of Health (NIH) and the various funders of the ABCD study.

UMSOM is one of 21 research sites involved in the ABCD study and faculty, including Dr. Isaiah, are co-investigators on this ongoing research. Study co-authors Linda Chang, MD, MS and Thomas Ernst, PhD are site principal investigators.
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Confidence drives feedback-seeking behavior: Insights into learning and motivation | ScienceDaily
A new study from co-lead author Christopher J. Cagna, PhD, of Kessler Foundation examines the determinants of feedback-seeking behavior and their impact on learning. In collaboration with fellow co-lead author, Jamil P. Bhanji, PhD, of Rutgers University, the study highlights that low confidence in task performance significantly motivates individuals to seek corrective feedback, which in turn enhances learning outcomes. The findings provide actionable insights for optimizing feedback strategies in environments where learning is critical to success.


						
The article, "Decisions to Seek Cognitive Performance Feedback: Potential Determinants of Feedback Value and Consequences for Learning," was published in the November 2024 issue of Learning and Motivation. Additional authors included Mauricio R. Delgado, PhD, and Elizabeth Tricomi, PhD, of Rutgers University and Da'Quallon Smith of London School of Economics.

In the study conducted at Rutgers University, 59 participants performed a memory task that required them to decide whether to pay for feedback while learning word pairs they were later tested on. Participants earned money that was contingent on their performance during the test phase. So, they had to decide whether the cost of feedback during the learning phase was worth the increased chance of performing better during the test phase and earning more money.

The results showed that participants were more likely to purchase feedback when they were uncertain about their learning accuracy. Additionally, negative feedback (i.e., corrective feedback after an incorrect response) improved test performance by promoting learning. Emotional responses and physiological arousal, measured through skin conductance, were not significant predictors of feedback-seeking behavior, suggesting that these factors may not play as large of a role in shaping decisions to seek performance feedback.

"Our findings suggest that lack of confidence in one's performance plays a pivotal role in determining the value of feedback information to an individual," said Dr. Cagna, postdoctoral fellow in the Foundation'sCenter for Traumatic Brain Injury Research. "Negative feedback can be difficult to accept, but it often provides the most valuable learning opportunities. Teaching people to embrace feedback -- even when it's critical -- could greatly enhance learning outcomes in many fields."

The research emphasized that the informational value of feedback often outweighs the emotional discomfort of being wrong, particularly when tied to a clear incentive, such as monetary rewards. "These insights have practical applications in education, the workplace, and rehabilitation settings, where feedback-seeking behavior is essential for success," Dr. Cagna concluded.

Funding: This research was supported by the National Institutes of Health (Grant #DA027764), the National Science Foundation (Grant #BCS1756065), and the National Multiple Sclerosis Society (Grant #MB-2107-38097).
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Fewer than 7% of global hotspots for whale-ship collisions have protection measures in place | ScienceDaily
According to the fossil record, cetaceans -- whales, dolphins and their relatives -- evolved from four-legged land mammals that returned to the oceans beginning some 50 million years ago. Today, their descendants are threatened by a different land-based mammal that has also returned to the sea: humans.


						
Thousands of whales are injured or killed each year after being struck by ships, particularly the large container vessels that ferry 80% of the world's traded goods across the oceans. Collisions are the leading cause of death worldwide for large whale species. Yet global data on ship strikes of whales are hard to come by -- impeding efforts to protect vulnerable whale species. A new study led by the University of Washington has for the first time quantified the risk for whale-ship collisions worldwide for four geographically widespread ocean giants that are threatened by shipping: blue, fin, humpback and sperm whales.

In the paper, published online Nov. 21 in Science, researchers report that global shipping traffic overlaps with about 92% of these whale species' ranges.

"This translates to ships traveling thousands of times the distance to the moon and back within these species' ranges each and every year, and this problem is only projected to increase as global trade grows in the coming decades," said senior author Briana Abrahms, a UW assistant professor of biology and researcher with the Center for Ecosystem Sentinels.

"Whale-ship collisions have typically only been studied at a local or regional level -- like off the east and west coasts of the continental U.S., and patterns of risk remain unknown for large areas," said lead author Anna Nisi, a UW postdoctoral researcher in the Center for Ecosystem Sentinels. "Our study is an attempt to fill those knowledge gaps and understand the risk of ship strikes on a global level. It's important to understand where these collisions are likely to occur because there are some really simple interventions that can substantially reduce collision risk."

The team found that only about 7% of areas at highest risk for whale-ship collisions have any measures in place to protect whales from this threat. These measures include speed reductions, both mandatory and voluntary, for ships crossing waters that overlap with whale migration or feeding areas.

"As much as we found cause for concern, we also found some big silver linings," said Abrahms. "For example, implementing management measures across only an additional 2.6% of the ocean's surface would protect all of the highest-risk collision hotspots we identified."

"Trade-offs between industrial and conservation outcomes are not usually this optimal," said co-author Heather Welch, a research scientist with the National Oceanic and Atmospheric Administration and the University of California, Santa Cruz. "Oftentimes industrial activities must be greatly limited to achieve conservation goals, or vice versa. In this case, there is a potentially large conservation benefit to whales for not much cost to the shipping industry."




Those highest-risk areas for the four while species included in the study lie largely along coastal areas in the Mediterranean, portions of the Americas, southern Africa and parts of Asia.

The international team behind the study, which includes researchers across five continents, looked at the waters where these four whale species live, feed and migrate by pooling data from disparate sources -- including government surveys, sightings by members of the public, tagging studies and even whaling records. The team collected some 435,000 unique whale sightings. They then combined this novel database with information on the courses of 176,000 cargo vessels from 2017 to 2022 -- tracked by each ship's automatic identification system and processed using an algorithm from Global Fishing Watch -- to identify where whales and ships are most likely to meet.

The study uncovered regions already known to be high-risk areas for ship strikes: North America's Pacific coast, Panama, the Arabian Sea, Sri Lanka, the Canary Islands and the Mediterranean Sea. But it also identified understudied regions at high risk for whale-ship collisions, including southern Africa; South America along the coasts of Brazil, Chile, Peru and Ecuador; the Azores; and East Asia off the coasts of China, Japan and South Korea.

The team found that mandatory measures to reduce whale-ship collisions were very rare, overlapping just 0.54% of blue whale hotspots and 0.27% of humpback hotspots, and not overlapping any fin or sperm whale hotspots. Though many collision hotspots fell within marine protected areas, these preserves often lack speed limits for vessels, as they were largely established to curb fishing and industrial pollution.

For all four species the vast majority of hotpots for whale-ship strikes -- more than 95% -- hugged coastlines, falling within a nation's exclusive economic zone. That means that each country could implement its own protection measures in coordination with the U.N.'s International Maritime Organization.

"From the standpoint of conservation, the fact that most high-risk areas lie within exclusive economic zones is actually encouraging," said Nisi. "It means individual countries have the ability to protect the riskiest areas."

Of the limited measures now in place, most are along the Pacific coast of North America and in the Mediterranean Sea. In addition to speed reduction, other options to reduce whale-ship strikes include changing vessel routings away from where whales are located, or creating alert systems to notify authorities and mariners when whales are nearby.




"Lowering vessel speed in hotspots also carries additional benefits, such as reducing underwater noise pollution, reducing greenhouse gas emissions, and cutting air pollution, which helps people living in coastal areas," said Nisi.

The authors hope their global study could spur local or regional research to map out the hotspot zones in finer detail, inform advocacy efforts and consider the impact of climate change, which will change both whale and ship distributions as sea ice melts and ecosystems shift.

"Protecting whales from the impact of ship strikes is a huge global challenge. We've seen the benefits of slowing ships down at local scales through programs like 'Blue Whales Blue Skies' in California. Scaling up such programs will require a concerted effort by conservation organizations, governments and shipping companies," said co-author Jono Wilson, director of ocean science at the California Chapter of The Nature Conservancy, which helped identify the need for this study and secured its funding. "Whales play a critical role in marine ecosystems. Through this study we have measurable insights into ship-collision hotspots and risk and where we need to focus to make the most impact."

Co-authors on the study are Stephanie Brodie, a research scientist with the Commonwealth Scientific and Industrial Research Organisation in Australia; research scientists Callie Leiphardt and Rachel Rhodes, and professor Douglas McCauley, all at the University of California, Santa Barbara; Elliott Hazen, research ecologist with NOAA's Southwest Fisheries Science Center; Jessica Redfern, associate vice president, Anderson Cabot Center for Ocean Life, New England Aquarium; the UW's Trevor Branch, professor of aquatic and fishery sciences, and Sue Moore, a research scientist with the Center for Ecosystem Sentinels; Andre Barreto, professor at the Universidade do Vale do Itajai in Brazil; senior research biologist John Calambokidis with the Cascadia Research Collective; data scientist Tyler Clavelle, chief scientist David Kroodsma and senior manager Tim White with Global Fishing Watch; research scientists Lauren Dares and Chloe Robinson with Ocean Wise; Asha de Vos with Oceanswell in Sri Lanka and the University of Western Australia; Shane Gero with Carleton University; biologist Jennifer Jackson with the British Antarctic Survey; Robert Kenney, emeritus research scientist with the University of Rhode Island; Russell Leaper with the International Fund for Animal Welfare; Ekaterina Ovsyanikova at the University of Queensland; and Simone Panigada with the Tethys Research Institute in Italy.

The research was funded by The Nature Conservancy, NOAA, the Benioff Ocean Science Laboratory, the National Marine Fisheries Service, Oceankind, Bloomberg Philanthropy, Heritage Expeditions, Ocean Park Hong Kong, National Geographic, NEID Global and the Schmidt Foundation.
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Math-selective US universities reduce gender gap in STEM fields | ScienceDaily
Nationally, men in colleges and universities currently outpace women in earning physics, engineering, and computer science (PECS) degrees by an approximate ratio of 4 to 1. To better understand the factors driving these gaps, NYU researchers analyzed bachelor's degrees awarded in the US from 2002-2022, and found that the most selective universities by math SAT scores have nearly closed the PECS gender gap, while less selective universities have seen it widen dramatically.


						
"These findings challenge our understanding of gender inequality in STEM education," says Joseph Cimpian, the study's lead author and professor of economics and education policy at NYU Steinhardt and NYU Wagner. "We're seeing two divergent trends: at highly selective universities, women's representation in these fields is approaching parity in PECS, while at institutions serving the majority of American students, women's representation in PECS has stagnated or declined. This has profound implications for economic equality and innovation in our technological workforce."

Cimpian and his co-author, Jo R. King -- a doctoral student at NYU Wagner -- analyzed data on over 34 million bachelor's degrees awarded between 2002 and 2022, using the Integrated Postsecondary Education Data System (IPEDS) for a near-census of degrees awarded in the US.

Their results, published in Science, identified average math SAT scores as the most predictive institutional factor of male to female representation in PECS. In 2002, institutions serving students with the highest math SAT scores (around 770 and higher) had 2 men for every 1 woman in PECS fields and narrowed that ratio to 3 men to 2 women in 2022. For schools serving students with much lower SAT scores (around 450), the initial ratio of 3 men to 1 woman in 2002 increased to 7 men for every 1 woman by 2022.

They also studied patterns of initial enrollment in these math-intensive majors and found that the most selective schools -- such as Ivy League schools and flagship public research universities -- improved recruitment and retention of women in PECS, while less selective schools struggled in both recruitment and retention over the past two decades.

In contrast to PECS fields, other STEM disciplines maintain roughly equal gender representation across all institution types. Cimpian notes that this distinction highlights the unique challenges in physics, engineering, and computer science.

The researchers supplemented their analyses with two additional nationally representative datasets to assess whether the divergent patterns they observed across institutions could be explained by individual student factors. They found that the different pattern of women's PECS representation across institutions persists even after accounting for the previously identified factor of student SAT scores as well as prior intentions to major in PECS. Notably, women of color face compounded challenges, remaining underrepresented even at institutions where overall gender balance is improving.

"Our findings suggest we need to redirect resources to where the gaps are largest," says Cimpian. "While it's crucial to maintain support for institutions making progress toward equity, we must better understand and address the growing challenges at less selective institutions, where most American students pursue their degrees."

This study was supported in part by the Institute of Education Sciences (#R305B200010).
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        'Genetic time machine' reveals complex chimpanzee cultures
        Chimpanzees are known for their remarkable intelligence and use of tools, but could their cultures also evolve over time like human cultures? A new, multidisciplinary study suggests that some of their most advanced behaviors may have been passed down and refined through generations.

      

      
        Unexplained heat-wave 'hotspots' are popping up across the globe
        A striking new phenomenon is emerging: distinct regions are seeing repeated heat waves that are so extreme, they fall far beyond what any model of global warming can predict or explain. A new study provides the first worldwide map of such regions, which show up on every continent except Antarctica like giant, angry skin blotches.

      

      
        Astronomers may have discovered the answer to a mysterious stellar event
        Researchers have made a record-breaking astrophysical discovery while simultaneously uncovering a possible explanation for the rare and extreme astrophysical event known as long-period radio transients.

      

      
        Magnetic tornado is stirring up the haze at Jupiter's poles
        Dark ovals in Jupiter's polar haze, visible only at UV wavelengths, were first noticed 25 years ago, then ignored. A new study shows that these dark UV ovals are common, appearing at the south pole in 75% of Hubble Space Telescope images taken since 2015. They appear less often at the north pole. The scientists theorize that a magnetic vortex generated in the ionosphere stirs up and concentrates the hydrocarbon haze that blankets the poles.

      

      
        Uranus's swaying moons will help spacecraft seek out hidden oceans
        A new computer model can be used to detect and measure interior oceans on the ice covered moons of Uranus. The model works by analyzing orbital wobbles that would be visible from a passing spacecraft. The research gives engineers and scientists a slide-rule to help them design NASA's upcoming Uranus Orbiter and Probe mission.

      

      
        A clue to what lies beneath the bland surfaces of Uranus and Neptune
        When Voyager 2 flew by Uranus and Neptune 40 years ago, astronomers were surprised that it detected no global dipole magnetic fields, like Earth's. The explanation: the ice giants are layered and unmixed, which prevents large scale convection to create a dipole field. But what substances would remain immiscible? A scientist modeled the interiors and found that water-rich and hydrocarbon-rich layers naturally form at extreme pressure and temperature, and they do not mix.

      

      
        New study reveals the explosive secret of the squirting cucumber
        A team has solved a mystery that has intrigued scientists for centuries: how does the squirting cucumber squirt? The findings were achieved through a combination of experiments, high-speed videography, image analysis, and advanced mathematical modelling.

      

      
        To design better water filters, engineers look to manta rays
        Studying the filter-feeding mechanism of mobula rays, engineers developed a new design for industrial cross-flow water filters. Research shows the filter-feeders strike a natural balance between permeability and selectivity that could inform design of water treatment systems.

      

      
        Prehistoric hunter-gatherers heard the elks painted on rocks 'talking'
        Researchers performed acoustic impulse response measurements in front of 37 rock painting site and found that the same vertical rock surfaces that have the painted elks, humans and boats, are also effective sound reflectors.

      

      
        Focaccia: A Neolithic culinary tradition dating back 9,000 years ago
        A new study indicates that during the Late Neolithic, between 7000 and 5000 BCE, the fully agricultural communities in the Fertile Crescent region of the Near East, developed a complex culinary tradition that included the baking of large loaves of bread and 'focaccias' with different flavors on special trays known to archaeologists as husking trays.

      

      
        Bats' amazing plan B for when they can't hear
        When bats can't hear, new research finds that these hearing-dependent animals employ a remarkable compensation strategy.

      

      
        The next evolution of AI begins with ours
        The genome has space for only a small fraction of the information needed to control complex behaviors. So then how, for example, does a newborn sea turtle instinctually know to follow the moonlight? Neuroscientists have devised a potential explanation for this age-old paradox. Their ideas should lead to faster, more evolved forms of artificial intelligence.

      

      
        Political opinions influence our choice of chocolate
        We distance ourselves from completely neutral products if they are liked by people who have political views that we find disagreeable. Even chocolate can be political, according to new research from Sweden. The behavior is reinforced if we have to make a decision when others are watching.

      

      
        Novel supernova observations grant astronomers a peek into the cosmic past
        An international team of researchers has made new observations of an unusual supernova, finding the most metal-poor stellar explosion ever observed.

      

      
        Most energetic cosmic-ray electrons and positrons ever observed
        Scientists have recently identified electrons and positrons with the highest energies ever recorded on Earth. They provide evidence of cosmic processes emitting colossal amounts of energy, the origins of which are as yet unknown.

      

      
        Cyanobacterial circadian clock uses an AM radio-like mechanism to control cellular processes
        Cyanobacteria, an ancient lineage of bacteria that perform photosynthesis, have been found to regulate their genes using the same physics principle used in AM radio transmission.

      

      
        Reality check: Making indoor smartphone-based augmented reality work
        To understand the practical challenges of indoor augmented reality applications on smartphones, researchers conducted 113 hours of extensive experiments and case studies over 316 patterns to determine the factors that degrade localization accuracy in real-world indoor environments. Landmarks for vision systems, LiDAR, and the IMU were evaluated. To solve the identified problems, the researchers suggest radio-frequency-based localization as a potential solution for practical augmented reality appl...

      

      
        Ancient hot water on Mars points to habitable past
        New research has uncovered what may be the oldest direct evidence of ancient hot water activity on Mars, revealing the planet may have been habitable at some point in its past.

      

      
        3.2 million km/h galaxy smash-up
        A massive collision of galaxies sparked by one travelling at a scarcely-believable 2 million mph (3.2 million km/h) has been seen in unprecedented detail by one of Earth's most powerful telescopes. The dramatic impact was observed in Stephan's Quintet, a nearby galaxy group made up of five galaxies first sighted almost 150 years ago. It sparked an immensely powerful shock akin to a 'sonic boom from a jet fighter' -- the likes of which are among the most striking phenomena in the Universe.

      

      
        The Parasaurolophus' pipes: Modeling the dinosaur's crest to study its sound
        Scientists have presented results on the acoustic characteristics of a physical model of the Parasaurolophus' crest. They created a physical setup made of tubes to represent a mathematical model that will allow researchers to discover what was happening acoustically inside the crest. The physical model, inspired by resonance chambers, was suspended by cotton threads and excited by a small speaker, and a microphone was used to collect frequency data.

      

      
        Smarter city planning: Researchers use brain activity to predict visits to urban areas
        Researchers have measured the brain activity of people who had never been to a specific city and then use this brain activity to predict other people's actual visits to places around that city. This offers potential applications for urban planning and design that addresses the well-being of residents and visitors.

      

      
        Chemists create world's thinnest 'spaghetti'
        The world's thinnest spaghetti, about 200 times thinner than a human hair, has been created.
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'Genetic time machine' reveals complex chimpanzee cultures | ScienceDaily
Chimpanzees are known for their remarkable intelligence and use of tools, but could their cultures also evolve over time like human cultures? A new, multidisciplinary study led by the University of Zurich suggests that some of their most advanced behaviors may have been passed down and refined through generations.


						
In recent decades, scientists have clearly demonstrated that chimpanzees, like humans, pass on complex cultures such as tool use from generation to generation. But human culture has become vastly more sophisticated, from the Stone Age to the Space Age, as new advances have been incorporated. Chimpanzee cultures haven't changed in the same way, which suggests that only humans have the remarkable ability to build more sophisticated cultures over time.

Scientists studying chimpanzees in the wild, however, have disputed this, suggesting that some of chimpanzees' most complex technologies, in which they use multiple tools in sequence to extract hidden food sources, were probably built on previous knowledge over time.

Tracing genetic links

"As most chimpanzee tools, such as sticks and stems, are perishable, there are few records of their history to confirm this hypothesis -- unlike human cases such as the evolution of the wheel or computer technology," says lead author Cassandra Gunasekaram from the Department of Evolutionary Anthropology at the University of Zurich.

For the new study, a team of anthropologists, primatologists, physicists and geneticists from universities and research institutions in Zurich, St. Andrews, Barcelona, Cambridge, Konstanz and Vienna joined forces to trace genetic links between chimpanzee populations over thousands of years, using new discoveries in genetics to uncover key pieces of chimpanzee cultural history in ways never before imagined.

Early stages of cumulative culture

The authors collected information on markers of genetic similarity -- genetic evidence of links between different groups of chimpanzees -- as well as a range of foraging behaviors previously reported to be culturally learned, from a total of 35 chimpanzee study sites across Africa. They grouped these behaviors into those that required no tools; those that required simple tools, such as using a leaf sponge to get water from a tree hole; and the most complex behaviors that relied on a toolset.




Trading toolsets across generations

"As an example of such a toolset, chimpanzees in the Congo region first use a strong stick to dig a deep tunnel through hard soil to reach an underground termite nest," explains Gunasekaram. "Next, they make a 'fishing' probe by pulling a long plant stem through their teeth to form a brush-like tip, pressing it into a point and deftly threading it down the tunnel they've made. They then pull it out and nibble off any defending termites that have bitten into it."

"We made the surprising discovery that it is the most complex chimpanzee technologies -- the use of entire 'toolsets' -- that are most strongly linked across now distant populations," says corresponding author Andrea Migliano, professor of evolutionary anthropology at UZH. "This is exactly what would be predicted if these more advanced technologies were rarely invented and even less likely to be reinvented, and therefore more likely to have been transmitted between groups."

How female migrations spread innovation

In chimpanzees, it is sexually maturing females, rather than males, who migrate to new communities to avoid inbreeding. In this way, genes are spread between neighboring groups and then further afield over the years, centuries and millennia. The study authors discovered that it would be these same female migrations that could spread any new cultural advances to communities that lacked them.

The study also showed that when both complex toolsets and their simpler versions (i.e., mostly the components of the toolsets) occur at different study sites, the genetic markers indicate that the sites were connected in the past by female migrations. This suggests that the complex versions were built cumulatively by adding to or modifying the simple ones. "These groundbreaking discoveries provide a new way to demonstrate that chimpanzees have a cumulative culture, albeit at an early stage of development," Migliano adds.
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Unexplained heat-wave 'hotspots' are popping up across the globe | ScienceDaily
Earth's hottest recorded year was 2023, at 2.12 degrees F above the 20th-century average. This surpassed the previous record set in 2016. So far, the 10 hottest yearly average temperatures have occurred in the past decade. And, with the hottest summer and hottest single day, 2024 is on track to set yet another record.


						
All this may not be breaking news to everyone, but amid this upward march in average temperatures, a striking new phenomenon is emerging: distinct regions are seeing repeated heat waves that are so extreme, they fall far beyond what any model of global warming can predict or explain. A new study provides the first worldwide map of such regions, which show up on every continent except Antarctica like giant, angry skin blotches. In recent years these heat waves have killed tens of thousands of people, withered crops and forests, and sparked devastating wildfires.

"The large and unexpected margins by which recent regional-scale extremes have broken earlier records have raised questions about the degree to which climate models can provide adequate estimates of relations between global mean temperature changes and regional climate risks," says the study.

"This is about extreme trends that are the outcome of physical interactions we might not completely understand," said lead author Kai Kornhuber, an adjunct scientist at the Columbia Climate School's Lamont-Doherty Earth Observatory. "These regions become temporary hothouses." Kornhuber is also a senior research scholar at the International Institute for Applied Systems Analysis in Austria.

The study was just published in the journal Proceedings of the National Academy of Sciences.

The study looks at heat waves over the past 65 years, identifying areas where extreme heat is accelerating considerably faster than more moderate temperatures. This often results in maximum temperatures that have been repeatedly broken by outsize, sometimes astonishing, amounts. For instance, a nine-day wave that hammered the U.S. Pacific Northwest and southwestern Canada in June 2021 broke daily records in some locales by 30 degrees C, or 54 F. This included the highest ever temperature recorded in Canada, 121.3 F, in Lytton, British Columbia. The town burned to the ground the next day in a wildfire driven in large part by the drying of vegetation in the extraordinary heat. In Oregon and Washington state, hundreds of people died from heat stroke and other health conditions.

These extreme heat waves have been hitting predominantly in the last five years or so, though some occurred in the early 2000s or before. The most hard-hit regions include populous central China, Japan, Korea, the Arabian peninsula, eastern Australia and scattered parts of Africa. Others include Canada's Northwest Territories and its High Arctic islands, northern Greenland, the southern end of South America and scattered patches of Siberia. Areas of Texas and New Mexico appear on the map, though they are not at the most extreme end.




According to the report, the most intense and consistent signal comes from northwestern Europe, where sequences of heat waves contributed to some 60,000 deaths in 2022 and 47,000 deaths in 2023. These occurred across Germany, France, the United Kingdom, the Netherlands and other countries. Here, in recent years, the hottest days of the year are warming twice as fast the summer mean temperatures. The region is especially vulnerable in part because, unlike places like the United States, few people have air conditioning, because traditionally it was almost never needed. The outbreaks have continued; as recently as this September, new maximum temperature records were set in Austria, France, Hungary, Slovenia, Norway and Sweden.

The researchers call the statistical trends "tail-widening" that is, the anomalous occurrence of temperatures at the far upper end, or beyond, anything that would be expected with simple upward shifts in mean summer temperatures. But the phenomenon is not happening everywhere; the study shows that maximum temperatures across many other regions are actually lower than what models would predict. These include wide areas of the north-central United States and south-central Canada, interior parts of South America, much of Siberia, northern Africa and northern Australia. Heat is increasing in these regions as well, but the extremes are increasing at similar or lower speed than what changes in average would suggest.

Climbing overall temperatures make heat waves more likely in many cases, but the causes of the extreme heat outbreaks are not entirely clear. In Europe and Russia, an earlier study led by Kornhuber blamed heat waves and droughts on wobbles in the jet stream, a fast-moving river of air that continuously circles the northern hemisphere. Hemmed in by historically frigid temperatures in the far north and much warmer ones further south, the jet stream generally confines itself to a narrow band. But the Arctic is warming on average far more quickly than most other parts of the Earth, and this appears to be destabilizing the jet stream, causing it to develop so-called Rossby waves, which suck hot air from the south and park it in temperate regions that normally do not see extreme heat for days or weeks at a time.

This is only one hypothesis, and it does not seem to explain all the extremes. A study of the fatal 2021 Pacific Northwest/southwestern Canada heat wave led by Lamont-Doherty graduate student Samuel Bartusek (also a coauthor on the latest paper) identified a confluence of factors. Some seemed connected to long-term climate change, others to chance. The study identified a disruption in the jet stream similar to the Rossby waves thought to affect Europe and Russia. It also found that decades of slowly rising temperatures had been drying out regional vegetation, so that when a spell of hot weather came along, plants had fewer reserves of water to evaporate into the air, a process that helps moderate heat. A third factor: a series of smaller-scale atmospheric waves that gathered heat from the Pacific Ocean surface and transported it eastward onto land. Like Europe, few people in this region have air conditioning, because it is generally not needed, and this probably upped the death toll.

The heat wave "was so extreme, it's tempting to apply the label of a 'black swan' event, one that can't be predicted," said Bartusek. "But there's a boundary between the totally unpredictable, the plausible and the totally expected that's hard to categorize. I would call this more of a grey swan."

While the wealthy United States is better prepared than many other places, excessive heat nevertheless kills more people than all other weather-related causes combined, including hurricanes, tornadoes and floods. According to a study out this past August, the yearly death rate has more than doubled since 1999, with 2,325 heat-related deaths in 2023. This has recently led to calls for heat waves to be named, similar to hurricanes, in order to heighten public awareness and motivate governments to prepare.

"Due to their unprecedented nature, these heat waves are usually linked to very severe health impacts, and can be disastrous for agriculture,vegetation and infrastructure," said Kornhuber. "We're not built for them, and we might not be able to adapt fast enough."

The study was also coauthored by Richard Seager and Mingfang Ting of Lamont-Doherty Earth Observatory, and H.J. Schellnhuber of the International Institute for Applied Systems Analysis.
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Astronomers may have discovered the answer to a mysterious stellar event | ScienceDaily
Researchers from the Curtin node of the International Centre for Radio Astronomy Research (ICRAR) have made a record-breaking astrophysical discovery while simultaneously uncovering a possible explanation for the rare and extreme astrophysical event known as long-period radio transients.


						
Associate Professor Natasha Hurley-Walker, along with Csanad Horvath, a Curtin undergraduate student at the time, discovered a pulse of bright energy coming from deep space among archival low-frequency data from the MWA (Murchison Widefield Array), a precursor radio telescope to the SKAO (Square Kilometre Array Observatory). The energy pulse occurs every three hours and lasts 30-60 seconds, making this the longest-period radio transient ever detected.

Long-period radio transients are relatively new to science, and it has been an ongoing mystery how they generate radio waves. With this discovery, researchers believe they have also identified the probable source of the energy burst, potentially shedding light on the long radio transients.

All other previously discovered transients have been deep within our busy galaxy, surrounded by stars, making it challenging to determine precisely what is generating the radio waves.

Associate Professor Hurley-Walker explains, "The long-period transients are very exciting, and for astronomers to understand what they are, we need an optical image. However, when you look toward them, there are so many stars lying in the way that it's like 2001: A Space Odyssey. 'My god, it's full of stars!'."

In a stroke of good fortune, the newly discovered transient, named GLEAM-X J0704-37, was found on the outskirts of our galaxy, in a much emptier region of space in the Puppis constellation, around 5000 light years away.

"Our new discovery lies far off the Galactic Plane, so there are only a handful of stars nearby, and we're now certain one star system, in particular, is generating the radio waves."

The team was able to pinpoint the location of the radio waves to one specific star using another SKA precursor, the MeerKAT telescope in South Africa. Following up with the SOAR observatory in Chile, they determined the star's spectrum, finding it was a low-mass star, an 'M dwarf'.




This finding both created and answered some pressing questions. Associate Professor Hurley-Walker explains, "An M dwarf alone couldn't generate the amount of energy we're seeing.

"The M dwarfs are low-mass stars that have a mere fraction of the Sun's mass and luminosity. They constitute 70 per cent of the stars in the Milky Way, but not one of them is visible to the naked eye."

"Our data suggests that it is in a binary with another object, which is likely to be a white dwarf, the stellar core of a dying star. Together, they power radio emission."

Astronomers have detected similar pairs of objects, like this one discovered in 2016, but had not previously linked them to long period radio transients. Credit: ESO/L. Calcada/University of Warwick

The team is working on follow-up observations that will conclusively determine the nature of the system, and the explanation of this extreme astrophysical event.

Upon digging through the MWA archives, the astronomers found that GLEAM-X J0704-37 has been active for at least ten years since the MWA started observing; however, it could have been active and undiscovered for even longer, implying there are still many more to be found in archives around the world.

MWA Director, Professor Steven Tingay, said, "These long-period radio transients are new scientific discoveries and the MWA has fundamentally enabled the discoveries."

"The MWA has a 55-petabyte archive of observations that provide a decade-long record of our Universe. It is like having the data storage equivalent of 55,000 high-end home computers -- one of the biggest single collections of science data in the world. It is an absolute gold mine for discovering more phenomena in our Universe, and the data are a playground for astronomers," Professor Tingay said
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Magnetic tornado is stirring up the haze at Jupiter's poles | ScienceDaily
While Jupiter's Great Red Spot has been a constant feature of the planet for centuries, University of California, Berkeley, astronomers have discovered equally large spots at the planet's north and south poles that appear and disappear seemingly at random.


						
The Earth-size ovals, which are visible only at ultraviolet wavelengths, are embedded in layers of stratospheric haze that cap the planet's poles. The dark ovals, when seen, are almost always located just below the bright auroral zones at each pole, which are akin to Earth's northern and southern lights. The spots absorb more UV than the surrounding area, making them appear dark on images from NASA's Hubble Space Telescope. In yearly images of the planet taken by Hubble between 2015 and 2022, a dark UV oval appears 75% of the time at the south pole, while dark ovals appear in only one of eight images taken of the north pole.

The dark UV ovals hint at unusual processes taking place in Jupiter's strong magnetic field that propagate down to the poles and deep into the atmosphere, far deeper than the magnetic processes that produce the auroras on Earth.

The UC Berkeley researchers and their colleagues reported the phenomena today (Nov. 26) in the journal Nature Astronomy.

Dark UV ovals were first detected by Hubble in the late 1990s at the north and south poles and subsequently at the north pole by the Cassini spacecraft that flew by Jupiter in 2000, but they drew little attention. When UC Berkeley undergraduate Troy Tsubota conducted a systematic study of recent images obtained by Hubble, however, he found they were a common feature at the south pole -- he counted eight southern UV-dark ovals (SUDO) between 1994 and 2022. In all 25 of Hubble's global maps that show Jupiter's north pole, Tsubota and senior author Michael Wong, an associate research astronomer based at UC Berkeley's Space Sciences Laboratory, found only two northern UV-dark ovals (NUDO).

Most of the Hubble images had been captured as part of the Outer Planet Atmospheres Legacy (OPAL) project directed by Amy Simon, a planetary scientist at the NASA Goddard Space Flight Center and a co-author of the paper. Using Hubble, OPAL astronomers make yearly observations of Jupiter, Saturn, Uranus and Neptune to understand their atmospheric dynamics and evolution over time.

"In the first two months, we realized these OPAL images were like a gold mine, in some sense, and I very quickly was able to construct this analysis pipeline and send all the images through to see what we get," said Tsubota, who is in his senior year at UC Berkeley as a triple major in physics, mathematics and computer science. "That's when we realized we could actually do some good science and real data analysis and start talking with collaborators about why these show up."

Wong and Tsubota consulted two experts on planetary atmospheres -- Tom Stallard at Northumbria University in Newcastle-upon-Tyne in the UK and Xi Zhang at UC Santa Cruz -- to determine what could cause these areas of dense haze. Stallard theorized that the dark oval is likely stirred from above by a vortex created when the planet's magnetic field lines experience friction in two very distant locations: in the ionosphere, where Stallard and other astronomers previously detected spinning motion using ground-based telescopes, and in the sheet of hot, ionized plasma around the planet shed by the volcanic moon Io.




The vortex spins fastest in the ionosphere, progressively weakening as it reaches each deeper layer. Like a tornado touching down on dusty ground, the deepest extent of the vortex stirs up the hazy atmosphere to create the dense spots Wong and Tsubota observed. It's not clear if the mixing dredges up more haze from below or generates additional haze.

Based on the observations, the team suspects that the ovals form over the course of about a month and dissipate in a couple of weeks.

"The haze in the dark ovals is 50 times thicker than the typical concentration," said Zhang, "which suggests it likely forms due to swirling vortex dynamics rather than chemical reactions triggered by high-energy particles from the upper atmosphere. Our observations showed that the timing and location of these energetic particles do not correlate with the appearance of the dark ovals."

The findings are what the OPAL project was designed to discover: how atmospheric dynamics in the solar system's giant planets differ from what we know on Earth.

"Studying connections between different atmospheric layers is very important for all planets, whether it's an exoplanet, Jupiter or Earth," Wong said. "We see evidence for a process connecting everything in the entire Jupiter system, from the interior dynamo to the satellites and their plasma torii to the ionosphere to the stratospheric hazes. Finding these examples helps us to understand the planet as a whole."

The work was supported by the National Aeronautics and Space Administration.
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Uranus's swaying moons will help spacecraft seek out hidden oceans | ScienceDaily
When NASA's Voyager 2 flew by Uranus in 1986, it captured grainy photographs of large ice-covered moons. Now nearly 40 years later, NASA plans to send another spacecraft to Uranus, this time equipped to see if those icy moons are hiding liquid water oceans.


						
The mission is still in an early planning stage. But researchers at the University of Texas Institute for Geophysics (UTIG) are preparing for it by building a new computer model that could be used to detect oceans beneath the ice using just the spacecraft's cameras.

The research is important because scientists don't know which ocean detection method will work best at Uranus. Scientists want to know if there's liquid water there because it's a key ingredient for life.

The new computer model works by analyzing small oscillations -- or wobbles -- in the way a moon spins as it orbits its parent planet. From there it can calculate how much water, ice and rock there is inside. Less wobble means a moon is mostly solid, while a large wobble means the icy surface is floating on a liquid water ocean. When combined with gravity data, the model computes the ocean's depth as well as the thickness of the overlying ice.

Uranus, along with Neptune, is in a class of planets called ice giants. Astronomers have detected more ice giant-sized bodies outside of our solar system than any other kind of exoplanet. If Uranus's moons are found to have interior oceans, that could mean there are vast numbers of potentially life-harboring worlds throughout the galaxy, said UTIG planetary scientist Doug Hemingway, who developed the model.

"Discovering liquid water oceans inside the moons of Uranus would transform our thinking about the range of possibilities for where life could exist," he said.

The UTIG research, which was published in the journal Geophysical Research Letters, will help mission scientists and engineers improve their chances of detecting oceans. UTIG is a research unit of the Jackson School of Geosciences at The University of Texas at Austin.




All large moons in the solar system, including Uranus's, are tidally locked. This means that gravity has matched their spin so that the same side always faces their parent planet while they orbit. This doesn't mean their spin is completely fixed, however, and all tidally locked moons oscillate back and forth as they orbit. Determining the extent of the wobbles will be key to knowing if Uranus's moons contain oceans, and if so, how large they might be.

Moons with a liquid water ocean sloshing about on the inside will wobble more than those that are solid all the way through. However, even the largest oceans will generate only a slight wobble: A moon's rotation might deviate only a few hundred feet as it travels through its orbit.

That's still enough for passing spacecraft to detect. In fact, the technique was previously used to confirm that Saturn's moon Enceladus has an interior global ocean.

To find out if the same technique would work at Uranus, Hemingway made theoretical calculations for five of its moons and came up with a range of plausible scenarios. For example, if Uranus's moon Ariel wobbles 300 feet, then it's likely to have an ocean 100 miles deep surrounded by a 20-mile-thick ice shell.

Detecting smaller oceans will mean a spacecraft will have to get closer or pack extra powerful cameras. But the model gives mission designers a slide rule to know what will work, said UTIG Research Associate Professor Krista Soderlund.

"It could be the difference between discovering an ocean or finding we don't have that capability when we arrive," said Soderlund, who was not involved in the current research.

Soderlund has worked with NASA on Uranus mission concepts. She is also part of the science team for NASA's Europa Clipper mission, which recently launched and carries an ice penetrating radar imager developed by UTIG.

The next step, Hemingway said, is to extend the model to include measurements by other instruments to see how they improve the picture of the moons' interiors.

The journal article was coauthored by Francis Nimmo at the University of California, Santa Cruz. The research was funded by UTIG.
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A clue to what lies beneath the bland surfaces of Uranus and Neptune | ScienceDaily

These are just two proposals that planetary scientists have come up with for what lies beneath the thick, bluish, hydrogen-and-helium atmospheres of Uranus and Neptune, our solar system's unique, but superficially bland, ice giants.

A planetary scientist at the University of California, Berkeley, now proposes an alternative theory -- that the interiors of both these planets are layered, and that the two layers, like oil and water, don't mix. That configuration neatly explains the planets' unusual magnetic fields and implies that earlier theories of the interiors are unlikely to be true.

In a paper appearing this week in the journal Proceedings of the National Academy of Sciences, Burkhard Militzer argues that a deep ocean of water lies just below the cloud layers and, below that, a highly compressed fluid of carbon, nitrogen and hydrogen. Computer simulations show that under the temperatures and pressures of the planets' interiors, a combination of water (H2O), methane (CH3) and ammonia (NH3) would naturally separate into two layers, primarily because hydrogen would be squeezed out of the methane and ammonia that comprise much of the deep interior.

These immiscible layers would explain why neither Uranus nor Neptune has a magnetic field like Earth's. That was one of the surprising discoveries about our solar system's ice giants made by the Voyager 2 mission in the late 1980s.

"We now have, I would say, a good theory why Uranus and Neptune have really different fields, and it's very different from Earth, Jupiter and Saturn," said Militzer, a UC Berkeley professor of earth and planetary science. "We didn't know this before. It's like oil and water, except the oil goes below because hydrogen is lost."

If other star systems have similar compositions to ours, Militzer said, ice giants around those stars could well have similar internal structures. Planets about the size of Uranus and Neptune -- so-called sub-Neptune planets -- are among the most common exoplanets discovered to date.




Convection leads to magnetic fields

As a planet cools from its surface downward, cold and denser material sinks, while blobs of hotter fluid rise like boiling water -- a process called convection. If the interior is electrically conducting, a thick layer of convecting material will generate a dipole magnetic field similar to that of a bar magnet. Earth's dipole field, created by its liquid outer iron core, produces a magnetic field that loops from the North Pole to the South Pole and is the reason compasses point toward the poles.

But Voyager 2 discovered that neither of the two ice giants has such a dipole field, only disorganized magnetic fields. This implies that there's no convective movement of material in a thick layer in the planets' deep interiors.

To explain these observations, two separate research groups proposed more than 20 years ago that the planets must have layers that can't mix, thus preventing large-scale convection and a global dipolar magnetic field. Convection in one of the layers could produce a disorganized magnetic field, however. But neither group could explain what these non-mixing layers were made of.

Ten years ago, Militzer tried repeatedly to solve the problem, using computer simulations of about 100 atoms with the proportions of carbon, oxygen, nitrogen and hydrogen reflecting the known composition of elements in the early solar system. At the pressures and temperatures predicted for the planets' interiors -- 3.4 million times Earth's atmospheric pressure and 4,750 Kelvin (8,000degF), respectively -- he could not find a way for layers to form.

Last year, however, with the help of machine learning, he was able to run a computer model simulating the behavior of 540 atoms and, to his surprise, found that layers naturally form as the atoms are heated and compressed.




"One day, I looked at the model, and the water had separated from the carbon and nitrogen. What I couldn't do 10 years ago was now happening," he said. "I thought, 'Wow! Now I know why the layers form: One is water-rich and the other is carbon-rich, and in Uranus and Neptune, it's the carbon-rich system that is below. The heavy part stays in the bottom, and the lighter part stays on top and it cannot do any convecting.'"

"I couldn't discover this without having a large system of atoms, and the large system I couldn't simulate 10 years ago," he added.

The amount of hydrogen squeezed out increases with pressure and depth, forming a stably stratified carbon-nitrogen-hydrogen layer, almost like a plastic polymer, he said. While the upper, water-rich layer likely convects to produce the observed disorganized magnetic field, the deeper, stratified hydrocarbon-rich layer cannot.

When he modeled the gravity produced by a layered Uranus and Neptune, the gravity fields matched those measured by Voyager 2 nearly 40 years ago.

"If you ask my colleagues, 'What do you think explains the fields of Uranus and Neptune?' they may say, 'Well, maybe it's this diamond rain, but maybe it's this water property which we call superionic,'" he said. "From my perspective, this is not plausible. But if we have this separation into two separate layers, that should explain it."

Militzer predicts that below Uranus' 3,000-mile-thick atmosphere lies a water-rich layer about 5,000 miles thick and below that a hydrocarbon-rich layer also about 5,000 miles thick. Its rocky core is about the size of the planet Mercury. Though Neptune is more massive than Uranus, it is smaller in diameter, with a thinner atmosphere, but similarly thick water-rich and hydrocarbon rich layers. Its rocky core is slightly larger than that of Uranus, approximately the size of Mars.

He hopes to work with colleagues who can test with laboratory experiments under extremely high temperatures and pressures whether layers form in fluids with the proportions of elements found in the protosolar system. A proposed NASA mission to Uranus could also provide confirmation, if the spacecraft has on board a Doppler imager to measure the planet's vibrations. A layered planet would vibrate at different frequencies than a convecting planet, Militzere said. His next project is to use his computational model to calculate how the planetary vibrations would differ.

The research was supported by the National Science Foundation (PHY-2020249) as part of the Center for Matter at Atomic Pressures.
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New study reveals the explosive secret of the squirting cucumber | ScienceDaily
A team led by the University of Oxford has solved a mystery that has intrigued scientists for centuries: how does the squirting cucumber squirt? The findings, achieved through a combination of experiments, high-speed videography, image analysis, and advanced mathematical modelling, have been published today (25 November) in The Proceedings of the National Academy of Sciences (PNAS).


						
The squirting cucumber (Ecballium elaterium, from the Greek 'ekballein,' meaning to throw out) is named for the ballistic method the species uses to disperse its seeds. When ripe, the ovoid-shaped fruits detach from the stem and eject the seeds explosively in a high-pressure jet of mucilage. This projectile launch -- lasting just 30 milliseconds- causes the seeds to reach speeds of around 20 metres per second, and land at distances up to 250 times the length of the fruit (around 10 m).

Until now, the exact mechanism of the squirting cucumber's seed dispersal -- and how this affects its reproductive success -- remained poorly understood. In the new study, researchers from the University of Oxford and the University of Manchester conducted a variety of experiments on Ecballium specimens grown at the University of Oxford Botanic Garden.

This included filming the seed dispersal using a high-speed camera (capturing up to 8600 frames per second), measuring fruit and stem volume before and after dispersal, performing indentation tests and CT scans of an intact cucumber, and monitoring the fruit with time-lapse photography in the days leading up to launch. They then developed a suite of mathematical models to describe the mechanics of the pressurized fruit, the stem, and the ballistic trajectories of the seeds.

Using this combined approach, the team elucidated the key components of the plant's dispersal strategy:
    	A pressurised system: In the weeks leading up to seed dispersal, the fruits become highly pressurised due to a build-up of mucilaginous fluid.
    	Fluid redistribution: In the days before dispersal, some of this fluid is redistributed from fruit to stem, making the stem longer, thicker, and stiffer. This causes the fruit to rotate from being nearly vertical to an angle close to 45deg, a key element needed for successful seed launch.
    	A rapid recoil: In the first hundreds of microseconds of ejection, the tip of the stem recoils away from the fruit, causing the fruit to counter-rotate in the opposite direction.
    	Variable launch: Due to the components above, the seeds are ejected with an exit speed and launch angle that depend on their sequence: with subsequent seeds, the exit speed decreases (because the pressure of the now emptying fruit capsule decreases) while the launch angle increases (due to the fruit's rotation). This causes the initial seeds to reach the furthest distance, with subsequent seeds landing closer. As multiple fruits are distributed around the centre of the plant, the overall result is a wide and nearly uniform distribution of seeds covering a ring-shaped area at a distance of between 2 and 10 m from the mother plant.

Together, these components make up a sophisticated seed dispersal system. In particular, the redistribution of fluid from the fruit back into the stem is thought to be unique within the plant kingdom.

Using the mathematical model, the researchers explored the consequences of artificially altering different parameters. This revealed that the seed projection method of the squirting cucumber has been fine-tuned to ensure near-optimal dispersal and the success of the plant over generations.




For instance, making the stem thicker and stiffer resulted in the seeds being launched almost horizontally, since the fruit would rotate less during discharge. This would cause the seeds to be distributed over a narrower area, with fewer likely to survive.

Meanwhile, reducing the amount of fluid redistributed from the fruit to the stem resulted in an over-pressurised fruit, causing the seed to be ejected at higher speeds but at a nearly vertical launch angle. Consequently, the seeds would not be dispersed far enough away from the parent plant, and again, few would survive.

Author Dr Chris Thorogood (Deputy Director and Head of Science at Oxford Botanic Garden) said: 'For centuries people have asked how and why this extraordinary plant sends its seeds into the world in such a violent way. Now, as a team of biologists and mathematicians, we've finally begun to unravel this great botanical enigma.'

Co-author Dr Derek Moulton (Professor of Applied Mathematics at the Oxford Mathematical Institute) said: `The first time we inspected this plant in the Botanic Garden, the seed launch was so fast that we weren't sure that it had actually happened. It was very exciting to dig in and uncover the mechanism of this unique plant.'

According to co-author Dr Finn Box, (Royal Society University Research Fellow, University of Manchester), 'This research offers potential applications in bio-inspired engineering and material science, particularly on-demand drug delivery systems, for instance microcapsules that eject nanoparticles where precise control of rapid, directional release is crucial.'

Ecballium elaterium (pronounced: eck-ball-ee-uhm elaht-eh-ree-uhm) is a member of the gourd family (Cucurbitaceae) which also includes melon, pumpkin, squash, and courgette. The species is native to the Mediterranean, where -- thanks to its effective seed-dispersal strategy- it is often regarded as a weed. The plant was described by the ancient Greeks and Romans: naturalist Pliny the Elder (AD 23/24 -- AD 79) said 'Unless, to prepare it, the cucumber be cut open before it is ripe, the seed spurts out, even endangering the eyes.'
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To design better water filters, engineers look to manta rays | ScienceDaily
Filter feeders are everywhere in the animal world, from tiny crustaceans and certain types of coral and krill, to various molluscs, barnacles, and even massive basking sharks and baleen whales. Now, MIT engineers have found that one filter feeder has evolved to sift food in ways that could improve the design of industrial water filters.


						
In a paper appearing in the Proceedings of the National Academy of Sciences, the team characterizes the filter-feeding mechanism of the mobula ray -- a family of aquatic rays that includes two manta species and seven devil rays. Mobula rays feed by swimming open-mouthed through plankton-rich regions of the ocean and filtering plankton particles into their gullet as water streams into their mouths and out through their gills.

The floor of the mobula ray's mouth is lined on either side with parallel, comb-like structures, called plates, that siphon water into the ray's gills. The MIT team has shown that the dimensions of these plates may allow for incoming plankton to bounce all the way across the plates and further into the ray's cavity, rather than out through the gills. What's more, the ray's gills absorb oxygen from the outflowing water, helping the ray to simultaneously breathe while feeding.

"We show that the mobula ray has evolved the geometry of these plates to be the perfect size to balance feeding and breathing," says study author Anette "Peko" Hosoi, the Pappalardo Professor of Mechanical Engineering at MIT.

The engineers fabricated a simple water filter modeled after the mobula ray's plankton-filtering features. They studied how water flowed through the filter when it was fitted with 3D-printed plate-like structures. The team took the results of these experiments and drew up a blueprint, which they say designers can use to optimize industrial cross-flow filters, which are broadly similar in configuration to that of the mobula ray.

"We want to expand the design space of traditional cross-flow filtration with new knowledge from the manta ray," says lead author and MIT postdoc Xinyu Mao PhD '24. "People can choose a parameter regime of the mobula ray so they could potentially improve overall filter performance."

Hosoi and Mao co-authored the new study with Irmgard Bischofberger, associate professor of mechanical engineering at MIT.




A better trade-off

The new study grew out of the group's focus on filtration during the height of the Covid pandemic, when the researchers were designing face masks to filter out the virus. Since then, Mao has shifted focus to study filtration in animals and how certain filter-feeding mechanisms might improve filters used in industry, such as in water treatment plants.

Mao observed that any industrial filter must strike a balance between permeability (how easily fluid can flow through a filter), and selectivity (how successful a filter is at keeping out particles of a target size). For instance, a membrane that is studded with large holes might be highly permeable, meaning a lot of water can be pumped through using very little energy. However, the membrane's large holes would let many particles through, making it very low in selectivity. Likewise, a membrane with much smaller pores would be more selective yet also require more energy to pump the water through the smaller openings.

"We asked ourselves, how do we do better with this tradeoff between permeability and selectivity?" Hosoi says.

As Mao looked into filter-feeding animals, he found that the mobula ray has struck an ideal balance between permeability and selectivity: The ray is highly permeable, in that it can let water into its mouth and out through its gills quickly enough to capture oxygen to breathe. At the same time, it is highly selective, filtering and feeding on plankton rather than letting the particles stream out through the gills.

The researchers realized that the ray's filtering features are broadly similar to that of industrial cross-flow filters. These filters are designed such that fluid flows across a permeable membrane that lets through most of the fluid, while any polluting particles continue flowing across the membrane and eventually out into a reservoir of waste.




The team wondered whether the mobula ray might inspire design improvements to industrial cross-flow filters. For that, they took a deeper dive into the dynamics of mobula ray filtration.

A vortex key

As part of their new study, the team fabricated a simple filter inspired by the mobula ray. The filter's design is what engineers refer to as a "leaky channel" -- effectively, a pipe with holes along its sides. In this case, the team's "channel" consists of two flat, transparent acrylic plates that are glued together at the edges, with a slight opening between the plates through which fluid can be pumped. At one end of the channel, the researchers inserted 3D-printed structures resembling the grooved plates that run along the floor of the mobula ray's mouth.

The team then pumped water through the channel at various rates, along with colored dye to visualize the flow. They took images across the channel and observed an interesting transition: At slow pumping rates, the flow was "very peaceful," and fluid easily slipped through the grooves in the printed plates and out into a reservoir. When the researchers increased the pumping rate, the faster-flowing fluid did not slip through, but appeared to swirl at the mouth of each groove, creating a vortex, similar to a small knot of hair between the tips of a comb's teeth.

"This vortex is not blocking water, but it is blocking particles," Hosoi explains. "Whereas in a slower flow, particles go through the filter with the water, at higher flow rates, particles try to get through the filter but are blocked by this vortex and are shot down the channel instead. The vortex is helpful because it prevents particles from flowing out."

The team surmised that vortices are the key to mobula rays' filter-feeding ability. The ray is able to swim at just the right speed that water, streaming into its mouth, can form vortices between the grooved plates. These vortices effectively block any plankton particles -- even those that are smaller than the space between plates. The particles then bounce across the plates and head further into the ray's cavity, while the rest of the water can still flow between the plates and out through the gills.

The researchers used the results of their experiments, along with dimensions of the filtering features of mobula rays, to develop a blueprint for cross-flow filtration.

"We have provided practical guidance on how to actually filter as the mobula ray does," Mao offers.

"You want to design a filter such that you're in the regime where you generate vortices," Hosoi says. "Our guidelines tell you: If you want your plant to pump at a certain rate, then your filter has to have a particular pore diameter and spacing to generate vortices that will filter out particles of this size. The mobula ray is giving us a really nice rule of thumb for rational design."

This work was supported, in part, by the U.S. National Institutes of Health, and the Harvey P. Greenspan Fellowship Fund.
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Prehistoric hunter-gatherers heard the elks painted on rocks 'talking' | ScienceDaily
Finnish prehistoric rock paintings (5000-1500 BCE) on the cliffs rising directly from the lakes are acoustically special environments.


						
When the lake levels have remained unchanged, these extremely smooth rock surfaces generate distinct single-repeat echoes, which accurately copy the given sounds, forming auditory mirror images that appear to emanate from behind the rock walls. The adjacent, more jagged lakeshore cliffs generate weaker and less distinct echoes, while the more or less contemporary dwelling sites on the sandy shores of the same water bodies have no audible echoes at all.

Recording from the ice or a raft

The acoustic measurement data were collected with a custom-designed recording raft or during the winter from the lake ice. The data shows that prehistoric hunter-gatherers approaching the rock painting sites by water entered a special sensory environment where reality sounded doubled.

"According to the psychoacoustic criterion used, the echoes are so strong that there is no reason to assume that the people in the past did not hear them," archaeologist Riitta Rainio estimates.

"So, people heard the painted elks talking and the human figures responding with a voice that resembled their own."

A digital reconstruction helps perceive the acoustics

In addition to the acoustic analysis, the researchers used impulse responses to make the acoustic characteristics of the rock painting sites perceptible to the public.




Perttu Kesaniemi and Mikko Ojanen recorded the artists' vocal and instrumental improvisations at the University of Helsinki Music Research Laboratory, and digitally added the acoustics of selected sites to them. Listen to the sound sample in Youtube.

Based on on-site and aerial LiDAR scans, Paavo Rinkkala and Jami Pekkanen created a digital 3D reconstruction of the Siliavuori site, which complements the audio demonstrations with a visual scenery and animated scenes from about 5000 years ago. Watch the video in Youtube.

Sound reflections participated in the activities

Ethnomusicologist Julia Shpinitskaya is excited about the results of the multi-year project:

"Although the sounds produced by prehistoric people are beyond our reach, this study brings out one key feature of the sensory experiences associated with rock paintings by the water -- that sound reflections strongly participated in the activities, making the cliffs energetic and active agents."

The possibility to communicate reciprocally with the physical environment or more-than-human reality may have been an essential reason why these cliffs were visited and painted, and why offerings were left to them. For the history of sound and music, the study provides an example of how significant a role sound reflections could have in past societies.

The work was part of the Academy of Finland funded project Acoustics and auditory culture at hunter-gatherer rock art sites in Northern Europe, Siberia and North America (2018-2023).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241125125648.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Focaccia: A Neolithic culinary tradition dating back 9,000 years ago | ScienceDaily
A study led by researchers from the UAB and the University La Sapienza in Rome indicates that during the Late Neolithic, between 7000 and 5000 BCE, the fully agricultural communities in the Fertile Crescent region of the Near East, developed a complex culinary tradition that included the baking of large loaves of bread and "focaccias" with different flavours on special trays known to archaeologists as husking trays.


						
The study was published in the journal Scientific Reports (Nature Portfolio) and also involved staff from the Mila i Fontanals Institution (IMF-CSIC) and the University of Lyon (France).

The husking trays were containers with a large oval base and low walls, made of coarse clay. They differed from common trays due to their internal surface, marked with rough impressions or incisions arranged repetitively and regularly. Previous experiments using replicas of these trays and cooking structures similar to those found at archaeological sites from the studied period had already allowed researchers to hypothesize their function. These investigations suggested that large loaves made with water and flour might have been baked on these trays, placed in domed ovens for about 2 hours at an initial temperature of 420degC. The grooves on the internal surface would have facilitated the removal of the bread once baked. Moreover, the large size of the loaves, approximately 3 kg, suggested they were likely intended for communal consumption.

The research team analyzed ceramic fragments of husking trays from between 6400 and 5900 BCE to identify their use as specialized containers for baking cereal-based doughs and whether these doughs could have been seasoned with products such as animal fat or vegetable oil. The analyzed remains come from the archaeological sites of Mezraa Teleilat, Akarcay Tepe, and Tell Sabi Abyad, located in the area between Syria and Turkey. The analyses were carried out at the Universities of Istanbul and the Koc (Turkey).

The study, based on various types of analyses from an integrated perspective, provides clear evidence regarding both the uses of these artifacts and the nature of the foods processed in them. In particular, the analysis of phytoliths (silica residues from plants) suggests that cereals such as wheat (Triticum sp.) or barley (Hordeum sp.), reduced to flour, were processed in these trays. Furthermore, the analysis of organic residues indicates that some of the trays were used to cook foods containing animal-derived ingredients, such as animal fat, and in one case, plant-based seasonings. The degradation state of the residues suggests that, in at least two cases, the trays reached temperatures compatible with those experimentally verified for baking dough in domed ovens. Finally, the use-alterations analysis of the ceramic surface allowed the identification of use-wear specifically associated with bread residues and others linked to seasoned focaccia residues.

"Our study offers a vivid picture of communities using the cereals they cultivated to prepare breads and 'focaccias' enriched with various ingredients and consumed in groups," explains Sergio Taranto, lead author of the study, part of a doctoral thesis carried out at the UAB and La Sapienza. "The use of the husking trays we identified leads us to consider that this Late Neolithic culinary tradition developed over approximately six centuries and was practiced in a wide area of the Near East," the researcher concludes.

Researchers from the UAB's Prehistoric Archaeology of the Near East Research Group (SAPPO), Adria Breu, Anna Bach, and Miquel Molist, are also authors of the study.
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Bats' amazing plan B for when they can't hear | ScienceDaily
When bats can't hear, new research finds that these hearing-dependent animals employ a remarkable compensation strategy.


						
They adapt immediately and robustly, suggesting for the first time that bats' brains are hard-wired with an ability to launch a Plan B in times of diminished hearing.

The Johns Hopkins University work, newly published in Current Biology, raises questions about whether other animals and even humans might be capable of such deft accommodations.

"Bats have this amazing flexible adaptive behavior that they can employ anytime," said senior author Cynthia F. Moss, a Johns Hopkins neuroscientist who studies bats. "Other mammals and humans also have these adaptive circuits that they can use to help make decisions and navigate their environment but what's striking here is that it's very fast, almost automatic."

All animals adapt in various ways as a response to sensory deprivation. People at a loud bar, might lean in to better hear what someone is saying. A dog might tilt its head toward a muted sound.

Here researchers wondered how hearing-dependent echolocating bats might adapt when a key auditory region in the brain was turned off.

They trained bats to fly from a platform, down a corridor, and through a window to get a treat. Researchers then had the same bats repeat the task but with a critical auditory pathway in the midbrain temporarily blocked. Disabling this brain region isn't like plugging your ears; it's preventing most auditory signals from reaching the deep brain. The drug-induced technique is reversible and lasts about 90 minutes.




With their hearing blocked, bats were able to navigate the course surprisingly well, even on the first try. They weren't as agile and ran into things, but every tested bat compensated immediately and effectively.

"They struggled but managed," Moss said.

The bats changed their flight path and vocalizations. They flew lower, oriented themselves along walls and increased both the number and length of their calls, which boosted the power of echo signals they use for navigation.

"Echolocation acts like strobes, so they were basically taking more snapshots to help them get the missing information," said co-author Clarice A. Diebold, a former Johns Hopkins graduate student who is now a postdoctoral student at Washington University in St. Louis. "We also found that they broadened the bandwidth on these calls. These adaptations are very interesting because we'd usually see them when bats are compensating for external noise but this is an internal processing deficit."

Although the team repeated the experiments, the compensation skills of the bats didn't improve over time. This means the adaptation behaviors the bats employed weren't learned; they were innate, latent and hard-wired into the bats' brain circuitry.

"It highlights how robust the brain is to manipulation and external noise," said co-author Jennifer Lawlor, a postdoctoral fellow at Johns Hopkins.




The team was surprised that the bats could hear at all with this region of their brain disabled. They believe bats either relied on a previously unknown auditory pathway or that unaffected neurons might support hearing in previously unknown ways.

"You'd think an animal wouldn't be able to hear at all," Moss said. "But it suggests that there might be multiple pathways for sound to travel to the auditory cortex."

The team would next like to determine to what degree the findings apply to other animals and humans.

"Can this work tell us something about auditory processing and adaptive responses in humans? Moss said. "Since no one has done this, we don't know. The findings raise important questions that will be exciting to pursue in other research models."

Authors include Kathryne Allen, Grace Capshaw, Megan G. Humphrey, Diego Cintron-De Leon and Kishore V. Kuchibhotla, all of Johns Hopkins.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/11/241125125118.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The next evolution of AI begins with ours | ScienceDaily
The genome has space for only a small fraction of the information needed to control complex behaviors. So then how, for example, does a newborn sea turtle instinctually know to follow the moonlight? Cold Spring Harbor neuroscientists have devised a potential explanation for this age-old paradox. Their ideas should lead to faster, more evolved forms of artificial intelligence.


						
In a sense, each of us begins life ready for action. Many animals perform amazing feats soon after they're born. Spiders spin webs. Whales swim. But where do these innate abilities come from? Obviously, the brain plays a key role as it contains the trillions of neural connections needed to control complex behaviors. However, the genome has space for only a small fraction of that information. This paradox has stumped scientists for decades. Now, Cold Spring Harbor Laboratory (CSHL) Professors Anthony Zador and Alexei Koulakov have devised a potential solution using artificial intelligence.

When Zador first encounters this problem, he puts a new spin on it. "What if the genome's limited capacity is the very thing that makes us so smart?" he wonders. "What if it's a feature, not a bug?" In other words, maybe we can act intelligently and learn quickly because the genome's limits force us to adapt. This is a big, bold idea -- tough to demonstrate. After all, we can't stretch lab experiments across billions of years of evolution. That's where the idea of the genomic bottleneck algorithm emerges.

In AI, generations don't span decades. New models are born with the push of a button. Zador, Koulakov, and CSHL postdocs Divyansha Lachi and Sergey Shuvaev set out to develop a computer algorithm that folds heaps of data into a neat package -- much like our genome might compress the information needed to form functional brain circuits. They then test this algorithm against AI networks that undergo multiple training rounds. Amazingly, they find the new, untrained algorithm performs tasks like image recognition almost as effectively as state-of-the-art AI. Their algorithm even holds its own in video games like Space Invaders. It's as if it innately understands how to play.

Does this mean AI will soon replicate our natural abilities? "We haven't reached that level," says Koulakov. "The brain's cortical architecture can fit about 280 terabytes of information -- 32 years of high-definition video. Our genomes accommodate about one hour. This implies a 400,000-fold compression technology cannot yet match."

Nevertheless, the algorithm allows for compression levels thus far unseen in AI. That feature could have impressive uses in tech. Shuvaev, the study's lead author, explains: "For example, if you wanted to run a large language model on a cell phone, one way [the algorithm] could be used is to unfold your model layer by layer on the hardware."

Such applications could mean more evolved AI with faster runtimes. And to think, it only took 3.5 billion years of evolution to get here.
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Political opinions influence our choice of chocolate | ScienceDaily
We distance ourselves from completely neutral products if they are liked by people who have political views that we find disagreeable. This is shown in four studies from Linkoping University, Sweden. The behaviour is reinforced if we have to make a decision when others are watching.


						
Political distancing affects us more deeply than was previously known and governs our choices even when it is completely irrelevant. The studies show that even chocolate can be political.

"From a social perspective, it can unfortunately be rational to distance ourselves from these neutral things, but this contributes to a more polarised society," says Arvid Erlandsson, senior associate professor at the Department of Behavioural Sciences and Learning at Linkoping University.

In four studies, researchers investigated people's attitudes to completely non-political products before and after these were linked to people or groups with different political views. As far as is known, this is the first time such an investigation has been conducted. The results have been presented in the journal Personality and Social Psychology Bulletin.

The first study concerned clothing. The more than 600 participants were first shown a number of pictures of people wearing formal clothes. The heads of the people were hidden. Participants were asked to give their opinion on the design, fit and colour of the clothes and how much they would want to buy them. They were also asked their views on political parties. They then had to re-evaluate the clothes, but this time the faces of the people wearing them were visible. It turned out that the faces belonged to well-known Swedish politicians.

This clearly affected the results in the second round. Clothes worn by a politician from the participants' least liked party were now more often perceived as less stylish than in the first assessment.

In the next study, more than 800 participants first gave scores to eight well-known chocolate brands and stated their political stance. They were then divided into groups for a second round. One group was told that a previous pilot study showed that their political opponents liked a particular chocolate the best. A second group was instead told which kind their own side preferred. They then made a new assessment.




It turned out that chocolate that was liked by political opponents had now become significantly less appealing. However, varieties that were liked by their own side did not become more popular.

"It's less about you associating with what your own side likes and more about avoiding what's liked by the opposing side," summarises Arvid Erlandsson.

A third study similarly examined willingness to donate money to various charities. More than 1,200 people participated and the results were the same as in the previous studies. Participants were less likely to give money to organisations they were told were preferred by political opponents.

The researchers think that we unconsciously behave this way to maintain a consistent self-image. What the participants did not know was that the pilot study showed that everyone -- regardless of their political affiliation -- had actually liked the same chocolate varieties and the same charities.

In the last study, 1,295 people participated. They also had to choose between products, but with a difference. One group made their choices while being observed by animated faces they were told belonged to their own political grouping. It turned out that the tendency to distance oneself from products liked by political opponents was further reinforced. The researchers' conclusion is that we attach great importance to how we appear to others.

"Knowing about it might make you think twice, instead of just going on a gut feeling," says Arvid Erlandsson.
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Novel supernova observations grant astronomers a peek into the cosmic past | ScienceDaily
An international team of researchers has made new observations of an unusual supernova, finding the most metal-poor stellar explosion ever observed.


						
This rare supernova, called 2023ufx, originated from the core collapse of a red supergiant star, exploded on the outskirts of a nearby dwarf galaxy. Results of the study showed that observations of both this supernova and the galaxy it was discovered in are of low metallicity, meaning they lack an abundance of elements heavier than hydrogen or helium.

Since the metals produced within supernovae inform their properties, including how stars evolve and die, learning more about their formation can tell astronomers much about the state of the universe when it began, especially since there were essentially no metals around during the time of its birth, said Michael Tucker, lead author of the study and a fellow at the Center for Cosmology and AstroParticle Physics at The Ohio State University.

"If you're someone who wants to predict how the Milky Way came to be, you want to have a good idea of how the first exploding stars seeded the next generation," said Tucker. "Understanding that gives scientists a great example of how those first objects affected their surroundings."

Dwarf galaxies in particular are useful local analogs to conditions scientists might expect to see in the early universe. Because of them, astronomers know that while the first galaxies were metal-poor, all the big, bright galaxies near the Milky Way had plenty of time for stars to explode and increase the amount of metal content, said Tucker.

The amount of metals a supernova has also influences aspects like the number of nuclear reactions it may have or how long its explosion remains bright. It's also one of the reasons that many low-mass stars also occasionally run the risk of collapsing into black holes.

The study was published recently in The Astrophysical Journal.




While the event observed by Tucker's team is only the second supernova to be found with low metallicity, what's most unusual about it is its location relative to the Milky Way, said Tucker.

Typically, any metal-poor supernova that astronomers would expect to find would likely be too faint to see from our galaxy because of how far away they are. Now, due to the advent of more powerful instruments like NASA's James Webb Space Telescope, detecting distant metal-poor galaxies has been made exponentially easier.

"There are not that many metal-poor locations in the nearby universe and before JWST, it was difficult to find them," said Tucker.

But the sighting of 2023ufx turned out to be a happy accident for researchers. New-found observations of this particular supernova revealed that many of its properties and behaviors are distinctly different from other supernovae in nearby galaxies.

For example, this supernova had a period of brightness that stayed steady for about 20 days before declining, whereas the brightness of its metal-rich counterparts usually lasted for about 100 days. The study also showed that a large amount of fast-moving material was ejected during the explosion, suggesting that it must have been spinning very quickly when it exploded.

This result implies that rapidly spinning metal-poor stars must have been relatively common during the early days of the universe, said Tucker. His team's theory is that the supernova likely had weak stellar winds -- streams of particles emitted from the atmosphere of the star -- which led it to cultivate and release so much energy.




Overall, their observations lay the groundwork for astronomers to better investigate how metal-poor stars survive in different cosmic environments, and may even help some theorists more accurately model how supernovae behaved in the early universe.

"If you're someone who wants to predict how galaxies form and evolve, the first thing you want is a good idea of how the first exploding stars influenced their local area," said Tucker.

Future research may aim to determine if the supernova was larger at one point, whether just by being a super-massive star or if its materials were stripped away by a still undiscovered binary companion.

Until then, researchers will have to wait for more data to become available.

"We're so early in the JWST era that we're still finding so many things we don't understand about galaxies," said Tucker. "The long-term hope is that this study acts as a benchmark for similar discoveries."

This work was supported by the National Science Foundation, the European Research Council (ERC), the Australian Research Council Discovery Early Career Researcher Award (DECRA), and NASA. Christopher S. Kochanek from Ohio State was also a co-author.
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Most energetic cosmic-ray electrons and positrons ever observed | ScienceDaily
The Universe teems with extreme environments, ranging from the very coldest temperatures to the highest energy sources possible. As a consequence, extreme objects such as supernova remnants, pulsars and active galactic nuclei are capable of emitting charged particles and gamma rays with incredibly high energies, so high that they exceed the energy produced by the nuclear fusion in stars by several orders of magnitude.


						
The gamma rays detected on Earth tell us a great deal about these sources, since they travel through space undisturbed. However, in the case of charged particles, also known as cosmic rays, things are more complicated because they are constantly buffeted by the magnetic fields present everywhere in the Universe, and impact the Earth isotropically, in other words from all directions. What's more, these charged particles lose some of their energy along the way, when they interact with light and magnetic fields. These energy losses are especially significant for the most energetic electrons and positrons, known as cosmic-ray electrons (CRe), whose energy exceeds one teraelectronvolt (TeV) (i.e. 1000 billion times greater than that of visible light)1. It is therefore impossible to determine the point of origin of such charged particles in space, although their detection on Earth is a clear indicator that there are powerful cosmic-ray particle accelerators in its vicinity.

However, detecting electrons and positrons with energies of several teraelectronvolts is particularly challenging. Space-based instruments, with detection areas of around one square metre, are unable to capture sufficient numbers of such particles, which become increasingly rare the higher their energy. Ground-based instruments on the other hand, which indirectly detect the arrival of cosmic rays via the showers of particles they produce in the Earth's atmosphere, are faced with the challenge of differentiating the showers triggered by cosmic-ray electrons (or positrons) from the much more frequent showers produced by the impact of the heavier cosmic-ray protons and nuclei. The H.E.S.S. Observatory2 located in Namibia uses five large telescopes to capture and record the faint Cherenkov radiation produced by the heavily charged particles and photons that enter the Earth's atmosphere, producing a shower of particles in their wake. Although the Observatory's main purpose is to detect and select gamma rays in order to investigate their sources, the data can also be used to search for cosmic-ray electrons.

In the most extensive analysis ever carried out, H.E.S.S. collaboration scientists have now obtained new information about the origin of these particles. The astrophysicists did this by combing through the huge data set collected over the course of a decade by the four 12-metre telescopes, applying new, more powerful selection algorithms capable of extracting the CRe from the background noise with unprecedented efficiency. This resulted in an unrivalled set of statistical data for the analysis of cosmic-ray electrons. More specifically, the H.E.S.S. researchers were able to obtain for the first time data about CRe in the highest energy ranges, all the way up to 40 TeV. This enabled them to identify a surprisingly sharp break in the energy distribution of the cosmic-ray electrons.

"This is an important result, as we can conclude that the measured CRe most likely originate from very few sources in the vicinity of our own solar system, up to a maximum of a few 1000 light years away, a very small distance compared to the size of our Galaxy," explains Kathrin Egberts, from the University of Potsdam, one of the corresponding authors of the study.

"We were able to put severe constrains on the origin of these cosmic electrons with our detailed analysis for the first time," adds Prof. Hofmann from the Max-Planck-Institut fur Kernphysik, co-author of the study. "The very low fluxes at larger TeV limit the possibilities of space-based missions to compete with this measurement. Thereby, our measurement does not only provide data in a crucial and previously unexplored energy range, impacting our understanding of the local neighbourhood, but it is also likely to remain a benchmark for the coming years," Mathieu de Naurois, CNRS Researcher from the Laboratoire Leprince-Ringuet, adds.

Footnotes :
    	1 TeV = 1012 electronvolts.
    	High-energy gamma rays can be observed from the ground only because of a very specific phenomenon. When a gamma ray enters the atmosphere it collides with its atoms and molecules, producing new particles that sweep towards the ground rather like an avalanche. The particles emit flashes lasting mere billionths of a second (Cherenkov radiation), which can be observed using large, specially equipped ground-based telescopes.The H.E.S.S. Observatory, located in the Khomas Highlands of Namibia at an altitude of 1835 m, officially began operation in 2002. It comprises an array of five telescopes. Four telescopes with mirrors 12 m in diameter are located at the corners of a square, with another 28 m telescope at the centre. This makes it possible to detect cosmic gamma rays ranging from a few tens of gigaelectronvolts (GeV, 109 electronvolts) to a few tens of teraelectronvolts (TeV, 1012 electronvolts). By comparison, photons of visible light have an energy of two to three electronvolts. H.E.S.S. is currently the only instrument observing the southern sky in high-energy gamma-ray light. It is also the largest and most sensitive telescope system of its kind.
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Cyanobacterial circadian clock uses an AM radio-like mechanism to control cellular processes | ScienceDaily
Cyanobacteria, an ancient lineage of bacteria that perform photosynthesis, have been found to regulate their genes using the same physics principle used in AM radio transmission.


						
New research published in Current Biology has found that cyanobacteria use variations in the amplitude (strength) of a pulse to convey information in single cells. The finding sheds light on how biological rhythms work together to regulate cellular processes.

In AM (amplitude modulation) radio, a wave with constant strength and frequency -- called a carrier wave -- is generated from the oscillation of an electric current. The audio signal, which contains the information (such as music or speech) to transmit, is superimposed onto the carrier wave. This is done by varying the amplitude of the carrier wave in accordance with the frequency of the audio signal.

The research team, led by Professor James Locke at the Sainsbury Laboratory Cambridge University (SLCU) and Dr Bruno Martins at the University of Warwick found that a similar AM radio-like mechanism is at work in cyanobacteria.

In cyanobacteria, the cell division cycle, the process through which one cell grows and divides into two new cells, acts as the 'carrier signal'. The modulating signal then comes from the bacteria's 24-hour circadian clock, which acts as an internal time-keeping mechanism.

This finding answers a long-standing question in cell biology -- how do cells integrate signals from two oscillatory processes -- the cell cycle and the circadian rhythm -- which operate a different frequencies? Until now, it was unclear how these two cycles could be coordinated.

To solve the puzzle, the research team used single-cell time-lapse microscopy and mathematical modelling. With the time-lapse microscopy, they tracked expression of a protein, the alternative sigma factor RpoD4. RPoD4 plays an important role in the initiation of transcription, which is the process by which genetic information from DNA is transcribed into RNA. The modelling allowed researchersto explore signal processing mechanisms, comparing modeling results with microscopy data. The team found RpoD4 is turned on in pulses that occur only at cell division, which made it an ideal candidate for tracking.




Lead author Dr Chao Ye explained: "We found that the circadian clock dictates how strong these pulses are over time. Using this strategy, cells can encode information about two oscillatory signals in the same output: information about the cell cycle in the pulsing frequency, and about the 24-hour clock in the pulsing strength. This is the first time we've observed a circadian clock using pulse amplitude modulation, a concept typically associated with communication technology, to control biological functions."

"Varying the frequency of either the cell cycle, through ambient light, or the circadian clock, through genetic mutations, validated the underlying principle. It is striking to see examples in nature of what we sometimes think of as 'our' engineering rules," said co-corresponding author Dr Martins. "The cyanobacterial lineage evolved 2.7 billion years ago, and have an elegant solution to this information processing problem."

Professor Locke added: "One reason we study cyanobacteria is that they have the simplest circadian clock of any organism, so understanding it lays the foundation we need to understand clocks in more complex organisms, like people and crops.

"These principles could have broader implications in synthetic biology and biotechnology. For example, this could help us develop crops that are more resilient to changing environmental conditions, with implications for agriculture and sustainability."
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Reality check: Making indoor smartphone-based augmented reality work | ScienceDaily
Smartphone-based augmented reality, in which visual elements are overlaid on the image of a smartphone camera, are extremely popular apps. These apps allow users to see how furniture would look in their house, or navigate maps better, or to play interactive games. The global phenomenon Pokemon GO, which encourages players to catch digital creatures through their phone, is a well-known example.


						
However, if you want to use augmented reality apps inside a building, prepare to lower your expectations. The technologies available now to implement augmented reality struggle when they can't access a clear GPS signal. But after a series of extensive and careful experiments with smartphones and users, researchers from Osaka University have determined the reasons for these problems in detail and identified a potential solution. The work was recently presented at the 30th Annual International Conference on Mobile Computing and Networking.

"To augment reality, the smartphone needs to know two things," says Shunpei Yamaguchi, the lead author of the study. "Namely, where it is, which is called localization, and how it is moving, which is called tracking."

To do this, the smartphone uses two main systems: visual sensors (the camera and LiDAR) to find landmarks such as QR codes or AprilTags in the environment, and its inertial measurement unit (IMU), a small sensor inside the phone that measures movement.

To understand exactly how these systems perform, the research team set up case studies such as a virtual classroom in an empty lecture hall and asked participants to arrange virtual desks and chairs in an optimal way. Overall, 113 hours of experiments and case studies across 316 patterns in a real-world environment were performed. The aim was to isolate and examine the failure modes of AR by disabling some sensors and changing the environment and lighting.

"We found that the virtual elements tend to 'drift' in the scene, which can lead to motion sickness and reduce the sense of reality," explains Shunsuke Saruwatari, the senior author of the study. The findings highlighted that visual landmarks can be difficult to find from far away, at extreme angles, or in dark rooms; that LiDAR doesn't always work well; and that the IMU has errors at high and low speeds that add up over time.

To address these issues, the team recommends radio-frequency-based localization, such as ultra-wideband (UWB)-based sensing, as a potential solution. UWB works similarly to WiFi or Bluetooth, and its most well-known applications are the Apple AirTag and Galaxy SmartTag+. Radio-frequency localization is less affected by lighting, distance, or line of sight, avoiding the difficulties with vision-based QR codes or AprilTag landmarks. In the future, the researchers believe that UWB or alternative sensing modalities like ultra-sound, WiFi, BLE, or RFID have the potential for integration with vision-based techniques, leading to vastly improved augmented reality applications.
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Ancient hot water on Mars points to habitable past | ScienceDaily
New Curtin University-led research has uncovered what may be the oldest direct evidence of ancient hot water activity on Mars, revealing the planet may have been habitable at some point in its past.


						
The study analysed a 4.45 billion-year-old zircon grain from the famous Martian meteorite NWA7034, also known as Black Beauty, and found geochemical 'fingerprints' of water-rich fluids.

Study co-author Dr Aaron Cavosie from Curtin's School of Earth and Planetary Sciences said the discovery opened up new avenues for understanding ancient Martian hydrothermal systems associated with magmatism, as well as the planet's past habitability.

"We used nano-scale geochemistry to detect elemental evidence of hot water on Mars 4.45 billion years ago," Dr Cavosie said.

"Hydrothermal systems were essential for the development of life on Earth and our findings suggest Mars also had water, a key ingredient for habitable environments, during the earliest history of crust formation."

"Through nano-scale imaging and spectroscopy, the team identified element patterns in this unique zircon, including iron, aluminium, yttrium and sodium. These elements were added as the zircon formed 4.45 billion years ago, suggesting water was present during early Martian magmatic activity."

Dr Cavosie said the research showed that even though Mars' crust endured massive meteorite impacts that caused major surface upheaval, water was present during the early Pre-Noachian period, prior to about 4.1 billion years ago.




"A 2022 Curtin study of the same zircon grain found it had been 'shocked' by a meteorite impact, marking it as the first and only known shocked zircon from Mars," Dr Cavosie said.

"This new study takes us a step further in understanding early Mars, by way of identifying tell-tale signs of water-rich fluids from when the grain formed, providing geochemical markers of water in the oldest known Martian crust."

Lead author Dr Jack Gillespie from the University of Lausanne was a Postdoctoral Research Associate at Curtin's School of Earth and Planetary Sciences at the time of the study, which was co-authored by researchers from Curtin's Space Science and Technology Centre, the John de Laeter Centre and the University of Adelaide, with funding from the Australian Research Council, Curtin University, University of Adelaide and the Swiss National Science Foundation.

The full study, titled 'Zircon evidence for early hydrothermal activity on Mars', will be published in Science Advances.
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3.2 million km/h galaxy smash-up | ScienceDaily
A massive collision of galaxies sparked by one travelling at a scarcely-believable 2 million mph (3.2 million km/h) has been seen in unprecedented detail by one of Earth's most powerful telescopes.


						
The dramatic impact was observed in Stephan's Quintet, a nearby galaxy group made up of five galaxies first sighted almost 150 years ago.

It sparked an immensely powerful shock akin to a "sonic boom from a jet fighter" -- the likes of which are among the most striking phenomena in the Universe.

Stephan's Quintet represents "a galactic crossroad where past collisions between galaxies have left behind a complex field of debris," which has now been reawakened by the passage of the galaxy, NGC 7318b.

The collision was spotted by a team of scientists using the first observations from the new 20-million Euro (PS16.7million) William Herschel Telescope Enhanced Area Velocity Explorer (WEAVE) wide-field spectrograph in La Palma, Spain.

This cutting-edge, next generation science facility will not only reveal how our Milky Way galaxy was built up over billions of years, but also offer new insights into millions of other galaxies across the Universe.

The discovery of NGC 7318b smashing through Stephan's Quintet was observed by a team of more than 60 astronomers and has been published today in Monthly Notices of the Royal Astronomical Society.




The system is an ideal laboratory to understand the chaotic and often violent relationship between galaxies, which is why it was the focus of the first-light observation by the WEAVE Large Integral Field Unit (LIFU).

Lead researcher Dr Marina Arnaudova, of the University of Hertfordshire, said: "Since its discovery in 1877, Stephan's Quintet has captivated astronomers, because it represents a galactic crossroad where past collisions between galaxies have left behind a complex field of debris.

"Dynamical activity in this galaxy group has now been reawakened by a galaxy smashing through it at an incredible speed of over 2 million mph (3.2 million km/h), leading to an immensely powerful shock, much like a sonic boom from a jet fighter."

The international team has uncovered a dual nature behind the shock front, previously unknown to astronomers.

"As the shock moves through pockets of cold gas, it travels at hypersonic speeds -- several times the speed of sound in the intergalactic medium of Stephan's Quintet* -- powerful enough to rip apart electrons from atoms, leaving behind a glowing trail of charged gas, as seen with WEAVE," Dr Arnaudova said.

However, when the shock passes through the surrounding hot gas, it becomes much weaker, according to PhD student Soumyadeep Das, of the University of Hertfordshire.




He added: "Instead of causing significant disruption, the weak shock compresses the hot gas, resulting in radio waves that are picked up by radio telescopes like the Low Frequency Array (LOFAR)."

The new insight and unprecedented detail came from WEAVE's LIFU, combining data with other cutting-edge instruments such as the LOFAR, the Very Large Array (VLA), and the James Webb Space Telescope (JWST).

WEAVE is a state-of-the-art super-fast mapping device that has been connected to the William Herschel Telescope to analyse the composition of stars and gas both in the Milky Way and in distant galaxies.

This is done with the help of a spectroscope, which reveals the elements that stars are made of by generating a bar code-style pattern within a prism of colours that make up a source of light.

It was designed and built following a multi-lateral agreement by France, Italy and the countries of the Isaac Newton Group of Telescopes partnership (the UK, Spain and the Netherlands).

Astronomers hope that WEAVE will help reveal how our galaxy formed in unprecedented detail and revolutionise our understanding of the Universe.

Dr Daniel Smith, of the University of Hertfordshire, said: "It's really neat work that Marina has put together with this large team, but this first WEAVE science paper also represents just a taste of what is to come over the next five years now that WEAVE is becoming fully operational."

Professor Gavin Dalton, WEAVE principal investigator at RAL Space and the University of Oxford, said: "It's fantastic to see the level of detail uncovered here by WEAVE.

"As well as the details of the shock and the unfolding collision that we see in Stephan's Quintet, these observations provide a remarkable perspective on what may be happening in the formation and evolution of the barely resolved faint galaxies that we see at the limits of our current capabilities."

Dr Marc Balcells, director of the Isaac Newton Group of Telescopes, said: "I'm excited to see that the data gathered at the WEAVE first light already provide a high-impact result, and I'm sure this is just an early example of the types of discoveries that will be made possible with WEAVE on the William Herschel Telescope in the coming years."

C-UKRI) of the United Kingdom, the Nederlandse Organisatie voor Wetenschappelijk Onderzoek (NWO) of the Netherlands, and the IAC in Spain. IAC's contribution to the ING is funded by the Spanish Ministry of Science, Innovation and Universities.
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The Parasaurolophus' pipes: Modeling the dinosaur's crest to study its sound | ScienceDaily
Fossils might give a good image of what dinosaurs looked like, but they can also teach scientists what they sounded like.


						
The Parasaurolophus is a duck-billed dinosaur with a unique crest that lived 70 million to 80 million years ago. It stood around 16 feet tall and is estimated to have weighed 6,000 to 8,000 pounds.

Hongjun Lin from New York University will present results on the acoustic characteristics of a physical model of the Parasaurolophus' crest Thursday, Nov. 21 as part of the virtual 187th Meeting of the Acoustical Society of America, running Nov. 18-22, 2024.

"I've been fascinated by giant animals ever since I was a kid. I'd spend hours reading books, watching movies, and imagining what it would be like if dinosaurs were still around today," said Lin. "It wasn't until college that I realized the sounds we hear in movies and shows -- while mesmerizing -- are completely fabricated using sounds from modern animals. That's when I decided to dive deeper and explore what dinosaurs might have actually sounded like."

Lin created a physical setup made of tubes to represent a mathematical model that will allow researchers to discover what was happening acoustically inside the Parasaurolophus crest. The physical model, inspired by resonance chambers, was suspended by cotton threads and excited by a small speaker, and a microphone was used to collect frequency data.

While it isn't a perfect replication of the Parasaurolophus, the pipes -- nicknamed the "Linophone," after the researcher -- will serve as a verification of the mathematical framework.

"I wanted something simplified and accessible for both modeling and building a physical device," Lin explained.

Lin's initial results indicate that the Parasaurolophus' crest was used for resonance, similar to the crests of birds we see today. The mathematical model is still in progress, but Lin hopes it will be useful for studying animals with similar vocal structures.

He is also planning to create an accessible plug-in for people to experiment with and even add dinosaur sounds to music.

"Once we have a working model, we'll move toward using fossil scans," Lin said. "My ultimate goal is to re-create the sound of the Parasaurolophus."
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Smarter city planning: Researchers use brain activity to predict visits to urban areas | ScienceDaily
Urbanization, the process by which cities and towns expand in size and population, is rapidly advancing globally, and the percentage of people living in urban environments has increased from 33% in 1960 to 57% in 2023.


						
Now, researchers from Michigan State University are the first to measure brain activity to make predictions that could help inform enhanced urban planning and design that addresses the well-being of residents and visitors.

Dar Meshi, an associate professor in the Department of Advertising and Public Relations and director of the Social Media and Neuroscience Lab at MSU, led the study, which was recently published in the journal Nature Cities and included collaborators from the University of Lisbon in Portugal. Together, they found that the brain's reward system can shape human behavior within urban environments and aid in designing cities that promote sustainable living.

Because urban areas typically offer better access to educational and employment opportunities, advanced health care facilities and diverse cultural and recreational activities, they can contribute to a higher standard of living. However, the swift pace of urbanization also gives rise to challenges such as lack of green spaces, increased traffic noise, and social inequities, emphasizing the need for sustainable urban development strategies that prioritize health, safety and well-being for residents.

To better understand how to create proactive urban planning frameworks, Meshi and his co-authors used principles from the budding field of neurourbanism -- the study of measuring the human brain to predict and understand the influence of urban environments on behavior -- to conduct the study.

"Neurourbanism has the potential to contribute significantly to the design of cities that prioritize cognitive, emotional and physical well-being," Meshi said. "By prioritizing the well-being of individuals, cities can create environments that are conducive to the overall health and happiness of their inhabitants."

Neurourbanism employs brain-scanning tools, such as functional magnetic resonance imaging, or fMRI. FMRI detects changes in blood oxygen levels, known as the blood oxygen level dependent, or BOLD, signal, and uses this signal to identify the brain regions that are active during specific tasks or mental processes. When neurons -- cells that send and receive signals in your brain -- become more active, they require more oxygen. Blood flows to the active areas to meet this demand, and the fMRI detects where changes in blood oxygenation levels occur.




Meshi and his colleagues focused on the ventromedial prefrontal cortex, or vmPFC, a key region in the brain's reward system involved in valuation and decision-making.

"Previous neuroforecasting research has used activity in the brain's reward system, including the vmPFC, to predict a variety of population behaviors, such as food choices, music purchasing, crowdfunding outcomes and stock market prices, making it a valuable region to study with respect to urban planning," said Ardaman Kaur, a postdoctoral researcher in the MSU Institute for Quantitative Health Science and Engineering and one of the study's authors.

For this study, 77 participants in the U.S. who had never visited Lisbon, Portugal, underwent fMRI scanning while viewing and rating photos depicting urban environments in the city. The photos were geotagged images posted on the photo-sharing application Flickr. The density of photos for each region served as a proxy for measuring visitation patterns around Lisbon.

The findings from the study suggest that the neural activity in the vmPFC can predict people's visitation patterns to or away from a specific environment.

"People typically make decisions to maximize value, and because certain urban areas induce greater value-related brain activity than others, people in the city are more likely to travel to, or take pictures of, those certain areas," Meshi said.

According to Meshi, the results of the study imply that the vmPFC may be involved in processing a range of value judgements within urban environments, including perceptual, cognitive, social and cultural values.




"Individuals may be drawn to visit urban spaces not only because of their aesthetic appeal, but also due to their sociocultural relevance," he said. "This could include places with historical significance or social importance, which may not necessarily be aesthetically pleasing, but still hold considerable value."

Kaur said this research sheds important light on how our brains may encode information related to urban environments and drive visits around these environments.

"The insights from our study can potentially aid in the development of future human-centric cities, specifically tailored to how our brains perceive and interact with the environment," Kaur said.

Meshi believes the neurourbanistic approach used in his team's work can contribute to refining urban planning strategies, ultimately fostering enhanced livability and well-being.

"By incorporating these findings into the urban infrastructure and services, we may be able to create cites that are more efficient and enhance population livability and make it easier for residents to get from place to place," he said.
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Chemists create world's thinnest 'spaghetti' | ScienceDaily
The world's thinnest spaghetti, about 200 times thinner than a human hair, has been created by a UCL-led research team.


						
The spaghetti is not intended to be a new food but was created because of the wide-ranging uses that extremely thin strands of material, called nanofibers, have in medicine and industry.

Nanofibers made of starch -- produced by most green plants to store excess glucose -- are especially promising and could be used in bandages to aid wound healing (as the nanofiber mats are highly porous, allowing water and moisture in but keeping bacteria out), as scaffolding for bone regeneration and for drug delivery. However, they rely on starch being extracted from plant cells and purified, a process requiring much energy and water.

A more environmentally friendly method, the researchers say, is to create nanofibers directly from a starch-rich ingredient like flour, which is the basis for pasta.

In a new paper in Nanoscale Advances, the team describe making spaghetti just 372 nanometres (billionths of a metre) across using a technique called electrospinning, in which threads of flour and liquid are pulled through the tip of a needle by an electric charge. The work was performed by Beatrice Britton, who carried out the study as part of her master's degree in chemistry at UCL.

Co-author Dr Adam Clancy (UCL Chemistry) said: "To make spaghetti, you push a mixture of water and flour through metal holes. In our study, we did the same except we pulled our flour mixture through with an electrical charge. It's literally spaghetti but much smaller."

In their paper, the researchers describe the next thinnest known pasta, called su filindeu ("threads of God"), made by hand by a pasta maker in the town of Nuoro, Sardinia. This pasta lunga ("long pasta") is estimated at about 400 microns wide -- 1,000 times thicker than the new electrospun creation, which, at 372 nanometres, is narrower than some wavelengths of light.




The novel "nanopasta" formed a mat of nanofibers about 2 cm across, and so is visible, but each individual strand is too narrow to be clearly captured by any form of visible light camera or microscope, so their widths were measured with a scanning electron microscope.

Co-author Professor Gareth Williams (UCL School of Pharmacy) said: "Nanofibers, such as those made of starch, show potential for use in wound dressings as they are very porous. In addition, nanofibers are being explored for use as a scaffold to regrow tissue, as they mimic the extra-cellular matrix -- a network of proteins and other molecules that cells build to support themselves."

Dr Clancy said: "Starch is a promising material to use as it is abundant and renewable -- it is the second largest source of biomass on Earth, behind cellulose -- and it is biodegradable, meaning it can be broken down in the body.

"But purifying starch requires lots of processing. We've shown that a simpler way to make nanofibers using flour is possible. The next step would be to investigate the properties of this product. We would want to know, for instance, how quickly it disintegrates, how it interacts with cells, and if you could produce it at scale."

Professor Williams added: "I don't think it's useful as pasta, sadly, as it would overcook in less than a second, before you could take it out of the pan."

In electrospinning, the needle in which the mixture is contained and the metal plate upon which the mixture is deposited form two ends of a battery. Applying an electrical charge makes the mixture complete the circuit by streaming out of the needle on to the metal plate.




Electrospinning using a starch-rich ingredient such as white flour is more challenging than using pure starch, as the impurities -- the protein and cellulose -- make the mixture more viscous and unable to form fibres.

The researchers used flour and formic acid rather than water, as the formic acid breaks up the giant stacks of spirals (or helices) that make up starch. This is because the layers of helices stuck together are too big to be the building blocks of nanofibers. (Cooking has the same effect on the starch as the formic acid -- it breaks up the layers of helices, making the pasta digestible.)

The formic acid then evaporates as the noodle flies through the air to the metal plate.

The researchers also had to carefully warm up the mixture for several hours before slowly cooling it back down to make sure it was the right consistency.
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