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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.


      
        In double breakthrough, mathematician solves two long-standing problems
        A professor who has devoted his career to resolving the mysteries of higher mathematics has solved two separate, fundamental problems that have perplexed mathematicians for decades.

      

      
        In studying the mating rituals of fruit flies, scientists may have learned something about how brains evolve
        Researchers have identified how the architecture of brain circuits helps different species flexibly adapt to new mating signals across evolutionary timeframes.

      

      
        Do people with MS have an increased risk of cancer?
        A new study has found some cancers to be slightly more frequent in people with multiple sclerosis (MS) than in people without MS. Types of cancers found to have a small increased risk include bladder, brain and cervical cancers. The study does not prove that MS increases a person's risk of cancer. It only shows an association.

      

      
        NASA's Hubble watches Jupiter's Great Red Spot behave like a stress ball
        Astronomers have observed Jupiter's legendary Great Red Spot (GRS), an anticyclone large enough to swallow Earth, for at least 150 years. But there are always new surprises -- especially when NASA's Hubble Space Telescope takes a close-up look at it. Hubble's new observations of the famous red storm, collected 90 days between December 2023 to March 2024, reveal that the GRS is not as stable as it might look. The recent data show the GRS jiggling like a bowl of gelatin. The combined Hubble images ...

      

      
        Gene therapy shows long-term benefit for patients with a rare pediatric brain disease
        Cerebral adrenoleukodystrophy (CALD) is a rare progressive, genetic brain disease that primarily presents in young boys, causing loss of neurological function and ultimately leading to early death. Researchers have shown that six years after treatment with the first gene therapy approved for CALD, 94 percent of patients have had no decline in neurological functioning, with over 80 percent remaining free of major disability.

      

      
        Researchers discover new insights into bacterial photosynthesis
        Researchers have discovered new understanding of bacterial photosynthesis. Using cutting-edge techniques, investigators have unveiled intricate detailed images of the key photosynthetic protein complexes of purple bacteria. These images shed new light on how these microorganisms harness solar energy.

      

      
        Why people think they're right, even when they are wrong
        If you smugly believe you're right in a disagreement with a friend or colleague, a new study suggests why you may actually be wrong. Researchers found that people naturally assume they have all the information they need to make a decision or support their position, even when they do not.

      

      
        Viruses are teeming on your toothbrush, showerhead
        Microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

      

      
        Heavy metals in the ocean become more toxic
        Toxic trace elements such as lead, mercury, arsenic, and cadmium naturally occur in small quantities in coastal seas. However, human activities, such as industry and agriculture, contribute significantly larger amounts. A new study has examined how climate change already affects the distribution and accumulation of these elements and how it could impact them in the future. One of the findings: Climate-related natural events are releasing more contaminants, which pose a risk to both human and anim...

      

      
        Arrhythmic hearts after excessive alcohol consumption
        Researchers find cardiac arrhythmias in partygoers who had drunk a lot of alcohol.

      

      
        Are ideas contagious?
        As flu season approaches, researchers are discovering that the flu and fake news have far more in common than we may think.

      

      
        Genetic analysis of 25,000 Chinese mothers and infants reveals unique genes associated with disease risk
        Genome-wide association studies have great potential for advancing our understanding of the genetic background of diseases, but so far, few association studies have focused on maternal and newborn diseases, and most have been based on predominantly European populations. To fill these gaps, researchers generated and analyzed full-genome DNA sequences from non-invasive prenatal blood tests collected from over 25,000 pregnant women, all of whom were Han Chinese.

      

      
        Study probes how eating less can extend lifespan
        Researchers tracked the health of nearly one thousand mice on a variety of diets to see if these diets would extend the mice's lifespan. The study was designed to ensure that each mouse was genetically distinct, which allowed the team to better represent the genetic diversity of the human population. By doing so, the results are made more clinically relevant, elevating the study to one of the most significant investigations into aging and lifespan to date.

      

      
        Nature and plastics inspire breakthrough in soft sustainable materials
        Using peptides and a snippet of the large molecules in plastics, materials scientists have developed materials made of tiny, flexible nano-sized ribbons that can be charged just like a battery to store energy or record digital information.

      

      
        Over 160,000 new viruses discovered by AI
        161,979 new RNA viruses have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterized.

      

      
        Extended Timing: How neurons encode information on timescales that match learning
        New research has identified a key step in how neurons encode information on timescales that match learning.

      

      
        Study uncovers mutations and DNA structures driving bladder cancer
        How bladder cancer originates and progresses has been illuminated as never before. Researchers found that antiviral enzymes that mutate the DNA of normal and cancer cells are key promoters of early bladder cancer development, and that standard chemotherapy is also a potent source of mutations. The researchers also discovered that overactive genes within abnormal circular DNA structures in tumor cells genes drive bladder cancer resistance to therapy. These findings are novel insights into bladder ...

      

      
        A matter of taste: Electronic tongue reveals AI 'inner thoughts'
        Researchers recently developed electronic tongue capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. They found that results were even more accurate when artificial intelligence used its own assessment parameters to interpret the data generated by the electronic tongue.

      

      
        Another step towards decoding smell
        We often only realize how important our sense of smell is when it is no longer there: food is not as tasty as it once was, or we no longer react to dangers such as the smell of smoke. Researchers have investigated the neuronal mechanisms of human odor perception for the first time. Individual nerve cells in the brain recognize odors and react specifically to the smell, the image and the written word of an object, for example a banana. The results of this study close a long-standing knowledge gap ...

      

      
        Will AI tools revolutionize public health? Not if they continue following old patterns, researchers argue
        A new article shares findings from an extensive literature analysis of AI's current trajectory in health care.

      

      
        Atomic-level mechanism in polycrystalline materials
        Researchers show that for the first time they have achieved atomic-scale observations of grain rotation in polycrystalline materials. Using state-of-the-art microscopy tools, the scientists were able to heat samples of platinum nanocrystalline thin films and observe the mechanism driving grain rotation in unprecedented detail.

      

      
        Team engineers new enzyme to produce synthetic genetic material
        A research team describes how they engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.

      

      
        El Nino linked to accelerated ice loss in tropics
        Natural climate patterns such as El Nino are causing tropical glaciers to lose their ice at an alarming rate, a new study has found.

      

      
        Transition to a circular bioeconomy requires getting prices right
        A circular bioeconomy that reduces and recycles waste, transitions away from fossil fuels to renewable bio-based alternatives, and regenerates natural systems is critical for feeding and fueling the world's growing population in environmentally sustainable ways. But it's a complicated concept, and significant questions remain about how it should be implemented and how to get buy-in from farmers, industry, and consumers in a market economy. A new paper by noted agricultural economists and scientis...

      

      
        Oh my meniscus: Age poses risk of further knee injury in children
        A research team evaluated the treatment outcomes for discoid lateral meniscus (DLM) with osteochondritis dissecans. Age was found to be a risk factor for osteochondritis dissecans relapse or post-operative occurrence, and surgery on patients ages 9 and under was found to be related to the occurrence of osteochondritis dissecans.

      

      
        Adding fall blooming plants may help both managed and wild bees in cities
        There are nearly 4,000 native bee species in the United States, contributing to pollination in agricultural, urban and natural landscapes. Honey bees, however, are not native to the U.S., which has led to concerns that managed honey bee populations might negatively impact wild bees via competition for resources and sharing of pathogens. However, the team recently found that of the 33 genera of native bees studied, only a small number seemed to be negatively affected by the presence of honey bees.

      

      
        New seed fossil sheds light on wind dispersal in plants
        Scientists have discovered one of the earliest examples of a winged seed, granting insight into the origin and early evolution of wind dispersal strategies in plants.

      

      
        Asymmetric placebo effect in response to spicy food
        The expectations humans have of a pleasurable sensation asymmetrically shape neuronal responses and subjective experiences to hot sauce, according to a new study.

      

      
        Echoes in the brain: Why today's workout could fuel next week's bright idea
        In a pioneering longitudinal study, researchers found that the everyday effects of sleep, exercise, heart rate and mood -- both good and bad -- could linger in our brains for over two weeks.

      

      
        What we can learn from hungry yeast cells
        Scientists have revealed a new cellular adaptation to starvation, in which the mitochondria of yeast cells get coated by ribosomes. Surprisingly, the ribosomes attach to the mitochondrial outer membrane with a very unusual 'upside-down' orientation. The discovery of this mechanism has potential implications for our understanding of how stressed cancer cells survive starvation.

      

      
        Transition to low-carbon futures: New research uncovers rise in legal challenges to climate action
        As the global push towards low-carbon societies accelerates, a new study reveals that justice concerns are increasingly surfacing in legal disputes over climate policies and projects. This phenomenon, described as 'just transition litigation', emphasizes the need to balance climate action with social justice considerations, ensuring that vulnerable communities are not disproportionately impacted.

      

      
        New insights into ammonia decomposition
        Using ammonia is regarded as a promising method of transporting hydrogen. However, an efficient process is also needed to convert it back into hydrogen and nitrogen.

      

      
        One-time cooperation decisions unaffected by increased benefits to society
        Until now, it was considered certain that people are more likely to cooperate if the benefits from cooperation are higher. A recently published, large-scale study has now called this finding into question: in over 2000 study participants, the researchers found no relationship between benefits from cooperation and willingness to cooperate.

      

      
        A new technique that makes competition between tumor cells visible can help personalize treatments for multiple myeloma
        A new tool detects the evolutionary advantages of multiple myeloma cells over the different treatments available. The information it provides can help prevent the tumor from becoming resistant to drugs.

      

      
        Key molecule in wound healing identified
        A new study has identified an RNA molecule that is important for skin wound healing. The research may have implications for the treatment of hard-to-heal wounds.

      

      
        Holographic 3D printing has the potential to revolutionize multiple industries
        Researchers have developed a novel method of 3D printing that uses acoustic holograms. The process is called holographic direct sound printing (HDSP). It builds on a method introduced in 2022 that described how sonochemical reactions in microscopic cavitations regions -- tiny bubbles -- create extremely high temperatures and pressure for trillionths of a second to harden resin into complex patterns. Now, by embedding the technique in acoustic holograms that contain cross-sectional images of a par...

      

      
        How diabetes-risk genes make cells less resilient to stress
        Researchers have now discovered that DNA sequence changes known to increase a person's risk for diabetes are linked to how well pancreatic cells can handle two different kinds of molecular stress. In people with these DNA changes, the insulin-producing cells in the pancreas may be more likely to fail or die when exposed to stress and inflammation.

      

      
        The secret strength of our cell guards
        Proteins control most of the body's functions, and their malfunction can have severe consequences, such as neurodegenerative diseases or cancer. Therefore, cells have mechanisms in place to control protein quality. In animal and human cells, chaperones of the Hsp70 class are at the heart of this control system, overseeing a wide array of biological processes. Yet, despite their crucial role, the precise molecular mechanism of Hsp70 chaperones has remained elusive for decades. Using a cutting-edge...

      

      
        Hip osteoarthritis: Head gets in the way of recovery, study suggests
        Muscle activation in people suffering from hip osteoarthritis might be a case of 'mind over matter', new research has shown. A recent study investigated muscle function in people with hip osteoarthritis and found that these patients were unable to activate their muscles as efficiently.

      

      
        Increase access to nature in all daily environments and in education
        Although access to nature is a basic human right, people's actual use of green spaces is subject to inequalities. A research team analyzed what conditions make it more likely that people are exposed to nature across generations: the availability of green spaces around where they live, work and shop, as well as nature relatedness and past natural experiences. Their findings may inform policies for urban planning and education for the improvement of human health.

      

      
        Mental health app could help prevent depression in young people at high risk
        A cognitive behavioral therapy (CBT) app has been found to significantly prevent increases in depression in young people who are at high risk -- and could be implemented as a cost effective public mental health measure.

      

      
        Dogs contaminate ponds with parasite medications
        Most dog owners didn't know that flea and tick treatments are dangerous to aquatic life, suggesting more awareness could ease the problem.

      

      
        Solar-powered desalination system requires no extra batteries
        Engineers built a solar-powered desalination system that produces large quantities of clean water despite variations in sunlight throughout the day. Because it requires no extra batteries, it offers a much more affordable way to produce drinking water, compared to other solar-driven designs.

      

      
        New apps will enable safer indoor navigation for visually impaired
        Two new apps will enable blind people to navigate indoor buildings with spoken directions from a smartphone app, providing a safe method of wayfinding where GPS doesn't work.

      

      
        Climate report warns of escalating crisis, urges immediate action as UN summit nears
        An international coalition of scientists concludes that the Earth's worsening vital signs indicate a 'critical and unpredictable new phase of the climate crisis' and that 'decisive action is needed, and fast.'

      

      
        Texting while walking puts pedestrians in danger
        Research analyzing actual pedestrian interactions with vehicles on busy streets concludes that distracted pedestrians face higher safety risks compared with undistracted road users. The study found that distracted pedestrians often remained unaware of their surroundings, making fewer adjustments to their path or speed, which decreased their overall navigational efficiency. This level of distraction can increase the severity of vehicle interaction and near misses by 45 per cent.

      

      
        AI speeds up the discovery of energy and quantum materials
        Unearthing new LEDs, solar cells, and photodetectors requires extensive knowledge surrounding the optical properties of materials. Calculating these takes time and resources. Yet researchers unveiled a new AI tool that can accurately, and crucially much faster than quantum simulations, for predicting optical properties.

      

      
        New insights into how Mars became uninhabitable
        NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.

      

      
        Harnessing natural killer T cells to advance cancer immunotherapy for solid tumors
        In the fight against cancer, chimeric antigen receptor (CAR) T cell therapy has achieved notable success in treating blood cancers. However, it has been largely ineffective against solid tumors. A study demonstrates that a different immunotherapy approach utilizing natural killer T cells produced significant antitumor activity in preclinical models of solid tumors.

      

      
        Study explores novel therapeutic treatment for glioblastoma
        Researchers discovered combining the brain-penetrating antipsychotic drug pimozide with a clinically investigative glutamine metabolism inhibitor, CB-839, can overcome tumor resistance and effectively suppress GBM growth.
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In double breakthrough, mathematician solves two long-standing problems | ScienceDaily
A Rutgers University-New Brunswick professor who has devoted his career to resolving the mysteries of higher mathematics has solved two separate, fundamental problems that have perplexed mathematicians for decades.


						
The solutions to these long-standing problems could further enhance our understanding of symmetries of structures and objects in nature and science, and of long-term behavior of various random processes arising in fields ranging from chemistry and physics to engineering, computer science and economics.

Pham Tiep, the Joshua Barlaz Distinguished Professor of Mathematics in the Rutgers School of Arts and Science's Department of Mathematics, has completed a proof of the 1955 Height Zero Conjecture posed by Richard Brauer, a leading German-American mathematician who died in 1977. Proof of the conjecture -- commonly viewed as one of the most outstanding challenges in a field of math known as the representation theory of finite groups -- was published in the September issue of the Annals of Mathematics.

"A conjecture is an idea that you believe has some validity," said Tiep, who has thought about the Brauer problem for most of his career and worked on it intensively for the past 10 years. "But conjectures have to be proven.I was hoping to advance the field. I never expected to be able to solve this one."

In a sense, Tiep and his colleagues have been following a blueprint of challenges Brauer laid out for them in a series of mathematical conjectures posed and published in the 1950-60s.

"Some mathematicians have this rare intellect," Tiep said of Brauer. "It's as though they came from another planet or from another world. They are capable of seeing hidden phenomena that others can't."

In the second advance, Tiep solved a difficult problem in what is known as the Deligne-Lusztig theory, part of the foundational machinery of representation theory. The breakthrough touches on traces, an important feature of a rectangular array known as a matrix. The trace of a matrix is the sum of its diagonal elements. The work is detailed in two papers, one was published in Inventiones mathematicae, vol. 235 (2024), the second in Annals, vol. 200 (2024).




"Tiep's high-quality work and expertise on finite groups has allowed Rutgers to maintain its status as a top world-wide center in the subject," said Stephen Miller, a Distinguished Professor and Chair of the Department of Mathematics. "One of the great accomplishments in 20th century mathematics was the classification of the so-called but perhaps misleadingly named 'simple' finite groups, and it is synonymous with Rutgers -- it was led from here and many of the most interesting examples were discovered here. Through his amazing stretch of strong work, Tiep brings international visibility to our department."

Insights from the solution are likely to greatly enhance mathematicians' understanding of traces, Tiep said. The solution also provides insights that could lead to breakthroughs in other important problems in mathematics, including conjectures posed by the University of Florida mathematician John Thompson and the Israeli mathematician Alexander Lubotzky, he added.

Both breakthroughs are advances in the field of representation theory of finite groups, a subset of algebra. Representation theory is an important tool in many areas of math, including number theory and algebraic geometry as well as in the physical sciences, including particle physics. Through mathematical objects known as groups, representation theory also has been used to study symmetry in molecules, encrypt messages and produce error-correcting codes.

Following the principles of representation theory, mathematicians take abstract shapes that exist in Euclidean geometry -- some of them extremely complex -- and transform them into arrays of numbers. This can be achieved by identifying certain points that exist in each three- or higher-dimensional shape and converting them to numbers placed in rows and columns.

The reverse operation must work, too, Tiep said: One needs to be able to reconstitute the shape from the sequence of numbers.

Unlike many of his colleagues in the physical sciences who often employ complex devices to advance their work, Tiep said he uses only a pen and paper to conduct his research, which so far has resulted in five books and more than 200 papers in leading mathematical journals.




He jots down math formulas or sentences indicating chains of logic. He also engages in continual conversations -- in person or on Zoom -- with colleagues as they proceed step by step through a proof.

But progress can come from internal reflection, Tiep said, and ideas burst forth when he is least expecting it.

"Maybe I'm walking with our children or doing some gardening with my wife or just doing something in the kitchen," he said. "My wife says she always knows when I'm thinking about math."

On the first proof, Tiep collaborated with Gunter Malle of Technische Universitat Kaiserslautern in Germany, Gabriel Navarro of Universitat de Valencia in Spain and Amanda Schaeffer Fry, a former graduate student of Tiep's who is now at the University of Denver.

For the second breakthrough, Tiep worked with Robert Guralnick of the University of Southern California and Michael Larsen of Indiana University. On the first of two papers that tackle the mathematical problems on traces and solve them, Tiep worked with Guralnick and Larsen. Tiep and Larsen are co-authors of the second paper.

"Tiep and coauthors have obtained bounds on traces which are about as good as we could ever expect to obtain," Miller said. "It's a mature subject which is important from many angles, so progress is hard -- and applications are many."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241009183553.htm
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In studying the mating rituals of fruit flies, scientists may have learned something about how brains evolve | ScienceDaily
Male fruit flies have several tricks for finding a mate, from sensing pheromones in the dark to relying on visual cues in the light.


						
Now, new research reveals that these tiny suitors are leveraging a flexible network of modular brain circuits to quickly adapt to different mating signals. The study, published in Nature, is the first to describe how diverse species of fruit flies plug new sensory inputs, such as pheromones, into a set of basic brain circuits without needing to develop new neural pathways from scratch.

The findings offer a larger framework for understanding how brain wiring can change to influence behavioral evolution. "The diversity of behaviors across the animal kingdom is enormous, but the underlying mechanisms of how nervous systems are shaped by evolution have been very difficult to unravel," says Vanessa Ruta, head of the Laboratory of Neurophysiology and Behavior. "Here we uncovered what we believe is a key neural mechanism that gives brain circuits the flexibility to rewire across species."

Plug-and-play

One of the great mysteries of behavioral evolution is how, as species diversify, brain circuits keep pace with the rapid changes in social signals that allow individuals to find their ideal mates. Courtship behaviors, for instance, evolve quickly, making it difficult to imagine that the fly brain completely reinvents itself every time a new pheromone enters the Drosophila repertoire.

But until now, it was not possible to identify where evolution acts in the nervous system to alter behavior, and so the key features of what makes such circuits so adaptable remained a mystery. Ruta's group turned to fruit flies, where closely related species share similar brains but rely on vastly different cues for mating rituals. D. simulans, for instance, mainly relies on visual cues to find a mate, while D. yakuba evolved a novel capacity to use pheromones to find a mate even in complete darkness. These and other variations presented an opportunity to study how similar brains detect and perceive different social cues.

"We started looking for parts of the brain that might be primed for flexibility," says Rory Coleman, first author on the study and a postdoctoral fellow in the Ruta lab. "We were searching for features that might make the circuit intrinsically adaptable, potential evolutionary hotspots driving behavioral diversification."

After comparing pheromone-sensing circuits across multiple species -- using behavioral assays, genetic tools, neuroimaging, and CRISPR genome editing -- they ultimately singled out sensory neurons in the male forelegs and P1 neurons in the higher brain as key to modulating courtship across species. The team found that the basic neural building blocks of male mating behaviors, such as the P1 neurons, are present across species, but different sensory signals can be flexibly wired into this node. This allows fly species to develop different mating strategies without rewiring their entire brains.




For instance, the researchers found that P1 neurons were activated in response to entirely different types of pheromones in D. melanogaster and D. yakuba. Yet the role of P1 neurons in initiating courtship was still conserved across both species. "One important discovery from our work is that there are discrete nodes within the brains of each of these species that can flexibly integrate new sensory modalities," Ruta says. "This flexibility allows conserved nodes like the P1 neurons to still initiate courtship in different species but respond to the distinct cues of their females."

A social brain

This research falls under the umbrella of Rockefeller's Price Family Center for the Social Brain, an initiative focusing on understanding the neuronal, cellular, and molecular foundations of social behavior. In addition to shedding light on flexibility in the face of new sensory inputs, the present work also illustrates an experimental approach for studying how social behaviors evolve across species. "Our results demonstrate that Drosophila is a powerful system for studying behavioral evolution," Ruta says.

By examining how variations in neural circuits shape behaviors like mating, the lab hopes to advance our understanding of the complex interplay between brain function and social behaviors, providing a framework for understanding how social circuits are built to produce adaptive behaviors in the human brain. And while the brain structures of flies and humans differ substantially, it is likely some of the underlying principles of how neural circuits evolve and adapt are conserved across species

"We hope that comparative evolutionary studies like this one will reveal the core rules shaping how neural circuits have been built across the animal kingdom, including in humans," Coleman says. "Many neurological disorders are thought to arise from the miswiring of circuits" Ruta adds. "By examining neural circuits through the lens of evolution, we hope to shed light on which neural motifs can change and how they can be altered, not through the ravages of disease, but as a consequence of evolutionary selection."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241009183551.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Do people with MS have an increased risk of cancer? | ScienceDaily
A new study has found some cancers to be slightly more frequent in people with multiple sclerosis (MS) than in people without MS. The study is published in the October 9, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. Types of cancers found to have a small increased risk include bladder, brain and cervical cancers. The study does not prove that MS increases a person's risk of cancer. It only shows an association.


						
With MS, the body's immune system attacks myelin, the fatty, white substance that insulates and protects the nerves. MS is chronic and can be unpredictable and disabling.

"People with MS undergo an increased number of tests to monitor MS, making it more likely to detect other diseases," said study author Emmanuelle Leray, PhD, of Rennes University in France. "We found an association between some types of cancer and MS which may have different explanations depending on a person's age and the types of cancer. Overall, our study found the increased risk of cancer was quite small."

For the study, researchers reviewed 10 years of data in the French national health care database. Researchers identified 140,649 people with MS and matched them for factors such as age, sex and residence to 562,596 people without MS. All participants were cancer free three years before the study. They were followed for an average of eight years.

During the study, 8,368 people with MS and 31,796 people without MS developed cancer.

Researchers determined there were 799 cancers per 100,000 person-years for people with MS and 736 cancers per 100,000 person-years for people without MS. Person-years represent both the number of people in the study and the amount of time each person spends in the study.

Researchers found people with MS had a 6% increased risk of developing any type of cancer regardless of age, sex and residence. They also found cancer risk was higher in those under 55 and lower in people 65 and older when compared to people without MS.




Researchers then looked at cancer types. People with MS had a 71% increased risk for bladder cancer, a 68% increased risk for brain cancer and a 24% increased risk for cervical cancer. However, they also had a 20% lower risk of prostate cancer, a 10% lower risk of colorectal cancer and a 9% lower risk of breast cancer.

"While our study found a higher risk for brain cancer, it may be due in part to earlier detection in those with MS since they regularly have brain scans which may detect cancers earlier, before a person has symptoms," said Leray. "Frequent urinary tract infections in people with MS and the use of immunosuppressant drugs may contribute to their higher risk of bladder and cervical cancers."

Leray added, "The lower risk for colorectal and breast cancers may be due in part to fewer people with MS getting screened for cancer in older age when they may be experiencing more MS symptoms. More research is needed, including studies that look at more closely at how cancer screenings may play a role."

A limitation of the study was that researchers were unable to adjust for factors such as education, income, smoking and alcohol consumption since this information was not available in the national database.

The study was supported by the Rennes Institute of Clinical Neurosciences and the EDMUS-ARSEP Foundation.
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NASA's Hubble watches Jupiter's Great Red Spot behave like a stress ball | ScienceDaily
Astronomers have observed Jupiter's legendary Great Red Spot (GRS), an anticyclone large enough to swallow Earth, for at least 150 years. But there are always new surprises -- especially when NASA's Hubble Space Telescope takes a close-up look at it.


						
Hubble's new observations of the famous red storm, collected 90 days between December 2023 to March 2024, reveal that the GRS is not as stable as it might look. The recent data show the GRS jiggling like a bowl of gelatin. The combined Hubble images allowed astronomers to assemble a time-lapse movie of the squiggly behavior of the GRS.

"While we knew its motion varies slightly in its longitude, we didn't expect to see the size oscillate. As far as we know, it's not been identified before," said Amy Simon of NASA's Goddard Space Flight Center in Greenbelt, Maryland, lead author of the science paper published in The Planetary Science Journal. "This is really the first time we've had the proper imaging cadence of the GRS. With Hubble's high resolution we can say that the GRS is definitively squeezing in and out at the same time as it moves faster and slower. That was very unexpected, and at present there are no hydrodynamic explanations."

Hubble monitors Jupiter and the other outer solar system planets every year through the Outer Planet Atmospheres Legacy program (OPAL) led by Simon, but these observations were from a program dedicated to the GRS. Understanding the mechanisms of the largest storms in the solar system puts the theory of hurricanes on Earth into a broader cosmic context, which might be applied to better understanding the meteorology on planets around other stars.

Simon's team used Hubble to zoom in on the GRS for a detailed look at its size, shape, and any subtle color changes. "When we look closely, we see a lot of things are changing from day to day," said Simon. This includes ultraviolet-light observations showing that the distinct core of the storm gets brightest when the GRS is at its largest size in its oscillation cycle. This indicates less haze absorption in the upper atmosphere.

"As it accelerates and decelerates, the GRS is pushing against the windy jet streams to the north and south of it," said co-investigator Mike Wong of the University of California at Berkeley. "It's similar to a sandwich where the slices of bread are forced to bulge out when there's too much filling in the middle." Wong contrasted this to Neptune, where dark spots can drift wildly in latitude without strong jet streams to hold them in place. Jupiter's Great Red Spot has been held at a southern latitude, trapped between the jet streams, for the extent of Earth-bound telescopic observations.

The team has continued watching the GRS shrink since the OPAL program began 10 years ago. They predict it will keep shrinking before taking on a stable, less-elongated, shape. "Right now it's over-filling its latitude band relative to the wind field. Once it shrinks inside that band the winds will really be holding it in place," said Simon. The team predicts that the GRS will probably stabilize in size, but for now Hubble only observed it for one oscillation cycle.

The researchers hope that in the future other high-resolution images from Hubble might identify other Jovian parameters that indicate the underlying cause of the oscillation.

The results are being presented at the 56th annual meeting of the American Astronomical Society Division for Planetary Sciences, in Boise, Idaho.
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Gene therapy shows long-term benefit for patients with a rare pediatric brain disease | ScienceDaily
Cerebral adrenoleukodystrophy (CALD) is a rare progressive, genetic brain disease that primarily presents in young boys, causing loss of neurological function and ultimately leading to early death. Researchers from Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system, Boston Children's Hospital, and collaborators have shown that six years after treatment with the first gene therapy approved for CALD, 94 percent of patients have had no decline in neurological functioning, with over 80 percent remaining free of major disability. Findings, published in two articles in the New England Journal of Medicine, describe long-term outcomes in those treated with the eli-cel gene therapy, while also highlighting safety concerns about the emergence of blood cancers post-treatment.


						
"Cerebral adrenoleukodystrophy is a devastating brain disease that strikes children in the prime of their childhood and development," said Florian Eichler, MD, director of the Leukodystrophy Clinic in the Department of Neurology at Massachusetts General Hospital, first author of the paper on long-term outcomes. "When I initially began treating patients with CALD, 80 percent came into our clinic on death's door, and now the ratio has flipped. We cautiously celebrate that we have been able to stabilize this neurologic disease and give these boys back a fulfilling life, but that jubilation is dampened by the fact that we see malignancy in a subset of these patients. This is something that we are actively trying to understand and address."

In 2022, the U.S. Food and Drug Administration approved the first gene therapy for CALD, elivaldogene autotemcel (eli-cel), which was clinically evaluated by the researchers from Mass General and Boston Children's Hospital. In the new study, 32 boys aged 3 to 13 years with early-stage CALD received eli-cel as part of the ALD-102 trial, which was sponsored by bluebird, bio, Inc., the company that developed the therapy.

The therapy uses a Lenti-D lentiviral vector to add a healthy copy of the ABCD1 gene, which is faulty in those with CALD, to blood stem cells that have been removed from the patient. These stem cells are then reintroduced to the patient via an autologous hematopoietic stem cell transplantation (HSCT). Using a patient's own cells substantially reduces the risk of graft-versus host disease -- a risk posed by other forms of treatment.

In the ALD-102 trial, one patient developed a condition known as myelodysplastic syndrome (MDS) with excess blasts, a hematologic malignancy that appears to have been triggered by the Lenti-D lentiviral vector used to deliver the gene therapy. In a second, more recent trial of the eli-cel therapy (ALD-104), six of 35 patients have developed a hematologic malignancy (MDS in five patients and acute myeloid leukemia in one) which appear to be also caused by the vector. These results were reported in a second paper published in the same volume of the journal. The protocol for the second trial, ALD-104, differed from the first in that it uses a different chemotherapy drug during HSCT (fludarabine instead of cytoxan) and other changes that may have contributed to the apparent increase risk of leukemia in this second trial.

"Our paper on leukemias in this condition serves as a key step to evaluate the risks associated with the eli-cell therapy and lentiviral vector technology," said Christine Duncan, MD, medical director of Clinical Research and Clinical Development in the Gene Therapy Program at Boston Children's Hospital and first author of the second report. "Although the overall trial results are optimistic, we hope to expand our research to inform future follow-up to provide families facing a devastating disease with more information and options."

The researchers will continue to study the potential causes of hematologic malignancy, which are complex and not yet fully elucidated. Improving lentiviral vectors and refining HSCT regimens for CALD are a high priority. With newborn screening for adrenoleukodystrophy improving the possibility of early detection of CALD, there may be expanded opportunities to identify patients who may benefit from gene therapy, especially those lacking matched donors for allogeneic HSCT.

"As both a clinician and senior investigator, it's truly inspiring to witness the significant strides we've made over the past decade in the fight against CALD," said David A. Williams, MD, chief of the Division of Hematology/Oncology at Boston Children's Hospital. "While the risks associated with gene therapy and vector technology are real, the progress we've made offers a source of hope for families facing limited options. Every advancement brings us closer to the answers these families desperately need. Our commitment to refining and improving the vector's safety by continued research remains unwavering, as we work tirelessly to ensure the long-term safety and efficacy of gene therapy treatments for this devasting disease. These efforts include multiple investigators world-wide and are underway."
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Researchers discover new insights into bacterial photosynthesis | ScienceDaily
Researchers at the University of Liverpool and collaborators have discovered new understanding of bacterial photosynthesis.


						
Using cutting-edge techniques, investigators have unveiled intricate detailed images of the key photosynthetic protein complexes of purple bacteria. These images shed new light on how these microorganisms harness solar energy.

The study, published today, not only advances scientists' understanding of bacterial photosynthesis but also has potential applications in the development of artificial photosynthetic systems for clean energy production.

Like plants, many bacteria have evolved the remarkable ability to convert light into energy through a process called bacterial photosynthesis. This important biological reaction enables the microorganisms to play a crucial role in global nutrient cycles and energy flow in ecosystems and form the base of aquatic food chains. Studying ancient bacterial photosynthesis also helps to understand the evolution of life on Earth.

This latest work presents high-resolution structures of photosynthetic reaction centre[?]light harvesting complexes (RC[?]LH1) from Rhodobacter blasticus, a model organism for understanding bacterial photosynthesis.

The research team of collaborators from the University of Liverpool, the Ocean University of China, Huazhong Agricultural University and Thermo Fisher Scientific, captured detailed images of both monomeric and dimeric forms of the RC-LH1 membrane protein supercomplexes. These structures reveal unique features that distinguish R. blasticus from its close relatives, highlighting the remarkable variability in photosynthetic systems among purple bacteria.

Professor Luning Liu, Chair of Microbial Bioenergetics and Bioengineering, University of Liverpool said: "By revealing these natural photosynthetic mechanisms, we open new avenues for designing more efficient light-harvesting and energy transduction systems or cells. This study represents a significant step forward in our comprehension of how bacteria optimize their photosynthetic machinery, providing valuable insights that could inform future clean energy innovations."

A unique feature of the RC-LH1 dimer of R. blasticus is its flatter conformation compared to its counterparts from other model species. This structure provides the foundation for specific membrane curvature and energy transfer efficiency in bacteria.




Unlike some related bacteria, R. blasticus lacks a protein component called PufY in the RC-LH1 structure. The study revealed that its absence compensates with additional light-harvesting subunits that create a more enclosed LH1 structure. This was determined to affect electron transport rates of the RC-LH1 structure.

This systematic study, integrating structural biology, in silico simulations, and spectroscopic studies, provides new insights into how bacterial photosynthetic complexes assemble and mediate electron transfer, crucial processes for energy production.

Lead researcher, Professor Luning Liu added: "Our findings demonstrate the structural diversity of photosynthetic complexes even among closely related bacterial species. This variability likely reflects different evolutionary adaptations to specific environmental conditions. We are thrilled that we can contribute such molecular details in the investigation of photosynthetic mechanisms and evolution."
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Why people think they're right, even when they are wrong | ScienceDaily
If you smugly believe you're right in a disagreement with a friend or colleague, a new study suggests why you may actually be wrong.


						
Researchers found that people naturally assume they have all the information they need to make a decision or support their position, even when they do not.

The researchers called it the "illusion of information adequacy."

"We found that, in general, people don't stop to think whether there might be more information that would help them make a more informed decision," said study co-author Angus Fletcher, a professor of English at The Ohio State University and member of the university's Project Narrative.

"If you give people a few pieces of information that seems to line up, most will say 'that sounds about right' and go with that."

The study was published today in the journal PLOS ONE. Fletcher completed the work with co-authors Hunter Gehlbach, an educational psychologist at Johns Hopkins University's School of Education, and Carly Robinson, a senior researcher at Stanford University's Graduate School of Education.

The study involved 1,261 Americans who participated online.




They were split into three groups who read an article about a fictional school that lacked adequate water. One group read an article that only gave reasons why the school should merge with another that had adequate water; a second group's article only gave reasons for staying separate and hoping for other solutions; and the third control group read all the arguments for the schools merging and for staying separate.

The findings showed that the two groups who read only half the story -- either just the pro-merging or the just the anti-merging arguments -- still believed they had enough information to make a good decision, Fletcher said. Most of them said they would follow the recommendations in the article they read.

"Those with only half the information were actually more confident in their decision to merge or remain separate than those who had the complete story," Fletcher said.

"They were quite sure that their decision was the right one, even though they didn't have all the information."

In addition, participants who had half the information said that they thought that most other people would make the same decision they did.

There was one piece of good news from the study, Fletcher said. Some of the participants who had read only one side of the story later read the arguments for the other side. And many of those participants were willing to change their minds about their decision, once they had all the facts.




That may not work all the time, especially on entrenched ideological issues, he said. In those cases, people may not trust new information, or they may try to reframe it to fit their preexisting views.

"But most interpersonal conflicts aren't about ideology. They are just misunderstandings in the course of daily life," Fletcher said.

These findings offer a complement to research on what is called naive realism, the belief people have that their subjective understanding of a situation is the objective truth, Fletcher explained. Research on naive realism often focuses on how people have different understandings of the same situation.

But the illusion of information adequacy shows that people may share the same understanding -- if they both have enough information.

Fletcher, who studies how people are influenced by the power of stories, said people should make sure they have the full story about a situation before they take a stand or make a decision.

"As we found in this study, there's this default mode in which people think they know all the relevant facts, even if they don't," he said.

"Your first move when you disagree with someone should be to think, 'Is there something that I'm missing that would help me see their perspective and understand their position better?' That's the way to fight this illusion of information adequacy."
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Viruses are teeming on your toothbrush, showerhead | ScienceDaily
Step aside tropical rainforests and coral reefs -- the latest hotspot to offer awe-inspiring biodiversity lies no further than your bathroom.


						
In a new Northwestern University-led study, microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

Although this might sound ominous, the good news is these viruses don't target people. They target bacteria.

The microorganisms collected in the study are bacteriophage, or "phage," a type of virus that infects and replicates inside of bacteria. Although researchers know little about them, phage recently have garnered attention for their potential use in treating antibiotic-resistant bacterial infections. And the previously unknown viruses lurking in our bathrooms could become a treasure trove of materials for exploring those applications.

The study will be published Wednesday (Oct. 9) in the journal Frontiers in Microbiomes.

"The number of viruses that we found is absolutely wild," said Northwestern's Erica M. Hartmann, who led the study. "We found many viruses that we know very little about and many others that we have never seen before. It's amazing how much untapped biodiversity is all around us. And you don't even have to go far to find it; it's right under our noses."

An indoor microbiologist, Hartmann is an associate professor of civil and environmental engineering at Northwestern's McCormick School of Engineering and a member of the Center for Synthetic Biology.




The return of 'Operation Pottymouth'

The new study is an offshoot of previous research, in which Hartmann and her colleagues at University of Colorado at Boulder characterized bacteria living on toothbrushes and showerheads. For the previous studies, the researchers asked people to submit used toothbrushes and swabs with samples collected from their showerheads.

Inspired by concerns that a flushing toilet might generate a cloud of aerosol particles, Hartmann affectionately called the toothbrush study, "Operation Pottymouth."

"This project started as a curiosity," Hartmann said. "We wanted to know what microbes are living in our homes. If you think about indoor environments, surfaces like tables and walls are really difficult for microbes to live on. Microbes prefer environments with water. And where is there water? Inside our showerheads and on our toothbrushes."

Diversity and opportunities

After characterizing bacteria, Hartmann then used DNA sequencing to examine the viruses living on those same samples. She was immediately blown away. Altogether, the samples comprised more than 600 different viruses -- and no two samples were alike.




"We saw basically no overlap in virus types between showerheads and toothbrushes," Hartmann said. "We also saw very little overlap between any two samples at all. Each showerhead and each toothbrush is like its own little island. It just underscores the incredible diversity of viruses out there."

While they found few patterns among all the samples, Hartmann and her team did notice more mycobacteriophage than other types of phage. Mycobacteriophage infect mycobacteria, a pathogenic species that causes diseases like leprosy, tuberculosis and chronic lung infections. Hartmann imagines that, someday, researchers could harness mycobacteriophage to treat these infections and others.

"We could envision taking these mycobacteriophage and using them as a way to clean pathogens out of your plumbing system," she said. "We want to look at all the functions these viruses might have and figure out how we can use them."

Most microbes 'will not make us sick'

But, in the meantime, Hartmann cautions people not to fret about the invisible wildlife living within our bathrooms. Instead of grabbing for bleach, people can soak their showerheads in vinegar to remove calcium buildup or simply wash them with plain soap and water. And people should regularly replace toothbrush heads, Hartmann says. Hartmann also is not a fan of antimicrobial toothbrushes, which she said can lead to antibiotic-resistant bugs.

"Microbes are everywhere, and the vast majority of them will not make us sick," she said. "The more you attack them with disinfectants, the more they are likely to develop resistance or become more difficult to treat. We should all just embrace them."

The study, "Phage communities in household-related biofilms correlate with bacterial hosts but do not associate with other environmental factors," was supported by Northwestern University.
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Heavy metals in the ocean become more toxic | ScienceDaily
Toxic trace elements such as lead, mercury, arsenic and cadmium occur naturally in small quantities in coastal seas. However, human activities such as industry and agriculture contribute significantly larger amounts. A new study has examined how climate change is already affecting the distribution and accumulation of these elements, and how it might do so in the future. One of the findings: Climate-related natural events are releasing more pollutants that pose a risk to human and animal health. However, there is still insufficient knowledge about how these contaminants will behave in the future.


						
The ocean is warming, becoming more acidic, and losing oxygen -- these are well-known effects of climate change. What has been less studied is how these changes are affecting contaminants in the seas. A new study titled "Impacts of Climate Change on the Transport, Fate, and Biogeochemistry of Contaminants in Coastal Marine Ecosystems" has investigated the interaction of trace elements with climate change. The findings have been published in the Nature journal Communications Earth & Environment.

Climate Events are Releasing More Contaminants

"We wanted to understand how trace elements are being affected by climate change -- an area that has seen very little research so far," explains Dr Rebecca Zitoun, marine chemist at GEOMAR Helmholtz Centre for Ocean Research Kiel and co-lead author of the study alongside her Croatian colleague Dr Sasa Marcinek from the Ruder Boskovic Institute in Zagreb. "We examined both human-induced and natural sources." Metals such as lead, mercury, and cadmium enter the oceans not only through human activities such as industry or fossil fuel burning. Natural sources are also changing due to climate change: rising sea levels, rivers overflowing or drying up, melting sea ice and glaciers -- all these processes mobilise and increase contaminant flows.

The study summarises the findings of a working group of the UN Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP) focusing on metal contaminants in the ocean. The working group was initiated by Dr Sylvia Sander, Professor of Marine Mineral Resources at GEOMAR and former head of the Marine Environmental Studies Laboratories at the International Atomic Energy Agency (IAEA) in Monaco. Christoph Volker from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) is also contributing from Germany.

"Our working group has focused on the effects of climate change and greenhouse gases on contaminants in the ocean," explains Dr Sander. One example of these impacts is rising mercury levels in Arctic waters: melting glaciers, thawing permafrost and coastal erosion are releasing more mercury from natural sources. This poses a particular threat to communities that rely on traditional fishing, as mercury accumulates in the food chain and can end up on our plates through the consumption of contaminated fish.

Human Sources of Toxic Metals

"Human activities have increased the global flow of toxic metals such as lead by tenfold and mercury by three to seven times compared to pre-industrial levels," says Professor Sander, highlighting another example. "Toxic elements like silver are increasingly detectable in coastal waters, originating from coal combustion and the growing use of silver nanoparticles in antibacterial products." Additionally, shipping and the use of plastics contribute to the spread of heavy metals. Plastics can bind metals such as copper, zinc, and lead from the water. These bound contaminants can also enter the food chain.




In the future, the human contribution of heavy metals could rise further due to the increasing exploitation of the oceans.

Trace Elements in Seawater are Sensitive to Climate Change

Climate changes, such as rising sea temperatures, ocean acidification, and oxygen depletion, impact trace elements in various ways.

Higher water temperatures increase the bioavailability and uptake of trace elements such as mercury by marine organisms. This happens because higher temperatures boost metabolism, reduce oxygen solubility, and increase gill ventilation, leading to more metals entering organisms and accumulating in their bodies.

As the ocean absorbs most of the carbon dioxide (CO2) released by humans, it becomes more acidic -- the pH level drops. This increases the solubility and bioavailability of metals such as copper, zinc, or iron. The effect is particularly pronounced with copper, which is highly toxic to many marine organisms at higher concentrations.

Furthermore, the growing depletion of oxygen, especially in coastal zones and on the seabed, enhances the toxic effects of trace elements. This stresses organisms that live directly in or on the seabed, such as mussels, crabs, and other crustaceans.




Double Burden: Pollutants and Climate Change

Human activities influence the amount of contaminants in coastal regions in two ways: directly through the release of pollutants into the environment, and indirectly through the impacts of human-induced climate change on natural sources.

However, the study also reveals that there is still insufficient data on how climate change influences contaminants in the ocean. The working group calls for increased research into new and under-studied contaminants. Additionally, better models should be developed, and legislation adjusted to improve control over the impact of contaminants in the seas.

Dr Rebecca Zitoun: "To better understand the impacts on ecosystems and human health, we need to close knowledge gaps on the interactions between pollutants and climate change and develop standardised methods that provide globally comparable data." This is a crucial step towards strengthening marine protection and developing sustainable solutions for vulnerable coastal areas.
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Arrhythmic hearts after excessive alcohol consumption | ScienceDaily
New research is evaluating the negative effects of alcohol on body and health with ever greater scrutiny. This should not surprise us, as alcohol is one of the strongest cell toxins that exist. In a recent study, doctors at LMU University Hospital took mobile ECG monitors along to parties of young people who had one principal aim: to drink and be merry. Yet the science produced by the MunichBREW II study made for sobering reading. It revealed that binge drinking can have a concerning effect on the hearts even of healthy young people in surprisingly many cases, including the development of clinically relevant arrythmias. The results of the study have just been published in the European Heart Journal.


						
The team from the Department of Cardiology at LMU University Hospital launched the MunichBREW I study at Munich Oktoberfest in 2015. Back then, the doctors, led by Professor Stefan Brunner and PD Dr. Moritz Sinner, studied the connection between excessive alcohol consumption and cardiac arrythmias -- but only through an electrocardiogram (ECG) snapshot.

Now the scientists wanted to gain a more detailed picture, so they set out with their mobile equipment once again. Their destinations were various small parties attended by young adults with a high likelihood "that many of the partygoers would reach breath alcohol concentrations (BAC) of at least 1.2 grams per kilogram," says Stefan Brunner. These were the participants of the MunichBREW II study -- the world's largest investigation to date of acute alcohol consumption and ECG changes in prolonged ECGs spanning several days.

Hearts out of sync -- especially in recovery phase

Overall, the researchers evaluated the data of over 200 partygoers who, with peak blood alcohol values of up to 2.5 grams per kilogram, had imbibed quite a few drinks. The ECG devices monitored their cardiac rhythms for a total of 48 hours, with the researchers distinguishing between the baseline (hour 0), the drinking period (hours 1-5), the recovery period (hours 6-19), and two control periods corresponding to 24 hours after the drinking and recovery periods, respectively. Acute alcohol intake was monitored by BAC measurements during the drinking period. ECGs were analyzed for heart rate, heart rate variability, atrial fibrillation, and other types of cardiac arrythmia. Despite the festive mood of the study participants, the quality of the ECGs was almost universally high throughout.

"Clinically relevant arrhythmias were detected in over five percent of otherwise healthy participants," explains Moritz Sinner, "and primarily in the recovery phase." Alcohol intake during the drinking period led to an increasingly rapid pulse of over 100 beats per minute. Alcohol, it would seem, can profoundly affect the autonomous regulatory processes of the heart. "Our study furnishes, from a cardiological perspective, another negative effect of acute excessive alcohol consumption on health," emphasizes Brunner. Meanwhile, the long-term harmful effects of alcohol-related cardiac arrythmias on cardiac health remains a subject for further research.
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Are ideas contagious? | ScienceDaily
The COVID-19 pandemic gave the global medical community the opportunity to take giant strides forward in understanding how to develop vaccines and implement public health measures designed to control the spread of disease, but the crisis also offered researchers the chance to learn more about another kind of contagion: ideas.


						
Mathematician and assistant professor of biology Nicholas Landry, an expert in the study of contagion, is exploring how the structure of human-interaction networks affect the spread of both illness and information with the aim of understanding the role social connections play in not only the transmission of disease but also the spread of ideas and ideology.

In a paper published this fall in Physical Review E with collaborators at the University of Vermont, Landry explores a hybrid approach to understanding social networks that involves inferring not just social contacts but also the rules that govern how contagion and information spread.

"With the pandemic, we have more data than we've ever had on diseases," Landry said. "The question is, What can we do with that data and how much data do you need to figure out how people are connected?"

The key to making use of the data, Landry explained, is to understand their limitations and understand how much confidence we can have when using epidemic models to make predictions.

Landry's findings suggest that reconstructing underlying social networks and their impacts on contagion is much more feasible for diseases like SARS-CoV-2, Mpox or rhinovirus but may be less effective in understanding how more highly infectious diseases like measles or chickenpox spread.

However, for extremely viral trends or information, Landry suggests it may be possible to track how they spread with more precision than we can achieve for diseases, a discovery that will better inform future efforts to understand the pathways of both contagion and misinformation.
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Genetic analysis of 25,000 Chinese mothers and infants reveals unique genes associated with disease risk | ScienceDaily
Genome-wide association studies have great potential for advancing our understanding of the genetic background of diseases, but so far, few association studies have focused on maternal and newborn diseases, and most have been based on predominantly European populations. To fill these gaps, researchers generated and analyzed full-genome DNA sequences from non-invasive prenatal blood tests collected from over 25,000 pregnant women, all of whom were Han Chinese.


						
The analyses revealed unique genetic variants associated with increased risk of maternal diseases including gestational diabetes, obesity, asthma, psoriasis, endometriosis, and hypothyroidism, the researchers report October 9 in the Cell Press journal Cell Genomics. Many (83%) of these genetic loci were associated with increased risk of multiple maternal diseases.

The team also identified 21 maternal genetic variants associated with increased risk of 35 different diseases in newborns. Two of these genes were associated with identical diseases in both mother and infant -- dermatitis and acute sinusitis -- while 33 others were associated with distinct disease symptoms in mother and child (for example, one variant associated with maternal hypothyroidism was associated with childhood gastroenteritis, colitis, and acute tonsillitis).

"Maternal and newborn health are intricately connected, and our study has provided important insights into the genetic basis of many maternal-neonatal comorbidities," write the authors, who include Qiyuan Li and Yulin Zhou of Xiamen University. "These findings may facilitate the development of more targeted and personalized approaches to prenatal care and pediatric preventive strategies, ultimately improving maternal and neonatal health outcomes."

The researchers began their analysis by sequencing the whole genomes of pregnant people from samples collected during non-invasive prenatal testing, a procedure that is used clinically to test for chromosomal abnormalities. Then, they paired these genetic data with the patients' electronic health records to identify associations between genetic variants and different types of disease. Altogether, the researchers analyzed whole-genome sequences from 25,639 pregnant Chinese women and 14,151 newborns.

The researchers say that their results highlight the potential for using non-invasive prenatal testing for large-scale genomic studies, which would be more cost-effective than currently used methods. The tests could also be used more broadly in the clinic, they say, but more research is needed to understand the mechanisms underlying the genetic associations revealed in the study.

"Currently, non-invasive prenatal testing is only used for detection of trisomy, while based on the results of this study, we can envision more extensive clinical usage of maternal circulating DNA in the prenatal diagnoses of genetic disorder and rare diseases," the authors write.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241009121544.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study probes how eating less can extend lifespan | ScienceDaily
For nearly a century, laboratory studies have shown consistent results: eat less food, or eat less often, and an animal will live longer. But scientists have struggled to understand why these kinds of restrictive diets work to extend lifespan, and how to best implement them in humans. Now, in a long-awaited study to appear in the Oct. 9 issue of Nature, scientists at The Jackson Laboratory (JAX) and collaborators tracked the health of nearly one thousand mice on a variety of diets to make new inroads into these questions.


						
The study was designed to ensure that each mouse was genetically distinct, which allowed the team to better represent the genetic diversity of the human population. By doing so, the results are made more clinically relevant, elevating the study to one of the most significant investigations into aging and lifespan to date.

The study concluded that eating fewer calories had a greater impact on lifespan than periodic fasting, revealing that very-low-calorie diets generally extended the mice's lifespan regardless of their body fat or glucose levels -- both typically seen as markers of metabolic health and aging. Surprisingly, the mice that lived the longest on the restrictive diets were those that lost the least weight despite eating less. Animals that lost the most weight on these diets tended to have low energy, compromised immune and reproductive systems, and shorter lives.

"Our study really points to the importance of resilience," said Gary Churchill, Karl Gunnar Johansson Chair and professor at JAX who led the study. "The most robust animals keep their weight on even in the face of stress and caloric restriction, and they are the ones that live the longest. It also suggests that a more moderate level of calorie restriction might be the way to balance long-term health and lifespan."

Churchill and his colleagues assigned female mice to any of five different diets: one in which the animals could freely eat any amount of food at any time, two in which the animals were provided only 60% or 80% of their baseline calories each day, and two in which the animals were not given any food for either one or two consecutive days each week but could eat as much as they wanted on the other days. Then, the mice were studied for the rest of their lives with periodic blood tests and extensive evaluation of their overall health.

Overall, mice on unrestricted diets lived for an average of 25 months, those on the intermittent fasting diets lived for an average of 28 months, those eating 80% of baseline lived for an average of 30 months, and those eating 60% of baseline lived for 34 months. But within each group, the range of lifespans was wide; mice eating the fewest calories, for example, had lifespans ranging from a few months to four and a half years.

When the researchers analyzed the rest of their data to try to explain this wide range, they found that genetic factors had a far greater impact on lifespan than diets, highlighting how underlying genetic features, yet to be identified, play a major role in how these diets would affect an individual person's health trajectory. Moreover, they pinpointed genetically-encoded resilience as a critical factor in lifespan; mice that naturally maintained their body weight, body fat percentage and immune cell health during periods of stress or low food intake, as well as those that did not lose body fat late in life, survived the longest.

"If you want to live a long time, there are things you can control within your lifetime such as diet, but really what you want is a very old grandmother," Churchill said.

The study also cast doubt on traditional ideas about why certain diets can extend life in the first place. For example, factors like weight, body fat percentages, blood glucose levels and body temperature did not explain the link between cutting calories and living a longer life. Instead, the study found that immune system health and traits related to red blood cells were more clearly connected to lifespan. Importantly, those findings mean that human studies of longevity -- which often use metabolic measurements as markers for aging or youthfulness -- may be overlooking more important aspects of healthy aging.

"While caloric restriction is generally good for lifespan, our data show that losing weight on caloric restriction is actually bad for lifespan," Churchill explained. "So when we look at human trials of longevity drugs and see that people are losing weight and have better metabolic profiles, it turns out that might not be a good marker of their future lifespan at all."
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Nature and plastics inspire breakthrough in soft sustainable materials | ScienceDaily
Step aside hard, rigid materials. There is a new soft, sustainable electroactive material in town -- and it's poised to open new possibilities for medical devices, wearable technology and human-computer interfaces.


						
Using peptides and a snippet of the large molecules in plastics, Northwestern University materials scientists have developed materials made of tiny, flexible nano-sized ribbons that can be charged just like a battery to store energy or record digital information. Highly energy efficient, biocompatible and made from sustainable materials, the systems could give rise to new types of ultralight electronic devices while reducing the environmental impact of electronic manufacturing and disposal.

The study will publish on Wednesday (Oct. 9) in the journal Nature.

With further development, the new soft materials could be used in low-power, energy-efficient microscopic memory chips, sensors and energy storage units. Researchers also could integrate them into woven fibers to create smart fabrics or sticker-like medical implants. In today's wearable devices, electronics are clunkily strapped to the body with a wristband. But, with the new materials, the wristband itself could have electronic activity.

"This is a wholly new concept in materials science and soft materials research," said Northwestern's Samuel I. Stupp, who led the study. "We imagine a future where you could wear a shirt with air conditioning built into it or rely on soft bioactive implants that feel like tissues and are activated wirelessly to improve heart or brain function.

"Those uses require electrical and biological signals, but we cannot build those applications with classic electroactive materials. It's not practical to put hard materials into our organs or in shirts that people can wear. We need to bring electrical signals into the world of soft materials. That is exactly what we have done in this study."

Stupp is the Board of Trustees Professor of Materials Science and Engineering, Chemistry, Medicine and Biomedical Engineering at Northwestern. He also has served over the past decade as director of the U.S. Department of Energy-supported Center for Bio-Inspired Energy Science, where this research began. Stupp has appointments in the McCormick School of Engineering, Weinberg College of Arts and Sciences and Northwestern University Feinberg School of Medicine. Yang Yang, a research associate in Stupp's laboratory, is the paper's first author.




Peptides meet plastics for true innovation

The secret behind the new material is peptide amphiphiles, a versatile platform of molecules previously developed in Stupp's laboratory. These self-assembling structures form filaments in water and have already demonstrated promise in regenerative medicine. The molecules contain peptides and a lipid segment, which drives the molecular self-assembly when placed in water.

In the new study, the team replaced the lipid tail with a miniature molecular segment of a plastic called polyvinylidene fluoride (PVDF). But they kept the peptide segment, which contains sequences of amino acids. Commonly used in audio and sonar technologies, PVDF is a plastic with unusual electrical properties. It can generate electrical signals when pressed or squeezed -- a property known as piezoelectricity. It also is a ferroelectric material, which means it has a polar structure that can switch orientation by 180 degrees using an external voltage. The dominant ferroelectrics in technology are hard materials and often include rare or toxic metals, such as lead and niobium.

"PVDF was discovered in the late 1960s and is the first known plastic with ferroelectric properties," Stupp said. "It has all the robustness of plastic while being useful for electrical devices. That makes it a very high-value material for advanced technologies. However, in pure form, its ferroelectric character is not stable, and, if heated above the so-called Curie temperature, it loses its polarity irreversibly."

All plastics, including PVDF, contain polymers, which are giant molecules typically composed of thousands of chemical structural units. In the new study, the Stupp laboratory precisely synthesized miniature polymers with only 3 to 7 vinylidene fluoride units. Interestingly, the miniature segments with 4, 5 or 6 units are programmed by nature's beta-sheet structures, which are present in proteins, to organize into a stable ferroelectric phase.

"It was not a trivial task," Stupp said. "The combination of two unlikely partners -- peptides and plastics -- led to a breakthrough in many respects."

Not only were the new materials equally ferroelectric and piezoelectric as PVDF, but the electroactive forms were stable, with the ability to switch polarity using extremely low external voltages. This opens the door for low-power electronics and sustainable nanoscale devices. The scientists also envision developing new biomedical technologies by attaching bioactive signals to the peptide segments, a strategy already used in Stupp's regenerative medicine research. This offers the unique combination of electrically active materials that are also bioactive.




Just add water

To create the sustainable structures, Stupp's team simply added water to trigger the self-assembly process. After dunking the materials, Stupp was amazed to find that they achieved the highly sought-after ferroelectric properties of PVDF.

In the presence of an external electric field, ferroelectric materials flip their polar orientation -- similar to how a magnet can be flipped from north to south and back again. This property is a key ingredient for devices that store information, an important feature for artificial intelligence technologies. Surprisingly, the investigators found that "mutations" in the peptide sequence could tune properties related to ferroelectricity or even transform the structures into materials that are ideal for actuation or energy storage known as "relaxor phases."

"Peptide sequence mutations in biology are the source of pathologies or biological advantages," Stupp said. "In the new materials, we mutate peptides to tune their properties for the physical world.

"Using nanoscale electrodes, we could potentially expose an astronomical number of self-assembling structures to electric fields. We could flip their polarity with a low voltage , so one serves as a 'one,' and the opposite orientation serves as a 'zero.' This forms binary code for information storage. Adding to their versatility, and in great contrast to common ferroelectrics, the new materials are 'multiaxial' -- meaning they can generate polarity in multiple directions around a circle rather than one or two specific directions."

Record-breaking low power

To flip their polarity, even soft ferroelectric materials like PVDF or other polymers typically require a substantial external electric field. The new structures, however, require incredibly low voltage.

"The energy required to flip their poles is the lowest ever reported for multiaxial soft ferroelectrics," Stupp said. "You can imagine how much energy this will save in increasingly energy-hungry times."

The new materials also have innate environmental benefits. Unlike typical plastics, which linger in the environment for centuries, the Stupp laboratory's materials could be biodegraded or reused without the use of harmful, toxic solvents or high-energy processes.

"We are now considering the use of the new structures in non-conventional applications for ferroelectrics, which include biomedical devices and implants as well as catalytic processes important in renewable energy," Stupp said. "Given the use of peptides in the new materials, they lend themselves to functionalization with biological signals. We are very excited about these new directions."
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Over 160,000 new viruses discovered by AI | ScienceDaily
Artificial intelligence (AI) has been used to reveal details of a diverse and fundamental branch of life living right under our feet and in every corner of the globe.


						
161,979 new species of RNA virus have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterised.

Published in Cell and conducted by an international team of researchers,the study is the largest virus species discovery paper ever published.

"We have been offered a window into an otherwise hidden part of life on earth, revealing remarkable biodiversity," said senior author Professor Edwards Holmes from the School of Medical Sciences in the Faculty of Medicine and Health at the University of Sydney.

"This is the largest number of new virus species discovered in a single study, massively expanding our knowledge of the viruses that live among us," Professor Holmes said. "To find this many new viruses in one fell swoop is mind-blowing, and it just scratches the surface, opening up a world of discovery. There are millions more to be discovered, and we can apply this same approach to identifying bacteria and parasites."

Although RNA viruses are commonly associated with human disease, they are also found in extreme environments around the world and may even play key roles in global ecosystems. In this study they were found living in the atmosphere, hot springs and hydrothermal vents.

"That extreme environments carry so many types of viruses is just another example of their phenomenal diversity and tenacity to live in the harshest settings, potentially giving us clues on how viruses and other elemental life-forms came to be," Professor Holmes said.




HOW THE AI TOOL WORKED 

The researchers built a deep learning algorithm, LucaProt, to compute vast troves of genetic sequence data, including lengthy virus genomes of up to 47,250 nucleotides and genomically complex information to discover more than 160,000 viruses.

"The vast majority of these viruses had been sequenced already and were on public databases, but they were so divergent that no one knew what they were," Professor Holmes said. "They comprised what is often referred to as sequence 'dark matter'. Our AI method was able to organise and categorise all this disparate information, shedding light on the meaning of this dark matter for the first time.

The AI tool was trained to compute the dark matter and identify viruses based on sequences and the secondary structures of the protein that all RNA viruses use for replication.

It was able to significantly fast track virus discovery, which, if using traditional methods, would be time intensive.

Co-author from Sun Yat-sen University, the study's institutional lead, Professor Mang Shi said: "We used to rely on tedious bioinformatics pipelines for virus discovery, which limited the diversity we could explore. Now, we have a much more effective AI-based model that offers exceptional sensitivity and specificity, and at the same time allows us to delve much deeper into viral diversity. We plan to apply this model across various applications."

Co-author Dr Zhao-Rong Li, who researches in the Apsara Lab of Alibaba Cloud Intelligence, said: "LucaProt represents a significant integration of cutting-edge AI technology and virology, demonstrating that AI can effectively accomplish tasks in biological exploration. This integration provides valuable insights and encouragement for further decoding of biological sequences and the deconstruction of biological systems from a new perspective. We will also continue our research in the field of AI for virology."

Professor Holmes said: "The obvious next step is to train our method to find even more of this amazing diversity, and who knows what extra surprises are in store."
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Extended Timing: How neurons encode information on timescales that match learning | ScienceDaily
New research from the Max Planck Florida Institute for Neuroscience published this week in Nature has identified a key step in how neurons encode information on timescales that match learning.


						
A timing mismatch

Learning takes seconds to minutes. However, the best-understood mechanisms of how the brain encodes information happen at speeds closer to neural activity -- around 1000 times faster. These mechanisms, known as Hebbian plasticity, suggest that if two connected neurons are both active within a hundredth of a second, then the connection between the two neurons is strengthened. In this way, information arriving at connected neurons within this short time window can be linked. However, during behavior, information that needs to be encoded together is often separated by seconds to minutes. How, then, can neurons integrate information on timescales relevant to learning?

A new model of learning

Recently, a new neural model of information encoding called behavioral timescale synaptic plasticity (BTSP) addressed this discrepancy by demonstrating that neurons can integrate information over seconds, a timescale consistent with behavior. Indeed, during behaviors such as navigation, neurons encode specific locations through BTSP. However, the molecular mechanisms of how neurons implement BTSP were unknown.

This week, a research team led by Dr. Anant Jain, Dr. Yoshihisa Nakahata, and Scientific Director Dr. Ryohei Yasuda identified key aspects of how BTSP works in neurons, reporting their years-long study into this critical model of plasticity.

Dr. Yasuda describes the team's motivation for the project, "Understanding the precise molecules and mechanisms that neurons use to encode information is critical for understanding brain function and health. Research in this area has primarily focused on traditional plasticity models, which may be less relevant to learning during experience. It is critical to explore the molecular mechanisms that underlie new plasticity models, such as BTSP."

The team's first hurdle was modeling BTSP in isolated brain tissue, where they could precisely measure the resulting neuronal changes. The researchers were able to trigger BTSP by inputs separated by ~1 second, confirming the extended integration time of information storage. The team also found that BTSP occurs at single synapses, a property critical for specificity in information coding. By combining electrophysiological measurements of neuronal activity with specialized microscopy and biosensors, the team could visualize real-time molecular changes that occurred during BTSP to determine their role.




CaMKII: Same player, different role

The research team focused on a molecule called CaMKII, which is well-known for its critical role in many types of plasticity in neurons.

"We hypothesized that CaMKII would be critical for BTSP. This molecule is activated at synapses and can remain active for many seconds. It seemed the perfect candidate to be the key player in extending the time window of information integration in neurons," described Dr. Jain. "Well, it turns out that we were right -- CaMKII was critical for BTSP, but we were completely wrong about its role."

When the research team disrupted the function of CaMKII, BTSP was disrupted. Wanting to visualize the CaMKII activity in neurons during the BTSP process, the group optimized a biosensor to report when CAMKII was active. Using this newly optimized sensor, with nearly two-fold improved sensitivity over previous tools, the scientists could measure CAMKII activity during BTSP. However, they didn't find what they expected.

Contrary to their hypothesis, they found no detectable CaMKII activation during BTSP induction. Instead, a delayed and stochastic activation of CaMKII occurred tens of seconds after initiating BTSP. In addition, while the plasticity was happening at a specific synapse, CaMKII was active in a much larger area of the neuron. The research revealed that CaMKII is an instructive signal for BTSP but does not define the synapse specificity of plasticity. It suggests a broad time window for synaptic plasticity and a new model of how synapse-specific and instructive signals can integrate over tens of seconds.

"This is a paradigm shift in our view of CaMKII function and our understanding of plasticity mechanisms. The activity of CaMKII throughout the dendrite reveals that it does not define synapse specificity of plasticity, but rather is involved in dendritic information processing. Our results have opened many more questions for further investigation, including what defines the specificity of information coding at single synapses or the time-delay in CAMKII activation," describes Dr. Jain. "The surprising findings underscore the importance of behaviorally relevant models of information encoding in the brain to reach our ultimate goal of linking molecular activity to memory formation and preventing neurological disorders involving learning and memory dysfunction."
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Study uncovers mutations and DNA structures driving bladder cancer | ScienceDaily
How bladder cancer originates and progresses has been illuminated as never before in a study led by researchers at Weill Cornell Medicine and the New York Genome Center. The researchers found that antiviral enzymes that mutate the DNA of normal and cancer cells are key promoters of early bladder cancer development, and that standard chemotherapy is also a potent source of mutations. The researchers also discovered that overactive genes within abnormal circular DNA structures in tumor cells genes drive bladder cancer resistance to therapy. These findings are novel insights into bladder cancer biology and point to new therapeutic strategies for this difficult-to-treat cancer.


						
The study, published Sept. 9 in Nature, focused on the main form of bladder cancer, urothelial carcinoma, which originates from cells that line the bladder, urethra, and tubes that drain urine from the kidneys. The researchers examined malignant and pre-malignant urothelial cells taken from the same set of patients at different disease stages. They used whole-genome sequencing and advanced computational methods to map common DNA mutations, complex structural variants, and their timing.

"Our findings define new fundamental mechanisms driving bladder cancer evolution -- mechanisms that we can now think about targeting with therapies," said co-senior author Dr. Bishoy Faltas, the Gellert Family-John P. Leonard MD Research Scholar in Hematology and Medical Oncology and an associate professor of medicine and of cell and developmental biology at Weill Cornell Medicine, and an oncologist at NewYork-Presbyterian/Weill Cornell Medical Center.

Dr. Nicolas Robine, director of computational biology at the New York Genome Center, and Dr. Olivier Elemento, director of the Englander Institute for Precision Medicine and a professor of physiology and biophysics at Weill Cornell Medicine, also led the study with Dr. Faltas. The co-first authors were Duy Nguyen, a technician in the Faltas Laboratory (now a doctoral student at Harvard Medical School); William Hooper, a bioinformatics scientist at the New York Genome Center; and Dr. Weisi Liu, an instructor in the Faltas Laboratory.

Major Therapeutic Targets Come into Focus

Bladder cancer occurs at the rate of about 80,000 cases per year in the United States. It can be cured with surgery if caught early, but about 30 percent of cases are diagnosed at later stages when it is much harder to treat successfully.

The researchers in the new study found strong evidence that the APOBEC3 enzymes cause early mutations that may help trigger the development of this cancer type. These enzymes evolved to disable infecting retroviruses by editing their viral DNA, though it is known that they can sometimes mutate cells' own DNA.




"The exact role of APOBEC3-induced mutations in cancer initiation hasn't been clear," said Dr. Faltas, who is also the chief research officer at the Englander Institute for Precision Medicine and a member of the Sandra and Edward Meyer Cancer Center at Weill Cornell Medicine. "But we found that these mutations appear early in urothelial cancer, occurring even in pre-malignant urothelial tissue." In his lab, Dr. Faltas is focusing on studying the role of these mutagenic enzymes in driving cancer evolution.

The researchers found that cisplatin and other platinum-based chemotherapies cause further prominent bursts of mutations, some of which likely allow urothelial cancer cells to survive better and spread despite treatment.

A third major finding was that urothelial tumors often contain complex rearrangements of their DNA that give rise to circular segments of DNA. These "extra-chromosomal DNAs" (ecDNAs) exist apart from chromosomes in the cell nucleus and can sometimes harbor hundreds of copies of cancer-driving growth genes. The researchers discovered that these ecDNA events persist and become more complex, incorporating new DNA segments after treatment, suggesting that they drive resistance to therapy.

This prompted the team to experimentally model an ecDNA version of one of these genes, called CCND1, a master regulator of the cell cycle in the laboratory. The results of these experiments confirmed that CCND1 in this extrachromosomal configuration drives treatment resistance.

Altogether, the findings paint a much clearer picture of the factors that trigger and drive urothelial cancer.

"Traditionally, when analyzing tumor genomes, we've used methods that analyze only a tiny fraction of their DNA, but we've come to realize that there's a lot more to discover if we sequence all their DNA and use smart methods to evaluate that data," Dr. Elemento said. "I think this collaboration vindicates that strategy."

The Englander Institute and New York Genome Center researchers are planning larger future collaborative studies to dig even deeper into urothelial cancer biology, for example, doing whole-genome sequencing of DNA along with readouts of gene activity not just in bulk tumor samples but in individual tumor cells.

"Combining those two sets of information at the single-cell level would be tremendously important and interesting," Dr. Robine said.

The researchers also plan to study potential clinical applications of this work. The investigators are hopeful that a new FDA-approved drug targeting the ERBB2 gene product -- the HER2 receptor protein, also found on breast tumor cells -- will work especially well in urothelial cancer patients with strong signs of ERBB2 ecDNAs. They are also working on finding ways to block ecDNA formation and maintenance.
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A matter of taste: Electronic tongue reveals AI 'inner thoughts' | ScienceDaily
A recently developed electronic tongue is capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. The team, led by researchers at Penn State, also found that results were even more accurate when artificial intelligence (AI) used its own assessment parameters to interpret the data generated by the electronic tongue.


						
The researchers published their results today (Oct. 9) in Nature.

According to the researchers, the electronic tongue can be useful for food safety and production, as well as for medical diagnostics. The sensor and its AI can broadly detect and classify various substances while collectively assessing their respective quality, authenticity and freshness. This assessment has also provided the researchers with a view into how AI makes decisions, which could lead to better AI development and applications, they said.

"We're trying to make an artificial tongue, but the process of how we experience different foods involves more than just the tongue," said corresponding author Saptarshi Das, Ackley Professor of Engineering and professor of engineering science and mechanics. "We have the tongue itself, consisting of taste receptors that interact with food species and send their information to the gustatory cortex -- a biological neural network."

The gustatory cortex is the region of the brain that perceives and interprets various tastes beyond what can be sensed by taste receptors, which primarily categorize foods via the five broad categories of sweet, sour, bitter, salty and savory. As the brain learns the nuances of the tastes, it can better differentiate the subtlety of flavors. To artificially imitate the gustatory cortex, the researchers developed a neural network, which is a machine learning algorithm that mimics the human brain in assessing and understanding data.

"Previously, we investigated how the brain reacts to different tastes and mimicked this process by integrating different 2D materials to develop a kind of blueprint as to how AI can process information more like a human being," said co-author Harikrishnan Ravichandran, a doctoral student in engineering science and mechanics advised by Das. "Now, in this work, we're considering several chemicals to see if the sensors can accurately detect them, and furthermore, whether they can detect minute differences between similar foods and discern instances of food safety concerns."

The tongue comprises a graphene-based ion-sensitive field-effect transistor, or a conductive device that can detect chemical ions, linked to an artificial neural network, trained on various datasets. Critically, Das noted, the sensors are non-functionalized, meaning that one sensor can detect different types of chemicals, rather than having a specific sensor dedicated to each potential chemical. The researchers provided the neural network with 20 specific parameters to assess, all of which are related to how a sample liquid interacts with the sensor's electrical properties. Based on these researcher-specified parameters, the AI could accurately detect samples -- including watered-down milks, different types of sodas, blends of coffee and multiple fruit juices at several levels of freshness -- and report on their content with greater than 80% accuracy in about a minute.




"After achieving a reasonable accuracy with human-selected parameters, we decided to let the neural network define its own figures of merit by providing it with the raw sensor data. We found that the neural network reached a near ideal inference accuracy of more than 95% when utilizing the machine-derived figures of merit rather than the ones provided by humans," said co-author Andrew Pannone, a doctoral student in engineering science and mechanics advised by Das. "So, we used a method called Shapley additive explanations, which allows us to ask the neural network what it was thinking after it makes a decision."

This approach uses game theory, a decision-making process that considers the choices of others to predict the outcome of a single participant, to assign values to the data under consideration. With these explanations, the researchers could reverse engineer an understanding of how the neural network weighed various components of the sample to make a final determination -- giving the team a glimpse into the neural network's decision-making process, which has remained largely opaque in the field of AI, according to the researchers. They found that, instead of simply assessing individual human-assigned parameters, the neural network considered the data it determined were most important together, with the Shapley additive explanations revealing how important the neural network considered each input data.

The researchers explained that this assessment could be compared to two people drinking milk. They can both identify that it is milk, but one person may think it is skim that has gone off while the other thinks it is 2% that is still fresh. The nuances of why are not easily explained even by the individual making the assessment.

"We found that the network looked at more subtle characteristics in the data -- things we, as humans, struggle to define properly," Das said. "And because the neural network considers the sensor characteristics holistically, it mitigates variations that might occur day-to-day. In terms of the milk, the neural network can determine the varying water content of the milk and, in that context, determine if any indicators of degradation are meaningful enough to be considered a food safety issue."

According to Das, the tongue's capabilities are limited only by the data on which it is trained, meaning that while the focus of this study was on food assessment, it could be applied to medical diagnostics, too. And while sensitivity is important no matter where the sensor is applied, their sensors' robustness provides a path forward for broad deployment in different industries, the researchers said.

Das explained that the sensors don't need to be precisely identical because machine learning algorithms can look at all information together and still produce the right answer. This makes for a more practical -- and less expensive -- manufacturing process.

"We figured out that we can live with imperfection," Das said. "And that's what nature is -- it's full of imperfections, but it can still make robust decisions, just like our electronic tongue."

Das is also affiliated with the Materials Research Institute and the Departments of Electrical Engineering and of Materials Science and Engineering. Other contributors from the Penn State Department of Engineering Science and Mechanics include Aditya Raj, a research technologist at the time of the research; Sarbashis Das, a graduate student at the time of research who earned his doctorate in electrical engineering in May; Ziheng Chen, a graduate student in engineering science and mechanics; and Collin A. Price, a graduate student who earned his bachelor of science in engineering science and mechanics in May. Mahmooda Sultana, with the NASA Goddard Space Flight Center, also contributed.

A Space Technology Graduate Research Opportunities grant from NASA supported this work.
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Another step towards decoding smell | ScienceDaily
We often only realize how important our sense of smell is when it is no longer there: food hardly tastes good, or we no longer react to dangers such as the smell of smoke. Researchers at the University Hospital Bonn (UKB), the University of Bonn and the University of Aachen have investigated the neuronal mechanisms of human odor perception for the first time. Individual nerve cells in the brain recognize odors and react specifically to the smell, the image and the written word of an object, for example a banana. The results of this study close a long-standing knowledge gap between animal and human odor research and have now been published in the journal Nature.


						
Imaging techniques such as functional magnetic resonance imaging (fMRI) have previously revealed which regions of the human brain are involved in olfactory perception. However, these methods do not allow the sense of smell to be investigated at the fundamental level of individual nerve cells. "Therefore, our understanding of odor processing at the cellular level is mainly based on animal studies, and it has not been clear to what extent these results can be transferred to humans," says co-corresponding author Prof. Florian Mormann from the Department of Epileptology at the UKB, who is also a member of the Transdisciplinary Research Area (TRA) "Life & Health" at the University of Bonn.

Nerve cells in the brain identify odors

Prof. Mormann's research group has now succeeded for the first time in recording the activity of individual nerve cells during smelling. This was only possible because the researchers worked together with patients from the Clinic for Epileptology at the UKB, one of the largest epilepsy centers in Europe, who had electrodes implanted in their brains for diagnostic purposes. They were presented with both pleasant and unpleasant scents, such as old fish. "We discovered that individual nerve cells in the human brain react to odors. Based on their activity, we were able to precisely predict which scent was being smelled," says first author Marcel Kehl, a doctoral student at the University of Bonn in Prof. Mormann's working group at the UKB. The measurements showed that different brain regions such as the primary olfactory cortex, anatomically known as the piriform cortex, and also certain areas of the medial temporal lobe, specifically the amygdala, the hippocampus and the entorhinal cortex, are involved in specific tasks. While the activity of nerve cells in the olfactory cortex most accurately predicted which scent was smelled, neuronal activity in the hippocampus was able to predict whether scents were correctly identified. Only nerve cells in the amygdala, a region involved in emotional processing, reacted differently depending on whether a scent was perceived as pleasant or unpleasant.

Nerve cells react to the smell, image and name of the banana

In a next step, the researchers investigated the connection between the perception of scents and images. To do this, they presented the participants in the Bonn study with the matching images for each odor, for example the scent and later a photo of a banana, and examined the reaction of the neurons. Surprisingly, nerve cells in the primary olfactory cortex responded not only to scents, but also to images. "This suggests that the task of the human olfactory cortex goes far beyond the pure perception of odors," says co-corresponding author Prof. Marc Spehr from the Institute of Biology II at RWTH Aachen University.

The researchers discovered individual nerve cells that reacted specifically to the smell, the image and the written word of -- for example -- the banana. This discovery indicates that semantic information are processed early on in human olfactory processing. The results not only confirm decades of animal studies, but also show how different brain regions are involved in specific human odor processing functions. "This is an important contribution on the way to decoding the human olfactory code," says Prof. Mormann. "Further research in this area is necessary in order to one day develop olfactory aids that we can use in everyday life as naturally as glasses or hearing aids."

Funding: The study was funded by the German Research Foundation (DFG), the Federal Ministry of Education and Research (BMBF) and the state of North Rhine-Westphalia (NRW) as part of the iBehave project.
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Will AI tools revolutionize public health? Not if they continue following old patterns, researchers argue | ScienceDaily
As tools powered by artificial intelligence increasingly make their way into health care, the latest research from UC Santa Cruz Politics Department doctoral candidate Lucia Vitale takes stock of the current landscape of promises and anxieties.


						
Proponents of AI envision the technology helping to manage health care supply chains, monitor disease outbreaks, make diagnoses, interpret medical images, and even reduce equity gaps in access to care by compensating for healthcare worker shortages. But others are sounding the alarm about issues like privacy rights, racial and gender biases in models, lack of transparency in AI decision-making processes that could lead to patient care mistakes, and even the potential for insurance companies to use AI to discriminate against people with poor health.

Which types of impacts these tools ultimately have will depend upon the manner in which they are developed and deployed. In a paper for the journal Social Science & Medicine, Vitale and her coauthor, University of British Columbia doctoral candidate Leah Shipton, conducted an extensive literature analysis of AI's current trajectory in health care. They argue that AI is positioned to become the latest in a long line of technological advances that ultimately have limited impact because they engage in a "politics of avoidance" that diverts attention away from, or even worsens, more fundamental structural problems in global public health.

For example, like many technological interventions of the past, most AI being developed for health focuses on treating disease, while ignoring the underlying determinants of health. Vitale and Shipton fear that the hype over unproven AI tools could distract from the urgent need to implement low-tech but evidence-based holistic interventions, like community health workers and harm reduction programs.

"We have seen this pattern before," Vitale said. "We keep investing in these tech silver bullets that fail to actually change public health because they're not dealing with the deeply rooted political and social determinants of health, which can range from things like health policy priorities to access to healthy foods and a safe place to live."

AI is also likely to continue or exacerbate patterns of harm and exploitation that have historically been common in the biopharmaceutical industry. One example discussed in the paper is that the ownership of and profit from AI is currently concentrated in high-income countries, while low- to middle-income countries with weak regulations may be targeted for data extraction or experimentation with the deployment of potentially risky new technologies.

The paper also predicts that lax regulatory approaches to AI will continue the prioritization of intellectual property rights and industry incentives over equitable and affordable public access to new treatments and tools. And since corporate profit motives will continue to drive product development, AI companies are also likely to follow the health technology sector's long-term trend of overlooking the needs of the world's poorest people when deciding which issues to target for investment in research and development.




However, Vitale and Shipton did identify a bright spot. AI could potentially break the mold and create a deeper impact by focusing on improving the health care system itself. AI could be used to allocate resources more efficiently across hospitals and for more effective patient triage. Diagnostic tools could improve the efficiency and expand the capabilities of general practitioners in small rural hospitals without specialists. AI could even provide some basic yet essential health services to fill labor and specialization gaps, like providing prenatal check-ups in areas with growing maternity care deserts.

All of these applications could potentially result in more equitable access to care. But that result is far from guaranteed. Depending on how and where these technologies are deployed, they could either successfully backfill gaps in care where there are genuine health worker shortages or lead to unemployment or precarious gig work for existing health care workers. And unless the underlying causes of health care worker shortages are addressed -- including burnout and "brain drain" to high-income countries -- AI tools could end up providing diagnosis or outbreak detection that is ultimately not useful because communities still lack the capacity to respond.

To maximize benefits and minimize harms, Vitale and Shipton argue that regulation must be put in place before AI expands further into the health sector. The right safeguards could help to divert AI from following harmful patterns of the past and instead chart a new path that ensures future projects will align with the public interest.

"With AI, we have an opportunity to correct our way of governing new technologies," Shipton said. "But we need a clear agenda and framework for the ethical governance of AI health technologies through the World Health Organization, major public-private partnerships that fund and deliver health interventions, and countries like the United States, India, and China that host tech companies. Getting that implemented is going to require continued civil society advocacy."
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Atomic-level mechanism in polycrystalline materials | ScienceDaily
Researchers at the University of California, Irvine and other international institutions have for the first time achieved atomic-scale observations of grain rotation in polycrystalline materials. Widely used in electronic devices, aerospace technologies, automotive applications and solar energy systems, these substances have long been studied for their unique properties and structural dynamics.


						
Using state-of-the-art microscopy tools housed in the UC Irvine Materials Research Institute, scientists were able to heat samples of platinum nanocrystalline thin films and observe the mechanism driving grain rotation in unprecedented detail. Their findings are the subject of a paper published recently in Science.

The study employed advanced techniques such as four-dimensional scanning transmission electron microscopy and high-angle annular dark-field STEM. To address the challenge of interpreting the large 4D-STEM datasets, the authors developed a novel machine learning-based algorithm to extract critical information from the data. These powerful imaging and analysis tools provided direct, real-time views of the atomic processes involved, specifically highlighting the role of disconnections at grain boundaries.

"Scientists have speculated and theorized on phenomena occurring at the boundaries of crystalline grains for decades, but now -- through the use of the most advanced instruments available to the scientific community -- we have been able to transition from theory to observation," said lead author Xiaoqing Pan, UC Irvine Distinguished Professor of materials science and engineering and UC IMRI director.

Grain boundaries, the interfaces between individual crystal grains in polycrystalline materials, are known to harbor imperfections that can impact conductivity and efficiency. The researchers discovered that grain rotation in these substances occurs through the propagation of disconnections -- line defects with both step and dislocation characteristics -- along the grain boundaries. This insight significantly advances understanding of the microstructural evolution in nanocrystalline materials.

With the machine learning-assisted data analysis, the study also revealed for the first time a statistical correlation between grain rotation and grain growth or shrinkage. This relationship arises from shear-coupled grain boundary migration driven by disconnection motion, as confirmed by STEM observations and supported by atomistic simulations. This finding is pivotal as it not only illuminates the fundamental mechanisms of grain rotation but also offers insights into the dynamics of nanocrystalline materials.

"Our results provide unequivocal, quantitative and predictive evidence of the mechanism by which grains rotate in polycrystals on an atomic scale," said Pan, who is also a professor in UC Irvine's Department of Physics & Astronomy, a Henry Samueli Endowed Chair in Engineering, and director of the UC Irvine Center for Complex and Active Materials. "Understanding how disconnections control grain rotation and grain boundary migration processes can lead to new strategies for optimizing the microstructures of these materials. This knowledge is invaluable for advancing technologies in various industries, including electronics, aerospace and automotive sectors."

The research offers fresh prospects for improving the performance and reliability of polycrystalline materials, making them more efficient and durable for a wide range of applications.

Pan's collaborators on this project were Yutong Bi, Ying Han, Yuan Tian and Mingjie Xu of UC Irvine; Xiaoguo Gong and David Srolovitz of the University of Hong Kong; Leonardo Velasco Estrada of Colombia National University; Evgeniy Boltynjuk of Germany's Karlsruhe Institute of Technology; Horst Hahn of the University of Oklahoma; and Caihao Qiu and Jian Han of City University of Hong Kong. The research was supported by the National Science Foundation's Materials Research Science and Engineering Centers program, the U.S. Army Research Office and the Hong Kong Research Grants Council.
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Team engineers new enzyme to produce synthetic genetic material | ScienceDaily
A research team led by the University of California, Irvine has engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.


						
A paper recently published in Nature Catalysis describes how the team created an enzyme called 10-92 that achieves faithful and fast TNA synthesis, overcoming key challenges in previous enzyme design strategies. Inching ever closer to the capability of natural DNA synthesis, the 10-92 TNA polymerase facilitates the development of future TNA drugs.

DNA polymerases are enzymes that replicate organisms' genomes by accurately and efficiently copying DNA. They play vital roles in biotechnology and healthcare, as seen in the fight against COVID-19, in which they were crucial to pathogen detection and eventual treatment using the mRNA vaccine.

"This achievement represents a major milestone in the evolution of synthetic biology and opens up exciting possibilities for new therapeutic applications by significantly narrowing the performance gap between natural and artificial enzyme systems," said corresponding author John Chaput, UC Irvine professor of pharmaceutical sciences. "Unlike DNA, TNA's biostability allows it to be used in a much broader range of treatments, and the new 10-92 TNA polymerase will enable us to reach that goal."

The team produced the 10-92 TNA polymerase using a technique called homologous recombination, which rearranges polymerase fragments from related species of archaebacteria. Through repeated cycles of evolution, the researchers identified polymerase variants with increasing activity, ultimately resulting in a variant that's within the range of natural enzymes.

"Drugs of the future could look very different than those we use today," Chaput said. "TNA's resilience to enzymatic and chemical degradation positions it as the ideal candidate for developing new treatments such as therapeutic aptamers, a promising drug class that binds to target molecules with high specificity. Engineering enzymes that facilitate the discovery of new approaches could address the limitations of antibodies, such as improved tissue penetration, and potentially have an even greater positive impact on human health."

Other UC Irvine team members were graduate students Victoria A. Maola, Eric J. Yik and Mohammad Hajjar; project scientist Nicholas Chim; and undergraduates Joy J. Lee, Kalvin K. Nguyen, Jenny V. Medina, Riley N. Quijano, Manuel J. Holguin and Katherine L. Ho -- all from the Department of Pharmaceutical Sciences.

This work was supported by a grant from the National Science Foundation, under award MCB1946312. John Chaput, Victoria Maola and Eric Yik and the University of California, Irvine have filed a patent application (PCT/US24/1159) on the composition and activity of the 10-92 TNA polymerase. The other authors declared no competing interests.
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El Nino linked to accelerated ice loss in tropics | ScienceDaily
Natural climate patterns such as El Nino are causing tropical glaciers to lose their ice at an alarming rate, a new study has found.


						
A phenomenon that typically occurs every two to seven years, El Nino causes much warmer than average ocean temperatures in the eastern Pacific, significantly affecting weather around the globe.

The Quelccaya Ice Cap (QIC) in the Peruvian Andes has been shown to be sensitive to these climate shifts, but the extent to which El Nino contributes to its continued shrinkage has, to date, been unclear.

Now, using images captured by NASA Landsat satellites over the past four decades, researchers have confirmed that the regional warming periodically caused by El Nino has indeed resulted in a drastic reduction of its snow-covered area. The study, led by Kara Lamantia, a graduate student at the Byrd Polar and Research Climate Center at The Ohio State University, found that between 1985 and 2022, the QIC lost about 58% of its snow cover and about 37% of its total area.

"Our research gives us a look into a glacier's health," said Lamantia. "The Quelccaya glacier becomes greatly out of equilibrium during these short-term climate anomalies."

The study, published today (October 8, 2024) in the journal The Cryosphere, is the first to automate the process of snow-covered area detection on the QIC. Normally, this detection is only possible through extensive field measurements or manually hand-tracing satellite images that are clear enough to detail the visual boundary between snow and ice.

Yet an algorithm this team developed processes images using near-infrared imagery, a method that utilizes wavelengths outside our visible spectrum. "By creating a threshold for the different reflectance between snow and ice cover, we can gather a consistent and much more reliable measurement," said Lamantia.




Glaciers and ice caps gain mass by accumulating ice and snow and lose it when none is received, or more ice is lost than gained. By measuring the ratio of snow-covered area to the total area, researchers can quantify whether the QIC is gaining mass, losing it, or maintaining a steady state.

The study revealed that during El Ninos, the ratio drops significantly away from the average, indicating a drastic reduction in the snow-covered area.

This extreme change in its ratio may be attributed to the wide differences between the dry and wet seasons in southern Peru, said Lamantia.

"All of the snowfall happens during the wet season, but during an El Nino, southern Peru experiences warmer and drier conditions than average so it stays dry throughout the wet season," she said. "That means that the snow cover will continue to decline and there might be quite a bit less snowfall to replace it."

As climate change rapidly alters the Earth's environment, it's expected that El Ninos are likely to be longer-lived and stronger, a factor that will accelerate ice loss. This raises the possibility of the QIC's snow cover failing to recover during La Ninas, or periods when the oceans should be cool.

"The ice cap as a whole is on a very consistent linear decline from anthropogenic warming," said Lamantia. "It may not matter how strong future La Ninas are, as the freezing line continues to rise and snow cover shrinks, Quelccaya will likely continue to decline."

If this carries on, some projections suggest that snow cover on the QIC could disappear by 2080, relegating it to a wasting ice field, much like Kilimanjaro. By the end of the century, the study notes, the ice cap could be no more.




It's difficult to discern how other short-term weather events might impact glacier vulnerability, which is something similar studies may aim to model in the future. What scientists do know is that ice loss puts high-mountain communities that depend on them in jeopardy, as snow loss can quickly diminish key water supplies.

The damage already done to the oceans and atmosphere is not something we can reverse tomorrow, Lamantia said. Using the data collected about their complex interactions, researchers may have a better chance at monitoring and mitigating the planet's climate woes.

"The general consensus is we can expect that the likely increased intensity and duration of El Ninos will cause more complications for the QIC," said Lamantia. "We need to start being clever about how we use and conserve our water resources."

This study was supported by the National Science Foundation, the Heising-Simons Foundation and the Volo Foundation. Other co-authors were Lonnie Thompson and Bryan Mark from Ohio State and Laura J. Larocca of Arizona State University.
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Transition to a circular bioeconomy requires getting prices right | ScienceDaily
Conventional food and agricultural production systems employ a linear "take, make, waste" approach: taking natural resources from the Earth to make food and fuel, generating waste that contaminates the soil and water, and emitting harmful pollutants.


						
More recently, a new model of production is gaining traction in the scientific and business community: a "circular bioeconomy" that reduces and recycles waste, transitions away from fossil fuels to renewable bio-based alternatives, and regenerates natural systems. This approach is critical for feeding and fueling the world's growing population in environmentally sustainable ways.

But it's a complicated concept, and significant questions remain: How should waste reduction be implemented? How far should we go in being "circular," considering its costs and benefits? And how can a circular bioeconomy system get buy-in from farmers, industry, and consumers in a market economy?

A new paper by noted agricultural economists and scientists argues that the concept of a circular bioeconomy needs to expand beyond its technical focus on reducing waste and incorporate a values-based economic lens. The authors emphasize the need for the right policies, incentives, and market signals to persuade consumers and producers to make environmentally sound decisions -- and to help ensure that the system is equitable.

"Zero waste is an appealing goal, but we also need to consider the economic consequences of achieving this goal -- the cost, who bears it, and how we get people to implement it. This requires us to not just focus on the environmental benefits of reducing waste and fossil fuel use, but to think about what level of waste is acceptable considering economic and equity goals as well as how we make the transition by inducing consumers and producers to make the right choices," said lead author Madhu Khanna, ACES Distinguished Professor in Environmental Economics and Alvin H. Baum Family Chair & Director of the Institute for Sustainability, Energy, and Environment (iSEE) at the University of Illinois Urbana-Champaign.

Charting the path to a circular bioeconomy will require creative ideas from researchers in multiple disciplines, including social scientists, to understand human behavior and design the right kinds of incentives, Khanna said.

The paper, published in Communications Earth and Environment was co-authored with David Zilberman, University of California, Berkeley; Gal Hochman, University of Illinois Urbana-Champaign; and Bruno Basso, Michigan State University.




A circular bioeconomy provides a framework for reducing waste and improving sustainability throughout the economy, Khanna said. It aims to not only reduce environmental contamination associated with agricultural production, but also transform the energy sector, plastics manufacturing, and other industries by using agricultural waste as a resource that can help reduce dependence on fossil fuels and decarbonize the economy.

The authors incorporated those concepts into an economic framework to help determine the optimal level of circularity in a market economy. They recommend five critical pathways to enable the transition:
    	Technological advances through investment in research and development, to lower the cost of climate-smart and clean energy innovations.
    	Regulatory incentives that put a price on waste and environmental damage, such as a carbon tax, and institutional changes like crop insurance programs that lower the risk of adopting sustainable practices for farmers.
    	Robust markets for circular products.
    	Public education and awareness about the ecosystem benefits of a circular bioeconomy.
    	Equity considerations for displaced workers and consumers vulnerable to high prices.

Researchers have made great strides developing individual technologies that contribute to a circular bioeconomy in food and agriculture -- such as precision farming and digital agricultural technologies that can increase the efficiency with which chemicals are utilized for crop production, and advances in synthetic biology to convert plants and waste materials into biofuels and biochemicals, replacing petroleum-based, carbon dioxide-emitting energy sources.

But many of these technologies are expensive. More investment is needed to scale them and make them commercially competitive and affordable for farmers and consumers, the authors said.

One underlying question in designing eco-friendly policies is how to create the right incentives for people to adopt sustainable technology -- and how to put a value on the most effective approaches. The challenge with agricultural pollution, for example, is that it's difficult to measure and pinpoint the source of runoff or other contaminants. New tools like a "digital twin" -- a computer replica of a field -- can help calculate the environmental impact of agricultural management practices, such as adding nitrogen to the soil. Those kinds of advances can lead to targeted policies that reward farmers for results, rather than providing costly uniform payments for participation in conservation programs,

The overall solution will require action by the public and private sector, according to the authors. Many corporations are already adopting sustainable practices, and many consumers are willing to pay a higher price for organic foods and sustainably sourced products. Still, those efforts fall far short of what is needed to curb climate change or reduce pollutants that cause hypoxia in the Gulf of Mexico. New government incentives, and changes in the way pollution is regulated, are necessary, Khanna said.




Educating consumers can change their preferences and willingness to pay for climate-smart commodities, creating market demand and political support. "If consumers don't demand enough of it, and aren't willing to pay, the producer is not going to produce it," Khanna said.

The move to circular bioeconomy must be accompanied by social programs that shield vulnerable low-income consumers from higher prices in the short term, and provide new training for workers who may lose jobs as the fossil fuel industry declines, the authors said.

The next step will be to develop more interdisciplinary research programs where economists work with engineers and scientists to apply this framework to specific industries or supply chains, to determine what a transition to a circular bioeconomy would look like for that sector. "We are excited that we are establishing a new Center in iSEE to catalyze that kind of research," Khanna said, referring to the new Levenick Center for a Climate-Smart Circular Bioeconomy at Illinois.

The transition to a circular bioeconomy will require a long-term policy commitment, consistent policies, and investments that could take a decade or more to pay off, Khanna said.

"We are significantly falling short of meeting both our U.S. and global targets for carbon emissions reduction. Additionally, other environmental issues such as water quality degradation and biodiversity loss are worsening. It is crucial to recognize that these environmental problems are interconnected, ranging from air and water pollution to plastic waste," Khanna said. "These issues all stem from the same source: our current methods of production and consumption. Instead of addressing these problems individually, transitioning to a circular bioeconomy offers a holistic solution."
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Oh my meniscus: Age poses risk of further knee injury in children | ScienceDaily
Growing pains are common in maturing children, but sometimes this growth can be irregular and cause injury. Discoid lateral meniscus (DLM), a misshapen knee cartilage, is one such occurrence that can degenerate into osteochondritis dissecans, a joint disorder where the bone and joint begin to separate from the rest of the bones. It has been reported that osteochondritis dissecans of the femoral condyle occurs in approximately 14.5% of cases of DLM, but there has been little analysis of its treatment to date.


						
Dr. Ken Iida and Specially Appointed Professor Yusuke Hashimoto's team at Osaka Metropolitan University's Graduate School of Medicine analyzed the incidence of post-surgery osteochondritis dissecans. This analysis consisted of two groups, a pre- osteochondritis group with DLM and osteochondritis dissecans of the outer femoral epicondyle, and a non-osteochondritis dissecans DLM group. They studied 95 cases of DLM patients under the age of 15 who underwent surgery between 2003 and 2017 and had five years of post-surgery records. There were 15 cases in the pre-osteochondritis dissecans group and 80 non-osteochondritis dissecans cases.

Their analysis found that the surgical results for osteochondritis dissecans were good in pre-osteochondritis cases, but 28.5% had a recurrence of the joint disorder. In the non-osteochondritis dissecans group, 8.8% were diagnosed with the disorder after surgery. Additionally, age was found to be a risk factor for relapse or post-surgical osteochondritis dissecans, and surgery on patients ages 9 and under was also involved in the occurrence of osteochondritis dissecans.

"Patients with DLM accompanied by osteochondritis dissecans of the femoral condyle often have difficulty in deciding on a treatment method," Dr. Iida explained. "Based on the results of this study, we believe for patients ages 9 years or younger, it is necessary to consider conservative treatment methods rather than immediate surgery."
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Adding fall blooming plants may help both managed and wild bees in cities | ScienceDaily
There are nearly 4,000 native bee species in the United States, contributing to pollination in agricultural, urban and natural landscapes. Honey bees, however, are not native to the U.S., which has led to concerns that managed honey bee populations might negatively impact wild bees via competition for resources and sharing of pathogens, according to researchers at Penn State. However, the team recently found that of the 33 genera of native bees studied, only a small number seemed to be negatively affected by the presence of honey bees.


						
The study, the largest of its kind, is available online now and will appear in the November issue of Science of The Total Environment.

The findings will help identify the groups of bees that may be most at-risk and aid in creating conservation strategies, according to Gabriela Quinlan, lead author on the study and a U.S. National Science Foundation (NSF) postdoctoral research fellow in Penn State's Center for Pollinator Research and the College of Agricultural Sciences.

The researchers found that the presence of managed honey bee apiaries and/or urban land correlated with reduced numbers of bees from six of 33 wild bee genera, suggesting that one these factors negatively impact these bees' ability to maintain their populations. Since the honey bee apiaries in the study were located in greater densities in urban areas, the researchers sought to disentangle the relative role of apiary density versus developed land.

The six bee genera showed different responses to these two factors, with apiary density having the greatest negative impact on the long-horned bees in the genus Svastra, while abundance ofFlorilegus, which is also a long-horned bee, was associated most negatively with urbanization. The others included green bees in the genera Agapostemon and Augochlora, sweat bees in the genus Lasioglossum and long-horned bees in the genus Melissodes.

After analyzing the data, the researchers found the genera most affected by apiaries and land development tend to nest in the ground, forage later in the season and, in some cases, specialize on specific types of seasonal flowering plants.

"Urban environments can be especially challenging for ground-nesting bees because the hardscaping -- asphalt and concrete -- can make it difficult to find bare ground for nesting," Quinlan said. "Small bees can't fly very far, so they may have trouble finding nesting and flowering resources within their flight range. Moreover, specialist bees require very specific flowers, which may be difficult to find in urban settings."

Quinlan explained that some wild bees also forage later in the season, which happens to be when honey bee colonies are at their peak size and competing for limited floral resources.




"Planting late-season forage and leaving bare ground as nesting resources in urban gardens could help alleviate some of the stressors that developed land and urban beekeeping can put on these bee groups," Quinlan said.

For their study, the researchers obtained the locations of nearly 4,000 registered apiaries across the state of Maryland and used this information to build a state map of apiary density. They then compared this with data on wild bee populations from within the state's boundaries collected by the U.S. Geological Survey's Bee Monitoring and Identification Lab.

In recent decades, the researchers said, there has been wide recognition that pollinators are experiencing declines associated with pesticides, pathogens, poor nutrition and climate change. There also has been increased attention paid to how honey bees may affect wild, native bees by transmitting pathogens and exacerbating competition for resources.

But despite these strong concerns, evidence of the effects honey bees have on wild bee abundance was lacking in the literature.

"There is very little data on population sizes of most wild bee species across the U.S., so we did not have a good understanding of the factors that influence the abundance of different wild bee species," said Christina Grozinger, Publius Vergilius Maro Professor of Entomology, director of the Center for Pollinator Research and co-author on the study. "Here, we explicitly tested the question of whether the presence of managed honey bee populations was linked with reductions in wild bee abundance."

The study provided additional insights into how different bee genera, with different natural histories, are influenced by environmental factors, Quinlan noted.




For example, they also found that apiary density negatively affected the abundance of Triepeolus -- a cuckoo bee -- which parasitizes the nests of long-horned bees like Svastra. In this case, it may be the negative impact of apiary density on Svastra abundance that causes a negative effect on Triepeolus abundance. Grozinger noted that this highlights the interconnectedness of these different species, and the importance of thinking about bees as communities, not as individual species.

The researchers said that in the future, additional studies could be done in other areas of the U.S. to further tease out genera- and species-specific wild bee responses to honey bees. The new INSECT NET graduate training program at Penn State is aiming to develop nonlethal, automated monitoring systems for bees and other insects that will help with these studies.

In the meantime, Grozinger said one of the best ways people can help both wild and managed bees is to add more flowering plants to the landscape, including city streets and backyards.

"Native flowering trees and shrubs in particular provide a bonanza of resources for bees," she said. "Beekeepers can help their bees become more resilient to climate variation by managing pests and diseases within their colonies, and this can also reduce the potential for honey bees to spread diseases to wild bees."

People can learn more about the resources available to bees in their area, and the risks posed by pesticide use and weather conditions, by using Penn State's Beescape decision-support tool.

Jeffrey Doser, of Michigan State University, and Melanie Kammerer, senior geospatial data scientist at EcoData Technology and Penn State doctoral alumna in ecology, also co-authored this study.

The U.S. Department of Agriculture's National Institute of Food and Agriculture and Hatch Appropriations and the NSF Postdoctoral Research Fellowship in Biology Program helped support this research. For more information about research on managed and wild bees and what you can do to help bee populations, visit the Penn State Center for Pollinator Research website.
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New seed fossil sheds light on wind dispersal in plants | ScienceDaily
Scientists have discovered one of the earliest examples of a winged seed, granting insight into the origin and early evolution of wind dispersal strategies in plants.


						
The study, published today as the final Version of Record after previously appearing as a Reviewed Preprint in eLife, details the second-earliest known winged seed -- Alasemenia -- from the Late Devonian epoch, roughly 360-385 million years ago. The authors use what the editors call solid mathematical analysis to demonstrate that Alasemenia's three-winged seeds are more adapted to wind dispersal than one, two and four-winged seeds.

Wind dispersal in plant seeds is a natural mechanism that allows plants to spread their seeds through the air to new areas. This helps reduce competition for resources, increasing the plant's chances of survival. Examples of wind dispersal strategies include tumbleweeds, parachutes such as dandelions and milkweeds, and winged seeds like those of the maple tree, often called 'helicopter' seeds.

The earliest-known plant seeds date back to the Late Devonian epoch. "This period marks a significant evolutionary milestone in plant history, as they transitioned from spore-based reproduction, as with ferns and mosses, to seed-based reproduction," explains lead author Deming Wang, a professor at the Key Laboratory of Orogenic Belts and Crustal Evolution, Department of Geology, Peking University, Beijing, China. "However, little is known about wind dispersal in seeds during this time, as most fossils lack wings and are typically surrounded by a protective cupule."

Cupules are cup-shaped structures that partly enclose seeds, much like in acorns or chestnuts (although the Devonian cupules do not share the same origin with these modern ones), and could be associated with other dispersal methods, such as water transport.

To better understand early wind dispersal mechanism, Wang and colleagues studied several seed fossils from the Late Devonian, sourced from the Jianchuan mine in Xinhang Town, Anhui Province, China. From this, they identified a new fossil seed, Alasemenia.

They first described the characteristics of Alasemenia by carefully analysing the fossil samples, including making slices to view the seed's internal structures. They found that Alasemenia seeds are about 25-33 mm long and clearly lack a cupule, unlike most other seeds of the period. In fact, this is one of the oldest-known records of a seed without a cupule, 40 million years earlier than previously believed. Each seed is covered by a layer of integument, or seed coat, which radiates outwards to form three wing-like lobes. These wings taper toward the tips and curve outward, creating broad, flattened structures that would have helped the seeds catch the wind.

The team then compared Alasemenia to the other known winged seeds from the Late Devonian: Warstenia and Guazia. Both of these seeds have four wings -- Guazia's being broad and flat, and Warstenia's being short and straight. They performed a quantitative mathematical analysis to determine which seed had the most effective wind dispersal. This revealed that having an odd number of wings, as in Alasemenia, grants a more stable, high spin rate as the seeds descend from their branches, allowing them to catch the wind more effectively and therefore disperse further from the parent plant.

"Our discovery of Alasemenia adds to our knowledge of the origins of wind dispersal strategies in early land plants," says senior author Pu Huang, an assistant research fellow at the Nanjing Institute of Geology and Paleontology, Chinese Academy of Sciences, Nanjing, China. "Combined with our previous knowledge of Guazia and Warsteinia, we conclude that winged seeds as a result of integument outgrowth emerged as the first form of wind dispersal strategy during the Late Devonian, before other methods such as parachutes or plumes."

"The three-winged seeds seen in Alasemenia during the Late Devonian would have subsequently been followed by two-winged seeds during the Carboniferous period, and then single-winged seeds during the Permian," adds Wang.
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Asymmetric placebo effect in response to spicy food | ScienceDaily
The expectations humans have of a pleasurable sensation asymmetrically shape neuronal responses and subjective experiences to hot sauce, according to a study published October 8, in the open-access journal PLOS Biology by Yi Luo from East China Normal University, Kenneth Kishida from Wake Forest School of Medicine, U.S., and colleagues.


						
Expectations shape our perception, profoundly influencing how we interpret the world. Positive expectations about sensory stimuli can alleviate distress and reduce pain through what's known as the placebo effect, while negative expectations may heighten anxiety and exacerbate pain. In the new study, Luo, Kishida, and colleagues investigated the impact of the hedonic aspect of expectations on subjective experiences.

Specifically, the researchers measured neurobehavioral responses to the taste of hot sauce among individuals with a wide range of taste preferences. In total, 47 participants completed the tasks while undergoing functional magnetic resonance imaging scanning. The researchers identified participants who liked versus those who strongly disliked spicy flavors and provided contextual cues about the spiciness of the sauce to be tasted. That way, they were able to dissociate the effects of positive and negative expectations from sensory stimuli (i.e., visual and taste stimuli), which were the same across all participants.

The results showed that positive expectations lead to modulations in the intensity of subjective experience. These modulations were accompanied by increased activity in brain regions previously linked to pleasure, information integration, and the placebo effect, including the anterior insula, dorsolateral prefrontal cortex, and dorsal anterior cingulate cortex. By contrast, negative expectations decreased hedonic experience and increased neural activity in the Neurological Pain Signature network.

Taken together, these findings demonstrate that hedonic aspects of one's expectations asymmetrically shape how the brain processes sensory input and associated behavioral reports of one's subjective experiences of intensity, pleasure, and pain. The results suggest a dissociable impact of hedonic information. While positive expectations facilitate higher-level information integration and reward processing, negative expectations prime lower-level processes related to pain and emotions. According to the authors, this study demonstrates the powerful role of hedonic expectations in shaping subjective reality and suggests potential avenues for consumer and therapeutic interventions targeting expectation-driven neural processes.

The authors add, "Our study highlights how hedonic expectations shape subjective experiences and neural responses, offering new insights into the mechanisms behind pain perception."
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Echoes in the brain: Why today's workout could fuel next week's bright idea | ScienceDaily
In a rare, longitudinal study, researchers from Aalto University and the University of Oulu tracked one person's brain and behavioral activity for five months using brain scans and data from wearable devices and smartphones.


						
'We wanted to go beyond isolated events,' says research leader Ana Triana. 'Our behaviour and mental states are constantly shaped by our environment and experiences. Yet, we know little about the response of brain functional connectivity to environmental, physiological, and behavioral changes on different timescales, from days to months.'

The study found that our brains do not respond to daily life in immediate, isolated bursts. Instead, brain activity evolves in response to sleep patterns, physical activity, mood, and respiration rate over many days. This suggests that even a workout or a restless night from last week could still affect your brain -- and therefore your attention, cognition and memory -- well into next week.

The research also revealed a strong link between heart rate variability -- a measure of the heart's adaptability -- and brain connectivity, particularly during rest. This suggests that impacts on our body's relaxation response, like stress management techniques, could shape our brain's wiring even when we are not actively concentrating on a task. Physical activity was also found to positively influence the way brain regions interact, potentially impacting memory and cognitive flexibility. Even subtle shifts in mood and heart rate left lasting imprints for up to fifteen days.

Study goes beyond a snapshot

The research is unusual in that few brain studies involve detailed monitoring over days and weeks. 'The use of wearable technology was crucial', says Triana. 'Brain scans are useful tools, but a snapshot of someone lying still for half an hour can only show so much. Our brains do not work in isolation.'

Triana was herself the subject of the research, monitored as she went about her daily life. Her unique role as both lead author and study participant added complexity, but also brought firsthand insights into how best to maintain research integrity over several months of personalized data collection.




'At the beginning, it was exciting and a bit stressful. Then, routine settles in and you forget,' says Triana. Data from the devices and twice-weekly brain scans were complemented by qualitative data from mood surveys.

The researchers identified two distinct response patterns: a short-term wave lasting under seven days and a long-term wave up to fifteen days. The former reflects rapid adaptations, like how focus is impacted by poor sleep, but it recovers quickly. The long wave suggests more gradual, lasting effects, particularly in areas tied to attention and memory.

Single-subject studies offer opportunities for improving mental health care

The researchers hope their innovative approach will inspire future studies that combine brain data with everyday life to help personalise mental health treatment.

'We must bring data from daily life into the lab to see the full picture of how our habits shape the brain, but surveys can be tiring and inaccurate,' says study co-author, neuroscientist and physician Dr Nick Hayward. 'Combining concurrent physiology with repeated brain scans in one person is crucial. Our approach gives context to neuroscience and delivers very fine detail to our understanding of the brain.'

The study is also a proof-of-concept for patient research. Tracking brain changes in real time could help detect neurological disorders early, especially mental health conditions where subtle signs might be missed.

"Linking brain activity with physiological and environmental data could revolutionize personalized healthcare, opening doors for earlier interventions and better outcomes," says Triana.
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What we can learn from hungry yeast cells | ScienceDaily
What can stressed yeast teach us about fundamental processes in the cell? A lot, according to scientists at the European Molecular Biology Laboratory (EMBL). The team studies, among other topics, how cells adapt to stress -- such as nutrient deprivation. One of their favourite test subjects is the yeast species S. pombe, for centuries used in traditional brewing. As a eukaryote, it's in many ways similar to human cells, so biologists often use it as model organism to study fundamental cellular processes.


						
Ribosomes turn upside-down in hungry cells

Scientists have observed that yeast cells have a remarkable adaptation to starvation: their mitochondria get coated by a swarm of massive molecular complexes called ribosomes. Intrigued by this odd phenomenon, the Mattei Team at EMBL Heidelberg and the Jomaa Lab at the University of Virginia School of Medicine explored it in greater detail using single-particle cryo-electron microscopy and cryo-electron tomography.

Ribosomes are the cell's heavyweight molecular machinery that produces proteins. It turned out, however, that in hungry yeast cells, the ribosomes that crowd on the surface of the mitochondria don't produce anything. They are hibernating.

"One way for a cell to survive stressful conditions until better days is to reduce its use of energy to a minimum," explained Olivier Gemin, EIPOD Postdoctoral Fellow in the Mattei Team who led this new study. "Producing proteins demands a lot of energy, which can be saved by blocking ribosomes."

Why the hibernating ribosomes attach to the surface of mitochondria is a mystery.

"There could be different explanations," said Team Leader Simone Mattei. "A starved cell will eventually start digesting itself, so the ribosomes might be coating the mitochondria to protect them. They might also attach to trigger a signalling cascade inside the mitochondria."

Another possibility that Mattei is investigating relates to the fact that starving cells need a way to quickly start producing energy once food (in the form of glucose) is available again. Since mitochondria are the energy producers of the cell, having ribosomes nearby to produce necessary proteins might help this process along.




What made the scientists' jaws drop was noticing that the ribosomes attach to the mitochondrial outer membrane in a way that contradicts what's been known about them before.

"So far, ribosomes were known to interact with membranes only via their large subunit. But in starved cells, we saw that they do this upside-down, via the small subunit!" said Mattei.

In their future studies, the team will investigate how and why the ribosomes attach in such an unusual way.

Cancer cells go through the hell they create

The struggles of the starved yeast cells have some similarities to those of cancer cells.

Believe it or not, being a cancer cell is really tough. When a tumour becomes aggressive, its cells grow so rapidly that their demand for nutrients and oxygen outpaces the supply. This means most cancer cells are constantly starving in a kind of hell they create for themselves.




Yet, they survive and even multiply.

"That's why we need to understand the basics of adaptation to starvation and how these cells become dormant to stay alive and avoid death," said Ahmad Jomaa, Assistant Professor and Group Leader at the University of Virginia's School of Medicine and a senior co-author of the study. "For that, we use yeast first, because we can manipulate it much more easily. Beyond this, we try to starve cultured cancer cells too, which is not easy, to figure out how they overcome starvation and can sometimes lead to cancer relapse."

Understanding the principles of this adaptation could help us find ways to override it, making cancer cells vulnerable to starvation and thus more susceptible to treatment.
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Transition to low-carbon futures: New research uncovers rise in legal challenges to climate action | ScienceDaily
As the global push towards low-carbon societies accelerates, a new study reveals that justice concerns are increasingly surfacing in legal disputes over climate policies and projects. This phenomenon, described as "just transition litigation," emphasises the need to balance climate action with social justice considerations, ensuring that vulnerable communities are not disproportionately impacted.


						
A growing legal phenomenon 

As the world races to reduce greenhouse gas emissions and adapt to the impacts of climate change, the transition to low-carbon societies has sparked new questions of justice. Published in Nature Sustainability, a study led by Professor Annalisa Savaresi at the Center for Climate Change, Energy and Environmental Law, University of Eastern Finland, highlights the emerging phenomenon of just transition litigation, which is described as legal disputes challenging the fairness and justice of climate policies and projects, such as wind farms, biomass plants and dams.

Co-authored by experts from 16 institutions, the article argues that while the low-carbon transition is essential, it disproportionately impacts vulnerable groups, including Indigenous Peoples, workers and local residents. For example, the Sami Indigenous People in Norway successfully challenged the construction of wind farms on their traditional herding pastures, illustrating the potential of just transition litigation to protect the rights of marginalised communities. According to Professor Savaresi, lawsuits like these exemplify the often overlooked and highly complex social dilemmas and policy conflicts that arise during the transition.

Making sense of just transition litigation 

The phenomenon of just transition litigation is little understood and underexplored. While in recent years much attention has been given to strategic litigation aimed at advancing decarbonisation (such as cases against companies or governments failing to reduce emissions), this study shifts the focus to lawsuits that challenge the fairness of climate policies and projects. Central to these legal disputes are issues such as the fair distribution of benefits and burdens from climate policies, the inclusiveness of decision-making processes, and the respect for the rights, identities and cultures of marginalised communities. This type of litigation draws upon various legal bases, including administrative, constitutional, energy, environmental, human rights, labour, and planning law.

A call for more research 

The paper introduces a new framework for understanding the justice claims of those affected by climate action. This framework can serve as a tool for systematic research on just transition litigation. Currently, a significant knowledge gap exists due to a lack of comprehensive, systematic data collection on these legal disputes. The authors call for the creation of a dedicated dataset to track these cases and analyse their impacts on law, governance and society. Understanding these dynamics is crucial, as this type of litigation has the potential to slow climate mitigation efforts. This is all the more urgent at a time when governments in the EU, and the UK and the US, are announcing plans to "cut the red tape" and expedite the transition.??
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New insights into ammonia decomposition | ScienceDaily
Using ammonia is regarded as a promising method of transporting hydrogen. However, an efficient process is also needed to convert it back into hydrogen and nitrogen.


						
An international research team has gained new insights into the mode of operation of an iron catalyst that can be used to split ammonia into nitrogen and hydrogen. Hydrogen is converted into ammonia to make the energy carrier easier to transport. This means that catalysts are also needed that can subsequently break ammonia down into its starting materials again. A team from the German Ruhr University Bochum, the Max Planck Institute for Chemical Energy Conversion (MPI CEC) in Mulheim an der Ruhr, Technische Universitat Berlin and the Italian Institute of Technology in Genoa describes how the iron catalyst enables this reaction in detail in the journal ACS Catalysis from September 6, 2024.

How to make hydrogen transportable

Green hydrogen is regarded as a promising energy carrier. It can be produced by splitting water using wind or solar energy. However, in many cases the locations where hydrogen is needed don't provide the right conditions for water electrolysis. Hydrogen must be liquefied for transportation, which is only possible at extremely low temperatures. Converting hydrogen into ammonia, which can be liquefied at much higher temperatures, is therefore considered an attractive alternative. "What's more, the chemical industry already has an established infrastructure for ammonia handling," says Professor Martin Muhler, Head of the Laboratory of Industrial Chemistry in Bochum and Max Planck Fellow at the MPI CEC.

Efficient catalysts are needed to break down ammonia (NH3) back into its starting compounds nitrogen (N2) and hydrogen (H2). The problem is that conventional iron catalysts generally facilitate an undesirable reaction to form iron nitride instead of nitrogen. In the current study, the researchers have shown exactly how this side reaction occurs. They tested ammonia decomposition using a catalyst of the latest generation provided by Clariant.

The team consisting of Dr. Maximilian Purcel, Astrid Muller and Professor Martin Muhler from Ruhr University Bochum and MPI CEC carried out the relevant experiments. The findings were refined using complex molecular dynamics simulations, supported by machine learning, which were conducted by the Italian partner institute. The team from Technische Universitat Berlin successfully identified the iron nitrides formed under reaction conditions using X-ray diffraction and tracked their transformations.

More efficient future catalysts

"Our findings can be used to develop more efficient catalysts for splitting ammonia in the future," concludes Martin Muhler. "Ammonia synthesis and decomposition has a long track record," he adds. "We cite scientific publications from the past 100 years." These include the work of Martin Muhler's doctoral supervisor Gerhard Ertl, who was awarded the Nobel Prize for his research in 2007.
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One-time cooperation decisions unaffected by increased benefits to society | ScienceDaily

Two large-scale experiments

Across two experiments involving over 2,000 participants, the researchers varied the potential benefits from cooperation in public good provision. Despite the increased benefits for cooperating, the study found no significant change in how much individuals were willing to cooperate. The mechanism behind this behavior seems to lie in individuals' expectations of others' willingness to cooperate which were also not found to vary with the benefits of cooperating. As participants did not expect others to cooperate more when benefits increased, they were unlikely to increase their own cooperation efforts -- even when the benefits of cooperation doubled.

"Our findings highlight a critical gap in our understanding of cooperative behavior in single-encounter settings," said Dr. Natalie Struwe of the Department of Public Finance at the University of Innsbruck. "The decision to cooperate is characterized by what we call a social dilemma. These are situations where self-interest is in conflict with social interests. With higher benefits from cooperation, however, this conflict is much lower and we would expect to see much higher cooperation rates. But, we were surprised to see that even when we dramatically increased the benefits from cooperation, people's cooperation efforts did not rise accordingly. This suggests that real-world cooperation -- such as donating to immediate disaster relief -- may not always be driven by an assessment of increased benefits."

Consistent results across data collections

"We couldn't believe the results ourselves at first, double-checked the data several times, and repeated the study with several populations," said Professor Esther Blanco of the Department of Public Finance at the University of Innsbruck. "In the end, we gathered nearly 2,000 data points, conducting experiments online with the general population from the UK, as well as with our students -- both online and in our laboratory. No matter what we did, the results remained consistent: cooperation levels were remarkably stable. The general public was no more or less cooperative than our students. On average, participants were willing to invest around 40% of their available money to boost their group's earnings, regardless of the specific setting."

"Spontaneous cooperation in one-time situations is more common than we might think," Professor James Walker, another of the co-authors, at the Department of Economics of Indiana University, explained. "For example, people coming together to provide immediate disaster relief is a case of one-time cooperation, where individuals decide to act and help without knowing whether they will interact with the same people again."

The study's results have important implications for how we think about encouraging cooperation in public good provision, especially in urgent, one-time scenarios like disaster relief or emergency volunteering. It also points to the need to better understand the fundamentals of cooperative behavior, one of the most defining characteristics of humankind.

Key Findings:
    	Individuals do not significantly change their contributions to public goods when the benefits from cooperation increase, in contrast to previous research in repeated interactions.
    	Expectations about others' contributions strongly influence individual behavior in one-time settings and do not vary significantly with changes in benefits from cooperation.
    	Average cooperation levels remained consistently around 40% across different participant groups and experimental settings, including both the general public and university students.
    	The study underscores the need for further research into cooperation in one-time decision settings, in particular how individuals interpret the benefits and respond in such settings, as well as how they expect others to respond.

This research opens new avenues for exploring how to effectively foster cooperation in critical single encounter situations and calls for a deeper understanding of the psychological and social factors at play.
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A new technique that makes competition between tumor cells visible can help personalize treatments for multiple myeloma | ScienceDaily
All cells within the same cancer are not the same. They all have genetic errors that turn them into tumour cells, but these errors are not identical. In each cancer, there are populations of cells with different mutations, and it is important to know each population, because one of them can become more dominant and cause the cancer to resist treatment. However, research seeking to understand the properties of each group of cells in a tumour has progressed very slowly so far.


						
A study by the H12O-CNIO Haematological Tumours Clinical Research Unit now demonstrates in multiple myeloma cells that a technique based on evolutionary theory is useful to reveal how each cell population responds to different drugs, making the tumour resistant.

Evolutionary competition within the tumour

A cancer can be seen as an ecosystem in which slightly different cells engage in an evolutionary battle in which the strongest, or the most capable of resisting treatments, will survive. The technique used by CNIO researcher Larissa Haertle, called Clonal competition assays, shows in real time how the different tumour populations manage to adapt to each treatment, until a certain population becomes dominant over the others.

It is a very visual tool: the different cell populations are stained different colours, cultivated together and subjected to the various treatments available. After a while, the colour of the population whose genetic profile has allowed it to resist the drug used can be seen to dominate the culture.

A highly heterogeneous tumour

Understanding the behaviour of different cell populations is especially important in multiple myeloma, a cancer of the blood that often reproduces because it becomes resistant to drugs. Multiple myeloma "is very heterogeneous," Haertle explains. "The same tumour can contain many different genetic alterations, and we have to approach it as if it were lots of different tumours."

"Clonal competition assay allow us to see how each population of cells in the same myeloma reacts to treatments," she adds. "It gets much closer to understanding the heterogeneity of each patient than usual methods to. And we can see in real time how cells develop."




Better able to survive and multiply

With these trials, researchers have studied the KRAS gene, altered in 20% of patients with multiple myeloma. They have found that two specific KRAS mutations give an adaptive advantage to the cells that carry them, since in the tests carried out they multiplied more than the non-mutated cells.

They have also discovered three specific alterations -- in other genes -- that are only advantageous to tumour cells in the presence of two common drugs to treat multiple myeloma. So these treatments gave them an adaptive advantage.

"When the drugs were applied, all the other cells died, but those with these mutations became survivors," Haertle explains. To prevent the tumour from becoming resistant through this mechanism, the authors suggest taking "breaks" from treatment, or even changing treatment when the aforementioned mutations are detected in patients.

The first author, Haertle, and the senior author, Santiago Barrio, have developed this study at the H12O-CNIO Haematological Tumours Clinical Research Unit, led by Joaquin Martinez-Lopez, and at the Department of Internal Medicine II of the Wurzburg Teaching Hospital (Germany).
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Key molecule in wound healing identified | ScienceDaily
A new study from Karolinska Institutet in Sweden and the Chinese Academy of Medical Sciences has identified an RNA molecule that is important for skin wound healing. The research, published in Nature Communications, may have implications for the treatment of hard-to-heal wounds.


						
The study focuses on the molecular processes in wound healing that regulate the transition from inflammation -- a critical defence mechanism -- to a proliferative phase, where new cells form to repair damaged tissue. Researchers have now mapped lncRNA (long non-coding RNA molecules) in human skin wounds in tissue samples from Karolinska University Hospital, identifying a key regulator in wound healing.

"Our study reveals that the lncRNA molecule SNHG26 plays a pivotal role in guiding skin cells through the stages of wound healing, from an inflammatory stage to a healing phase," explains Ning Xu Landen, docent at the Department of Medicine, Solna, Karolinska Institutet.

The researchers also used mouse models to uncover how this molecule interacts with genes involved in inflammation and tissue regeneration. In mice lacking SNHG26, wound healing was delayed, emphasising the molecule's importance in the balance between inflammation and tissue repair. The discovery paves the way for new therapeutic approaches for acute and chronic wounds.

"By targeting SNHG26, we may be able to accelerate healing and reduce complications, particularly in chronic wounds where prolonged inflammation is a major problem," says Ning Xu Landen.

Her research group at Karolinska Institutet is studying how healing processes in the skin are controlled by so-called regulatory RNA molecules, i.e. RNA molecules that regulate gene activity and include both lncRNAs and the now Nobel Prize-awarded microRNA molecules. The researchers will now continue to study how other regulatory RNA molecules are involved in tissue repair, with the aim of developing innovative treatments for hard-to-heal wounds.

The study was done in close collaboration with Dongqing Li at the Chinese Academy of Medical Sciences. It was supported by the Swedish Research Council, the Ragnar Soderberg Foundation, the LEO Foundation, Ming Wai Lau Centre for Reparative Medicine, Welander and Finsens Foundation, Karolinska Institutet, and National Natural Science Foundation of China. The authors declare no competing interests.
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Holographic 3D printing has the potential to revolutionize multiple industries | ScienceDaily
Researchers at Concordia have developed a novel method of 3D printing that uses acoustic holograms. And they say it's quicker than existing methods and capable of making more complex objects.


						
The process, called holographic direct sound printing (HDSP), is described in a recent article in the journal Nature Communications. It builds on a method introduced in 2022 that described how sonochemical reactions in microscopic cavitations regions -- tiny bubbles -- create extremely high temperatures and pressure for trillionths of a second to harden resin into complex patterns.

Now, by embedding the technique in acoustic holograms that contain cross-sectional images of a particular design, polymerization occurs much more quickly. It can create objects simultaneously rather than voxel-by-voxel.

In order to retain the fidelity of the desired image, the hologram remains stationary within the printing material. The printing platform is attached to a robotic arm, which moves it based on a pre-programmed algorithm-designed pattern that will form the completed object.

Muthukumaran Packirisamy, a professor in the Department of Mechanical, Industrial and Aerospace Engineering, led the project. He believes this can improve printing speed by up to 20 times while at the same time using less energy.

"We can also change the image while the operation is under way," he says. "We can change shapes, combine multiple motions and alter materials being printed. We can make a complicated structure by controlling the feed rate if we optimize the parameters to get the required structures."

A technological leap

According to the researchers, the precise control of acoustic holograms allows it to store information of multiple images in a single hologram. This means multiple objects can be printed at the same time at different locations within the same printing space.




As a result, acoustic holography will be a launching pad for innovation across any number of fields: it can be used to create complex tissue structures, localized drug and cell delivery systems and advanced tissue engineering. Real-world applications include the creation of new forms of skin grafts that can enhance healing and improved drug delivery for therapies that require specific therapeutic agents at specific sites.

He adds that, as soundwaves can penetrate opaque surfaces, HSDP can be used to print inside a body or behind solid material. This can be helpful in repairing damaged organs or delicate parts located deep within an airplane.

The researchers believe that HDSP has the potential to be a paradigm-shifting technology. He compares it to the advancement light-based 3D printing technology saw with the evolution from stereolithography, in which a laser is used to harden a single point of resin into a solid object, to digital light processing, which cures entire layers of resin simultaneously.

"You can imagine the possibilities," he says. "We can print behind opaque objects, behind a wall, inside a tube or inside the body. The technique that we already use and the devices that we use have already been approved for medical applications."
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How diabetes-risk genes make cells less resilient to stress | ScienceDaily
The cells in your pancreas, like people, can only handle so much stress before they start to break down. Certain stressors, such as inflammation and high blood sugar, contribute to the development of type 2 diabetes by overwhelming these cells.


						
Researchers at The Jackson Laboratory (JAX) have now discovered that DNA sequence changes known to increase a person's risk for diabetes are linked to how well pancreatic cells can handle two different kinds of molecular stress. In people with these DNA changes, the insulin-producing cells in the pancreas may be more likely to fail or die when exposed to stress and inflammation.

"Ultimately we want to develop new ways to prevent and treat type 2 diabetes by targeting the genes and pathways that are perturbed in people who are most susceptible to the disease," said Michael L. Stitzel, associate professor at JAX and co-senior author of the new study with JAX professor Dugyu Ucar, published in the Oct. 8 advanced online issue of Cell Metabolism. "These findings give us new insight into some of those genes and pathways."

The work points toward dozens of genes that connect cell stress and diabetes risk, including one that is already under investigation as a drug target for type 2 diabetes complications.

Cells under stress 

When living cells face challenges, including damage, inflammation, or nutrient changes, they activate protective responses to try to cope with and reverse the stress. But over time, sustained stress can overwhelm the cells, causing them to slow down or die.

In the pancreas' islet beta cells, two types of cell stress have previously been implicated in the development of type 2 diabetes.
    	Endoplasmic reticulum (ER) stress occurs when the cells become overwhelmed with a high demand to produce proteins -- like insulin to help regulate blood sugar levels.
    	Cytokine stress occurs when the immune system sends excessive inflammatory signals -- as can occur in obesity and metabolic disease.




In both cases, the stress can eventually lead islet beta cells to stop producing insulin or die off.

Stitzel and his colleagues wanted to know what genes and proteins were used by islet cells to respond to both ER stress and cytokine stress.

"Researchers have completed multiple studies looking at what molecular pathways are important in regulating insulin production in happy, healthy islet cells," said Stitzel. "But we were working on this hypothesis that islet cells are not always happy. So what pathways are important when the cells are under stress, and how do diabetes-linked DNA sequence changes in each of us affect them?"

Stress-response genes

Stitzel's group exposed healthy human islet cells to chemical compounds known to induce either ER stress or cytokine stress. Then, they tracked changes to levels of RNA molecules in the cells as well as how tightly or loosely packed different stretches of DNA were inside the cells -- a proxy for what genes and regulatory elements are being used by the cells at any given time.

To analyze the results, the team collaborated with Ucar, a professor and computational biologist at JAX . Together, the scientists found that more than 5,000 genes, or nearly a third of all the genes expressed by healthy islet cells, change their expression in response to ER stress or cytokine stress. Many were involved in the production of proteins, which is crucial for islet cells insulin-producing role. And most of the genes were only involved in one or the other stress response, raising the idea that two separate stress pathways play a role in diabetes.




In addition, around one in eight regulatory regions of DNA typically used in islet cells were altered by stress. Importantly, 86 of these regulatory regions had been previously found to contain genetic variants in people most at risk of type 2 diabetes.

"What this suggests is that people with these genetic variants may have islet cells that respond worse to stress than other people," said Stitzel. "Your environment -- things like diabetes and obesity -- pulls the trigger with type 2 diabetes, but your genetics loads the gun."

Stitzel hopes that the new list of regulatory regions and genes eventually lead to new drugs to prevent or treat diabetes by potentially making islet cells more resilient to stress.

A druggable target

The researchers homed in one gene that was altered by both ER stress. Called MAP3K5, the gene was shown to alter islet beta cell death in mice containing a diabetes-causing mutation in the insulin-encoding gene.

In the new paper, Stitzel and his colleagues showed that higher levels of MAP3K5 led to more islet beta cells dying in response to ER stress. Eliminating or blocking MAP3K5, on the other hand, made the islet cells more resilient to ER stress and less likely to die.

Early studies of Selonsertib, a drug targeting MAP3K5, have showed that it could reduce the risk of severe complications of diabetes. The new results point toward another possible role of the drug -- in the prevention of diabetes in people most at risk of the disease, to help their islet cells remain functioning and alive in the face of cellular stress.

"It's really exciting that this therapeutic is already in clinical trials but much more work is needed to understand whether the drug might be able to be leveraged in primary prevention," said Stitzel.
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The secret strength of our cell guards | ScienceDaily
Proteins control most of the body's functions, and their malfunction can have severe consequences, such as neurodegenerative diseases or cancer. Therefore, cells have mechanisms in place to control protein quality. In animal and human cells, chaperones of the Hsp70 class are at the heart of this control system, overseeing a wide array of biological processes. Yet, despite their crucial role, the precise molecular mechanism of Hsp70 chaperones has remained elusive for decades. Using a cutting-edge nanopore single-molecule technique, a team from the University of Geneva (UNIGE), in collaboration with EPFL, has now made a significant breakthrough in determining how Hsp70 chaperones generate the force needed to manipulate the structure of their client proteins. These results, which put an end to a decade of debate, are published in Nature Communications.


						

Proteins need to fold into specific three-dimensional shapes to function correctly. Among their several roles, chaperone proteins like Hsp70s typically assist the correct folding of proteins. To successfully perform these tasks, Hsp70s need to forcefully manipulate the structure of the proteins, extracting them from aggregates that had formed spontaneously or by facilitating protein translocation into key cell compartments, such as mitochondria.


In this context, during the 1990s and early 2000s, there was an intense debate about the mechanism allowing Hsp70 chaperones to drive protein translocation, with two main models proposed based on different sets of experiments, but with no definitive answer. In 2006, a new theory, called Entropic Pulling, was proposed by Prof. Paolo De Los Rios at EPFL and Prof. Pierre Goloubinoff at the University of Lausanne (UNIL) and their collaborators. Entropic Pulling could explain all existing observations for protein translocation into mitochondria and could also be applied to the other cellular functions of Hsp70s, such as protein disaggregation.


Experimental evidence

Over the years, this theory has allowed the interpretation of a growing number of results but had remained without a direct experimental confirmation. The group of Chan Cao, new assistant professor in the Department of inorganic and analytic chemistry at the UNIGE Faculty of science, specializes in single-molecule bioanalysis, particularly nanopore detection. This innovative approach involves reading the ionic current response as a single molecule passing through a nanoscale pore, which can be either a biological protein assembly embedded in a lipid membrane or a fabricated solid-state material. The development of nanopore technology aims to create high-resolution sensors for detecting target molecules within complex matrices and for sequencing biopolymer.


In this recent work, the team leveraged nanopore technology to mimic the in vivo setup of protein translocation at the single-molecule level. Prof. Chan Cao explained: "our results provide clear evidence for the Entropic Pulling mechanism of Hsp70 chaperones, ruling out the other previously proposed two models, namely Power Stroke and Brownian Ratchet".


A strong force at the molecular level

In the Entropic Pulling mechanism, the chaperone, by pulling on the target protein, increases its range of movement, generating what is known as an entropic force. Verena Rukes, PhD student and the leading author of the study, explains "our analysis estimated the strength of Entropic Pulling to be approximately 46 pN over distances of 1 nm, indicating a remarkably strong force at the molecular level".


Prof. Paolo De Los Rios from the Institute of Physics and Institute of Bioengineering at EPFL explains: "our theory proposed in 2006 was accounting for most of the physics of the system comprising Hsp70, the translocating protein and the translocation pore, but in the end, it remained a theory, even if in indirect agreement with most observations. Thanks to the beautiful work of Prof. Chan Cao and her team, we have now a direct proof of it and, which is most important, a quantitative estimate of its strength, which turns out to be remarkably high, further explaining why Hsp70s are so effective at changing the structure of their target proteins".


Importantly, this research establishes nanopore approaches as a powerful single-molecule technique for exploring the molecular mechanisms of protein action.
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Hip osteoarthritis: Head gets in the way of recovery, study suggests | ScienceDaily
Muscle activation in people suffering from hip osteoarthritis might be a case of 'mind over matter', new research from Edith Cowan University (ECU) has shown.


						
Research undertaken by ECU post-doctoral research fellow Dr Myles Murphy investigated muscle function in people with hip osteoarthritis and found that these patients were unable to activate their muscles as efficiently.

"Previous research has well established that the degree to which a joint degenerates is not directly related to the amount of pain a person with arthritis will experience. In fact, the stronger your muscles are, the more protected your joint is, and the less pain you will experience.

"Our research has shown that people with hip osteoarthritis were unable to activate their muscles as efficiently, irrespective of strength."

As part of this research, Dr Murphy and his team studied the brain function of people with hip arthritis, finding that the mind played an enormous part in this equation.

"Basically, people with hip arthritis are unable to activate their muscles properly because the brain is actively putting on the brake to stop them from using the muscle. We don't know why that is, yet. But the brain seems to really be hampering the progress of rehabilitation and the muscles to protect the joint," Dr Murphy said.

"We suspect that it is a short-term, protective response gone wrong. Unlike a rolled ankle or a hurt knee, chronic pain like osteoarthritis tends to hang around for a long time. Instead of being a protective response in the short term, the brain's protective response becomes a really problematic and maladaptive response in the long term."

Hip osteoarthritis is more prevalent in people over the age of 45, and women are much more like to develop the condition. People who have reported previous joint damage, from a sports injury or accident, are more likely to present with hip osteoarthritis, as are those with joint abnormalities, such as developmental dysplasia of the hip.




People living with hip arthritis often presents with different walking patterns than those without and could struggle with everyday activities like getting out of a chair, or vehicle.

"The impact on their daily lives is the biggest burden of osteoarthritis. The condition also results in substantial time-loss from work, and is associated with a high economic cost," Dr Murphy said.

"The level of disability for normal activity within our study cohort was about 25%, compared to the 0% reported in our healthy control group."

Dr Murphy is currently investigating novel ways in which to overcome this automatic muscle inhibition to effectively rehabilitate patients.

In the meantime, those living with hip osteoarthritis have been urged to continue strength training and to work with a qualified physiotherapist or exercise physiologist.

"You will need to work quite hard to build the strength in those muscles, but it can be done. There is no quick fix. Staying strong is something that people with hip osteoarthritis will need to actively keep working on," he said.
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Increase access to nature in all daily environments and in education | ScienceDaily
Although access to nature is a basic human right, people's actual use of green spaces is subject to inequalities. A Kobe University-led research team analyzed what conditions make it more likely that people are exposed to nature across generations: the availability of green spaces around where they live, work and shop, as well as nature relatedness and past natural experiences. Their findings may inform policies for urban planning and education for the improvement of human health.


						
Visiting green spaces is good for people's health, both psychologically and physiologically. However, how often people use green spaces is not equal and has been the topic of discussion in the fields of urban planning and regional governance. Research has focused mainly on the availability of green spaces around residential areas and the connection with socioeconomic factors. The Kobe University human environmental scientist UCHIYAMA Yuta explains, "Even though the access to quality natural environments is a basic human right, it tends to be treated as low-priority issue because policy makers think that it can be addressed indirectly through economic growth."

Uchiyama and his team thus conducted a survey in the two largest metro areas of Japan, the Kanto region around Tokyo and the Kansai region including Osaka, Kyoto and Kobe. In the survey, they asked 3,500 people about how often and where they visit green spaces as well as where they live, work, and shop, basic socioeconomic factors such as age, gender and household income, and about their nature relatedness and the availability of free time. In addition, they used publicly available geographic data to correlate the collected responses with the size and shape of green spaces around the respondents' daily environments. The Kobe University lead author says: "I felt the need to focus on daily life in general because of my personal experience. Both now and in my childhood, encountering plants and animals (even wild boars on campus) on my way to work, school, or shopping lets me feel the seasons and forget my daily life for a moment. Thus, an integrated understanding of these various aspects is necessary."

Their results, published in the Journal of Environmental Management, show that people use green spaces more if they are available throughout their daily environments, not just around where they live. The Kobe University researcher says: "This result can be used as evidence for policy making, especially in the fields of environmental management and urban planning, as there is potential for the utility of green spaces not only around residential areas but throughout people's daily environments." The results also showed that another very consistent factor driving visits to nature is people's childhood nature experience and nature relatedness, and that nature relatedness was stronger the older the respondents were. "This shows how important effective environmental education for all generations is," says Uchiyama.

However, the baseline for such policies is different in monsoon Asia compared to urban areas in North America and Europe. Uchiyama explains, "Cities in East and Southeast Asia are more mixed with rural areas than those in Europe and North America; in other words, the distance between urban and rural areas is closer, and there is no clear division between them." In Japan, such a complex landscape is called "satoyama landscape," and it is still a typical sight in the outskirts of metropoles such as Tokyo and Osaka. In fact, the results of Uchiyama's research also show that being close to agricultural land and green spaces with complex shapes correlates well with the frequency of people's use of green spaces, indicating the importance of these landscapes.

The human environmental scientist has his eyes on the larger picture: "In our ongoing research, we are focusing also on health outcomes which correlate with nature visits and we use big data approaches such as mobile phone GPS data to trace where and for how long people are actually exposed to green spaces. In the end, I would like for our research to contribute to policies reducing the unequal access to nature, which we believe is a root cause of other social and environmental issues. After all, access to nature is a basic human right."

This research was funded by the Japan Society for the Promotion of Science (grants 22H03813 and 23H03605) and the Ministry of the Environment, Japan (grant 1FS-2201). It was conducted in collaboration with researchers from the University of the Ryukyus, Meio University and Kyoto University.
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Mental health app could help prevent depression in young people at high risk | ScienceDaily
A cognitive behavioural therapy (CBT) app has been found to significantly prevent increases in depression in young people who are at high risk -- and could be implemented as a cost effective public mental health measure.


						
Globally, concern is growing about the high and steadily increasing rates of anxiety and depression in young people. Effective and scalable ways of preventing poor mental health in this group are needed, and digital tools such as mobile apps have been proposed as part of the solution.

Whilst there is emerging evidence for mental health apps being effective in treating anxiety and depression, this project led by the University of Exeter is the first to rigorously test a mental health app on such a large scale across four countries. Two linked papers published in Lancet Digital Health report the results of the ECoWeB-PREVENT and ECoWeB-PROMOTE trials, which ran concurrently in the four-year study funded by Horizon 2020. Critically, these studies found that a CBT self-help app can protect vulnerable young people against depression.

Professor Ed Watkins from the University of Exeter led the project and said: "For young people with elevated risk, our findings suggest the CBT app does have a preventative effect on depression and could have a public health benefit. Participants' quality-of-life measures were better, and their reported work and social functioning was better.

"However, we also found that it's hard to make improvements in young people who are basically doing okay. Our findings add to the evidence that prevention for depression works best when we identify and select individuals who are more at risk, rather than take a more universal approach. This identification could be done by an online self-screening process or through professional referral."

The aim of the PS3.3-million project was to test the effects of mobile apps in preventing depression and promoting mental well-being for young people aged 16 to 22. In one of the largest studies of its kind, 3,700 young people took part across the UK, Germany, Belgium, and Spain and were allocated into two trials based on their emotional competence abilities at the start of the study. That resulted in 1,200 young people with reduced emotional competency scores that confer increased risk for depression such as increased worry and overthinking going into one trial focused on prevention, whilst 2,500 without such risk went into the other trial focused on wellbeing promotion.

Those two groups were then randomised in equal numbers to three different apps developed by the study. There was a self-monitoring app where people can report their emotions every day, a self-help app that provided personalised training in emotional competence skills, and a self-help app based on CBT principles. Participants were then followed up at three months and 12 months to see how their wellbeing and depression symptoms changed.

The trials found the CBT app prevented an increase in depression, relative to self-monitoring in the higher risk sample, but that there was no difference between any of the interventions in their effects for the lower risk sample.

Professor Ed Watkins said: "Our results suggest that even when young people used the self-help app just a few times, there was a small but meaningful benefit. Because the app is scalable to large numbers of people in a cost-effective way, these effects have potential value as a public health intervention, within a broader portfolio of digital and in-person services and interventions. Next steps are to identify the active ingredients of the app that were beneficial and to improve engagement and ongoing use of these elements."

The project involved 13 different partners, including two commercial companies -- German voice analysis company audEERING and Danish app creator Monsenso. The University of Exeter (UK), LMU Munich (Germany), Ghent University (Belgium), and Universitat Jaume I (Spain), were the main treatment development and trial sites. Meanwhile, the University of Oxford led on the qualitative analysis.
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Dogs contaminate ponds with parasite medications | ScienceDaily
Most dog owners didn't know that flea and tick treatments are dangerous to aquatic life, suggesting more awareness could ease the problem.


						
A study on Hampstead Heath shows that ponds where dogs are allowed to swim contain levels of two pesticides harmful to invertebrate life.

These pesticides, imidacloprid and fipronil, are used as parasite treatments for flea and tick infestations in cats and dogs, using 'spot-on' formulas and flea collars. This is despite these chemicals being banned for agricultural use in 2018 due to their toxicity to bees and other important insects.

These treatments are increasingly used prophylactically -- to prevent fleas and ticks -- with doses applied as frequently as monthly. Recent studies have raised concerns about the level of these chemicals reaching the natural environment through household wastewater and dogs swimming in waterways, such as rivers and ponds.

Now, a study published today in the journal Science of the Total Environment has confirmed that swimming dogs can contaminate the water as the chemicals wash off their fur.

The study was carried out by researchers from Imperial College London, the University of Sussex, the London School of Hygiene and Tropical Medicine, and the Royal Veterinary College, in collaboration with the Heath & Hampstead Society and the City of London Corporation.

Dr Leon Barron, from the School of Public Health at Imperial, who co-led the work, said: "This work adds to the growing body of evidence that will hopefully lead to changes in prescribing practices and advice given to pet owners.




"But as the public can buy these products without restriction in supermarkets, we need to raise awareness among dog owners that while these chemicals are useful treatments, using them preventatively may create other serious issues such as environmental pollution and pest resistance."

First author Lauren Yoder, from the Royal Veterinary College, said: "Dog owners can play an important part in reducing the overall impact on the water that dogs enjoy by checking if they really need to use these products. If more owners moved to a 'when needed' approach, then this parasiticide pollution could be reduced."

Harmful levels

With its 800 acres of natural woodland, meadows and ponds, Hampstead Heath is central London's biodiversity 'hotspot' and home to many rare and threatened British species. Insects and other invertebrates perform critical functions in our environment, including to clean water, and are important sources of food for bats and birds in the area. Insects such as dragonflies, which depend on the ponds, showcase a remarkable biodiversity on the Heath.

In the study, the team tested three ponds where dogs are allowed to swim, three where they are not, and six connecting streams that feed these ponds, to check for any other source of the contamination.

In all the dog-swimming areas, average concentrations of imidacloprid and fipronil were found to be 309 ng/L (nanograms per litre) and 32 ng/L respectively -- both of which were more than 20-times larger than recognised thresholds considered harmful to invertebrate wildlife.




In all the other ponds, no imidacloprid or fipronil were detected. Some contamination was detected in connecting streams, and further water analysis showed this was not associated with other signatures of urban wastewater, suggesting dogs were the only source.

Dr Barron said: "While the chemical concentrations we measured were very high in these ponds, thankfully they were not found to significantly contaminate the wider water networks downstream of Hampstead Heath. The main source of these pet parasiticides in rivers generally still comes from our homes and streets through wastewater."

The team's previous research showed that London's waterways were widely contaminated with these substances from wastewater discharges and the situation worsened in some areas across the pandemic.

Reducing risk

The study also involved surveying 101 owners who brought their dogs to the Heath. This showed that 86 percent were unaware of the possible environmental harm caused by parasiticides, and 94 percent said protecting nature would be an important consideration when selecting products.

A third of respondents were also unaware of advice from manufacturers of parasiticides that dogs should not swim or be washed within a few days of treatment with spot-on treatments. However, research suggests that these substances may wash off for longer than these recommended periods.

More than a half of those surveyed used tablets that dogs swallow, instead of chemicals applied to the fut. Little is known about the fate or impact of these tablet parasiticides, and more research is needed to determine the risks that they pose.

Co-author Dr Tilly Collins, from the Centre for Environmental Policy at Imperial, said: "Swimming can be very good for dogs, and bringing them to such beautiful places also encourages fitness and wellbeing for their owners. Stopping dog swimming in open spaces is not the answer, but we need to reduce risk, for example by providing more complete advice so pet owners can make informed decisions."

Veterinarian and co-author Dr Rosemary Perkins, from the University of Sussex, said: "Many veterinary associations recommend against routine blanket parasite treatments for pets, yet this practice remains widespread, especially through subscription pet healthcare plans. Pet parasiticides are highly ecotoxic substances and we are only now beginning to understand their environmental consequences.

"Pet owners need to be provided with better information on the risks that they pose and offered alternatives to continuous parasite treatment, such as the option to monitor and treat only when necessary."
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Solar-powered desalination system requires no extra batteries | ScienceDaily
MIT engineers have built a new desalination system that runs with the rhythms of the sun.


						
The solar-powered system removes salt from water at a pace that closely follows changes in solar energy. As sunlight increases through the day, the system ramps up its desalting process and automatically adjusts to any sudden variation in sunlight, for example by dialing down in response to a passing cloud or revving up as the skies clear.

Because the system can quickly react to subtle changes in sunlight, it maximizes the utility of solar energy, producing large quantities of clean water despite variations in sunlight throughout the day. In contrast to other solar-driven desalination designs, the MIT system requires no extra batteries for energy storage, nor a supplemental power supply, such as from the grid.

The engineers tested a community-scale prototype on groundwater wells in New Mexico over six months, working in variable weather conditions and water types. The system harnessed on average over 94 percent of the electrical energy generated from the system's solar panels to produce up to 5,000 liters of water per day despite large swings in weather and available sunlight.

"Conventional desalination technologies require steady power and need battery storage to smooth out a variable power source like solar. By continually varying power consumption in sync with the sun, our technology directly and efficiently uses solar power to make water," says Amos Winter, the Germeshausen Professor of Mechanical Engineering and director of the K. Lisa Yang Global Engineering and Research (GEAR) Center at MIT. "Being able to make drinking water with renewables, without requiring battery storage, is a massive grand challenge. And we've done it."

The system is geared toward desalinating brackish groundwater -- a salty source of water that is found in underground reservoirs and is more prevalent than fresh groundwater resources. The researchers see brackish groundwater as a huge untapped source of potential drinking water, particularly as reserves of fresh water are stressed in parts of the world. They envision that the new renewable, battery-free system could provide much-needed drinking water at low costs, especially for inland communities where access to seawater and grid power are limited.

"The majority of the population actually lives far enough from the coast, that seawater desalination could never reach them. They consequently rely heavily on groundwater, especially in remote, low-income regions. And unfortunately, this groundwater is becoming more and more saline due to climate change," says Jonathan Bessette, MIT PhD student in mechanical engineering. "This technology could bring sustainable, affordable clean water to underreached places around the world."

The researchers report details the new system in a paper appearing today in Nature Water. The study's co-authors are Bessette, Winter, and staff engineer Shane Pratt.




Pump and flow

The new system builds on a previous design, which Winter and his colleagues, including former MIT postdoc Wei He, reported earlier this year. That system aimed to desalinate water through "flexible batch electrodialysis."

Electrodialysis and reverse osmosis are two of the main methods used to desalinate brackish groundwater. With reverse osmosis, pressure is used to pump salty water through a membrane and filter out salts. Electrodialysis uses an electric field to draw out salt ions as water is pumped through a stack of ion-exchange membranes.

Scientists have looked to power both methods with renewable sources. But this has been especially challenging for reverse osmosis systems, which traditionally run at a steady power level that's incompatible with naturally variable energy sources such as the sun.

Winter, He, and their colleagues focused on electrodialysis, seeking ways to make a more flexible, "time-variant" system that would be responsive to variations in renewable, solar power.

In their previous design, the team built an electrodialysis system consisting of water pumps, an ion-exchange membrane stack, and a solar panel array. The innovation in this system was a model-based control system that used sensor readings from every part of the system to predict the optimal rate at which to pump water through the stack and the voltage that should be applied to the stack to maximize the amount of salt drawn out of the water.




When the team tested this system in the field, it was able to vary its water production with the sun's natural variations. On average, the system directly used 77 percent of the available electrical energy produced by the solar panels, which the team estimated was 91 percent more than traditionally designed solar-powered electrodialysis systems.

Still, the researchers felt they could do better.

"We could only calculate every three minutes, and in that time, a cloud could literally come by and block the sun," Winter says. "The system could be saying, 'I need to run at this high power.' But some of that power has suddenly dropped because there's now less sunlight. So, we had to make up that power with extra batteries."

Solar commands

In their latest work, the researchers looked to eliminate the need for batteries, by shaving the system's response time to a fraction of a second. The new system is able to update its desalination rate, three to five times per second. The faster response time enables the system to adjust to changes in sunlight throughout the day, without having to make up any lag in power with additional power supplies.

The key to the nimbler desalting is a simpler control strategy, devised by Bessette and Pratt. The new strategy is one of "flow-commanded current control," in which the system first senses the amount of solar power that is being produced by the system's solar panels. If the panels are generating more power than the system is using, the controller automatically "commands" the system to dial up its pumping, pushing more water through the electrodialysis stacks. Simultaneously, the system diverts some of the additional solar power by increasing the electrical current delivered to the stack, to drive more salt out of the faster-flowing water.

"Let's say the sun is rising every few seconds," Winter explains. "So, three times a second, we're looking at the solar panels and saying, 'Oh, we have more power -- let's bump up our flow rate and current a little bit.' When we look again and see there's still more excess power, we'll up it again. As we do that, we're able to closely match our consumed power with available solar power really accurately, throughout the day. And the quicker we loop this, the less battery buffering we need."

The engineers incorporated the new control strategy into a fully automated system that they sized to desalinate brackish groundwater at a daily volume that would be enough to supply a small community of about 3,000 people. They operated the system for six months on several wells at the Brackish Groundwater National Research Facility in Alamogordo, New Mexico. Throughout the trial, the prototype operated under a wide range of solar conditions, harnessing over 94 percent of the solar panel's electrical energy, on average, to directly power desalination.

"Compared to how you would traditionally design a solar desal system, we cut our required battery capacity by almost 100 percent," Winter says.

The engineers plan to further test and scale up the system in hopes of supplying larger communities, and even whole municipalities, with low-cost, fully sun-driven drinking water.

"While this is a major step forward, we're still working diligently to continue developing lower cost, more sustainable desalination methods," Bessette says.

"Our focus now is on testing, maximizing reliability, and building out a product line that can provide desalinated water using renewables to multiple markets around the world," Pratt adds.

The team will be launching a company based on their technology in the coming months.

This research was supported in part by the National Science Foundation, the Julia Burke Foundation, and the MIT Morningside Academy of Design. This work was additionally supported in-kind by Veolia Water Technologies and Solutions and Xylem Goulds.
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New apps will enable safer indoor navigation for visually impaired | ScienceDaily
Two new apps will enable blind people to navigate indoor buildings with spoken directions from a smartphone app, providing a safe method of wayfinding where GPS doesn't work.


						
UC Santa Cruz professor of Computer Science and Engineering Roberto Manduchi has devoted much of his research career to creating accessible technology for the blind and visually impaired. Throughout years of working with these communities, he has learned that there is a particular need for tools to help with indoor navigation of new spaces.

"Moving about independently in a place that you don't know is particularly difficult, because you don't have any visual reference -- it's very easy to get lost. The idea here is to try to make this a little bit easier and safer for people," Manduchi said.

In a new paper published in the journal ACM Transactions on Accessible Computing, Manduchi's research group presents two smartphone apps that provide indoor wayfinding, navigation to a specific point, and safe return, the process of tracing back a past route. The apps give audio cues and don't require a user to hold their smartphone in front of themselves, which would be inconvenient and attract undue attention.

Safer, scalable technology

Smartphones provide a great platform for hosting accessible technology because they are cheaper than a dedicated hardware system, have the support of the company's information technology teams, and are equipped with built-in sensors and accessibility features.

Other smartphone-based wayfinding systems require a person to walk with their phone out, which can create several problems. A blind person navigating a new space often has at least one hand in use for a guide dog or a cane, so using the other for a phone is less than ideal. Holding a phone out also leaves the navigator vulnerable to crime, and people with disabilities already experience criminality at disproportionately higher rates.




While companies like Apple and Google have developed indoor wayfinding for some specific locations, such as major airports and stadiums, their methods depend on sensors that are installed inside these buildings. This makes it a much less scalable solution due to the cost of adding and maintaining extra infrastructure.

Using built-in sensors

Manduchi's wayfinding app provides a route in a similar way to GPS services like Google Maps; however, GPS-based systems don't work indoors because the satellite signal is distorted by a building's walls. Instead, Manduchi's system uses other sensors within a smartphone to provide spoken instructions to navigate an unfamiliar building.

The wayfinding app works by using a map of the inside of a building to find a path toward the destination, and then uses a phone's built-in inertial sensors, accelerometers and gyros, which provide for features like a step counter, to track the navigator's progress along the path.

The same sensors can also track the orientation of the phone and therefore the navigator. However, the estimated location and orientation are often somewhat inaccurate, so the researchers incorporated another method called particle filtering to enforce the physical constraints of a building so it does not interpret that the navigator is walking through walls or other impossible situations.

The backtracking app simply inverts a route previously taken by a navigator, helpful for situations in which a blind person is guided into a room and wants to leave independently. In addition to inertial sensors, it uses the phone's magnetometer to identify characteristic magnetic field anomalies, typically created by large appliances, which can serve as landmarks within a building.




Communicating directions 

Both systems give directions through spoken communication and can also be used with a smartwatch to supplement the instructions with vibrations. Overall, the researchers tried to minimize the amount of input given to the navigator so that they could focus on safety.

They also rely on the navigator to make judgements about where to turn, to account for any error in tracking. The system instructs a person to make their next directional change five meters before it anticipates the turn will occur, with directions like "at the upcoming junction, turn left," and the navigator can begin to find the turn with the help of their cane or guide dog.

"Sharing responsibility, in my opinion, is the right approach," Manduchi said. "As a philosophy, you cannot rely on technology alone. That is also true when you drive a car -- if it says turn right, you don't just immediately turn right, you look for where the junction is. You need to work with the system."

Testing their systems in the Baskin Engineering building at UC Santa Cruz, the research team found that users were able to successfully navigate the many hallways and turns. The team will continue to polish their apps, which use the same interface but are separate for the ease of development.

Going forward, they will focus on integrating AI features that could allow a navigator to take a photo of their surroundings and get a scene description if they are in a particularly hard area to navigate, like an alcove of a building or a wide-open space. They also want to enhance the ability to access and download building maps, perhaps taking advantage of an open source software ecosystem to do so.

"I'm very grateful to the blind community in Santa Cruz, who gave me fantastic advice. [As engineers creating technology for the blind community], you have to be very, very careful and very humble, and start from the person who will use the technology, rather than from the technology itself," Manduchi said.
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Climate report warns of escalating crisis, urges immediate action as UN summit nears | ScienceDaily
An international coalition led by Oregon State University scientists concludes in its annual report published today that the Earth's worsening vital signs indicate a "critical and unpredictable new phase of the climate crisis" and that "decisive action is needed, and fast."


						
The collaboration directed by OSU's William Ripple and former postdoctoral researcher Christopher Wolf outlines areas where policy change is needed -- energy, pollutants, nature, food and economy -- in "The 2024 State of the Climate Report: Perilous Times on Planet Earth," published in BioScience.

"A large portion of the very fabric of life on our planet is imperiled," said Ripple, a distinguished professor in the Oregon State University College of Forestry. "We're already in the midst of abrupt climate upheaval, which jeopardizes the life on Earth like nothing humans have ever seen. Ecological overshoot, taking more than the Earth can safely give, has pushed the planet into climatic conditions more threatening than anything witnessed even by our prehistoric relatives."

Of the 35 planetary vital signs the scientists use to track climate change annually, 25 are at record extremes, he notes.

The three hottest days ever came in July 2024, and fossil fuel emissions are at an all-time high, as are human population and ruminant livestock population, the climate report shows.

Human population is increasing at the rate of approximately 200,000 people per day, and the number of ruminant livestock -- hoofed mammals such as cattle, sheep and goats that produce greenhouse gases and are energy intensive to raise -- rises by roughly 170,000 each day.

The annual consumption of fossil fuels climbed by 1.5% in 2023, mainly because of big jumps in coal (1.6%) and oil use (2.5%), the report indicates.




Renewable energy use also increased in 2023 -- solar and wind consumption together were up 15% over 2022. But the use of renewables is just one-fourteenth of fossil fuel use, and the recent rise in the use of renewables is attributable mainly to increased demand rather than because they are replacing fossil fuels.

The report shows that annual tree cover loss globally rose from 22.8 million hectares in 2022 to 28.3 million in 2023, and based on global year-to-date averages, the concentrations of atmospheric carbon dioxide and methane are at all-time highs.

"The growth rate of methane emissions has been accelerating, which is extremely troubling," said Wolf, now a scientist with Corvallis-based Terrestrial Ecosystems Research Associates, known as TERA. "Nitrous oxide, which is potent and long-lived, is also at a record high."

Other points of concern from the report, Wolf notes, are:
    	The Earth's average surface temperature is at an all-time high.
    	Ocean acidity and heat content, as well as average global sea level, are at record extremes.
    	Greenland ice mass, Antarctica ice mass and average glacier thickness are at all-time lows.
    	Twenty-eight amplifying feedback loops -- those that exacerbate climate change, such as permafrost thawing -- have been identified.
    	In 2023, there were an estimated 2,325 heat-related deaths in the United States, a 117% increase from 1999.

"Since the publication of our 2023 report, multiple climate-related disasters have taken place, including a series of heat waves across Asia that killed more than a thousand people and led to temperatures reaching 122 degrees Fahrenheit in parts of India," Ripple said. "Climate change has already displaced millions of people, with the potential to displace hundreds of millions or even billions. That would likely lead to greater geopolitical instability, possibly even partial societal collapse."

The scientists say their goal is "to provide clear, evidence-based insights that inspire informed and bold responses from citizens to researchers and world leaders." Specifically, they recommend the rapid adoption of policies that:
    	Implement a global carbon price that could limit emissions by the wealthy while potentially providing funding for further climate action.
    	Enhance energy efficiency and conservation while replacing fossil fuels with low-carbon renewables.
    	Curb emissions of greenhouse gases, including those categorized as short-term pollutants such as methane.
    	Protect and restore biodiverse ecosystems, which play key roles in carbon cycling and storage.
    	Encourage a shift toward eating habits that emphasize plant-based foods.
    	Promote sustainable ecological economics and greatly reduce overconsumption and waste by the wealthy.
    	Integrate climate change education into global curriculums to boost awareness, literacy and action.

"Despite six reports from the International Panel on Climate Change, hundreds of other reports, tens of thousands of scientific papers and 28 annual meetings of the UN's Conference of the Parties, the world has made very little headway on climate change," Wolf said. "Humanity's future depends on creativity, moral fiber and perseverance. If future generations are to inherit the world they deserve, decisive action is needed, and fast."




This year's meeting -- officially the UN Framework Convention on Climate Change -- will be held Nov. 11-22 in Baku, Azerbaijan, and "it's imperative that huge progress is made," Ripple said.

Collaborating with Ripple, Wolf, OSU's Beverly Law and TERA's Jillian W. Gregg on the climate report were Naomi Oreskes of Harvard University, Michael E. Mann of the University of Pennsylvania, Thomas M. Newsome of the University of Sydney, Chi Xu of Nanjing University, Jens-Christian Svenning of Aarhus University, Timothy M. Lenton of the University of Exeter, Cassio Cardoso Pereira of Universidade Federal de Minas Gerais, Stefan Rahmstorf and Johan Rockstrom of the Potsdam Institute for Climate Impact Research, and Thomas W. Crowther of the Swiss Federal Institute of Technology.

The CO2 Foundation and Roger Worthington, an attorney and the owner of Worthy Brewing in Bend, Oregon, provided funding for this research.
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Texting while walking puts pedestrians in danger | ScienceDaily
UBC research analyzing actual pedestrian interactions with vehicles on busy streets concludes that distracted pedestrians face higher safety risks compared with undistracted road users.


						
Previous studies have speculated that distracted pedestrians, such as those texting and talking on the phone, are at higher risk of being hit by a car due to failing to react to oncoming traffic or straying off designated crosswalks.

Indeed, the new study, published recently in Accident Analysis and Prevention, found that distracted pedestrians often remained unaware of their surroundings, making fewer adjustments to their path or speed, which decreased their overall navigational efficiency. This level of distraction can increase the severity of vehicle interaction and near misses by 45 per cent.

"Non-distracted pedestrians made safer choices when interacting with vehicles," said lead researcher Dr. Tarek Sayed, a civil engineering professor and transportation safety expert in the faculty of applied science. "They maintained greater distances from vehicles, yielded more frequently to oncoming traffic and adjusted their speed when necessary."

The researchers also noted differences in driver behaviour. Drivers often decelerated when approaching distracted pedestrians, indicating they recognized the increased risk posed by their unpredictable movements.

The study used a computer vision system developed at UBC and artificial intelligence simulation models to analyze video traffic data from two busy intersections in downtown Vancouver. Analysis focused on distracted pedestrians -- those texting, reading from a phone, talking on the phone or listening to music -- undistracted pedestrians, and traffic conflicts, or situations in which road users, such as vehicles and pedestrians, are on a collision course and so, at risk of an accident.

The findings can inform pedestrian safety models and interventions to reduce traffic risks. "For example, we can accommodate the risk of distracted walking and design safer infrastructure by adjusting crosswalk signal cycles or introducing audio signals to let pedestrians know when it is time to cross. City planners could also display warnings specifically for pedestrians distracted by their phones -- perhaps even introduce mobile notifications that prevent pedestrians from using their phones while crossing," said study co-author Tala Alsharif, a graduate student in civil engineering at UBC.

The insights can also support infrastructure design by identifying high-risk zones that should be mobile-free and implementing methods such as sensor-based alert systems to minimize distraction. In locations with a high frequency of pedestrian distraction, raised crosswalks could make pedestrians more visible to drivers.

"By incorporating our findings into future research and traffic management approaches, we'll be better able to assess pedestrian risks and develop strategies to improve road safety," said Gabriel Lanzaro, a UBC civil engineering graduate student and co-author of the study.
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AI speeds up the discovery of energy and quantum materials | ScienceDaily
Researchers from Tohoku University and the Massachusetts Institute of Technology (MIT) have unveiled a new AI tool for high-quality optical spectra with the same accuracy as quantum simulations, but working a million times faster, potentially accelerating the development of photovoltaic and quantum materials.


						
Understanding the optical properties of materials is essential for developing optoelectronic devices, such as LEDs, solar cells, photodetectors, and photonic integrated circuits. These devices are pivotal in the semiconductor industry's current resurgence.

Traditional means of calculation using the basic laws of physics involve complex mathematical calculations and immense computational power, rendering it difficult to quickly test a large number of materials. Overcoming this challenge could lead to the discovery of new photovoltaic materials for energy conversion and a deeper understanding of the fundamental physics of materials through their optical spectra.

A team led by Nguyen Tuan Hung, an assistant professor at the Frontier Institute for Interdisciplinary Science (FRIS), Tohoku University, and Mingda Li, an associate professor at MIT's Department of Nuclear Science and Engineering (NSE), did just that, introducing a new AI model that predicts optical properties across a wide range of light frequency, using only a material's crystal structure as an input.

Lead author Nguyen and his colleagues recently published their findings in an open-access paper in Advanced Materials.

"Optics is a fascinating aspect of condensed matter physics, governed by the causal relationship known as the Kramers-Kronig (KK) relation," says Nguyen. "Once one optical property is known, all other optical properties can be derived using the KK relation. It is intriguing to observe how AI models can grasp physics concepts through this relation."

Obtaining optical spectra with complete frequency coverage in experiments is challenging due to the limitations of laser wavelengths. Simulations are also complex, requiring high convergence criteria and incurring significant computational costs. As a result, the scientific community has long been searching for more efficient methods to predict the optical spectra of various materials.




"Machine-learning models utilized for optical prediction are called graph neural networks (GNNs)," points out Ryotaro Okabe, a chemistry graduate student at MIT. "GNNs provide a natural representation of molecules and materials by representing atoms as graph nodes and interatomic bonds as graph edges."

Yet, while GNNs have shown promise for predicting material properties, they lack universality, especially in representations of crystal structures. To work around this conundrum, Nguyen and others devised a universal ensemble embedding, whereby multiple models or algorithms are created to unify the data representation.

"This ensemble embedding goes beyond human intuition but is broadly applicable to improve prediction accuracy without affecting neural network structures," explains Abhijatmedhi Chotrattanapituk, an electrical engineering and computer science graduate student at MIT.

The ensemble embedding method is a universal layer that can be seamlessly applied to any neural network model without modifying the neural network structures. "This implies that universal embedding can readily be integrated into any machine learning architecture, potentially making a profound impact on data science," says Mingda Li.

This method enables highly precise optical prediction based solely on crystal structures, making it suitable for a wide variety of applications, such as screening materials for high-performance solar cells and detecting quantum materials.

Looking ahead, the researchers aim to develop new databases for various material properties, such as mechanical and magnetic characteristics, to enhance the AI model's capability to predict material properties based solely on crystal structures.
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New insights into how Mars became uninhabitable | ScienceDaily
NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.


						
Although the surface of Mars is frigid and hostile to life today, NASA's robotic explorers at Mars are searching for clues as to whether it could have supported life in the distant past. Researchers used instruments on board Curiosity to measure the isotopic composition of carbon-rich minerals (carbonates) found in Gale crater and discovered new insights into how the Red Planet's ancient climate transformed.

"The isotope values of these carbonates point toward extreme amounts of evaporation, suggesting that these carbonates likely formed in a climate that could only support transient liquid water," said David Burtt of NASA's Goddard Space Flight Center in Greenbelt, Maryland, and lead author of a paper describing this research published October 7 in the Proceedings of the National Academy of Sciences. "Our samples are not consistent with an ancient environment with life (biosphere) on the surface of Mars, although this does not rule out the possibility of an underground biosphere or a surface biosphere that began and ended before these carbonates formed."

Isotopes are versions of an element with different masses. As water evaporated, light versions of carbon and oxygen were more likely to escape into the atmosphere, while the heavy versions were left behind more often, accumulating into higher abundances and, in this case, eventually being incorporated into the carbonate rocks. Scientists are interested in carbonates because of their proven ability to act as climate records. These minerals can retain signatures of the environments in which they formed, including the temperature and acidity of the water, and the composition of the water and the atmosphere.

The paper proposes two formation mechanisms for carbonates found at Gale. In the first scenario, carbonates are formed through a series of wet-dry cycles within Gale crater. In the second, carbonates are formed in very salty water under cold, ice-forming (cryogenic) conditions in Gale crater.

"These formation mechanisms represent two different climate regimes that may present different habitability scenarios," said Jennifer Stern of NASA Goddard, a co-author of the paper. "Wet-dry cycling would indicate alternation between more-habitable and less-habitable environments, while cryogenic temperatures in the mid-latitudes of Mars would indicate a less-habitable environment where most water is locked up in ice and not available for chemistry or biology, and what is there is extremely salty and unpleasant for life."

These climate scenarios for ancient Mars have been proposed before, based on the presence of certain minerals, global-scale modeling, and the identification of rock formations. This result is the first to add isotopic evidence from rock samples in support of the scenarios.




The heavy isotope values in the Martian carbonates are significantly higher than what's seen on Earth for carbonate minerals and are the heaviest carbon and oxygen isotope values recorded for any Mars materials. In fact, according to the team, both the wet-dry and the cold-salty climates are required to form carbonates that are so enriched in heavy carbon and oxygen.

"The fact that these carbon and oxygen isotope values are higher than anything else measured on Earth or Mars points towards a process (or processes) being taken to an extreme," said Burtt. "While evaporation can cause significant oxygen isotope changes on Earth, the changes measured in this study were two to three times larger. This means two things: 1) there was an extreme degree of evaporation driving these isotope values to be so heavy, and 2) these heavier values were preserved so any processes that would create lighter isotope values must have been significantly smaller in magnitude."

This discovery was made using the Sample Analysis at Mars (SAM) and Tunable Laser Spectrometer (TLS) instruments aboard the Curiosity rover. SAM heats samples up to nearly 1,652 degrees Fahrenheit (almost 900degC) and then the TLS is used to analyze the gases that are produced during that heating phase.

Funding for this work came from NASA's Mars Exploration Program through the Mars Science Laboratory project. Curiosity was built by NASA's Jet Propulsion Laboratory (JPL), which is managed by Caltech in Pasadena, California. JPL leads the mission on behalf of NASA's Science Mission Directorate in Washington. NASA Goddard built the SAM instrument, which is a miniaturized scientific laboratory that includes three different instruments for analyzing chemistry, including the TLS, plus mechanisms for handling and processing samples.
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Harnessing natural killer T cells to advance cancer immunotherapy for solid tumors | ScienceDaily
In the fight against cancer, chimeric antigen receptor T cell (CAR-T) therapy has achieved notable success in treating blood cancers. However, it has been largely ineffective against solid tumors.


						
Now, a newly published study by UNC Lineberger Comprehensive Cancer Center researchers demonstrates that a different immunotherapy approach utilizing natural killer T (NKT) cells produced significant antitumor activity in preclinical models of solid tumors.

Gianpietro Dotti, MD, professor of microbiology and immunology at UNC School of Medicine and co-leader of the UNC Lineberger immunology research program, Xin Zhou, PhD, a postdoctoral fellow in the Dotti lab, and their colleagues report that CAR-natural killer T cells (CAR-NKT) utilize a multimodal approach, combining direct tumor cell killing, reprogramming of the tumor microenvironment, and promotion of systemic immune responses, to create a more immunogenic environment in tumors.

Their findings are published in Nature Cancer.

"CAR-T cells are very potent cells. However, the most surprising finding in our work is that these potent cells are strongly inhibited in tumor models that recapitulate the complexity of the tumor microenvironment," said Dotti, the paper's corresponding author. "In particular, tumor-associated macrophages seem to have a potent inhibitory effect on CAR-T cells. CAR-NKT seem capable to avoid the inhibitory effects of macrophages since they can directly target them."

Previous research has shown that CAR-T cells' limited ability to penetrate and function within solid tumors is primarily due to the physical barriers within tumors and the suppressive nature of the tumor microenvironment. Natural killer T cells possess innate-like properties that make them uniquely equipped to fight solid tumors. Specifically, they express a T cell receptor that recognizes glycolipid antigens presented by CD1d molecules.

Dotti, Zhou and their colleagues demonstrated that CAR-NKT cells effectively eliminated CD1d-expressing M2-like macrophages within the tumor microenvironment. These macrophages promote tumor growth and suppress immune responses, making their removal a critical aspect of enhancing antitumor immunity. By targeting these cells, CAR-NKT therapy effectively reprograms the tumor microenvironment from a pro-tumor to an anti-tumor environment.




They also reported that CAR-NKT cells promoted epitope spreading -- a process by which the immune system recognizes and attacks new targets -- leading to the activation of T-cell responses.

"Our findings demonstrate that CAR-NKT cells not only effectively eliminate CD1d-expressing M2-like macrophages within the tumor microenvironment but also stimulate endogenous immune cells," said Zhou, the paper's first author. "This dual function -- overcoming suppressive immune cells and promoting sustained immune activity -- represents a crucial advancement in improving CAR-based therapies for solid tumors and achieving long-term tumor control."

The researchers also report that they were able to help CAR-NKT cells overcome therapeutic exhaustion, a known shortcoming of CAR-T therapies that have had extended exposure to tumor antigens. Signs of exhaustion include co-expression of the immune checkpoint markers PD1 and TIM3, which dampens the immune cells' effectiveness. However, the researchers demonstrated that combining CAR-NKT cells with PD1 blockade -- an immune checkpoint inhibitor commonly used in cancer treatment -- significantly boosted their antitumor activity.

The researchers also reported that combining CAR-NKT cells with vaccination approaches, such as those using alpha-galactosylceramide-loaded dendritic cells, further enhanced the antitumor response. Alpha-galactosylceramide is a known potent stimulator of NKT cells.

Looking ahead, Dotti said his team is focused on developing approaches to simplify the process for producing CAR-NKT cells. "CAR-NKT cells have been already safely used in clinical trials. However, the manufacturing of CAR-NKT for clinical use is more complex than the manufacturing of CAR-T cells. We are working on simplifying the manufacturing of CAR-NKT."
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Study explores novel therapeutic treatment for glioblastoma | ScienceDaily
Glioblastoma (GBM) is the most lethal brain tumor, with a median survival rate of merely 12-16 months after diagnosis. Despite surgical, radiation and chemotherapy treatments, the two-year survival rate for GBM patients is less than 10%.


						
Two major challenges hinder effective GBM treatment:
    	the limited penetration of anti-tumor drugs into GBM tissues because of the blood-brain-barrier.
    	the rapid development of resistance by GBM cells to almost all treatments.

Researchers with The Ohio State University Comprehensive Cancer Center -- Arthur G. James and Richard J. Solove Research Institute are trying to resolve these two paramount issues to improve outcomes.

"In a major finding with our study, we discovered combining the brain-penetrating antipsychotic drug pimozide with a clinically investigative glutamine metabolism inhibitor, CB-839, can overcome tumor resistance and effectively suppress GBM growth," said study lead author Deliang Guo, PhD, the founding director of the Center for Cancer Metabolism. Guo also is the Urban and Shelly Meyer Professor of Cancer Research with the OSUCCC -- James Translational Therapeutics Program and a professor at The Ohio State University College of Medicine.

Study findings are published online in the journal Cell Reports Medicine.

The study involved both humans and mice. Researchers analyzed 223 glioma patient samples and identified the previously unknown connection between the glutamine transporter ASCT2 protein and a key lipogenic regulator, SREBP-1.

They used a preclinical mouse GBM model to validate this mechanistic link. They found GBM cells increase glutamine consumption and lipid production at the same time to promote rapid tumor growth.




"Specifically, we have observed that pimozide effectively curbs the release of cholesterol and fatty acids from lipid droplets and lipoprotein via inhibition of lysosomal function," Guo said. "These effects are expected to starve tumor cells of these crucial lipid building blocks. Nevertheless, pimozide treatment alone does not yield the desired efficacy against glioblastoma."

The investigation found that GBM's resistance to treatment with pimozide is attributed to its upregulation of glutamine uptake and consumption.

The research team believes that their findings will have a significant and lasting impact across many areas including cancer biology, metabolism, signaling transduction and treatment models.

"Our research provides compelling evidence for this innovative combination for glioblastoma treatment," said study first author Yaogang Zhong, PhD, a researcher with the Department of Radiation Oncology and Center for Cancer Metabolism at OSUCCC-James. "This new strategy may also hold promise for treating other cancers that heavily rely on glutamine and lipids, broadening its potential impact beyond this deadly brain cancer."

The study also involved Ohio State's College of Pharmacy, Department of Biomedical Informatics and Translational Data Analytics Institute, along with University of Louisville and University Clermont Auvergne in France.

This work was supported by NINDS and NCI grants along with an OSUCCC-Pelotonia Idea grant and the Urban and Shelly Meyer Fund for Cancer Research.

The authors declare no competing interests.
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        NASA's Hubble watches Jupiter's Great Red Spot behave like a stress ball
        Astronomers have observed Jupiter's legendary Great Red Spot (GRS), an anticyclone large enough to swallow Earth, for at least 150 years. But there are always new surprises -- especially when NASA's Hubble Space Telescope takes a close-up look at it. Hubble's new observations of the famous red storm, collected 90 days between December 2023 to March 2024, reveal that the GRS is not as stable as it might look. The recent data show the GRS jiggling like a bowl of gelatin. The combined Hubble images ...

      

      
        Viruses are teeming on your toothbrush, showerhead
        Microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

      

      
        Genetic analysis of 25,000 Chinese mothers and infants reveals unique genes associated with disease risk
        Genome-wide association studies have great potential for advancing our understanding of the genetic background of diseases, but so far, few association studies have focused on maternal and newborn diseases, and most have been based on predominantly European populations. To fill these gaps, researchers generated and analyzed full-genome DNA sequences from non-invasive prenatal blood tests collected from over 25,000 pregnant women, all of whom were Han Chinese.

      

      
        Study probes how eating less can extend lifespan
        Researchers tracked the health of nearly one thousand mice on a variety of diets to see if these diets would extend the mice's lifespan. The study was designed to ensure that each mouse was genetically distinct, which allowed the team to better represent the genetic diversity of the human population. By doing so, the results are made more clinically relevant, elevating the study to one of the most significant investigations into aging and lifespan to date.

      

      
        Nature and plastics inspire breakthrough in soft sustainable materials
        Using peptides and a snippet of the large molecules in plastics, materials scientists have developed materials made of tiny, flexible nano-sized ribbons that can be charged just like a battery to store energy or record digital information.

      

      
        Over 160,000 new viruses discovered by AI
        161,979 new RNA viruses have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterized.

      

      
        A matter of taste: Electronic tongue reveals AI 'inner thoughts'
        Researchers recently developed electronic tongue capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. They found that results were even more accurate when artificial intelligence used its own assessment parameters to interpret the data generated by the electronic tongue.

      

      
        Another step towards decoding smell
        We often only realize how important our sense of smell is when it is no longer there: food is not as tasty as it once was, or we no longer react to dangers such as the smell of smoke. Researchers have investigated the neuronal mechanisms of human odor perception for the first time. Individual nerve cells in the brain recognize odors and react specifically to the smell, the image and the written word of an object, for example a banana. The results of this study close a long-standing knowledge gap ...

      

      
        Will AI tools revolutionize public health? Not if they continue following old patterns, researchers argue
        A new article shares findings from an extensive literature analysis of AI's current trajectory in health care.

      

      
        Atomic-level mechanism in polycrystalline materials
        Researchers show that for the first time they have achieved atomic-scale observations of grain rotation in polycrystalline materials. Using state-of-the-art microscopy tools, the scientists were able to heat samples of platinum nanocrystalline thin films and observe the mechanism driving grain rotation in unprecedented detail.

      

      
        Team engineers new enzyme to produce synthetic genetic material
        A research team describes how they engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.

      

      
        Holographic 3D printing has the potential to revolutionize multiple industries
        Researchers have developed a novel method of 3D printing that uses acoustic holograms. The process is called holographic direct sound printing (HDSP). It builds on a method introduced in 2022 that described how sonochemical reactions in microscopic cavitations regions -- tiny bubbles -- create extremely high temperatures and pressure for trillionths of a second to harden resin into complex patterns. Now, by embedding the technique in acoustic holograms that contain cross-sectional images of a par...

      

      
        Solar-powered desalination system requires no extra batteries
        Engineers built a solar-powered desalination system that produces large quantities of clean water despite variations in sunlight throughout the day. Because it requires no extra batteries, it offers a much more affordable way to produce drinking water, compared to other solar-driven designs.

      

      
        Climate report warns of escalating crisis, urges immediate action as UN summit nears
        An international coalition of scientists concludes that the Earth's worsening vital signs indicate a 'critical and unpredictable new phase of the climate crisis' and that 'decisive action is needed, and fast.'

      

      
        New insights into how Mars became uninhabitable
        NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.

      

      
        Antarctic 'greening' at dramatic rate
        Vegetation cover across the Antarctic Peninsula has increased more than tenfold over the last four decades, new research shows.

      

      
        Winds of change: James Webb Space Telescope reveals elusive details in young star systems
        Planet-forming disks, maelstroms of gas and dust swirling around young stars, are nurseries that give rise to planetary systems, including our solar system. Astronomers have discovered new details of gas flows that sculpt those disks and shape them over time.

      

      
        Scientists discover a secret to regulating our body clock, offering new approach to end jet lag
        Scientists have discovered the secret to regulating our internal clock. They identified that this regulator sits right at the tail end of Casein Kinase 1 delta, a protein which acts as a pace setter for our internal biological clock or the natural 24-hour cycles that control sleep-wake patterns and other daily functions, known as circadian rhythm.

      

      
        Autobiographical memory in the digital age: Our lives in the mirror of our data
        Never before have people recorded more information about their lives than today. But what does this mean for the way we remember our lives and how we talk about them? Researchers are trying to find answers to these questions.

      

      
        Researchers confront new US and global challenges in vaccinations of adults
        Over the past decade, decreasing vaccination rates now threaten the huge beneficial impacts of vaccinations in the U.S. and globally. Researchers discuss the multifactorial barriers including increasing vaccine hesitancy and new clinical and public health challenges in vaccinations of U.S. adults.

      

      
        Space oddity: Most distant rotating disc galaxy found
        Researchers have discovered the most distant Milky-Way-like galaxy yet observed. Dubbed REBELS-25, this disc galaxy seems as orderly as present-day galaxies, but we see it as it was when the Universe was only 700 million years old. This is surprising since, according to our current understanding of galaxy formation, such early galaxies are expected to appear more chaotic.

      

      
        After injury, these comb jellies can fuse to become one
        Researchers have made the surprising discovery that one species of comb jelly (Mnemiopsis leidyi) can fuse, such that two individuals readily turn into one following an injury. Afterwards, they rapidly synchronize their muscle contractions and merge digestive tracts to share food.

      

      
        Commonly used arm positions can substantially overestimate blood pressure readings
        Researchers conclude that commonly used ways of positioning the patient's arm during blood pressure (BP) screenings can substantially overestimate test results and may lead to a misdiagnosis of hypertension.

      

      
        Scientists discover that special immune cells stop metastatic cancer
        Researchers have discovered a natural immune mechanism in mice that stops escaped cancer cells from developing into tumors elsewhere in the body.

      

      
        Pterosaurs needed feet on the ground to become giants
        A study determines when and how pterosaurs went from tiny tree-climbers to towering terrestrial titans Flying reptiles first came down from the trees in the mid-Jurassic Period, paving the way for giants with 10-meter wingspans. Fingers and toes point to secrets of flying reptile success.

      

      
        Scientists uncover auditory 'sixth sense' in geckos
        Researchers discover that geckos use a mechanism usually associated with balance to sense vibrations, leading to new insights about how animals hear and feel their surroundings.

      

      
        Toddlers get nearly half their calories from ultra-processed foods
        Toddlers in the UK obtain nearly half (47%) of their calories from ultra-processed foods (UPFs), and this rises to 59% by the age of seven, according to a new study. The most common UPFs consumed by the toddlers -- who were 21 months when their parents recorded their diets -- were flavored yogurts and wholegrain breakfast cereals, products typically seen as healthy. By the age of seven, the most common UPFs were sweet cereals, white bread and puddings.

      

      
        In odd galaxy, NASA's Webb finds potential missing link to first stars
        Looking deep into the early universe with NASA's James Webb Space Telescope, astronomers have found something unprecedented: a galaxy with an odd light signature, which they attribute to its gas outshining its stars. Found approximately one billion years after the big bang, galaxy GS-NDG-9422 (9422) may be a missing-link phase of galactic evolution between the universe's first stars and familiar, well-established galaxies.

      

      
        Green subsidies may have hidden costs, experts warn
        Government subsidies for business practices and processes should be approached with caution, even when they seem to be environmentally friendly, writes a group of scientists and economists. They argue that subsidies can alter market pressures, leading to unintended consequences that not only perpetuate harmful subsidies over time but also diminish the overall effectiveness of those intended to promote environmental sustainability.

      

      
        Turning brain cells on using the power of light
        Researchers have developed a noninvasive way of using bioluminescent optogenetics to activate parts of the brain.

      

      
        Ant agriculture began 66 million years ago in the aftermath of the asteroid that doomed the dinosaurs
        According to a new study, colonies of ants began farming fungi when an asteroid struck Earth 66 million years ago. This asteroid impact caused a global mass extinction but also created ideal conditions for fungi to thrive. Innovative ants began cultivating the fungi, creating an evolutionary partnership that became even more tightly intertwined 27 million years ago and continues to this day.

      

      
        The true global impact of species-loss caused by humans is far greater than expected
        The extinction of hundreds of bird species caused by humans over the last 130,000 years has led to substantial reductions in avian functional diversity -- a measure of the range of different roles and functions that birds undertake within the environment -- and resulted in the loss of approximately 3 billion years of unique evolutionary history, according to a new study.
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NASA's Hubble watches Jupiter's Great Red Spot behave like a stress ball | ScienceDaily
Astronomers have observed Jupiter's legendary Great Red Spot (GRS), an anticyclone large enough to swallow Earth, for at least 150 years. But there are always new surprises -- especially when NASA's Hubble Space Telescope takes a close-up look at it.


						
Hubble's new observations of the famous red storm, collected 90 days between December 2023 to March 2024, reveal that the GRS is not as stable as it might look. The recent data show the GRS jiggling like a bowl of gelatin. The combined Hubble images allowed astronomers to assemble a time-lapse movie of the squiggly behavior of the GRS.

"While we knew its motion varies slightly in its longitude, we didn't expect to see the size oscillate. As far as we know, it's not been identified before," said Amy Simon of NASA's Goddard Space Flight Center in Greenbelt, Maryland, lead author of the science paper published in The Planetary Science Journal. "This is really the first time we've had the proper imaging cadence of the GRS. With Hubble's high resolution we can say that the GRS is definitively squeezing in and out at the same time as it moves faster and slower. That was very unexpected, and at present there are no hydrodynamic explanations."

Hubble monitors Jupiter and the other outer solar system planets every year through the Outer Planet Atmospheres Legacy program (OPAL) led by Simon, but these observations were from a program dedicated to the GRS. Understanding the mechanisms of the largest storms in the solar system puts the theory of hurricanes on Earth into a broader cosmic context, which might be applied to better understanding the meteorology on planets around other stars.

Simon's team used Hubble to zoom in on the GRS for a detailed look at its size, shape, and any subtle color changes. "When we look closely, we see a lot of things are changing from day to day," said Simon. This includes ultraviolet-light observations showing that the distinct core of the storm gets brightest when the GRS is at its largest size in its oscillation cycle. This indicates less haze absorption in the upper atmosphere.

"As it accelerates and decelerates, the GRS is pushing against the windy jet streams to the north and south of it," said co-investigator Mike Wong of the University of California at Berkeley. "It's similar to a sandwich where the slices of bread are forced to bulge out when there's too much filling in the middle." Wong contrasted this to Neptune, where dark spots can drift wildly in latitude without strong jet streams to hold them in place. Jupiter's Great Red Spot has been held at a southern latitude, trapped between the jet streams, for the extent of Earth-bound telescopic observations.

The team has continued watching the GRS shrink since the OPAL program began 10 years ago. They predict it will keep shrinking before taking on a stable, less-elongated, shape. "Right now it's over-filling its latitude band relative to the wind field. Once it shrinks inside that band the winds will really be holding it in place," said Simon. The team predicts that the GRS will probably stabilize in size, but for now Hubble only observed it for one oscillation cycle.

The researchers hope that in the future other high-resolution images from Hubble might identify other Jovian parameters that indicate the underlying cause of the oscillation.

The results are being presented at the 56th annual meeting of the American Astronomical Society Division for Planetary Sciences, in Boise, Idaho.
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Viruses are teeming on your toothbrush, showerhead | ScienceDaily
Step aside tropical rainforests and coral reefs -- the latest hotspot to offer awe-inspiring biodiversity lies no further than your bathroom.


						
In a new Northwestern University-led study, microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

Although this might sound ominous, the good news is these viruses don't target people. They target bacteria.

The microorganisms collected in the study are bacteriophage, or "phage," a type of virus that infects and replicates inside of bacteria. Although researchers know little about them, phage recently have garnered attention for their potential use in treating antibiotic-resistant bacterial infections. And the previously unknown viruses lurking in our bathrooms could become a treasure trove of materials for exploring those applications.

The study will be published Wednesday (Oct. 9) in the journal Frontiers in Microbiomes.

"The number of viruses that we found is absolutely wild," said Northwestern's Erica M. Hartmann, who led the study. "We found many viruses that we know very little about and many others that we have never seen before. It's amazing how much untapped biodiversity is all around us. And you don't even have to go far to find it; it's right under our noses."

An indoor microbiologist, Hartmann is an associate professor of civil and environmental engineering at Northwestern's McCormick School of Engineering and a member of the Center for Synthetic Biology.




The return of 'Operation Pottymouth'

The new study is an offshoot of previous research, in which Hartmann and her colleagues at University of Colorado at Boulder characterized bacteria living on toothbrushes and showerheads. For the previous studies, the researchers asked people to submit used toothbrushes and swabs with samples collected from their showerheads.

Inspired by concerns that a flushing toilet might generate a cloud of aerosol particles, Hartmann affectionately called the toothbrush study, "Operation Pottymouth."

"This project started as a curiosity," Hartmann said. "We wanted to know what microbes are living in our homes. If you think about indoor environments, surfaces like tables and walls are really difficult for microbes to live on. Microbes prefer environments with water. And where is there water? Inside our showerheads and on our toothbrushes."

Diversity and opportunities

After characterizing bacteria, Hartmann then used DNA sequencing to examine the viruses living on those same samples. She was immediately blown away. Altogether, the samples comprised more than 600 different viruses -- and no two samples were alike.




"We saw basically no overlap in virus types between showerheads and toothbrushes," Hartmann said. "We also saw very little overlap between any two samples at all. Each showerhead and each toothbrush is like its own little island. It just underscores the incredible diversity of viruses out there."

While they found few patterns among all the samples, Hartmann and her team did notice more mycobacteriophage than other types of phage. Mycobacteriophage infect mycobacteria, a pathogenic species that causes diseases like leprosy, tuberculosis and chronic lung infections. Hartmann imagines that, someday, researchers could harness mycobacteriophage to treat these infections and others.

"We could envision taking these mycobacteriophage and using them as a way to clean pathogens out of your plumbing system," she said. "We want to look at all the functions these viruses might have and figure out how we can use them."

Most microbes 'will not make us sick'

But, in the meantime, Hartmann cautions people not to fret about the invisible wildlife living within our bathrooms. Instead of grabbing for bleach, people can soak their showerheads in vinegar to remove calcium buildup or simply wash them with plain soap and water. And people should regularly replace toothbrush heads, Hartmann says. Hartmann also is not a fan of antimicrobial toothbrushes, which she said can lead to antibiotic-resistant bugs.

"Microbes are everywhere, and the vast majority of them will not make us sick," she said. "The more you attack them with disinfectants, the more they are likely to develop resistance or become more difficult to treat. We should all just embrace them."

The study, "Phage communities in household-related biofilms correlate with bacterial hosts but do not associate with other environmental factors," was supported by Northwestern University.
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Genetic analysis of 25,000 Chinese mothers and infants reveals unique genes associated with disease risk | ScienceDaily
Genome-wide association studies have great potential for advancing our understanding of the genetic background of diseases, but so far, few association studies have focused on maternal and newborn diseases, and most have been based on predominantly European populations. To fill these gaps, researchers generated and analyzed full-genome DNA sequences from non-invasive prenatal blood tests collected from over 25,000 pregnant women, all of whom were Han Chinese.


						
The analyses revealed unique genetic variants associated with increased risk of maternal diseases including gestational diabetes, obesity, asthma, psoriasis, endometriosis, and hypothyroidism, the researchers report October 9 in the Cell Press journal Cell Genomics. Many (83%) of these genetic loci were associated with increased risk of multiple maternal diseases.

The team also identified 21 maternal genetic variants associated with increased risk of 35 different diseases in newborns. Two of these genes were associated with identical diseases in both mother and infant -- dermatitis and acute sinusitis -- while 33 others were associated with distinct disease symptoms in mother and child (for example, one variant associated with maternal hypothyroidism was associated with childhood gastroenteritis, colitis, and acute tonsillitis).

"Maternal and newborn health are intricately connected, and our study has provided important insights into the genetic basis of many maternal-neonatal comorbidities," write the authors, who include Qiyuan Li and Yulin Zhou of Xiamen University. "These findings may facilitate the development of more targeted and personalized approaches to prenatal care and pediatric preventive strategies, ultimately improving maternal and neonatal health outcomes."

The researchers began their analysis by sequencing the whole genomes of pregnant people from samples collected during non-invasive prenatal testing, a procedure that is used clinically to test for chromosomal abnormalities. Then, they paired these genetic data with the patients' electronic health records to identify associations between genetic variants and different types of disease. Altogether, the researchers analyzed whole-genome sequences from 25,639 pregnant Chinese women and 14,151 newborns.

The researchers say that their results highlight the potential for using non-invasive prenatal testing for large-scale genomic studies, which would be more cost-effective than currently used methods. The tests could also be used more broadly in the clinic, they say, but more research is needed to understand the mechanisms underlying the genetic associations revealed in the study.

"Currently, non-invasive prenatal testing is only used for detection of trisomy, while based on the results of this study, we can envision more extensive clinical usage of maternal circulating DNA in the prenatal diagnoses of genetic disorder and rare diseases," the authors write.
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Study probes how eating less can extend lifespan | ScienceDaily
For nearly a century, laboratory studies have shown consistent results: eat less food, or eat less often, and an animal will live longer. But scientists have struggled to understand why these kinds of restrictive diets work to extend lifespan, and how to best implement them in humans. Now, in a long-awaited study to appear in the Oct. 9 issue of Nature, scientists at The Jackson Laboratory (JAX) and collaborators tracked the health of nearly one thousand mice on a variety of diets to make new inroads into these questions.


						
The study was designed to ensure that each mouse was genetically distinct, which allowed the team to better represent the genetic diversity of the human population. By doing so, the results are made more clinically relevant, elevating the study to one of the most significant investigations into aging and lifespan to date.

The study concluded that eating fewer calories had a greater impact on lifespan than periodic fasting, revealing that very-low-calorie diets generally extended the mice's lifespan regardless of their body fat or glucose levels -- both typically seen as markers of metabolic health and aging. Surprisingly, the mice that lived the longest on the restrictive diets were those that lost the least weight despite eating less. Animals that lost the most weight on these diets tended to have low energy, compromised immune and reproductive systems, and shorter lives.

"Our study really points to the importance of resilience," said Gary Churchill, Karl Gunnar Johansson Chair and professor at JAX who led the study. "The most robust animals keep their weight on even in the face of stress and caloric restriction, and they are the ones that live the longest. It also suggests that a more moderate level of calorie restriction might be the way to balance long-term health and lifespan."

Churchill and his colleagues assigned female mice to any of five different diets: one in which the animals could freely eat any amount of food at any time, two in which the animals were provided only 60% or 80% of their baseline calories each day, and two in which the animals were not given any food for either one or two consecutive days each week but could eat as much as they wanted on the other days. Then, the mice were studied for the rest of their lives with periodic blood tests and extensive evaluation of their overall health.

Overall, mice on unrestricted diets lived for an average of 25 months, those on the intermittent fasting diets lived for an average of 28 months, those eating 80% of baseline lived for an average of 30 months, and those eating 60% of baseline lived for 34 months. But within each group, the range of lifespans was wide; mice eating the fewest calories, for example, had lifespans ranging from a few months to four and a half years.

When the researchers analyzed the rest of their data to try to explain this wide range, they found that genetic factors had a far greater impact on lifespan than diets, highlighting how underlying genetic features, yet to be identified, play a major role in how these diets would affect an individual person's health trajectory. Moreover, they pinpointed genetically-encoded resilience as a critical factor in lifespan; mice that naturally maintained their body weight, body fat percentage and immune cell health during periods of stress or low food intake, as well as those that did not lose body fat late in life, survived the longest.

"If you want to live a long time, there are things you can control within your lifetime such as diet, but really what you want is a very old grandmother," Churchill said.

The study also cast doubt on traditional ideas about why certain diets can extend life in the first place. For example, factors like weight, body fat percentages, blood glucose levels and body temperature did not explain the link between cutting calories and living a longer life. Instead, the study found that immune system health and traits related to red blood cells were more clearly connected to lifespan. Importantly, those findings mean that human studies of longevity -- which often use metabolic measurements as markers for aging or youthfulness -- may be overlooking more important aspects of healthy aging.

"While caloric restriction is generally good for lifespan, our data show that losing weight on caloric restriction is actually bad for lifespan," Churchill explained. "So when we look at human trials of longevity drugs and see that people are losing weight and have better metabolic profiles, it turns out that might not be a good marker of their future lifespan at all."
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Nature and plastics inspire breakthrough in soft sustainable materials | ScienceDaily
Step aside hard, rigid materials. There is a new soft, sustainable electroactive material in town -- and it's poised to open new possibilities for medical devices, wearable technology and human-computer interfaces.


						
Using peptides and a snippet of the large molecules in plastics, Northwestern University materials scientists have developed materials made of tiny, flexible nano-sized ribbons that can be charged just like a battery to store energy or record digital information. Highly energy efficient, biocompatible and made from sustainable materials, the systems could give rise to new types of ultralight electronic devices while reducing the environmental impact of electronic manufacturing and disposal.

The study will publish on Wednesday (Oct. 9) in the journal Nature.

With further development, the new soft materials could be used in low-power, energy-efficient microscopic memory chips, sensors and energy storage units. Researchers also could integrate them into woven fibers to create smart fabrics or sticker-like medical implants. In today's wearable devices, electronics are clunkily strapped to the body with a wristband. But, with the new materials, the wristband itself could have electronic activity.

"This is a wholly new concept in materials science and soft materials research," said Northwestern's Samuel I. Stupp, who led the study. "We imagine a future where you could wear a shirt with air conditioning built into it or rely on soft bioactive implants that feel like tissues and are activated wirelessly to improve heart or brain function.

"Those uses require electrical and biological signals, but we cannot build those applications with classic electroactive materials. It's not practical to put hard materials into our organs or in shirts that people can wear. We need to bring electrical signals into the world of soft materials. That is exactly what we have done in this study."

Stupp is the Board of Trustees Professor of Materials Science and Engineering, Chemistry, Medicine and Biomedical Engineering at Northwestern. He also has served over the past decade as director of the U.S. Department of Energy-supported Center for Bio-Inspired Energy Science, where this research began. Stupp has appointments in the McCormick School of Engineering, Weinberg College of Arts and Sciences and Northwestern University Feinberg School of Medicine. Yang Yang, a research associate in Stupp's laboratory, is the paper's first author.




Peptides meet plastics for true innovation

The secret behind the new material is peptide amphiphiles, a versatile platform of molecules previously developed in Stupp's laboratory. These self-assembling structures form filaments in water and have already demonstrated promise in regenerative medicine. The molecules contain peptides and a lipid segment, which drives the molecular self-assembly when placed in water.

In the new study, the team replaced the lipid tail with a miniature molecular segment of a plastic called polyvinylidene fluoride (PVDF). But they kept the peptide segment, which contains sequences of amino acids. Commonly used in audio and sonar technologies, PVDF is a plastic with unusual electrical properties. It can generate electrical signals when pressed or squeezed -- a property known as piezoelectricity. It also is a ferroelectric material, which means it has a polar structure that can switch orientation by 180 degrees using an external voltage. The dominant ferroelectrics in technology are hard materials and often include rare or toxic metals, such as lead and niobium.

"PVDF was discovered in the late 1960s and is the first known plastic with ferroelectric properties," Stupp said. "It has all the robustness of plastic while being useful for electrical devices. That makes it a very high-value material for advanced technologies. However, in pure form, its ferroelectric character is not stable, and, if heated above the so-called Curie temperature, it loses its polarity irreversibly."

All plastics, including PVDF, contain polymers, which are giant molecules typically composed of thousands of chemical structural units. In the new study, the Stupp laboratory precisely synthesized miniature polymers with only 3 to 7 vinylidene fluoride units. Interestingly, the miniature segments with 4, 5 or 6 units are programmed by nature's beta-sheet structures, which are present in proteins, to organize into a stable ferroelectric phase.

"It was not a trivial task," Stupp said. "The combination of two unlikely partners -- peptides and plastics -- led to a breakthrough in many respects."

Not only were the new materials equally ferroelectric and piezoelectric as PVDF, but the electroactive forms were stable, with the ability to switch polarity using extremely low external voltages. This opens the door for low-power electronics and sustainable nanoscale devices. The scientists also envision developing new biomedical technologies by attaching bioactive signals to the peptide segments, a strategy already used in Stupp's regenerative medicine research. This offers the unique combination of electrically active materials that are also bioactive.




Just add water

To create the sustainable structures, Stupp's team simply added water to trigger the self-assembly process. After dunking the materials, Stupp was amazed to find that they achieved the highly sought-after ferroelectric properties of PVDF.

In the presence of an external electric field, ferroelectric materials flip their polar orientation -- similar to how a magnet can be flipped from north to south and back again. This property is a key ingredient for devices that store information, an important feature for artificial intelligence technologies. Surprisingly, the investigators found that "mutations" in the peptide sequence could tune properties related to ferroelectricity or even transform the structures into materials that are ideal for actuation or energy storage known as "relaxor phases."

"Peptide sequence mutations in biology are the source of pathologies or biological advantages," Stupp said. "In the new materials, we mutate peptides to tune their properties for the physical world.

"Using nanoscale electrodes, we could potentially expose an astronomical number of self-assembling structures to electric fields. We could flip their polarity with a low voltage , so one serves as a 'one,' and the opposite orientation serves as a 'zero.' This forms binary code for information storage. Adding to their versatility, and in great contrast to common ferroelectrics, the new materials are 'multiaxial' -- meaning they can generate polarity in multiple directions around a circle rather than one or two specific directions."

Record-breaking low power

To flip their polarity, even soft ferroelectric materials like PVDF or other polymers typically require a substantial external electric field. The new structures, however, require incredibly low voltage.

"The energy required to flip their poles is the lowest ever reported for multiaxial soft ferroelectrics," Stupp said. "You can imagine how much energy this will save in increasingly energy-hungry times."

The new materials also have innate environmental benefits. Unlike typical plastics, which linger in the environment for centuries, the Stupp laboratory's materials could be biodegraded or reused without the use of harmful, toxic solvents or high-energy processes.

"We are now considering the use of the new structures in non-conventional applications for ferroelectrics, which include biomedical devices and implants as well as catalytic processes important in renewable energy," Stupp said. "Given the use of peptides in the new materials, they lend themselves to functionalization with biological signals. We are very excited about these new directions."
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Over 160,000 new viruses discovered by AI | ScienceDaily
Artificial intelligence (AI) has been used to reveal details of a diverse and fundamental branch of life living right under our feet and in every corner of the globe.


						
161,979 new species of RNA virus have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterised.

Published in Cell and conducted by an international team of researchers,the study is the largest virus species discovery paper ever published.

"We have been offered a window into an otherwise hidden part of life on earth, revealing remarkable biodiversity," said senior author Professor Edwards Holmes from the School of Medical Sciences in the Faculty of Medicine and Health at the University of Sydney.

"This is the largest number of new virus species discovered in a single study, massively expanding our knowledge of the viruses that live among us," Professor Holmes said. "To find this many new viruses in one fell swoop is mind-blowing, and it just scratches the surface, opening up a world of discovery. There are millions more to be discovered, and we can apply this same approach to identifying bacteria and parasites."

Although RNA viruses are commonly associated with human disease, they are also found in extreme environments around the world and may even play key roles in global ecosystems. In this study they were found living in the atmosphere, hot springs and hydrothermal vents.

"That extreme environments carry so many types of viruses is just another example of their phenomenal diversity and tenacity to live in the harshest settings, potentially giving us clues on how viruses and other elemental life-forms came to be," Professor Holmes said.




HOW THE AI TOOL WORKED 

The researchers built a deep learning algorithm, LucaProt, to compute vast troves of genetic sequence data, including lengthy virus genomes of up to 47,250 nucleotides and genomically complex information to discover more than 160,000 viruses.

"The vast majority of these viruses had been sequenced already and were on public databases, but they were so divergent that no one knew what they were," Professor Holmes said. "They comprised what is often referred to as sequence 'dark matter'. Our AI method was able to organise and categorise all this disparate information, shedding light on the meaning of this dark matter for the first time.

The AI tool was trained to compute the dark matter and identify viruses based on sequences and the secondary structures of the protein that all RNA viruses use for replication.

It was able to significantly fast track virus discovery, which, if using traditional methods, would be time intensive.

Co-author from Sun Yat-sen University, the study's institutional lead, Professor Mang Shi said: "We used to rely on tedious bioinformatics pipelines for virus discovery, which limited the diversity we could explore. Now, we have a much more effective AI-based model that offers exceptional sensitivity and specificity, and at the same time allows us to delve much deeper into viral diversity. We plan to apply this model across various applications."

Co-author Dr Zhao-Rong Li, who researches in the Apsara Lab of Alibaba Cloud Intelligence, said: "LucaProt represents a significant integration of cutting-edge AI technology and virology, demonstrating that AI can effectively accomplish tasks in biological exploration. This integration provides valuable insights and encouragement for further decoding of biological sequences and the deconstruction of biological systems from a new perspective. We will also continue our research in the field of AI for virology."

Professor Holmes said: "The obvious next step is to train our method to find even more of this amazing diversity, and who knows what extra surprises are in store."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241009121318.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A matter of taste: Electronic tongue reveals AI 'inner thoughts' | ScienceDaily
A recently developed electronic tongue is capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. The team, led by researchers at Penn State, also found that results were even more accurate when artificial intelligence (AI) used its own assessment parameters to interpret the data generated by the electronic tongue.


						
The researchers published their results today (Oct. 9) in Nature.

According to the researchers, the electronic tongue can be useful for food safety and production, as well as for medical diagnostics. The sensor and its AI can broadly detect and classify various substances while collectively assessing their respective quality, authenticity and freshness. This assessment has also provided the researchers with a view into how AI makes decisions, which could lead to better AI development and applications, they said.

"We're trying to make an artificial tongue, but the process of how we experience different foods involves more than just the tongue," said corresponding author Saptarshi Das, Ackley Professor of Engineering and professor of engineering science and mechanics. "We have the tongue itself, consisting of taste receptors that interact with food species and send their information to the gustatory cortex -- a biological neural network."

The gustatory cortex is the region of the brain that perceives and interprets various tastes beyond what can be sensed by taste receptors, which primarily categorize foods via the five broad categories of sweet, sour, bitter, salty and savory. As the brain learns the nuances of the tastes, it can better differentiate the subtlety of flavors. To artificially imitate the gustatory cortex, the researchers developed a neural network, which is a machine learning algorithm that mimics the human brain in assessing and understanding data.

"Previously, we investigated how the brain reacts to different tastes and mimicked this process by integrating different 2D materials to develop a kind of blueprint as to how AI can process information more like a human being," said co-author Harikrishnan Ravichandran, a doctoral student in engineering science and mechanics advised by Das. "Now, in this work, we're considering several chemicals to see if the sensors can accurately detect them, and furthermore, whether they can detect minute differences between similar foods and discern instances of food safety concerns."

The tongue comprises a graphene-based ion-sensitive field-effect transistor, or a conductive device that can detect chemical ions, linked to an artificial neural network, trained on various datasets. Critically, Das noted, the sensors are non-functionalized, meaning that one sensor can detect different types of chemicals, rather than having a specific sensor dedicated to each potential chemical. The researchers provided the neural network with 20 specific parameters to assess, all of which are related to how a sample liquid interacts with the sensor's electrical properties. Based on these researcher-specified parameters, the AI could accurately detect samples -- including watered-down milks, different types of sodas, blends of coffee and multiple fruit juices at several levels of freshness -- and report on their content with greater than 80% accuracy in about a minute.




"After achieving a reasonable accuracy with human-selected parameters, we decided to let the neural network define its own figures of merit by providing it with the raw sensor data. We found that the neural network reached a near ideal inference accuracy of more than 95% when utilizing the machine-derived figures of merit rather than the ones provided by humans," said co-author Andrew Pannone, a doctoral student in engineering science and mechanics advised by Das. "So, we used a method called Shapley additive explanations, which allows us to ask the neural network what it was thinking after it makes a decision."

This approach uses game theory, a decision-making process that considers the choices of others to predict the outcome of a single participant, to assign values to the data under consideration. With these explanations, the researchers could reverse engineer an understanding of how the neural network weighed various components of the sample to make a final determination -- giving the team a glimpse into the neural network's decision-making process, which has remained largely opaque in the field of AI, according to the researchers. They found that, instead of simply assessing individual human-assigned parameters, the neural network considered the data it determined were most important together, with the Shapley additive explanations revealing how important the neural network considered each input data.

The researchers explained that this assessment could be compared to two people drinking milk. They can both identify that it is milk, but one person may think it is skim that has gone off while the other thinks it is 2% that is still fresh. The nuances of why are not easily explained even by the individual making the assessment.

"We found that the network looked at more subtle characteristics in the data -- things we, as humans, struggle to define properly," Das said. "And because the neural network considers the sensor characteristics holistically, it mitigates variations that might occur day-to-day. In terms of the milk, the neural network can determine the varying water content of the milk and, in that context, determine if any indicators of degradation are meaningful enough to be considered a food safety issue."

According to Das, the tongue's capabilities are limited only by the data on which it is trained, meaning that while the focus of this study was on food assessment, it could be applied to medical diagnostics, too. And while sensitivity is important no matter where the sensor is applied, their sensors' robustness provides a path forward for broad deployment in different industries, the researchers said.

Das explained that the sensors don't need to be precisely identical because machine learning algorithms can look at all information together and still produce the right answer. This makes for a more practical -- and less expensive -- manufacturing process.

"We figured out that we can live with imperfection," Das said. "And that's what nature is -- it's full of imperfections, but it can still make robust decisions, just like our electronic tongue."

Das is also affiliated with the Materials Research Institute and the Departments of Electrical Engineering and of Materials Science and Engineering. Other contributors from the Penn State Department of Engineering Science and Mechanics include Aditya Raj, a research technologist at the time of the research; Sarbashis Das, a graduate student at the time of research who earned his doctorate in electrical engineering in May; Ziheng Chen, a graduate student in engineering science and mechanics; and Collin A. Price, a graduate student who earned his bachelor of science in engineering science and mechanics in May. Mahmooda Sultana, with the NASA Goddard Space Flight Center, also contributed.

A Space Technology Graduate Research Opportunities grant from NASA supported this work.
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Another step towards decoding smell | ScienceDaily
We often only realize how important our sense of smell is when it is no longer there: food hardly tastes good, or we no longer react to dangers such as the smell of smoke. Researchers at the University Hospital Bonn (UKB), the University of Bonn and the University of Aachen have investigated the neuronal mechanisms of human odor perception for the first time. Individual nerve cells in the brain recognize odors and react specifically to the smell, the image and the written word of an object, for example a banana. The results of this study close a long-standing knowledge gap between animal and human odor research and have now been published in the journal Nature.


						
Imaging techniques such as functional magnetic resonance imaging (fMRI) have previously revealed which regions of the human brain are involved in olfactory perception. However, these methods do not allow the sense of smell to be investigated at the fundamental level of individual nerve cells. "Therefore, our understanding of odor processing at the cellular level is mainly based on animal studies, and it has not been clear to what extent these results can be transferred to humans," says co-corresponding author Prof. Florian Mormann from the Department of Epileptology at the UKB, who is also a member of the Transdisciplinary Research Area (TRA) "Life & Health" at the University of Bonn.

Nerve cells in the brain identify odors

Prof. Mormann's research group has now succeeded for the first time in recording the activity of individual nerve cells during smelling. This was only possible because the researchers worked together with patients from the Clinic for Epileptology at the UKB, one of the largest epilepsy centers in Europe, who had electrodes implanted in their brains for diagnostic purposes. They were presented with both pleasant and unpleasant scents, such as old fish. "We discovered that individual nerve cells in the human brain react to odors. Based on their activity, we were able to precisely predict which scent was being smelled," says first author Marcel Kehl, a doctoral student at the University of Bonn in Prof. Mormann's working group at the UKB. The measurements showed that different brain regions such as the primary olfactory cortex, anatomically known as the piriform cortex, and also certain areas of the medial temporal lobe, specifically the amygdala, the hippocampus and the entorhinal cortex, are involved in specific tasks. While the activity of nerve cells in the olfactory cortex most accurately predicted which scent was smelled, neuronal activity in the hippocampus was able to predict whether scents were correctly identified. Only nerve cells in the amygdala, a region involved in emotional processing, reacted differently depending on whether a scent was perceived as pleasant or unpleasant.

Nerve cells react to the smell, image and name of the banana

In a next step, the researchers investigated the connection between the perception of scents and images. To do this, they presented the participants in the Bonn study with the matching images for each odor, for example the scent and later a photo of a banana, and examined the reaction of the neurons. Surprisingly, nerve cells in the primary olfactory cortex responded not only to scents, but also to images. "This suggests that the task of the human olfactory cortex goes far beyond the pure perception of odors," says co-corresponding author Prof. Marc Spehr from the Institute of Biology II at RWTH Aachen University.

The researchers discovered individual nerve cells that reacted specifically to the smell, the image and the written word of -- for example -- the banana. This discovery indicates that semantic information are processed early on in human olfactory processing. The results not only confirm decades of animal studies, but also show how different brain regions are involved in specific human odor processing functions. "This is an important contribution on the way to decoding the human olfactory code," says Prof. Mormann. "Further research in this area is necessary in order to one day develop olfactory aids that we can use in everyday life as naturally as glasses or hearing aids."

Funding: The study was funded by the German Research Foundation (DFG), the Federal Ministry of Education and Research (BMBF) and the state of North Rhine-Westphalia (NRW) as part of the iBehave project.
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Will AI tools revolutionize public health? Not if they continue following old patterns, researchers argue | ScienceDaily
As tools powered by artificial intelligence increasingly make their way into health care, the latest research from UC Santa Cruz Politics Department doctoral candidate Lucia Vitale takes stock of the current landscape of promises and anxieties.


						
Proponents of AI envision the technology helping to manage health care supply chains, monitor disease outbreaks, make diagnoses, interpret medical images, and even reduce equity gaps in access to care by compensating for healthcare worker shortages. But others are sounding the alarm about issues like privacy rights, racial and gender biases in models, lack of transparency in AI decision-making processes that could lead to patient care mistakes, and even the potential for insurance companies to use AI to discriminate against people with poor health.

Which types of impacts these tools ultimately have will depend upon the manner in which they are developed and deployed. In a paper for the journal Social Science & Medicine, Vitale and her coauthor, University of British Columbia doctoral candidate Leah Shipton, conducted an extensive literature analysis of AI's current trajectory in health care. They argue that AI is positioned to become the latest in a long line of technological advances that ultimately have limited impact because they engage in a "politics of avoidance" that diverts attention away from, or even worsens, more fundamental structural problems in global public health.

For example, like many technological interventions of the past, most AI being developed for health focuses on treating disease, while ignoring the underlying determinants of health. Vitale and Shipton fear that the hype over unproven AI tools could distract from the urgent need to implement low-tech but evidence-based holistic interventions, like community health workers and harm reduction programs.

"We have seen this pattern before," Vitale said. "We keep investing in these tech silver bullets that fail to actually change public health because they're not dealing with the deeply rooted political and social determinants of health, which can range from things like health policy priorities to access to healthy foods and a safe place to live."

AI is also likely to continue or exacerbate patterns of harm and exploitation that have historically been common in the biopharmaceutical industry. One example discussed in the paper is that the ownership of and profit from AI is currently concentrated in high-income countries, while low- to middle-income countries with weak regulations may be targeted for data extraction or experimentation with the deployment of potentially risky new technologies.

The paper also predicts that lax regulatory approaches to AI will continue the prioritization of intellectual property rights and industry incentives over equitable and affordable public access to new treatments and tools. And since corporate profit motives will continue to drive product development, AI companies are also likely to follow the health technology sector's long-term trend of overlooking the needs of the world's poorest people when deciding which issues to target for investment in research and development.




However, Vitale and Shipton did identify a bright spot. AI could potentially break the mold and create a deeper impact by focusing on improving the health care system itself. AI could be used to allocate resources more efficiently across hospitals and for more effective patient triage. Diagnostic tools could improve the efficiency and expand the capabilities of general practitioners in small rural hospitals without specialists. AI could even provide some basic yet essential health services to fill labor and specialization gaps, like providing prenatal check-ups in areas with growing maternity care deserts.

All of these applications could potentially result in more equitable access to care. But that result is far from guaranteed. Depending on how and where these technologies are deployed, they could either successfully backfill gaps in care where there are genuine health worker shortages or lead to unemployment or precarious gig work for existing health care workers. And unless the underlying causes of health care worker shortages are addressed -- including burnout and "brain drain" to high-income countries -- AI tools could end up providing diagnosis or outbreak detection that is ultimately not useful because communities still lack the capacity to respond.

To maximize benefits and minimize harms, Vitale and Shipton argue that regulation must be put in place before AI expands further into the health sector. The right safeguards could help to divert AI from following harmful patterns of the past and instead chart a new path that ensures future projects will align with the public interest.

"With AI, we have an opportunity to correct our way of governing new technologies," Shipton said. "But we need a clear agenda and framework for the ethical governance of AI health technologies through the World Health Organization, major public-private partnerships that fund and deliver health interventions, and countries like the United States, India, and China that host tech companies. Getting that implemented is going to require continued civil society advocacy."
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Atomic-level mechanism in polycrystalline materials | ScienceDaily
Researchers at the University of California, Irvine and other international institutions have for the first time achieved atomic-scale observations of grain rotation in polycrystalline materials. Widely used in electronic devices, aerospace technologies, automotive applications and solar energy systems, these substances have long been studied for their unique properties and structural dynamics.


						
Using state-of-the-art microscopy tools housed in the UC Irvine Materials Research Institute, scientists were able to heat samples of platinum nanocrystalline thin films and observe the mechanism driving grain rotation in unprecedented detail. Their findings are the subject of a paper published recently in Science.

The study employed advanced techniques such as four-dimensional scanning transmission electron microscopy and high-angle annular dark-field STEM. To address the challenge of interpreting the large 4D-STEM datasets, the authors developed a novel machine learning-based algorithm to extract critical information from the data. These powerful imaging and analysis tools provided direct, real-time views of the atomic processes involved, specifically highlighting the role of disconnections at grain boundaries.

"Scientists have speculated and theorized on phenomena occurring at the boundaries of crystalline grains for decades, but now -- through the use of the most advanced instruments available to the scientific community -- we have been able to transition from theory to observation," said lead author Xiaoqing Pan, UC Irvine Distinguished Professor of materials science and engineering and UC IMRI director.

Grain boundaries, the interfaces between individual crystal grains in polycrystalline materials, are known to harbor imperfections that can impact conductivity and efficiency. The researchers discovered that grain rotation in these substances occurs through the propagation of disconnections -- line defects with both step and dislocation characteristics -- along the grain boundaries. This insight significantly advances understanding of the microstructural evolution in nanocrystalline materials.

With the machine learning-assisted data analysis, the study also revealed for the first time a statistical correlation between grain rotation and grain growth or shrinkage. This relationship arises from shear-coupled grain boundary migration driven by disconnection motion, as confirmed by STEM observations and supported by atomistic simulations. This finding is pivotal as it not only illuminates the fundamental mechanisms of grain rotation but also offers insights into the dynamics of nanocrystalline materials.

"Our results provide unequivocal, quantitative and predictive evidence of the mechanism by which grains rotate in polycrystals on an atomic scale," said Pan, who is also a professor in UC Irvine's Department of Physics & Astronomy, a Henry Samueli Endowed Chair in Engineering, and director of the UC Irvine Center for Complex and Active Materials. "Understanding how disconnections control grain rotation and grain boundary migration processes can lead to new strategies for optimizing the microstructures of these materials. This knowledge is invaluable for advancing technologies in various industries, including electronics, aerospace and automotive sectors."

The research offers fresh prospects for improving the performance and reliability of polycrystalline materials, making them more efficient and durable for a wide range of applications.

Pan's collaborators on this project were Yutong Bi, Ying Han, Yuan Tian and Mingjie Xu of UC Irvine; Xiaoguo Gong and David Srolovitz of the University of Hong Kong; Leonardo Velasco Estrada of Colombia National University; Evgeniy Boltynjuk of Germany's Karlsruhe Institute of Technology; Horst Hahn of the University of Oklahoma; and Caihao Qiu and Jian Han of City University of Hong Kong. The research was supported by the National Science Foundation's Materials Research Science and Engineering Centers program, the U.S. Army Research Office and the Hong Kong Research Grants Council.
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Team engineers new enzyme to produce synthetic genetic material | ScienceDaily
A research team led by the University of California, Irvine has engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.


						
A paper recently published in Nature Catalysis describes how the team created an enzyme called 10-92 that achieves faithful and fast TNA synthesis, overcoming key challenges in previous enzyme design strategies. Inching ever closer to the capability of natural DNA synthesis, the 10-92 TNA polymerase facilitates the development of future TNA drugs.

DNA polymerases are enzymes that replicate organisms' genomes by accurately and efficiently copying DNA. They play vital roles in biotechnology and healthcare, as seen in the fight against COVID-19, in which they were crucial to pathogen detection and eventual treatment using the mRNA vaccine.

"This achievement represents a major milestone in the evolution of synthetic biology and opens up exciting possibilities for new therapeutic applications by significantly narrowing the performance gap between natural and artificial enzyme systems," said corresponding author John Chaput, UC Irvine professor of pharmaceutical sciences. "Unlike DNA, TNA's biostability allows it to be used in a much broader range of treatments, and the new 10-92 TNA polymerase will enable us to reach that goal."

The team produced the 10-92 TNA polymerase using a technique called homologous recombination, which rearranges polymerase fragments from related species of archaebacteria. Through repeated cycles of evolution, the researchers identified polymerase variants with increasing activity, ultimately resulting in a variant that's within the range of natural enzymes.

"Drugs of the future could look very different than those we use today," Chaput said. "TNA's resilience to enzymatic and chemical degradation positions it as the ideal candidate for developing new treatments such as therapeutic aptamers, a promising drug class that binds to target molecules with high specificity. Engineering enzymes that facilitate the discovery of new approaches could address the limitations of antibodies, such as improved tissue penetration, and potentially have an even greater positive impact on human health."

Other UC Irvine team members were graduate students Victoria A. Maola, Eric J. Yik and Mohammad Hajjar; project scientist Nicholas Chim; and undergraduates Joy J. Lee, Kalvin K. Nguyen, Jenny V. Medina, Riley N. Quijano, Manuel J. Holguin and Katherine L. Ho -- all from the Department of Pharmaceutical Sciences.

This work was supported by a grant from the National Science Foundation, under award MCB1946312. John Chaput, Victoria Maola and Eric Yik and the University of California, Irvine have filed a patent application (PCT/US24/1159) on the composition and activity of the 10-92 TNA polymerase. The other authors declared no competing interests.
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Holographic 3D printing has the potential to revolutionize multiple industries | ScienceDaily
Researchers at Concordia have developed a novel method of 3D printing that uses acoustic holograms. And they say it's quicker than existing methods and capable of making more complex objects.


						
The process, called holographic direct sound printing (HDSP), is described in a recent article in the journal Nature Communications. It builds on a method introduced in 2022 that described how sonochemical reactions in microscopic cavitations regions -- tiny bubbles -- create extremely high temperatures and pressure for trillionths of a second to harden resin into complex patterns.

Now, by embedding the technique in acoustic holograms that contain cross-sectional images of a particular design, polymerization occurs much more quickly. It can create objects simultaneously rather than voxel-by-voxel.

In order to retain the fidelity of the desired image, the hologram remains stationary within the printing material. The printing platform is attached to a robotic arm, which moves it based on a pre-programmed algorithm-designed pattern that will form the completed object.

Muthukumaran Packirisamy, a professor in the Department of Mechanical, Industrial and Aerospace Engineering, led the project. He believes this can improve printing speed by up to 20 times while at the same time using less energy.

"We can also change the image while the operation is under way," he says. "We can change shapes, combine multiple motions and alter materials being printed. We can make a complicated structure by controlling the feed rate if we optimize the parameters to get the required structures."

A technological leap

According to the researchers, the precise control of acoustic holograms allows it to store information of multiple images in a single hologram. This means multiple objects can be printed at the same time at different locations within the same printing space.




As a result, acoustic holography will be a launching pad for innovation across any number of fields: it can be used to create complex tissue structures, localized drug and cell delivery systems and advanced tissue engineering. Real-world applications include the creation of new forms of skin grafts that can enhance healing and improved drug delivery for therapies that require specific therapeutic agents at specific sites.

He adds that, as soundwaves can penetrate opaque surfaces, HSDP can be used to print inside a body or behind solid material. This can be helpful in repairing damaged organs or delicate parts located deep within an airplane.

The researchers believe that HDSP has the potential to be a paradigm-shifting technology. He compares it to the advancement light-based 3D printing technology saw with the evolution from stereolithography, in which a laser is used to harden a single point of resin into a solid object, to digital light processing, which cures entire layers of resin simultaneously.

"You can imagine the possibilities," he says. "We can print behind opaque objects, behind a wall, inside a tube or inside the body. The technique that we already use and the devices that we use have already been approved for medical applications."
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Solar-powered desalination system requires no extra batteries | ScienceDaily
MIT engineers have built a new desalination system that runs with the rhythms of the sun.


						
The solar-powered system removes salt from water at a pace that closely follows changes in solar energy. As sunlight increases through the day, the system ramps up its desalting process and automatically adjusts to any sudden variation in sunlight, for example by dialing down in response to a passing cloud or revving up as the skies clear.

Because the system can quickly react to subtle changes in sunlight, it maximizes the utility of solar energy, producing large quantities of clean water despite variations in sunlight throughout the day. In contrast to other solar-driven desalination designs, the MIT system requires no extra batteries for energy storage, nor a supplemental power supply, such as from the grid.

The engineers tested a community-scale prototype on groundwater wells in New Mexico over six months, working in variable weather conditions and water types. The system harnessed on average over 94 percent of the electrical energy generated from the system's solar panels to produce up to 5,000 liters of water per day despite large swings in weather and available sunlight.

"Conventional desalination technologies require steady power and need battery storage to smooth out a variable power source like solar. By continually varying power consumption in sync with the sun, our technology directly and efficiently uses solar power to make water," says Amos Winter, the Germeshausen Professor of Mechanical Engineering and director of the K. Lisa Yang Global Engineering and Research (GEAR) Center at MIT. "Being able to make drinking water with renewables, without requiring battery storage, is a massive grand challenge. And we've done it."

The system is geared toward desalinating brackish groundwater -- a salty source of water that is found in underground reservoirs and is more prevalent than fresh groundwater resources. The researchers see brackish groundwater as a huge untapped source of potential drinking water, particularly as reserves of fresh water are stressed in parts of the world. They envision that the new renewable, battery-free system could provide much-needed drinking water at low costs, especially for inland communities where access to seawater and grid power are limited.

"The majority of the population actually lives far enough from the coast, that seawater desalination could never reach them. They consequently rely heavily on groundwater, especially in remote, low-income regions. And unfortunately, this groundwater is becoming more and more saline due to climate change," says Jonathan Bessette, MIT PhD student in mechanical engineering. "This technology could bring sustainable, affordable clean water to underreached places around the world."

The researchers report details the new system in a paper appearing today in Nature Water. The study's co-authors are Bessette, Winter, and staff engineer Shane Pratt.




Pump and flow

The new system builds on a previous design, which Winter and his colleagues, including former MIT postdoc Wei He, reported earlier this year. That system aimed to desalinate water through "flexible batch electrodialysis."

Electrodialysis and reverse osmosis are two of the main methods used to desalinate brackish groundwater. With reverse osmosis, pressure is used to pump salty water through a membrane and filter out salts. Electrodialysis uses an electric field to draw out salt ions as water is pumped through a stack of ion-exchange membranes.

Scientists have looked to power both methods with renewable sources. But this has been especially challenging for reverse osmosis systems, which traditionally run at a steady power level that's incompatible with naturally variable energy sources such as the sun.

Winter, He, and their colleagues focused on electrodialysis, seeking ways to make a more flexible, "time-variant" system that would be responsive to variations in renewable, solar power.

In their previous design, the team built an electrodialysis system consisting of water pumps, an ion-exchange membrane stack, and a solar panel array. The innovation in this system was a model-based control system that used sensor readings from every part of the system to predict the optimal rate at which to pump water through the stack and the voltage that should be applied to the stack to maximize the amount of salt drawn out of the water.




When the team tested this system in the field, it was able to vary its water production with the sun's natural variations. On average, the system directly used 77 percent of the available electrical energy produced by the solar panels, which the team estimated was 91 percent more than traditionally designed solar-powered electrodialysis systems.

Still, the researchers felt they could do better.

"We could only calculate every three minutes, and in that time, a cloud could literally come by and block the sun," Winter says. "The system could be saying, 'I need to run at this high power.' But some of that power has suddenly dropped because there's now less sunlight. So, we had to make up that power with extra batteries."

Solar commands

In their latest work, the researchers looked to eliminate the need for batteries, by shaving the system's response time to a fraction of a second. The new system is able to update its desalination rate, three to five times per second. The faster response time enables the system to adjust to changes in sunlight throughout the day, without having to make up any lag in power with additional power supplies.

The key to the nimbler desalting is a simpler control strategy, devised by Bessette and Pratt. The new strategy is one of "flow-commanded current control," in which the system first senses the amount of solar power that is being produced by the system's solar panels. If the panels are generating more power than the system is using, the controller automatically "commands" the system to dial up its pumping, pushing more water through the electrodialysis stacks. Simultaneously, the system diverts some of the additional solar power by increasing the electrical current delivered to the stack, to drive more salt out of the faster-flowing water.

"Let's say the sun is rising every few seconds," Winter explains. "So, three times a second, we're looking at the solar panels and saying, 'Oh, we have more power -- let's bump up our flow rate and current a little bit.' When we look again and see there's still more excess power, we'll up it again. As we do that, we're able to closely match our consumed power with available solar power really accurately, throughout the day. And the quicker we loop this, the less battery buffering we need."

The engineers incorporated the new control strategy into a fully automated system that they sized to desalinate brackish groundwater at a daily volume that would be enough to supply a small community of about 3,000 people. They operated the system for six months on several wells at the Brackish Groundwater National Research Facility in Alamogordo, New Mexico. Throughout the trial, the prototype operated under a wide range of solar conditions, harnessing over 94 percent of the solar panel's electrical energy, on average, to directly power desalination.

"Compared to how you would traditionally design a solar desal system, we cut our required battery capacity by almost 100 percent," Winter says.

The engineers plan to further test and scale up the system in hopes of supplying larger communities, and even whole municipalities, with low-cost, fully sun-driven drinking water.

"While this is a major step forward, we're still working diligently to continue developing lower cost, more sustainable desalination methods," Bessette says.

"Our focus now is on testing, maximizing reliability, and building out a product line that can provide desalinated water using renewables to multiple markets around the world," Pratt adds.

The team will be launching a company based on their technology in the coming months.

This research was supported in part by the National Science Foundation, the Julia Burke Foundation, and the MIT Morningside Academy of Design. This work was additionally supported in-kind by Veolia Water Technologies and Solutions and Xylem Goulds.
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Climate report warns of escalating crisis, urges immediate action as UN summit nears | ScienceDaily
An international coalition led by Oregon State University scientists concludes in its annual report published today that the Earth's worsening vital signs indicate a "critical and unpredictable new phase of the climate crisis" and that "decisive action is needed, and fast."


						
The collaboration directed by OSU's William Ripple and former postdoctoral researcher Christopher Wolf outlines areas where policy change is needed -- energy, pollutants, nature, food and economy -- in "The 2024 State of the Climate Report: Perilous Times on Planet Earth," published in BioScience.

"A large portion of the very fabric of life on our planet is imperiled," said Ripple, a distinguished professor in the Oregon State University College of Forestry. "We're already in the midst of abrupt climate upheaval, which jeopardizes the life on Earth like nothing humans have ever seen. Ecological overshoot, taking more than the Earth can safely give, has pushed the planet into climatic conditions more threatening than anything witnessed even by our prehistoric relatives."

Of the 35 planetary vital signs the scientists use to track climate change annually, 25 are at record extremes, he notes.

The three hottest days ever came in July 2024, and fossil fuel emissions are at an all-time high, as are human population and ruminant livestock population, the climate report shows.

Human population is increasing at the rate of approximately 200,000 people per day, and the number of ruminant livestock -- hoofed mammals such as cattle, sheep and goats that produce greenhouse gases and are energy intensive to raise -- rises by roughly 170,000 each day.

The annual consumption of fossil fuels climbed by 1.5% in 2023, mainly because of big jumps in coal (1.6%) and oil use (2.5%), the report indicates.




Renewable energy use also increased in 2023 -- solar and wind consumption together were up 15% over 2022. But the use of renewables is just one-fourteenth of fossil fuel use, and the recent rise in the use of renewables is attributable mainly to increased demand rather than because they are replacing fossil fuels.

The report shows that annual tree cover loss globally rose from 22.8 million hectares in 2022 to 28.3 million in 2023, and based on global year-to-date averages, the concentrations of atmospheric carbon dioxide and methane are at all-time highs.

"The growth rate of methane emissions has been accelerating, which is extremely troubling," said Wolf, now a scientist with Corvallis-based Terrestrial Ecosystems Research Associates, known as TERA. "Nitrous oxide, which is potent and long-lived, is also at a record high."

Other points of concern from the report, Wolf notes, are:
    	The Earth's average surface temperature is at an all-time high.
    	Ocean acidity and heat content, as well as average global sea level, are at record extremes.
    	Greenland ice mass, Antarctica ice mass and average glacier thickness are at all-time lows.
    	Twenty-eight amplifying feedback loops -- those that exacerbate climate change, such as permafrost thawing -- have been identified.
    	In 2023, there were an estimated 2,325 heat-related deaths in the United States, a 117% increase from 1999.

"Since the publication of our 2023 report, multiple climate-related disasters have taken place, including a series of heat waves across Asia that killed more than a thousand people and led to temperatures reaching 122 degrees Fahrenheit in parts of India," Ripple said. "Climate change has already displaced millions of people, with the potential to displace hundreds of millions or even billions. That would likely lead to greater geopolitical instability, possibly even partial societal collapse."

The scientists say their goal is "to provide clear, evidence-based insights that inspire informed and bold responses from citizens to researchers and world leaders." Specifically, they recommend the rapid adoption of policies that:
    	Implement a global carbon price that could limit emissions by the wealthy while potentially providing funding for further climate action.
    	Enhance energy efficiency and conservation while replacing fossil fuels with low-carbon renewables.
    	Curb emissions of greenhouse gases, including those categorized as short-term pollutants such as methane.
    	Protect and restore biodiverse ecosystems, which play key roles in carbon cycling and storage.
    	Encourage a shift toward eating habits that emphasize plant-based foods.
    	Promote sustainable ecological economics and greatly reduce overconsumption and waste by the wealthy.
    	Integrate climate change education into global curriculums to boost awareness, literacy and action.

"Despite six reports from the International Panel on Climate Change, hundreds of other reports, tens of thousands of scientific papers and 28 annual meetings of the UN's Conference of the Parties, the world has made very little headway on climate change," Wolf said. "Humanity's future depends on creativity, moral fiber and perseverance. If future generations are to inherit the world they deserve, decisive action is needed, and fast."




This year's meeting -- officially the UN Framework Convention on Climate Change -- will be held Nov. 11-22 in Baku, Azerbaijan, and "it's imperative that huge progress is made," Ripple said.

Collaborating with Ripple, Wolf, OSU's Beverly Law and TERA's Jillian W. Gregg on the climate report were Naomi Oreskes of Harvard University, Michael E. Mann of the University of Pennsylvania, Thomas M. Newsome of the University of Sydney, Chi Xu of Nanjing University, Jens-Christian Svenning of Aarhus University, Timothy M. Lenton of the University of Exeter, Cassio Cardoso Pereira of Universidade Federal de Minas Gerais, Stefan Rahmstorf and Johan Rockstrom of the Potsdam Institute for Climate Impact Research, and Thomas W. Crowther of the Swiss Federal Institute of Technology.

The CO2 Foundation and Roger Worthington, an attorney and the owner of Worthy Brewing in Bend, Oregon, provided funding for this research.
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New insights into how Mars became uninhabitable | ScienceDaily
NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.


						
Although the surface of Mars is frigid and hostile to life today, NASA's robotic explorers at Mars are searching for clues as to whether it could have supported life in the distant past. Researchers used instruments on board Curiosity to measure the isotopic composition of carbon-rich minerals (carbonates) found in Gale crater and discovered new insights into how the Red Planet's ancient climate transformed.

"The isotope values of these carbonates point toward extreme amounts of evaporation, suggesting that these carbonates likely formed in a climate that could only support transient liquid water," said David Burtt of NASA's Goddard Space Flight Center in Greenbelt, Maryland, and lead author of a paper describing this research published October 7 in the Proceedings of the National Academy of Sciences. "Our samples are not consistent with an ancient environment with life (biosphere) on the surface of Mars, although this does not rule out the possibility of an underground biosphere or a surface biosphere that began and ended before these carbonates formed."

Isotopes are versions of an element with different masses. As water evaporated, light versions of carbon and oxygen were more likely to escape into the atmosphere, while the heavy versions were left behind more often, accumulating into higher abundances and, in this case, eventually being incorporated into the carbonate rocks. Scientists are interested in carbonates because of their proven ability to act as climate records. These minerals can retain signatures of the environments in which they formed, including the temperature and acidity of the water, and the composition of the water and the atmosphere.

The paper proposes two formation mechanisms for carbonates found at Gale. In the first scenario, carbonates are formed through a series of wet-dry cycles within Gale crater. In the second, carbonates are formed in very salty water under cold, ice-forming (cryogenic) conditions in Gale crater.

"These formation mechanisms represent two different climate regimes that may present different habitability scenarios," said Jennifer Stern of NASA Goddard, a co-author of the paper. "Wet-dry cycling would indicate alternation between more-habitable and less-habitable environments, while cryogenic temperatures in the mid-latitudes of Mars would indicate a less-habitable environment where most water is locked up in ice and not available for chemistry or biology, and what is there is extremely salty and unpleasant for life."

These climate scenarios for ancient Mars have been proposed before, based on the presence of certain minerals, global-scale modeling, and the identification of rock formations. This result is the first to add isotopic evidence from rock samples in support of the scenarios.




The heavy isotope values in the Martian carbonates are significantly higher than what's seen on Earth for carbonate minerals and are the heaviest carbon and oxygen isotope values recorded for any Mars materials. In fact, according to the team, both the wet-dry and the cold-salty climates are required to form carbonates that are so enriched in heavy carbon and oxygen.

"The fact that these carbon and oxygen isotope values are higher than anything else measured on Earth or Mars points towards a process (or processes) being taken to an extreme," said Burtt. "While evaporation can cause significant oxygen isotope changes on Earth, the changes measured in this study were two to three times larger. This means two things: 1) there was an extreme degree of evaporation driving these isotope values to be so heavy, and 2) these heavier values were preserved so any processes that would create lighter isotope values must have been significantly smaller in magnitude."

This discovery was made using the Sample Analysis at Mars (SAM) and Tunable Laser Spectrometer (TLS) instruments aboard the Curiosity rover. SAM heats samples up to nearly 1,652 degrees Fahrenheit (almost 900degC) and then the TLS is used to analyze the gases that are produced during that heating phase.

Funding for this work came from NASA's Mars Exploration Program through the Mars Science Laboratory project. Curiosity was built by NASA's Jet Propulsion Laboratory (JPL), which is managed by Caltech in Pasadena, California. JPL leads the mission on behalf of NASA's Science Mission Directorate in Washington. NASA Goddard built the SAM instrument, which is a miniaturized scientific laboratory that includes three different instruments for analyzing chemistry, including the TLS, plus mechanisms for handling and processing samples.
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Antarctic 'greening' at dramatic rate | ScienceDaily
Vegetation cover across the Antarctic Peninsula has increased more than tenfold over the last four decades, new research shows.


						
The Antarctic Peninsula, like many polar regions, is warming faster than the global average, with extreme heat events in Antarctica becoming more common.

The new study -- by the universities of Exeter and Hertfordshire, and the British Antarctic Survey -- used satellite data to assess how much the Antarctic Peninsula has been "greening" in response to climate change.

It found that the area of vegetation cover across the Peninsula increased from less than one square kilometre in 1986 to almost 12 square kilometres by 2021.

Published in the journal Nature Geoscience, the study also found this greening trend accelerated by over 30% in recent years (2016-2021) relative to the full study period (1986-2021) -- expanding by over 400,000 square metres per year in this period.

In a previous study, which examined core samples taken from moss-dominated ecosystems on the Antarctic Peninsula, the team found evidence that rates of plant growth had increased dramatically in recent decades.

This new study uses satellite imagery to confirm that a widespread greening trend, across the Antarctic Peninsula, is under way and accelerating.




"The plants we find on the Antarctic Peninsula -- mostly mosses -- grow in perhaps the harshest conditions on Earth," said Dr Thomas Roland, from the University of Exeter.

"The landscape is still almost entirely dominated by snow, ice and rock, with only a tiny fraction colonised by plant life.

"But that tiny fraction has grown dramatically -- showing that even this vast and isolated 'wilderness' is being affected by anthropogenic climate change."

Dr Olly Bartlett, from the University of Hertfordshire, added: "As these ecosystems become more established -- and the climate continues to warm -- it's likely that the extent of greening will increase.

"Soil in Antarctica is mostly poor or non-existent, but this increase in plant life will add organic matter, and facilitate soil formation -- potentially paving the way for other plants to grow.

"This raises the risk of non-native and invasive species arriving, possibly carried by eco-tourists, scientists or other visitors to the continent."

The researchers emphasise the urgent need for further research to establish the specific climate and environmental mechanisms that are driving the "greening" trend.




"The sensitivity of the Antarctic Peninsula's vegetation to climate change is now clear and, under future anthropogenic warming, we could see fundamental changes to the biology and landscape of this iconic and vulnerable region," said Dr Roland.

He added: "Our findings raise serious concerns about the environmental future of the Antarctic Peninsula, and of the continent as a whole. In order to protect Antarctica, we must understand these changes and identify precisely what is causing them."

The researchers are now investigating how recently deglaciated (ice-free) landscapes are colonised by plants, and how the process might proceed into the future.
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Winds of change: James Webb Space Telescope reveals elusive details in young star systems | ScienceDaily
Every second, more than 3,000 stars are born in the visible universe. Many are surrounded by what astronomers call a protoplanetary disk -- a swirling "pancake" of hot gas and dust from which planets form. The exact processes that give rise to stars and planetary systems, however, are still poorly understood.


						
A team of astronomers led by University of Arizona researchers has used NASA's James Webb Space Telescope to obtain some of the most detailed insights into the forces that shape protoplanetary disks. The observations offer glimpses into what our solar system may have looked like 4.6 billion years ago.

Specifically, the team was able to trace so-called disk winds in unprecedented detail. These winds are streams of gas blowing from the planet-forming disk out into space. Powered largely by magnetic fields, these winds can travel tens of miles in just one second. The researchers' findings, published in Nature Astronomy, help astronomers better understand how young planetary systems form and evolve.

According to the paper's lead author, Ilaria Pascucci, a professor at the U of A's Lunar and Planetary Laboratory, one of the most important processes at work in a protoplanetary disk is the star eating matter from its surrounding disk, which is known as accretion.

"How a star accretes mass has a big influence on how the surrounding disk evolves over time, including the way planets form later on," Pascucci said. "The specific ways in which this happens have not been understood, but we think that winds driven by magnetic fields across most of the disk surface could play a very important role."

Young stars grow by pulling in gas from the disk that's swirling around them, but in order for that to happen, gas must first shed some of its inertia. Otherwise, the gas would consistently orbit the star and never fall onto it. Astrophysicists call this process "losing angular momentum," but how exactly that happens has proved elusive.

To better understand how angular momentum works in a protoplanetary disk, it helps to picture a figure skater on the ice: Tucking her arms alongside her body will make her spin faster, while stretching them out will slow down her rotation. Because her mass doesn't change, the angular momentum remains the same.




For accretion to occur, gas across the disk has to shed angular momentum, but astrophysicists have a hard time agreeing on how exactly this happens. In recent years, disk winds have emerged as important players funneling away some gas from the disk surface -- and with it, angular momentum -- which allows the leftover gas to move inward and ultimately fall onto the star.

Because there are other processes at work that shape protoplanetary disks, it is critical to be able to distinguish between the different phenomena, according to the paper's second author, Tracy Beck at NASA's Space Telescope Science Institute.

While material at the inner edge of the disk is pushed out by the star's magnetic field in what is known as X-wind, the outer parts of the disk are eroded by intense starlight, resulting in so-called thermal winds, which blow at much slower velocities.

"To distinguish between the magnetic field-driven wind, the thermal wind and X-wind, we really needed the high sensitivity and resolution of JWST (the James Webb Space Telescope)," Beck said.

Unlike the narrowly focused X-wind, the winds observed in the present study originate from a broader region that would include the inner, rocky planets of our solar system -- roughly between Earth and Mars. These winds also extend farther above the disk than thermal winds, reaching distances hundreds of times the distance between Earth and the sun.

"Our observations strongly suggest that we have obtained the first images of the winds that can remove angular momentum and solve the longstanding problem of how stars and planetary systems form," Pascucci said.




For their study, the researchers selected four protoplanetary disk systems, all of which appear edge-on when viewed from Earth.

"Their orientation allowed the dust and gas in the disk to act as a mask, blocking some of the bright central star's light, which otherwise would have overwhelmed the winds," said Naman Bajaj, a graduate student at the Lunar and Planetary Laboratory who contributed to the study.

By tuning JWST's detectors to distinct molecules in certain states of transition, the team was able to trace various layers of the winds. The observations revealed an intricate, three-dimensional structure of a central jet, nested inside a cone-shaped envelope of winds originating at progressively larger disk distances, similar to the layered structure of an onion. An important new finding, according to the researchers, was the consistent detection of a pronounced central hole inside the cones, formed by molecular winds in each of the four disks.

Next, Pascucci's team hopes to expand these observations to more protoplanetary disks, to get a better sense of how common the observed disk wind structures are in the universe and how they evolve over time.

"We believe they could be common, but with four objects, it's a bit difficult to say," Pascucci said. "We want to get a larger sample with James Webb, and then also see if we can detect changes in these winds as stars assemble and planets form."
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Scientists discover a secret to regulating our body clock, offering new approach to end jet lag | ScienceDaily
Scientists from Duke-NUS Medical School and the University of California, Santa Cruz, have discovered the secret to regulating our internal clock. They identified that this regulator sits right at the tail end of Casein Kinase 1 delta (CK1d), a protein which acts as a pace setter for our internal biological clock or the natural 24-hour cycles that control sleep-wake patterns and other daily functions, known as circadian rhythm.


						
Published in the journal PNAS, their findings could pave the way for new approaches to treating disorders related to our body clock.

CK1d regulates circadian rhythms by tagging other proteins involved in our biological clock to fine-tune the timing of these rhythms. In addition to modifying other proteins, CK1d itself can be tagged, thereby altering its own ability to regulate the proteins involved in running the body's internal clock.

Previous research identified two distinct versions of CK1d, known as isoforms d1 and d2, which vary by just 16 building blocks or amino acids right at the end of the protein in a part called the C-terminal tail. Yet these small differences significantly impact CK1d's function. While it was known that when these proteins are tagged, their ability to regulate the body clock decreases, no one knew exactly how this happened.

Using advanced spectroscopy and spectrometry techniques to zoom in on the tails, the researchers found that how the proteins are tagged is determined by their distinct tail sequences.

Howard Hughes Medical Institute Investigator Professor Carrie Partch from the Department of Chemistry & Biochemistry at the University of California, Santa Cruzand corresponding author of the study explained:

"Our findings pinpoint to three specific sites on CK1d's tail where phosphate groups can attach, and these sites are crucial for controlling the protein's activity. When these spots get tagged with a phosphate group, CK1d becomes less active, which means it doesn't influence our circadian rhythms as effectively. Using high-resolution analysis, we were able to pinpoint the exact sites involved -- and that's really exciting."

Having first studied this protein more than 30 years ago while investigating its role in cell division, Professor David Virshup, the director of the Cancer and Stem Cell Biology Programme at Duke-NUS and co-corresponding author of the study, elaborated:




"With the technology we have available now, we were finally able to get to the bottom of a question that has gone unanswered for more than 25 years. We found that the d1 tail interacts more extensively with the main part of the protein, leading to greater self-inhibition compared to d2. This means that d1 is more tightly regulated by its tail than d2. When these sites are mutated or removed, d1 becomes more active, which leads to changes in circadian rhythms. In contrast, d2 does not have the same regulatory effect from its tail region."

This discovery highlights how a small part of CK1d can greatly influence its overall activity. This self-regulation is vital for keeping CK1d activity balanced, which, in turn, helps regulate our circadian rhythms.

The study also addressed the wider implications of these findings. CK1d plays a role in several important processes beyond circadian rhythms, including cell division, cancer development, and certain neurodegenerative diseases. By better understanding how CK1d's activity is regulated, scientists could open new avenues for treating not just circadian rhythm disorders but also a range of conditions.

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

"Regulating our internal clock goes beyond curing jet lag -- it's about improving sleep-quality, metabolism and overall health. This important discovery could potentially open new doors for treatments that could transform how we manage these essential aspects of our daily lives."

The researchers plan to further investigate how real-world factors, such as diet and environmental changes, affect the tagging sites on CK1d. This could provide insights into how these factors affect circadian rhythms and might lead to practical solutions for managing disruptions.

Duke-NUS is a global leader in medical education and biomedical research, driving breakthroughs that transcend scientific exploration for the benefit of our communities. By merging scientific research with translational methods, the School deepens our understanding of prevalent diseases and develop innovative new treatment approaches.
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Autobiographical memory in the digital age: Our lives in the mirror of our data | ScienceDaily
Just a hundred years ago, most people had -- at most -- a few photos of themselves and their family. What a difference to today, when we can easily capture every important and unimportant moment -- from our child's first step to a visit to a restaurant with friends to a holiday photo on the beach. And of course, the documentation of our lives doesn't end there. Just think of the countless emails and WhatsApp messages we write every day, the experiences we share with others via social media or the data we record on our smartwatches.


						
"One can have very different intuitions about how this increased density of recorded life episodes should be evaluated," explains Dr Fabian Hutmacher, a researcher at the Chair of Psychology of Communication and New Media at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany. "Some people hope, for example, that we will be able to compensate the weaknesses and to reduce the distortions of human memory in this way. Others are concerned that it will rather create new potential for surveillance and undermining our privacy."

As it is so often the case, things are not simply black and white, but require a closer look, says Hutmacher. Together with JMU Professor Markus Appel and Professor Stephan Schwan from the Leibniz-Institut fur Wissensmedien Tubingen, he has published an article on autobiographical remembering in the digital age in the journal Psychological Inquiry. The article is intended to provide orientation in this still largely unexplored field of inquiry.

Autobiographical Remembering - a Constant Interplay with the Environment

The fact that we draw on resources outside our own minds when remembering past events is not an invention of the digital age, but a constant in human history. Already thousands of years ago, people left behind cave paintings and established traditions for the oral transmission of knowledge. And if you're trying to remember your last birthday, for example, you can of course not only use your smartphone, but also look in your paper diary -- if you keep one -- or ask guests who were at the party.

"What sets digital resources apart from these other options, however, is not only the aforementioned increased density of recorded life episodes, but also the fact that these digital resources create a searchable database consisting of a combination of different media sources that can often be accessed anywhere at any time," explains Fabian Hutmacher. "Digital resources do not just provide a passive storage, but also make it possible -- using artificial intelligence, for example -- to adjust and rearrange recordings in order to create, among others, digital vacation or wedding albums. This can have a profound impact on how we view past experiences," adds Professor Stephan Schwan, who leads the Realistic Depictions Lab at the Leibniz-Institut fur Wissensmedien in Tubingen.

But that's not all: Different digital resources are suited for different purposes. For example, quantitative data, such as tracking running distances, heart rate, and sleep cycles, seems particularly suitable for discovering long-term behavioural trends. Other data such as photos and videos, on the other hand, are more likely to be used when it comes to reminiscing or reflecting on past events.




A Look into the Crystal Ball: What Does the Future Hold?

The increased use of digital data for autobiographical remembering could have both desirable and undesirable consequences in numerous fields of application. For example, there are hopes that digital resources could be used to support people with memory difficulties and dementia in their everyday lives. Similarly, digital recordings could also help to preserve memories that are important to our collective memory, as in the case of witnesses to the Shoah. "The range of digital ways of remembering is becoming broader, just think of virtual and augmented realities," adds Stephan Schwan.

At the same time, digital data also offer the possibility of manipulation: Arguably, deepfakes could not only play a role with respect to political actors and events, but also with respect to memories about our own lives. "In most cases, we don't have enough reliable data to draw definite conclusions regarding opportunities and risks yet," summarises Fabian Hutmacher. "Autobiographical memories are an important part of what makes us human. This makes further research in the coming years all the more important."

In future studies, Fabian Hutmacher would like to investigate the subtleties of the interplay between recorded data and the memories stored in our minds in even greater detail. The question of how the recorded data can be used and organised in such a way that it helps people to remember their past is also particularly important to him. The Young Academy of the Bavarian Academy of Sciences and Humanities, to which Fabian Hutmacher was admitted at the beginning of 2024, is funding his research.
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Researchers confront new US and global challenges in vaccinations of adults | ScienceDaily
Over the past decade, decreasing vaccination rates now threaten the huge beneficial impacts of vaccinations in the U.S. and globally. Researchers discuss the multifactorial barriers including increasing vaccine hesitancy and new clinical and public health challenges in vaccinations of U.S. adults.


						
Vaccines to prevent common and serious infectious diseases have had a greater impact on improving human health than any other medical advance of the 20th century, surpassing even sanitation and potable water. From the global eradication of smallpox in 1980 to the unprecedented development of effective and safe mRNA vaccines for COVID-19, vaccinations have played crucial roles in preventing millions of premature deaths and hospitalizations in adults and children.

These monumental efforts have involved coordinated local, regional, national and international organizations and dedicated clinical and public health professionals. Unfortunately, over the past decade, decreasing vaccination rates now threaten the huge beneficial impacts of vaccinations in the United States and globally.

The barriers are multifactorial and include increasing vaccine hesitancy in the U.S. In a review published online ahead of print in The American Journal of Medicine, researchers from Florida Atlantic University's Schmidt College of Medicine and colleagues discuss new clinical and public health challenges in vaccinations of U.S. adults.

"In the U.S., the continuing dedicated efforts of all clinical and public health professionals combined with advancements in vaccine technology and the resilience of public health systems all offer promise for the future," said senior author Charles H. Hennekens, M.D., first Sir Richard Doll Professor of Medicine and Preventive Medicine and senior academic advisor, in the departments of medicine, and population health and social medicine. "Health care providers and public health officials should remain cognizant that increasing vaccination rates are essential but not sufficient. Surveillance-containment entails rapid detection and reporting of cases with prompt immunization of household members and close contacts of confirmed cases, combined with judicious use of isolation, prompt antiviral or antibiotic medications, social distancing, respiratory etiquette; home or large-scale quarantines; and masking.The continuing and expanded efforts of U.S. health care providers are vital to these successes."

The authors note that health care providers in the U.S. also face major challenges in achieving high vaccination rates against COVID-19, respiratory syncytial virus (RSV) and influenza, which confers particularly high risks among the elderly and immunocompromised patients. They caution about potential concerns relating to the recent emergence of a highly virulent strain of influenza (H5N1) in China.

"The pneumococcal vaccine has also been shown to be safe and effective in randomized trials for patients aged 18 to 79, including those over 80, making it particularly beneficial for the elderly, immunocompromised individuals, and those at high risk for pneumonia," said Hennekens. "Furthermore, Herpes zoster, or shingles, affects 1 in 3 people over 65 and is caused by the reactivation of the varicella zoster virus from past chickenpox infections. It can lead to debilitating complications and is especially concerning for immunocompromised patients. The shingles vaccine is safe, effective and FDA-approved for individuals aged 50 and older."

Although it was eliminated in 2000, the authors also discuss the clinical and public health challenges of measles in the U.S. and worldwide. Recent outbreaks in areas with low vaccination rates, exacerbated by more recent vaccine hesitancy, have led to a loss of herd immunity. By July 2023, 116 out of 195 countries reported lower measles vaccination rates. The World Health Organization (WHO) estimates that vaccinations since 1974 have prevented about 154 million premature deaths, with 101 million of those being infants.




"Vaccines for 14 diseases have contributed to a 40% reduction in global infant deaths. In the U.S., from 1994 to 2024, measles vaccination is estimated to have prevented 508 million cases, 32 million hospitalizations, and more than 1 million deaths." said Hennekens. "Maintaining herd immunity is crucial to prevent future measles outbreaks and related deaths."

Lastly, in August, the WHO declared mpox a global public health emergency. Mpox, a variant of smallpox, was largely controlled by smallpox vaccinations, which have declined since its eradication in 1980.

"The emergence of new variants, particularly clade Ib, poses increased mortality risks," said Hennekens. "A recently developed vaccine has been effective in limiting spread, particularly in high-risk areas like sub-Saharan Africa. However, global vaccination efforts face special challenges, including limited supplies and inadequate delivery to vulnerable populations."

The authors conclude that in the U.S., ongoing efforts by health care and public health professionals, along with advances in vaccine technology, hold promise for eliminating or even eradicating many infectious diseases. Achieving these goals requires sustained collaboration and a focus on increasing vaccination rates.

Study co-authors are John Dunn, a second-year FAU medical student, Schmidt College of Medicine; Barry R. Davis, M.D., Ph.D., professor emeritus of biostatistics and data science, School of Public Health, University of Texas -- Houston; Alexandra Matarazzo, a second-year FAU medical student, Schmidt College of Medicine; Yanna Willet, a pre-medical student, Virigina Tech; Sadine Al-Farauki, a first-year medical student, Ross School of Medicine, and FAU graduate; and Dennis G. Maki, M.D., the first Ovid O. Meyer Professor of Medicine, chief of infectious diseases, emeritus, University of Wisconsin School of Medicine and Public Health.

Hennekens and Maki served for two years as lieutenant commanders in the U.S. Public Health Service as epidemic intelligence service (EIS) officers with the U.S. Centers for Disease Control and Prevention (CDC). They served under Alexander D. Langmuir, M.D., who created the EIS and directed the epidemiology program at the CDC, as well as Donald A. Henderson, M.D., chief of the Virus Disease Surveillance Program at the CDC. Langmuir and Henderson made significant contributions to the eradication of polio and smallpox using widespread vaccinations and public health strategies of proven benefit and had extraordinary collaborations with local, state, federal and international health authorities.
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Space oddity: Most distant rotating disc galaxy found | ScienceDaily
Researchers have discovered the most distant Milky-Way-like galaxy yet observed. Dubbed REBELS-25, this disc galaxy seems as orderly as present-day galaxies, but we see it as it was when the Universe was only 700 million years old. This is surprising since, according to our current understanding of galaxy formation, such early galaxies are expected to appear more chaotic. The rotation and structure of REBELS-25 were revealed using the Atacama Large Millimeter/submillimeter Array (ALMA), in which the European Southern Observatory (ESO) is a partner.


						
The galaxies we see today have come a long way from their chaotic, clumpy counterparts that astronomers typically observe in the early Universe. "According to our understanding of galaxy formation, we expect most early galaxies to be small and messy looking," says Jacqueline Hodge, an astronomer at Leiden University, the Netherlands, and co-author of the study.

These messy, early galaxies merge with each other and then evolve into smoother shapes at an incredibly slow pace. Current theories suggest that, for a galaxy to be as orderly as our own Milky Way -- a rotating disc with tidy structures like spiral arms -- billions of years of evolution must have elapsed. The detection of REBELS-25, however, challenges that timescale.

In the study, accepted for publication in Monthly Notices of the Royal Astronomical Society, astronomers found REBELS-25 to be the most distant strongly rotating disc galaxy ever discovered. The light reaching us from this galaxy was emitted when the Universe was only 700 million years old -- a mere five percent of its current age (13.8 billion) -- making REBELS-25's orderly rotation unexpected. "Seeing a galaxy with such similarities to our own Milky Way, that is strongly rotation-dominated, challenges our understanding of how quickly galaxies in the early Universe evolve into the orderly galaxies of today's cosmos," says Lucie Rowland, a doctoral student at Leiden University and first author of the study.

REBELS-25 was initially detected in previous observations by the same team, also conducted with ALMA, which is located in Chile's Atacama Desert. At the time, it was an exciting discovery, showing hints of rotation, but the resolution of the data was not fine enough to be sure. To properly discern the structure and motion of the galaxy, the team performed follow-up observations with ALMA at a higher resolution, which confirmed its record-breaking nature. "ALMA is the only telescope in existence with the sensitivity and resolution to achieve this," says Renske Smit, a researcher at Liverpool John Moores University in the UK and also a co-author of the study.

Surprisingly, the data also hinted at more developed features similar to those of the Milky Way, like a central elongated bar, and even spiral arms, although more observations will be needed to confirm this. "Finding further evidence of more evolved structures would be an exciting discovery, as it would be the most distant galaxy with such structures observed to date," says Rowland.

These future observations of REBELS-25, alongside other discoveries of early rotating galaxies, will potentially transform our understanding of early galaxy formation, and the evolution of the Universe as a whole.
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After injury, these comb jellies can fuse to become one | ScienceDaily

"Our findings suggest that ctenophores may lack a system for allorecognition, which is the ability to distinguish between self and others," says Kei Jokura of the University of Exeter, UK, and National Institutes of Natural Sciences in Okazaki, Japan. "Additionally, the data imply that two separate individuals can rapidly merge their nervous systems and share action potentials."

Jokura and colleagues made the observation after keeping a population of the comb jellies in a seawater tank in the lab. They noticed an unusually large individual that seemed to have two backends and two sensory structures known as apical organs instead of one. They wondered if this unusual individual arose from the fusion of two injured jellies.

To find out, they removed partial lobes from other individuals and placed them close together in pairs. It turned out that, 9 out of 10 times, it worked. The injured individuals became one, surviving for at least 3 weeks.

Further study showed that after a single night, the two original individuals seamlessly became one with no apparent separation between them. When the researchers poked at one lobe, the whole fused body reacted with a prominent startle response, suggesting that their nervous systems also were fully fused.

"We were astonished to observe that mechanical stimulation applied to one side of the fused ctenophore resulted in a synchronized muscle contraction on the other side," Jokura said.

More detailed observations showed that the fused comb jellies had spontaneous movements for the first hour. After that, the timing of contractions on each lobe started to synch up more. After just two hours, 95% of the fused animal's muscle contractions were completely synchronous, they report. They also looked closely at the digestive tract to find that it also had fused. When one of the mouths ingested fluorescently labeled brine shrimp, the food particles worked their way through the fused canal. Eventually, the comb jelly expelled waste products from both anuses, although not at the same time.

The researchers say it remains unclear how the fusion of two individuals into one functions as a survival strategy. They suggest that future studies will help to fill the gaps in understanding, with potential implications for regenerative research.

"The allorecognition mechanisms are related to the immune system, and the fusion of nervous systems is closely linked to research on regeneration," Jokura says. "Unraveling the molecular mechanisms underlying this fusion could advance these crucial research areas."
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Commonly used arm positions can substantially overestimate blood pressure readings | ScienceDaily
A study led by Johns Hopkins Medicine researchers concludes that commonly used ways of positioning the patient's arm during blood pressure (BP) screenings can substantially overestimate test results and may lead to a misdiagnosis of hypertension.


						
In a report on the study, which will be published Oct. 7 in JAMA Internal Medicine, investigators examined the effects of three different arm positions: an arm supported on a desk, arm supported on a lap, and an unsupported arm hanging at the patient's side. Researchers found that lap support overestimated systolic pressure (the top number in a BP reading) by nearly 4 mmHg, and an unsupported arm hanging at the side overestimated systolic pressure by nearly 7 mmHg.

The findings confirm that arm position makes a "huge difference" when it comes to an accurate blood pressure measurement, says Tammy Brady, M.D., Ph.D., vice chair for clinical research in the Department of Pediatrics at the Johns Hopkins University School of Medicine, medical director of the pediatric hypertension program at Johns Hopkins Children's Center, deputy director of the Welch Center for Prevention, Epidemiology, and Clinical Research and senior author of the study. And they underscore the importance of adhering to clinical guidelines calling for firm support on a desk or other surface when measuring blood pressure, the investigators add.

According to the American Heart Association, nearly half of U.S. adults have elevated blood pressure, a diagnosis made when the measured force of blood flowing through blood vessels is higher than what is generally considered normal, on average 120/80. Untreated, high blood pressure increases the risk of stroke, heart attack and other serious cardiovascular conditions. Because hypertension may cause minimal or no symptoms, early and frequent screening during routine checkups is considered the cornerstone of hypertension management. In most cases, lifestyle changes such as weight loss, healthy diets and exercise, as well as therapy with any of a variety of medications, can keep BP under control.

The latest clinical practice guidelines from the American Heart Association emphasize several key steps for an accurate measurement -- including appropriate cuff size, back support, feet flat on the floor with legs uncrossed, and an appropriate arm position, in which the middle of an adjustable BP cuff is positioned at mid-heart level on an arm supported on a desk or table.

Despite these recommendations, the researchers say BP is too often measured with patients seated on an exam table without any, or inadequate, arm support. In some cases, a clinician holds the arm, or the patient holds an arm in their lap. In the new Johns Hopkins study, the researchers recruited 133 adult participants (78% Black, 52% female) between Aug. 9, 2022, and June 1, 2023. Study participants, who ranged from age 18 to 80, were sorted at random into one of six possible groups that differed by order of the three seated arm positions. Measurements were taken during a single visit between 9 a.m. and 6 p.m. Before BP measures were taken, all participants first emptied their bladders and then walked for two minutes to mimic a typical clinical scenario in which people walk into a clinic or office before screening takes place. They then underwent a five-minute, seated rest period with their backs and feet supported. Each person, wearing an upper arm BP cuff selected and sized based on their upper arm size, had three sets of triplicate measurements taken with a digital blood pressure device 30 seconds apart.

Upon completion of each set of three measurements, the cuff was removed, participants walked for two minutes and rested for five minutes. In the same visit, they then underwent a fourth set of triplicate measurements with their arm supported on a desk, a set used to account for well-known variations in BP readings. All of the measurements were conducted in a quiet and private space, and participants were asked not to talk to researchers or use their phones during the screening.




Researchers found that BP measurements obtained with arm positions frequently used in clinical practice -- an arm on the lap or unsupported at the side -- were markedly higher than those obtained when the arm was supported on a desk, the standard, recommended arm position. Supporting the arm on the lap overestimated systolic BP -- the top number of a reading, or the force of blood flow when pumped out of the heart, by 3.9 mmHg and diastolic blood pressure -- the bottom number, or the pressure in the arteries when the heart rests between beats, by 4.0 mmHg. An unsupported arm at the side overestimated systolic by 6.5 mmHg and diastolic by 4.4 mmHg."If you are consistently measuring blood pressure with an unsupported arm, and that gives you an overestimated BP of 6.5 mmHg, that's a potential difference between a systolic BP of 123 and 130, or 133 and 140 -- which is considered stage 2 hypertension," says Sherry Liu, M.H.S., an epidemiology research coordinator at the Welch Center for Prevention, Epidemiology, and Clinical Research, Department of Epidemiology, at Johns Hopkins Bloomberg School of Public Health and study author.Investigators caution that their study results may only apply during screenings with automated BP devices, and may not apply to readings done with other BP devices.

However, Brady says, the findings suggest that clinicians need to pay better attention to best practice guidelines, and that patients "must advocate for themselves in the clinical setting and when measuring their BP at home."

Along with Brady and Liu, authors from Johns Hopkins are Di Zhao, Ahmed Sabit, Chathurangi Pathiravasan, Junichi Ishigami, Jeanne Charleston, Edgar Miller III, Kunihiro Matsushita and Lawrence Appel.

This study was supported by Resolve to Save Lives, which is funded by Bloomberg Philanthropies, the Bill and Melinda Gates Foundation and Gates Philanthropy Partners, which is funded with support from the Chan Zuckerberg Foundation.
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Scientists discover that special immune cells stop metastatic cancer | ScienceDaily
Metastatic disease -- when cancer spreads from the primary tumor to other parts of the body -- is the cause of most cancer deaths. While researchers understand how cancer cells escape the primary site to seed new tumors, it's not well understood why some of these wayward cancer cells spawn new tumors -- sometimes decades later -- while others do not.


						
Now, a research team at the National Cancer Institute-designated Montefiore Einstein Comprehensive Cancer Center (MECCC) has discovered a natural immune mechanism in mice that stops escaped cancer cells from developing into tumors elsewhere in the body. The findings were published today in the journal Cell.

"Preventing or curing metastases is the most critical challenge in cancer," said study leader Julio Aguirre-Ghiso, Ph.D., director of MECCC's Cancer Dormancy Institute. "We think our findings have the potential to point to new therapies to prevent or treat metastatic disease." The study's co-first authors are Erica Dalla, Ph.D., a former student, and Michael Papanicolaou, Ph.D., a postdoctoral fellow in Dr. Aguirre-Ghiso's lab.

The Role of Dormancy in Cancer

Cells that migrate from primary tumors and seed metastatic tumors are called disseminated cancer cells (DCCs). Some DCCs behave aggressively, immediately starting tumors in new tissue, while others remain in a state of suspended animation referred to as dormancy.

"It's long been a mystery how some DCCs can remain in tissues for decades and never cause metastases, and we believe we've found the explanation," said Dr. Aguirre-Ghiso, who is also professor of cell biology, of oncology, and of medicine and the Rose C. Falkenstein Chair in Cancer Research at Albert Einstein College of Medicine.

Breast cancer and many other types of cancer metastasize to the lungs. In research involving three mouse models of metastatic breast cancer, Dr. Aguirre-Ghiso and colleagues determined that when breast cancer DCCs spread to the lung's air sacs (alveoli), they are kept in a dormant state by immune cells known as alveolar macrophages.




Insight into the Immune System 

"Alveolar macrophages are the lung's first responders, defending the organ against bacteria and dangerous substances like environmental pollutants," said Dr. Aguirre-Ghiso. These specialized macrophages, he notes, appear early in embryonic development and reside within lung tissue for life.

"Our findings demonstrate a new role for these macrophages, in which they recognize DCCs and actively interact with them, and -- by secreting a protein called TGF-b2 -- produce signals in the cancer cells that keep them in a dormant state," Dr. Aguirre-Ghiso said. "Since every organ in the body has its own set of tissue-resident macrophages, they may function to keep DCCs in check in those organs as well. Our study has shown for the first time that these specialized macrophages function to actively induce dormancy in DCCs."

Confirming the importance of alveolar macrophages in keeping DCCs dormant, Dr. Aguirre-Ghiso and his team found that depleting them in the mice significantly increased the number of activated DCCs and subsequent metastases in their lungs compared to mice with normal levels of the immune cells.

As DCCs become more aggressive, the researchers found, they become resistant to the pro-dormancy signals produced by alveolar macrophages. Ultimately, this evasion mechanism enables some DCCs to "wake up" from dormancy and reactivate to form metastases.

"Understanding how immune cells keep DCCs in check could lead to new anti-metastatic cell therapies among other strategies," Dr. Aguirre-Ghiso said. For example, he noted, it may be possible to strengthen macrophage signaling so that DCCs never awaken from dormancy or find ways to prevent older DCCs from becoming resistant to dormancy signaling.
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Pterosaurs needed feet on the ground to become giants | ScienceDaily
The evolutionary adaptations that allowed ancient pterosaurs to grow to enormous sizes have been pinpointed for the first time by palaeontologists in the Centre for Palaeobiology and Biosphere Evolution at the University of Leicester.


						
The discovery revealed a surprising twist -- the ability to walk efficiently on the ground played a crucial role in determining how large the biggest flying animals could grow, with some reaching wingspans of up to 10 metres.

In a new study published in Current Biology, a team of researchers led by the University of Leicester examined the hands and feet of pterosaurs from around the world and across their entire evolutionary history.

They uncovered a surprising level of variation similar to that seen across living birds. This discovery indicates that pterosaurs were not confined to a life in the skies but were also adapted to a wide range of terrestrial lifestyles, from tree-climbing in early species to more ground-based lifestyles in later ones.

The evolution of pterosaurs, the first true flying vertebrates, showcases some of the most remarkable adaptations in the history of life. While these creatures are best known for their ability to soar through the prehistoric skies of the Mesozoic era (252-66 million years ago), a new study has revealed a surprisingly high degree of diversity in where and how pterosaurs lived when they were not airborne.

Lead author Robert Smyth, a doctoral researcher in the in the Centre for Palaeobiology and Biosphere Evolution (School of Geography, Geology and the Environment at the University of Leicester), explained: "Early pterosaurs were highly specialised for climbing, with extreme modifications in their hands and feet, similar to those found in climbing lizards and birds like woodpeckers today. Clinging to vertical surfaces by your fingertips for long periods is hard work -- it's a lot easier for small, lightweight animals."

These early pterosaurs were likely restricted to arboreal habitats and consequently, small body sizes. However, a major evolutionary shift occurred during the Middle Jurassic period, when pterosaur hands and feet changed to look much more like those of ground-dwelling animals. These adaptations to ground-based movement opened up new ecological opportunities, leading to a wide variety of feeding strategies. Freedom from the size constraints imposed by vertical living allowed some pterosaurs to evolve to gigantic size with wingspans of up to 10 metres.




Co-author Dr David Unwin from the University of Leicester added: "In early pterosaurs the hind limbs were connected by a flight membrane which severely impeded walking and running. In later, more advanced pterosaurs, this membrane became separated along the midline, allowing each hind limb to move independently. This was a key innovation that, combined with changes to their hands and feet, greatly improved pterosaurs' mobility on the ground.

"Freed from the constraints of climbing, these later pterosaurs could grow to enormous sizes, with some species becoming true giants of the Mesozoic."

The details of the hands and feet are a clear giveaway. In early pterosaurs, the bones at the base of the fingers and toes were relatively short, while those farther from the body were greatly elongated, ending in large, curved claws -- together these modifications resulted in a powerful grip -- ideal for climbing. By contrast, later, more advanced pterosaurs showed the opposite pattern: the bones at the base of their fingers and toes were much longer, while those closer to the tips were shorter. Their claws were also flatter and less curved, suggesting they were better adapted for walking rather than climbing.

Robert Smyth added: "These findings underscore the need to examine all aspects of pterosaur locomotion, not just flight, to fully understand their evolution. That pterosaurs could fly is only one part of their story. By exploring how they lived in the trees or on the ground, we can begin to understand the roles that they played in ancient ecosystems."

When pterosaurs arrived on the ground, it was already inhabited by a wide range of animals, including dinosaurs and many other reptiles. Pterosaurs cleverly avoided competition with these established groups by exploiting ecological niches that required both flying and walking abilities. This resulted in some bizarre feeding strategies such as evolving hundreds of fine, needle-like teeth that were used for filter-feeding. This remarkable feature, resembling the feeding method of modern flamingos, emerged at least 120 million years before the first flamingos evolved.
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Scientists uncover auditory 'sixth sense' in geckos | ScienceDaily
University of Maryland biologists identified a hidden sensory talent in geckos that's shaking up what we thought we knew about animal hearing.


						
In a new study published in Current Biology on October 4, 2024, the researchers revealed that geckos use the saccule -- a part of their inner ear traditionally associated with maintaining balance and body positioning -- to detect low-frequency vibrations. According to the researchers, this special "sixth sense" also plays a complementary role to the geckos' normal hearing and the way they sense the world around them. The team believes that this previously unrecognized hearing mechanism may be present in other reptilian species as well, challenging existing ideas about how animal sensory systems evolved and diverged over time.

"The ear, as we know it, hears airborne sound. But this ancient inner pathway, which is typically linked to balance, helps geckos detect vibrations that travel through mediums like the ground or water," said study co-author Catherine Carr, a Distinguished University Professor of Biology at UMD. "This pathway exists in amphibians and fish, and now it's proven to be preserved in lizards as well. Our findings shed light on how the auditory system evolved from what you see in fish to what you see in land animals including humans."

The saccule can detect faint vibrations ranging from 50 and 200 Hz, a spectrum well below what geckos can usually hear through their ears. Researchers say this indicates that the saccule serves a distinct yet complementary function to the geckos' regular auditory system. While geckos can hear airborne sound, many other reptiles do not have that ability. The study's lead author Dawei Han, a postdoctoral researcher and former graduate student at UMD, says that the discovery of the saccule's role in gecko hearing may lead to a better understanding of communication and behavior in other animals previously considered to have limited auditory capabilities.

"A lot of snakes and lizards were thought to be 'mute' or 'deaf' in the sense that they do not vocalize sounds or hear sounds well," Han explained. "But it turns out they could potentially be communicating via vibrational signals using this sensory pathway instead, which really changes the way scientists have thought about animal perception overall."

The existence of this shared sensory pathway in modern reptiles offers a unique window into the evolutionary history of vertebrate sensory systems, suggesting that the transition from aquatic to terrestrial environments likely involved more complex and gradual changes in hearing mechanisms than previously thought.

Although these findings are not directly connected to how humans hear, the researchers believe that there's always more than meets the eye -- or in this case, ear.




"Think about when you're at a live rock concert," Carr said. "It's so loud that you can feel your whole head and body vibrate in the sound field. You can feel the music, rather than just hearing it. That feeling suggests that the human vestibular system may be stimulated during those loud concerts, meaning our sense of hearing and balance may also be linked closely."

Carr and Han hope their findings will prompt more investigations into mammalian hearing, especially in the context of this sensory pathway. They believe that the established link between hearing and balance opens up new avenues for research, including the connection between human hearing and balance disorders.

"The implications of this research extend beyond the world of reptiles," Han said. "As we uncover these hidden mechanisms, we're also gaining a richer and more nuanced picture of how animals perceive and interact with their environments -- and potentially, new insights into our own sensory experiences."

This research was supported by the National Institutes of Health (Grant No. R01DC019341).
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Toddlers get nearly half their calories from ultra-processed foods | ScienceDaily
Toddlers in the UK obtain nearly half (47%) of their calories from ultra-processed foods (UPFs), and this rises to 59% by the age of seven, according to a new study led by UCL researchers.


						
The study, published in the European Journal of Nutrition, looked at data from 2,591 children born in the UK in 2007 and 2008 whose parents recorded what their children ate and drank over three days.

The most common UPFs consumed by the toddlers -- who were 21 months when their parents recorded their diets -- were flavoured yoghurts and wholegrain breakfast cereals, products typically seen as healthy. By the age of seven, the most common UPFs were sweet cereals, white bread and puddings.

Lead author Dr Rana Conway, of the UCL Institute of Epidemiology & Health Care, said: "Ultra-processed foods are not all bad for our health and the foods typically eaten by the toddlers in our study are ones that are seen as quite healthy.

"However, some wholegrain cereals and flavoured yoghurts have high levels of added sugar and salt and our study found that toddlers who consumed more ultra-processed foods also had a higher intake of these ingredients.

"This is concerning, especially as toddlers in general consume more added sugar and salt than is recommended.

"Aside from sugar and salt, a diet that includes a lot of ultra-processed food is less likely to get children used to the natural flavours of whole foods and therefore less likely to encourage healthy eating later in life."

Senior author Professor Clare Llewellyn, of the UCL Institute of Epidemiology & Health Care, said: "Eating patterns in the early years are important, as they help set habits that can persist through childhood and into adulthood. This was reflected in our findings, with 21-month-olds who ate more ultra-processed foods also likely to be higher consumers of ultra-processed foods at the age of seven."




The researchers analysed data from the Gemini twin cohort study, using the Nova classification to divide the food and drink consumed into four groups: unprocessed or minimally processed foods (eggs, milk, vegetables, fish and fruit); processed culinary ingredients (salt, butter and oil); processed foods (tinned fish, peanut butter and cheese); and UPFs (cereals, yoghurts, industrially made sliced bread, biscuits, sausages, crisps).

UPFs are typically industrially produced and contain ingredients not used or very rarely used in home cooking, such as emulsifiers, colourings and sweeteners.

Toddlers were divided into five groups according to their ultra-processed food intake. The research team found that toddlers in the lowest UPF group consumed 28% of their calories from UPFs, while for toddlers in the highest of the five groups this was 69%.

They also found that ultra-processed foods consumed at 21 months predicted UPF consumption at seven years old. Toddlers who consumed the most UPFs were 9.4 times more likely to be in the highest UPF-consuming group at age seven compared to toddlers who consumed the lowest proportion of UPFs. The research team said this may be partly attributable to the "hyperpalatable" nature of these UPFs, as they tend to be foods higher in fat, sugar and/or salt.

In all five UPF groups, the toddlers' consumption of free sugars exceeded the UK government recommended maximum of 5% of daily calorie intake. In the two highest UPF groups, added sugar intake exceeded 10% on average.

The researchers called for policies to redress the balance of children's diets towards a lower proportion of UPFs, such as restricting the promotion of unhealthy foods marketed towards children, adding warning labels to products (e.g. those that are high in sugar), and subsidising fresh and minimally processed food.




Dr Conway said: "It's not easy to feed children healthily in our current food environment. Highly processed foods are often cheaper than the foods parents would like to give their children, such as fresh fruit and vegetables.

"Also, despite labels suggesting they're a healthy choice, ultra-processed foods marketed for children often contain too much sugar and salt. This makes it harder for parents to make healthy choices."

In the paper, the research team also said there was a range of commercial products intended for young children that would not be classified as a UPF as they did not contain UPF-style ingredients but mimicked UPFs in terms of textures. These might include vegetable sticks or puffs or snacks resembling cookies.

Early exposure to these foods, the researchers wrote, was unlikely to encourage consumption of vegetables, even if the foods' nutritional content was healthy (i.e., they did not include added sugar or salt).

In their study limitations, the researchers noted that people of white ethnicity and a higher socioeconomic status were over-represented in their population sample compared to the UK population as a whole.
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In odd galaxy, NASA's Webb finds potential missing link to first stars | ScienceDaily
Looking deep into the early universe with NASA's James Webb Space Telescope, astronomers have found something unprecedented: a galaxy with an odd light signature, which they attribute to its gas outshining its stars. Found approximately one billion years after the big bang, galaxy GS-NDG-9422 (9422) may be a missing-link phase of galactic evolution between the universe's first stars and familiar, well-established galaxies.


						
"My first thought in looking at the galaxy's spectrum was, 'that's weird,' which is exactly what the Webb telescope was designed to reveal: totally new phenomena in the early universe that will help us understand how the cosmic story began," said lead researcher Alex Cameron of the University of Oxford.

Cameron reached out to colleague Harley Katz, a theorist, to discuss the strange data. Working together, their team found that computer models of cosmic gas clouds heated by very hot, massive stars, to an extent that the gas shone brighter than the stars, was nearly a perfect match to Webb's observations.

"It looks like these stars must be much hotter and more massive than what we see in the local universe, which makes sense because the early universe was a very different environment," said Katz, of Oxford and the University of Chicago.

In the local universe, typical hot, massive stars have a temperature ranging between 70,000 to 90,000 degrees Fahrenheit (40,000 to 50,000 degrees Celsius). According to the team, galaxy 9422 has stars hotter than 140,000 degrees Fahrenheit (80,000 degrees Celsius).

The research team suspects that the galaxy is in the midst of a brief phase of intense star formation inside a cloud of dense gas that is producing a large number of massive, hot stars. The gas cloud is being hit with so many photons of light from the stars that it is shining extremely brightly.

In addition to its novelty, nebular gas outshining stars is intriguing because it is something predicted in the environments of the universe's first generation of stars, which astronomers classify as Population III stars.




"We know that this galaxy does not have Population III stars, because the Webb data shows too much chemical complexity. However, its stars are different than what we are familiar with -- the exotic stars in this galaxy could be a guide for understanding how galaxies transitioned from primordial stars to the types of galaxies we already know," said Katz.

At this point, galaxy 9422 is one example of this phase of galaxy development, so there are still many questions to be answered. Are these conditions common in galaxies at this time period, or a rare occurrence? What more can they tell us about even earlier phases of galaxy evolution? Cameron, Katz, and their research colleagues are actively identifying more galaxies to add to this population to better understand what was happening in the universe within the first billion years after the big bang.

"It's a very exciting time, to be able to use the Webb telescope to explore this time in the universe that was once inaccessible," Cameron said. "We are just at the beginning of new discoveries and understanding."

The research paper is published in Monthly Notices of the Royal Astronomical Society.
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Green subsidies may have hidden costs, experts warn | ScienceDaily
Government subsidies for business practices and processes should be approached with caution, even when they seem to be environmentally friendly, writes a group of scientists and economists in this week's Policy Forum in the journal Science.


						
They argue that subsidies can alter market pressures, leading to unintended consequences that not only perpetuate harmful subsidies over time but also diminish the overall effectiveness of those intended to promote environmental sustainability.

Therefore, when they must be used, subsidies should have clear end-dates, advise the authors.

"We've got this odd juxtaposition of trying to get rid subsidies in some sectors, and then ramping up subsidies in others," says lead author Kathleen Segerson, Board of Trustees Distinguished Professor of Economics at the University of Connecticut. "The question that interested me was: is this a good thing or a bad thing?"

Segerson and her coauthors are a group of internationally leading economists, ecologists, geographers, psychologists, and other scientists who convened for the 2022 Asko Workshop sponsored by the Beijer Institute for Ecological Economics in Stockholm, Sweden.

Subsidies can be powerful motivators that further environmental and sustainability goals, say the authors. For example, the United States' Inflation Reduction Act of 2022 uses tax credits and incentives for things like electric vehicles (EVs), solar power, and wind power to meet its renewable energy and efficiency targets.

They can also be a politically easier approach to enacting change than creating new laws or taxes, says Segerson, and are even sometimes viewed as political capital, to ensure support from particular interest groups.




But some subsidies that appear to encourage sustainability are not so simple, the authors explain. Sometimes they can have negative spillover effects.

Take the case of EVs: Switching from gasoline-powered cars to EVs reduces greenhouse gas emissions. When subsidies for EVs and their technology create more inexpensive EVs, however, that market will expand, increasing overall vehicle use.

"When you're subsidizing any industry, you're essentially promoting that industry," says Segerson.

But if subsidies instead went to increased infrastructure for and access to public transportation, more people might get rid of their cars, making the net positive environmental impact much greater.

"A subsidy that might have initially been viewed as beneficial for society might eventually be recognized as having costs that greatly exceed benefits," the authors write.

Many subsidies in place for decades have long been identified by economists and environmentalists alike as actively contributing to climate change and biodiversity threats.




The authors cite that U.S. agricultural input subsidies have been shown to drive 17% of nitrogen pollution, while production subsidies account for 14% of global deforestation. In 2018, nearly 70% of $35.4 billion in fishing subsidies went to increasing fishing capacity through aid like fuel purchases, capital investment, and infrastructure, all of which contribute to overfishing.

Despite the leaders of the G20 committing to phasing out inefficient fossil fuel subsidies more than a decade ago, some sources estimate that there were still $1.3 trillion in global fossil fuel subsidies in 2022, owing to the considerable vested interest and political pressure from benefiting corporations to keep them in place.

In the United States, the Biden administration has tried repeatedly to repeal tax breaks for fossil fuels but hasn't succeeded, leading a New York Times article to call the subsidies "zombies of the tax code: impossible to kill."

From an economic efficiency perspective, it's better to tax activities that generate negative effects, such as a carbon tax, says Segerson -- but they are a hard sell.

"Environmental taxes are very difficult to get passed, so you'd rather have the subsidy than nothing," she says.

Subsidies that reduce negative environmental impacts are therefore a second-best solution, she says. Imposing time limits is of great importance to ensure the subsidies that are the best we can do now can be removed when something better is possible.

"We can subsidize these greener production processes, but cautiously, and recognizing that we don't want to have a reliance on these subsidies over the long term," says Segerson.
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Turning brain cells on using the power of light | ScienceDaily
University of Rochester researchers have demonstrated a noninvasive method using BL-OG, or bioluminescent optogenetics, that harnesses light to activate neurons in the brain. The ability to regulate brain activation could transform invasive procedures such as deep brain stimulation that are used to treat Parkinson's disease and other neurological conditions.


						
The advantage of this new technique is that it can create brain activation without the use of an implanted device in the brain to deliver physical light, according to Manuel Gomez-Ramirez, an assistant professor of brain and cognitive sciences and with the University's Del Monte Institute for Neuroscience, and the senior author of the study, which appears in the journal NeuroImage.

"BL-OG is an ideal method for noninvasively teasing apart neural circuits in the brain," says Emily Murphy, the first author of the study and manager of the Haptics Lab, led by Gomez-Ramirez. "There are still so many things to learn about the structure and function of distinct brain areas and neuronal cell types that will help us understand how healthy brains function."

How to turn on a light -- without a switch

To turn on light in the brain, researchers need a few tools. The first one is optogenetics, an established research technique that uses light to activate or inactivate cells in the brain. The next tool is bioluminescence, the same chemical reaction that gives a firefly its glow, which provides the light optogenetics needs to work.

Combining these tools creates the material needed for BL-OG. But in order to work, BL-OG still needs something to "turn on" the light. The organic substance luciferin, when combined with bioluminescence, creates light that activates the optogenetics and modulates cellular response in the brain without an incision. Previous work by Gomez-Ramirez has shown that the chemical luciferin is harmless to the body.

The researchers in the Haptics Lab tested this combination. They put BL-OG into a pre-determined brain region in mice. They then injected luciferin through a vein in the animal's tail to activate the targeted cells in the brain. They found that BL-OG effects occur rapidly in the brain, but that these effects could be controlled by scaling the dosage of the luciferin in the animal.




'Fine-tuning' bioluminescent optogenetics

"The advantage of this technique is we can create brain activation without a cable. There is less risk for infection and other things to go awry because it is a noninvasive method," Gomez-Ramirez says. "If we want to standardize this technique in the lab, and potentially in the clinic, it is critical to map all the important parameters around using it. These latest findings allow us to now work on fine-tuning the desired effects of BL-OG based on need and requirements."

Researchers were also able to track the neuromodulation effects of BL-OG through the bioluminescent activity, another potential feature of this method that could provide insight into how the brain works.

The Alfred P. Sloan Foundation supported this research.
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Ant agriculture began 66 million years ago in the aftermath of the asteroid that doomed the dinosaurs | ScienceDaily
When humans began farming crops thousands of years ago, agriculture had already been around for millions of years. In fact, several animal lineages have been growing their own food since long before humans evolved as a species.


						
According to a new study, colonies of ants began farming fungi when an asteroid struck Earth 66 million years ago. This impact caused a global mass extinction but also created ideal conditions for fungi to thrive. Innovative ants began cultivating the fungi, creating an evolutionary partnership that became even more tightly intertwined 27 million years ago and continues to this day.

In a paper published today, Oct. 3, in the journal Science, scientists at the Smithsonian's National Museum of Natural History analyzed genetic data from hundreds of species of fungi and ants to craft detailed evolutionary trees. Comparing these trees allowed the researchers to create an evolutionary timeline of ant agriculture and pinpoint when ants first began cultivating fungi.

"Ants have been practicing agriculture and fungus farming for much longer than humans have existed," said entomologist Ted Schultz, the museum's curator of ants and the lead author of the new paper. "We could probably learn something from the agricultural success of these ants over the past 66 million years."

Nearly 250 different species of ants in the Americas and Caribbean farm fungi. Researchers organize these ants into four agricultural systems based on their cultivation strategies. Leafcutter ants are among those that practice the most advanced strategy, known as higher agriculture. These ants harvest bits of fresh vegetation to provide sustenance for their fungi, which in turn grow food for the ants called gongylidia. This food helps fuel complex colonies of leaf cutter ants that can number in the millions.

Schultz has spent 35 years studying the evolutionary relationship between ants and fungi. He has conducted more than 30 expeditions to locales in Central and South America to observe this interaction in the wild and has reared colonies of leafcutter and other fungus-farming ants in his lab at the museum. Over the years, Schultz and colleagues have collected thousands of genetic samples of ants and fungi from throughout the tropics.

This stockpile of samples was crucial to the new paper.




"To really detect patterns and reconstruct how this association has evolved through time, you need lots of samples of ants and their fungal cultivars," Schultz said.

The team used the samples to sequence genetic data for 475 different species of fungi (288 of which are cultivated by ants) and 276 different species of ants (208 of which cultivate fungi) -- the largest genetic dataset of fungus-farming ants ever assembled. This allowed the researchers to create evolutionary trees of the two groups. Comparing wild fungal species with their cultivated relatives helped the researchers determine when ants began utilizing certain fungi.

The data revealed that ants and fungi have been intertwined for 66 million years. This is around the time when an asteroid struck Earth at the end of the Cretaceous period. This cataclysmic collision filled the atmosphere with dust and debris, which blocked out the sun and prevented photosynthesis for years. The resulting mass extinction wiped out roughly half of all plant species on Earth at the time.

However, this catastrophe was a boon for fungi. These organisms proliferated as they consumed the plentiful dead plant material littering the ground.

"Extinction events can be huge disasters for most organisms, but it can actually be positive for others," Schultz said. "At the end of Cretaceous, dinosaurs did not do very well, but fungi experienced a heyday."

Many of the fungi that proliferated during this period likely feasted on decaying leaf litter, which brought them in close contact with ants. These insects harnessed the plentiful fungi for food and continued to rely on the hardy fungi as life rebounded from the extinction event.




The new work also revealed that it took nearly another 40 million years for ants to then develop higher agriculture. The researchers were able to trace the origin of this advanced practice back to around 27 million years ago. At this time, a rapidly cooling climate transformed environments around the globe. In South America, drier habitats like woody savannas and grasslands fractured large swaths of wet, tropical forests. When ants took fungi out of the wet forests and into drier areas, they isolated the fungi from their wild ancestral populations. The isolated fungi became completely reliant on ants to survive in the arid conditions, setting the course for the higher agriculture system practiced by leafcutter ants today.

"The ants domesticated these fungi in the same way that humans domesticated crops," Schultz said. "What's extraordinary is now we can date when the higher ants originally cultivated the higher fungi."

In addition to Schultz, the new paper included contributions from several coauthors affiliated with the National Museum of Natural History, including Jeffrey Sosa-Calvo, Matthew Kweskin, Michael Lloyd, Ana Jesovnik and Scott E. Solomon. The study also includes authors affiliated with the University of Utah; the Royal Botanic Gardens, Kew; the University of California at Berkeley; the U.S. Department of Agriculture; Sao Paulo State University; the Instituto de Investigaciones Cientificas y Servicios de Alta Tecnologia; the Smithsonian Tropical Research Institute; the University of Copenhagen; Emory University; McMaster University; Universidade Federal de Uberlandia; Arizona State University; the University of Hohenheim; and Louisiana State University.

The research was supported by the U.S. National Science Foundation; the Smithsonian; the University of Maryland; Louisiana State Board of Regents; Sistema Nacional de Investigacion; Cosmos Club Foundation; Explorer's Club in Washington, D.C.; Sao Paulo Research Foundation; Brazilian Council of Research and Scientific Development; Brazilian Federal Agency for Support and Evaluation of Graduate Education; the Royal Botanic Gardens, Kew; and the Carl Zeiss Foundation.
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The true global impact of species-loss caused by humans is far greater than expected | ScienceDaily
The extinction of hundreds of bird species caused by humans over the last 130,000 years has has led to substantial reductions in avian functional diversity -- a measure of the range of different roles and functions that birds undertake within the environment -


						
and resulted in the loss of approximately 3 billion years of unique evolutionary history, according to a new study published today in Science.

Whilst humans have been driving a global erosion of species richness for millennia, the consequences of past extinctions for other dimensions of biodiversity are poorly known. New research lead by the University of Birmingham highlights the severe consequences of the ongoing biodiversity crisis and the urgent need to identify the ecological functions being lost through extinction.

From the well-documented Dodo to the recent Kaua`i `o`o songbird declared extinct in 2023, scientists currently have evidence of at least 600 bird species having become extinct as a result of humans since the Late Pleistocene when modern humans started to spread throughout the world. Using the most comprehensive dataset to date of all known bird extinctions during the Late Pleistocene and Holocene, the paper 'The global loss of avian functional and phylogenetic diversity from anthropogenic extinctions' looks beyond the number of extinctions to the wider implications on the planet.

Lead author Dr Tom Matthews from the University of Birmingham explained: "The sheer number of bird species that have become extinct is of course a big part of the extinction crisis but what we also need to focus on is that every species has a job or function within the environment and therefore plays a really important role in its ecosystem. Some birds control pests by eating insects, scavenger birds recycle dead matter, others eat fruit and disperse the seeds enabling more plants and trees to grow, and some, like hummingbirds, are very important pollinators. When those species die out, the important role that they play (the functional diversity) dies with them.

"In addition to functional diversity each species also carries a certain amount of evolutionary history, therefore when that species becomes extinct, it's basically like chopping off a branch of the tree of life and all of that associated phylogenetic diversity is also lost."

The research found that the scale of anthropologenic bird extinctions to date has resulted in a loss of approximately 3 billion years of unique evolutionary history, and 7% of global avian functional diversity -- a significantly larger amount than expected based on the number of extinctions. Given the wide range of important ecological roles performed by birds, the loss of avian functional diversity in particular will likely have had far-reaching implications. These post-extinction aftershocks include reduced flower pollination, reduced seed dispersal, the breakdown of top-down control of insect populations -- including many pests and disease vectors -- as well as increased disease outbreaks due to reduced consumption of carrion. In addition, the downsizing of the global avifauna documented in the research will likely affect the ability of many plant species to track present and future climate change.

Dr Matthews concludes: "These results are a timely reminder that the current extinction crisis is not just about species numbers. By identifying declines in avian functional and phylogenetic diversity driven by human actions, our findings highlight the urgent need to understand and predict the impacts of past anthropogenic extinctions on ecosystem function in order to prepare for the magnitude of expected future loss from the projected 1,000 bird species that are expected to die out completely over the next two centuries. This information is vital for setting effective targets for global conservation strategies, as well as ecosystem restoration and rewilding efforts."
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        In studying the mating rituals of fruit flies, scientists may have learned something about how brains evolve
        Researchers have identified how the architecture of brain circuits helps different species flexibly adapt to new mating signals across evolutionary timeframes.

      

      
        Do people with MS have an increased risk of cancer?
        A new study has found some cancers to be slightly more frequent in people with multiple sclerosis (MS) than in people without MS. Types of cancers found to have a small increased risk include bladder, brain and cervical cancers. The study does not prove that MS increases a person's risk of cancer. It only shows an association.

      

      
        Gene therapy shows long-term benefit for patients with a rare pediatric brain disease
        Cerebral adrenoleukodystrophy (CALD) is a rare progressive, genetic brain disease that primarily presents in young boys, causing loss of neurological function and ultimately leading to early death. Researchers have shown that six years after treatment with the first gene therapy approved for CALD, 94 percent of patients have had no decline in neurological functioning, with over 80 percent remaining free of major disability.

      

      
        Why people think they're right, even when they are wrong
        If you smugly believe you're right in a disagreement with a friend or colleague, a new study suggests why you may actually be wrong. Researchers found that people naturally assume they have all the information they need to make a decision or support their position, even when they do not.

      

      
        Viruses are teeming on your toothbrush, showerhead
        Microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

      

      
        Arrhythmic hearts after excessive alcohol consumption
        Researchers find cardiac arrhythmias in partygoers who had drunk a lot of alcohol.

      

      
        Are ideas contagious?
        As flu season approaches, researchers are discovering that the flu and fake news have far more in common than we may think.

      

      
        Genetic analysis of 25,000 Chinese mothers and infants reveals unique genes associated with disease risk
        Genome-wide association studies have great potential for advancing our understanding of the genetic background of diseases, but so far, few association studies have focused on maternal and newborn diseases, and most have been based on predominantly European populations. To fill these gaps, researchers generated and analyzed full-genome DNA sequences from non-invasive prenatal blood tests collected from over 25,000 pregnant women, all of whom were Han Chinese.

      

      
        Study probes how eating less can extend lifespan
        Researchers tracked the health of nearly one thousand mice on a variety of diets to see if these diets would extend the mice's lifespan. The study was designed to ensure that each mouse was genetically distinct, which allowed the team to better represent the genetic diversity of the human population. By doing so, the results are made more clinically relevant, elevating the study to one of the most significant investigations into aging and lifespan to date.

      

      
        Extended Timing: How neurons encode information on timescales that match learning
        New research has identified a key step in how neurons encode information on timescales that match learning.

      

      
        Study uncovers mutations and DNA structures driving bladder cancer
        How bladder cancer originates and progresses has been illuminated as never before. Researchers found that antiviral enzymes that mutate the DNA of normal and cancer cells are key promoters of early bladder cancer development, and that standard chemotherapy is also a potent source of mutations. The researchers also discovered that overactive genes within abnormal circular DNA structures in tumor cells genes drive bladder cancer resistance to therapy. These findings are novel insights into bladder ...

      

      
        Another step towards decoding smell
        We often only realize how important our sense of smell is when it is no longer there: food is not as tasty as it once was, or we no longer react to dangers such as the smell of smoke. Researchers have investigated the neuronal mechanisms of human odor perception for the first time. Individual nerve cells in the brain recognize odors and react specifically to the smell, the image and the written word of an object, for example a banana. The results of this study close a long-standing knowledge gap ...

      

      
        Will AI tools revolutionize public health? Not if they continue following old patterns, researchers argue
        A new article shares findings from an extensive literature analysis of AI's current trajectory in health care.

      

      
        Team engineers new enzyme to produce synthetic genetic material
        A research team describes how they engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.

      

      
        Oh my meniscus: Age poses risk of further knee injury in children
        A research team evaluated the treatment outcomes for discoid lateral meniscus (DLM) with osteochondritis dissecans. Age was found to be a risk factor for osteochondritis dissecans relapse or post-operative occurrence, and surgery on patients ages 9 and under was found to be related to the occurrence of osteochondritis dissecans.

      

      
        Asymmetric placebo effect in response to spicy food
        The expectations humans have of a pleasurable sensation asymmetrically shape neuronal responses and subjective experiences to hot sauce, according to a new study.

      

      
        Echoes in the brain: Why today's workout could fuel next week's bright idea
        In a pioneering longitudinal study, researchers found that the everyday effects of sleep, exercise, heart rate and mood -- both good and bad -- could linger in our brains for over two weeks.

      

      
        One-time cooperation decisions unaffected by increased benefits to society
        Until now, it was considered certain that people are more likely to cooperate if the benefits from cooperation are higher. A recently published, large-scale study has now called this finding into question: in over 2000 study participants, the researchers found no relationship between benefits from cooperation and willingness to cooperate.

      

      
        A new technique that makes competition between tumor cells visible can help personalize treatments for multiple myeloma
        A new tool detects the evolutionary advantages of multiple myeloma cells over the different treatments available. The information it provides can help prevent the tumor from becoming resistant to drugs.

      

      
        Key molecule in wound healing identified
        A new study has identified an RNA molecule that is important for skin wound healing. The research may have implications for the treatment of hard-to-heal wounds.

      

      
        How diabetes-risk genes make cells less resilient to stress
        Researchers have now discovered that DNA sequence changes known to increase a person's risk for diabetes are linked to how well pancreatic cells can handle two different kinds of molecular stress. In people with these DNA changes, the insulin-producing cells in the pancreas may be more likely to fail or die when exposed to stress and inflammation.

      

      
        The secret strength of our cell guards
        Proteins control most of the body's functions, and their malfunction can have severe consequences, such as neurodegenerative diseases or cancer. Therefore, cells have mechanisms in place to control protein quality. In animal and human cells, chaperones of the Hsp70 class are at the heart of this control system, overseeing a wide array of biological processes. Yet, despite their crucial role, the precise molecular mechanism of Hsp70 chaperones has remained elusive for decades. Using a cutting-edge...

      

      
        Hip osteoarthritis: Head gets in the way of recovery, study suggests
        Muscle activation in people suffering from hip osteoarthritis might be a case of 'mind over matter', new research has shown. A recent study investigated muscle function in people with hip osteoarthritis and found that these patients were unable to activate their muscles as efficiently.

      

      
        Increase access to nature in all daily environments and in education
        Although access to nature is a basic human right, people's actual use of green spaces is subject to inequalities. A research team analyzed what conditions make it more likely that people are exposed to nature across generations: the availability of green spaces around where they live, work and shop, as well as nature relatedness and past natural experiences. Their findings may inform policies for urban planning and education for the improvement of human health.

      

      
        Mental health app could help prevent depression in young people at high risk
        A cognitive behavioral therapy (CBT) app has been found to significantly prevent increases in depression in young people who are at high risk -- and could be implemented as a cost effective public mental health measure.

      

      
        New apps will enable safer indoor navigation for visually impaired
        Two new apps will enable blind people to navigate indoor buildings with spoken directions from a smartphone app, providing a safe method of wayfinding where GPS doesn't work.

      

      
        Texting while walking puts pedestrians in danger
        Research analyzing actual pedestrian interactions with vehicles on busy streets concludes that distracted pedestrians face higher safety risks compared with undistracted road users. The study found that distracted pedestrians often remained unaware of their surroundings, making fewer adjustments to their path or speed, which decreased their overall navigational efficiency. This level of distraction can increase the severity of vehicle interaction and near misses by 45 per cent.

      

      
        Harnessing natural killer T cells to advance cancer immunotherapy for solid tumors
        In the fight against cancer, chimeric antigen receptor (CAR) T cell therapy has achieved notable success in treating blood cancers. However, it has been largely ineffective against solid tumors. A study demonstrates that a different immunotherapy approach utilizing natural killer T cells produced significant antitumor activity in preclinical models of solid tumors.

      

      
        Study explores novel therapeutic treatment for glioblastoma
        Researchers discovered combining the brain-penetrating antipsychotic drug pimozide with a clinically investigative glutamine metabolism inhibitor, CB-839, can overcome tumor resistance and effectively suppress GBM growth.

      

      
        Menstrual cycle luteal phase lengths are not 'fixed' at 13-14 days
        New study shows that the lengths of menstrual cycles, follicular phases (before egg release) and luteal phases (after ovulation) are all variable. The luteal phase is importantly more variable than currently believed.

      

      
        Should men and women eat different breakfasts to lose weight?
        It's not a bad thing if you pick a toasted bagel for breakfast, while your partner chooses eggs. In fact that difference could help you lose some weight.

      

      
        Common consumer product chemicals now tied to cardiac electrical changes
        Some environmental phenols are known to have cardiac toxicities. Now, a new study is revealing their adverse impact on the heart's electrical properties.

      

      
        Promising cell therapy offers hope for relapsed or refractory T-cell leukaemia
        Fratricide-resistant CD7 CAR-T therapy by NUS proves effective in treating relapsed or refractory T-cell leukaemia

      

      
        Scientists discover a secret to regulating our body clock, offering new approach to end jet lag
        Scientists have discovered the secret to regulating our internal clock. They identified that this regulator sits right at the tail end of Casein Kinase 1 delta, a protein which acts as a pace setter for our internal biological clock or the natural 24-hour cycles that control sleep-wake patterns and other daily functions, known as circadian rhythm.

      

      
        Fear of childbirth is associated with shorter duration of breastfeeding
        The duration of breastfeeding is shorter than average among mothers with a fear of childbirth -- regardless of the mode of delivery, a new study from Finland shows.

      

      
        Autobiographical memory in the digital age: Our lives in the mirror of our data
        Never before have people recorded more information about their lives than today. But what does this mean for the way we remember our lives and how we talk about them? Researchers are trying to find answers to these questions.

      

      
        Gut hormones could hold the key to fighting fatty liver disease
        Fatty liver disease is a growing global health concern. Proglucagon-derived peptides (PGDPs), including glucagon, GLP-1, and GLP-2, are known to regulate lipid metabolism in the liver. However, the mechanism underlying this remains unelucidated. Now, researchers have investigated the role of PGDPs, including glucagon, GLP-1, and GLP-2, in fat accumulation in the liver using GCGKO mice deficient in these peptides.

      

      
        Researchers confront new US and global challenges in vaccinations of adults
        Over the past decade, decreasing vaccination rates now threaten the huge beneficial impacts of vaccinations in the U.S. and globally. Researchers discuss the multifactorial barriers including increasing vaccine hesitancy and new clinical and public health challenges in vaccinations of U.S. adults.

      

      
        Brain network study reveals clues about dementia's behavior changes
        Dementia doesn't just erode memory -- it also changes behavior and mental health. A study shows the brain's salience network and tau protein may be involved.

      

      
        Despite medical advances, life expectancy gains are slowing
        After nearly doubling over the 20th century, the rate of increase in life expectancy has slowed considerably in the last three decades, according to a new study.

      

      
        Commonly used arm positions can substantially overestimate blood pressure readings
        Researchers conclude that commonly used ways of positioning the patient's arm during blood pressure (BP) screenings can substantially overestimate test results and may lead to a misdiagnosis of hypertension.

      

      
        An early blood test can predict survival in patients with metastatic prostate cancer
        A blood test, performed when metastatic prostate cancer is first diagnosed, can predict which patients are likely to respond to treatment and survive the longest. It can help providers decide which patients should receive standard treatment versus who might stand to benefit from riskier, more aggressive new drug trials.

      

      
        Scientists discover that special immune cells stop metastatic cancer
        Researchers have discovered a natural immune mechanism in mice that stops escaped cancer cells from developing into tumors elsewhere in the body.

      

      
        Cancer biologists discover a new mechanism for an old drug
        Doctors have long believed the cancer drug 5-fluorouracil works by damaging the building blocks of DNA, but researchers have now found that in certain cancers, it kills cells by interfering with RNA synthesis. The findings could help researchers design better drug combinations for colon and gastrointestinal cancers.

      

      
        Protecting confidentiality in adolescent patient portals
        Researchers found that the possibility of parental disclosure through online patient portals led older adolescents to hesitate in sharing complete health information with doctors, putting them at risk of missed diagnoses and treatments. The paper noted that confidentiality concerns were increased among females and those who are sexual and gender minorities.

      

      
        New therapeutic target for cardiac arrhythmias emerges
        Researchers identified a lipid that is involved in regulating cardiac ion channels, providing insights into possible mechanisms of cardiac arrhythmias in heart failure and a potential pathway for future therapeutic development.

      

      
        Researchers seek to improve advanced pain management using AI for drug discovery
        An estimated one in five Americans live with chronic pain and current treatment options leave much to be desired. Scientists are now using artificial intelligence (AI) for drug discovery in advanced pain management. The team's deep-learning framework identified multiple gut microbiome-derived metabolites and FDA-approved drugs that can be repurposed to select non-addictive, non-opioid options to treat chronic pain.

      

      
        Real-time data shows what happens when people lose their balance
        The study concludes that among older adults, voice recorders are effective at capturing the circumstances and context in which they lost their balance and potentially fell, without relying on recall later.

      

      
        Role of ophthalmic acid in motor function control
        A research team has revealed that a molecule in the brain -- ophthalmic acid -- unexpectedly acts like a neurotransmitter similar to dopamine in regulating motor function, offering a new therapeutic target for Parkinson's and other movement diseases.

      

      
        Drug improves effectiveness of radiation for lung cancer that has spread to the brain
        The University of Cincinnati's Debanjan Bhattacharya is first author of new research published in Cancers that found the drug AM-101 improves the effectiveness and survival rate of radiation treatment in animal models of lung cancer that has spread to the brain.
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In studying the mating rituals of fruit flies, scientists may have learned something about how brains evolve | ScienceDaily
Male fruit flies have several tricks for finding a mate, from sensing pheromones in the dark to relying on visual cues in the light.


						
Now, new research reveals that these tiny suitors are leveraging a flexible network of modular brain circuits to quickly adapt to different mating signals. The study, published in Nature, is the first to describe how diverse species of fruit flies plug new sensory inputs, such as pheromones, into a set of basic brain circuits without needing to develop new neural pathways from scratch.

The findings offer a larger framework for understanding how brain wiring can change to influence behavioral evolution. "The diversity of behaviors across the animal kingdom is enormous, but the underlying mechanisms of how nervous systems are shaped by evolution have been very difficult to unravel," says Vanessa Ruta, head of the Laboratory of Neurophysiology and Behavior. "Here we uncovered what we believe is a key neural mechanism that gives brain circuits the flexibility to rewire across species."

Plug-and-play

One of the great mysteries of behavioral evolution is how, as species diversify, brain circuits keep pace with the rapid changes in social signals that allow individuals to find their ideal mates. Courtship behaviors, for instance, evolve quickly, making it difficult to imagine that the fly brain completely reinvents itself every time a new pheromone enters the Drosophila repertoire.

But until now, it was not possible to identify where evolution acts in the nervous system to alter behavior, and so the key features of what makes such circuits so adaptable remained a mystery. Ruta's group turned to fruit flies, where closely related species share similar brains but rely on vastly different cues for mating rituals. D. simulans, for instance, mainly relies on visual cues to find a mate, while D. yakuba evolved a novel capacity to use pheromones to find a mate even in complete darkness. These and other variations presented an opportunity to study how similar brains detect and perceive different social cues.

"We started looking for parts of the brain that might be primed for flexibility," says Rory Coleman, first author on the study and a postdoctoral fellow in the Ruta lab. "We were searching for features that might make the circuit intrinsically adaptable, potential evolutionary hotspots driving behavioral diversification."

After comparing pheromone-sensing circuits across multiple species -- using behavioral assays, genetic tools, neuroimaging, and CRISPR genome editing -- they ultimately singled out sensory neurons in the male forelegs and P1 neurons in the higher brain as key to modulating courtship across species. The team found that the basic neural building blocks of male mating behaviors, such as the P1 neurons, are present across species, but different sensory signals can be flexibly wired into this node. This allows fly species to develop different mating strategies without rewiring their entire brains.




For instance, the researchers found that P1 neurons were activated in response to entirely different types of pheromones in D. melanogaster and D. yakuba. Yet the role of P1 neurons in initiating courtship was still conserved across both species. "One important discovery from our work is that there are discrete nodes within the brains of each of these species that can flexibly integrate new sensory modalities," Ruta says. "This flexibility allows conserved nodes like the P1 neurons to still initiate courtship in different species but respond to the distinct cues of their females."

A social brain

This research falls under the umbrella of Rockefeller's Price Family Center for the Social Brain, an initiative focusing on understanding the neuronal, cellular, and molecular foundations of social behavior. In addition to shedding light on flexibility in the face of new sensory inputs, the present work also illustrates an experimental approach for studying how social behaviors evolve across species. "Our results demonstrate that Drosophila is a powerful system for studying behavioral evolution," Ruta says.

By examining how variations in neural circuits shape behaviors like mating, the lab hopes to advance our understanding of the complex interplay between brain function and social behaviors, providing a framework for understanding how social circuits are built to produce adaptive behaviors in the human brain. And while the brain structures of flies and humans differ substantially, it is likely some of the underlying principles of how neural circuits evolve and adapt are conserved across species

"We hope that comparative evolutionary studies like this one will reveal the core rules shaping how neural circuits have been built across the animal kingdom, including in humans," Coleman says. "Many neurological disorders are thought to arise from the miswiring of circuits" Ruta adds. "By examining neural circuits through the lens of evolution, we hope to shed light on which neural motifs can change and how they can be altered, not through the ravages of disease, but as a consequence of evolutionary selection."
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Do people with MS have an increased risk of cancer? | ScienceDaily
A new study has found some cancers to be slightly more frequent in people with multiple sclerosis (MS) than in people without MS. The study is published in the October 9, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology. Types of cancers found to have a small increased risk include bladder, brain and cervical cancers. The study does not prove that MS increases a person's risk of cancer. It only shows an association.


						
With MS, the body's immune system attacks myelin, the fatty, white substance that insulates and protects the nerves. MS is chronic and can be unpredictable and disabling.

"People with MS undergo an increased number of tests to monitor MS, making it more likely to detect other diseases," said study author Emmanuelle Leray, PhD, of Rennes University in France. "We found an association between some types of cancer and MS which may have different explanations depending on a person's age and the types of cancer. Overall, our study found the increased risk of cancer was quite small."

For the study, researchers reviewed 10 years of data in the French national health care database. Researchers identified 140,649 people with MS and matched them for factors such as age, sex and residence to 562,596 people without MS. All participants were cancer free three years before the study. They were followed for an average of eight years.

During the study, 8,368 people with MS and 31,796 people without MS developed cancer.

Researchers determined there were 799 cancers per 100,000 person-years for people with MS and 736 cancers per 100,000 person-years for people without MS. Person-years represent both the number of people in the study and the amount of time each person spends in the study.

Researchers found people with MS had a 6% increased risk of developing any type of cancer regardless of age, sex and residence. They also found cancer risk was higher in those under 55 and lower in people 65 and older when compared to people without MS.




Researchers then looked at cancer types. People with MS had a 71% increased risk for bladder cancer, a 68% increased risk for brain cancer and a 24% increased risk for cervical cancer. However, they also had a 20% lower risk of prostate cancer, a 10% lower risk of colorectal cancer and a 9% lower risk of breast cancer.

"While our study found a higher risk for brain cancer, it may be due in part to earlier detection in those with MS since they regularly have brain scans which may detect cancers earlier, before a person has symptoms," said Leray. "Frequent urinary tract infections in people with MS and the use of immunosuppressant drugs may contribute to their higher risk of bladder and cervical cancers."

Leray added, "The lower risk for colorectal and breast cancers may be due in part to fewer people with MS getting screened for cancer in older age when they may be experiencing more MS symptoms. More research is needed, including studies that look at more closely at how cancer screenings may play a role."

A limitation of the study was that researchers were unable to adjust for factors such as education, income, smoking and alcohol consumption since this information was not available in the national database.

The study was supported by the Rennes Institute of Clinical Neurosciences and the EDMUS-ARSEP Foundation.
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Gene therapy shows long-term benefit for patients with a rare pediatric brain disease | ScienceDaily
Cerebral adrenoleukodystrophy (CALD) is a rare progressive, genetic brain disease that primarily presents in young boys, causing loss of neurological function and ultimately leading to early death. Researchers from Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system, Boston Children's Hospital, and collaborators have shown that six years after treatment with the first gene therapy approved for CALD, 94 percent of patients have had no decline in neurological functioning, with over 80 percent remaining free of major disability. Findings, published in two articles in the New England Journal of Medicine, describe long-term outcomes in those treated with the eli-cel gene therapy, while also highlighting safety concerns about the emergence of blood cancers post-treatment.


						
"Cerebral adrenoleukodystrophy is a devastating brain disease that strikes children in the prime of their childhood and development," said Florian Eichler, MD, director of the Leukodystrophy Clinic in the Department of Neurology at Massachusetts General Hospital, first author of the paper on long-term outcomes. "When I initially began treating patients with CALD, 80 percent came into our clinic on death's door, and now the ratio has flipped. We cautiously celebrate that we have been able to stabilize this neurologic disease and give these boys back a fulfilling life, but that jubilation is dampened by the fact that we see malignancy in a subset of these patients. This is something that we are actively trying to understand and address."

In 2022, the U.S. Food and Drug Administration approved the first gene therapy for CALD, elivaldogene autotemcel (eli-cel), which was clinically evaluated by the researchers from Mass General and Boston Children's Hospital. In the new study, 32 boys aged 3 to 13 years with early-stage CALD received eli-cel as part of the ALD-102 trial, which was sponsored by bluebird, bio, Inc., the company that developed the therapy.

The therapy uses a Lenti-D lentiviral vector to add a healthy copy of the ABCD1 gene, which is faulty in those with CALD, to blood stem cells that have been removed from the patient. These stem cells are then reintroduced to the patient via an autologous hematopoietic stem cell transplantation (HSCT). Using a patient's own cells substantially reduces the risk of graft-versus host disease -- a risk posed by other forms of treatment.

In the ALD-102 trial, one patient developed a condition known as myelodysplastic syndrome (MDS) with excess blasts, a hematologic malignancy that appears to have been triggered by the Lenti-D lentiviral vector used to deliver the gene therapy. In a second, more recent trial of the eli-cel therapy (ALD-104), six of 35 patients have developed a hematologic malignancy (MDS in five patients and acute myeloid leukemia in one) which appear to be also caused by the vector. These results were reported in a second paper published in the same volume of the journal. The protocol for the second trial, ALD-104, differed from the first in that it uses a different chemotherapy drug during HSCT (fludarabine instead of cytoxan) and other changes that may have contributed to the apparent increase risk of leukemia in this second trial.

"Our paper on leukemias in this condition serves as a key step to evaluate the risks associated with the eli-cell therapy and lentiviral vector technology," said Christine Duncan, MD, medical director of Clinical Research and Clinical Development in the Gene Therapy Program at Boston Children's Hospital and first author of the second report. "Although the overall trial results are optimistic, we hope to expand our research to inform future follow-up to provide families facing a devastating disease with more information and options."

The researchers will continue to study the potential causes of hematologic malignancy, which are complex and not yet fully elucidated. Improving lentiviral vectors and refining HSCT regimens for CALD are a high priority. With newborn screening for adrenoleukodystrophy improving the possibility of early detection of CALD, there may be expanded opportunities to identify patients who may benefit from gene therapy, especially those lacking matched donors for allogeneic HSCT.

"As both a clinician and senior investigator, it's truly inspiring to witness the significant strides we've made over the past decade in the fight against CALD," said David A. Williams, MD, chief of the Division of Hematology/Oncology at Boston Children's Hospital. "While the risks associated with gene therapy and vector technology are real, the progress we've made offers a source of hope for families facing limited options. Every advancement brings us closer to the answers these families desperately need. Our commitment to refining and improving the vector's safety by continued research remains unwavering, as we work tirelessly to ensure the long-term safety and efficacy of gene therapy treatments for this devasting disease. These efforts include multiple investigators world-wide and are underway."
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Why people think they're right, even when they are wrong | ScienceDaily
If you smugly believe you're right in a disagreement with a friend or colleague, a new study suggests why you may actually be wrong.


						
Researchers found that people naturally assume they have all the information they need to make a decision or support their position, even when they do not.

The researchers called it the "illusion of information adequacy."

"We found that, in general, people don't stop to think whether there might be more information that would help them make a more informed decision," said study co-author Angus Fletcher, a professor of English at The Ohio State University and member of the university's Project Narrative.

"If you give people a few pieces of information that seems to line up, most will say 'that sounds about right' and go with that."

The study was published today in the journal PLOS ONE. Fletcher completed the work with co-authors Hunter Gehlbach, an educational psychologist at Johns Hopkins University's School of Education, and Carly Robinson, a senior researcher at Stanford University's Graduate School of Education.

The study involved 1,261 Americans who participated online.




They were split into three groups who read an article about a fictional school that lacked adequate water. One group read an article that only gave reasons why the school should merge with another that had adequate water; a second group's article only gave reasons for staying separate and hoping for other solutions; and the third control group read all the arguments for the schools merging and for staying separate.

The findings showed that the two groups who read only half the story -- either just the pro-merging or the just the anti-merging arguments -- still believed they had enough information to make a good decision, Fletcher said. Most of them said they would follow the recommendations in the article they read.

"Those with only half the information were actually more confident in their decision to merge or remain separate than those who had the complete story," Fletcher said.

"They were quite sure that their decision was the right one, even though they didn't have all the information."

In addition, participants who had half the information said that they thought that most other people would make the same decision they did.

There was one piece of good news from the study, Fletcher said. Some of the participants who had read only one side of the story later read the arguments for the other side. And many of those participants were willing to change their minds about their decision, once they had all the facts.




That may not work all the time, especially on entrenched ideological issues, he said. In those cases, people may not trust new information, or they may try to reframe it to fit their preexisting views.

"But most interpersonal conflicts aren't about ideology. They are just misunderstandings in the course of daily life," Fletcher said.

These findings offer a complement to research on what is called naive realism, the belief people have that their subjective understanding of a situation is the objective truth, Fletcher explained. Research on naive realism often focuses on how people have different understandings of the same situation.

But the illusion of information adequacy shows that people may share the same understanding -- if they both have enough information.

Fletcher, who studies how people are influenced by the power of stories, said people should make sure they have the full story about a situation before they take a stand or make a decision.

"As we found in this study, there's this default mode in which people think they know all the relevant facts, even if they don't," he said.

"Your first move when you disagree with someone should be to think, 'Is there something that I'm missing that would help me see their perspective and understand their position better?' That's the way to fight this illusion of information adequacy."
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Viruses are teeming on your toothbrush, showerhead | ScienceDaily
Step aside tropical rainforests and coral reefs -- the latest hotspot to offer awe-inspiring biodiversity lies no further than your bathroom.


						
In a new Northwestern University-led study, microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

Although this might sound ominous, the good news is these viruses don't target people. They target bacteria.

The microorganisms collected in the study are bacteriophage, or "phage," a type of virus that infects and replicates inside of bacteria. Although researchers know little about them, phage recently have garnered attention for their potential use in treating antibiotic-resistant bacterial infections. And the previously unknown viruses lurking in our bathrooms could become a treasure trove of materials for exploring those applications.

The study will be published Wednesday (Oct. 9) in the journal Frontiers in Microbiomes.

"The number of viruses that we found is absolutely wild," said Northwestern's Erica M. Hartmann, who led the study. "We found many viruses that we know very little about and many others that we have never seen before. It's amazing how much untapped biodiversity is all around us. And you don't even have to go far to find it; it's right under our noses."

An indoor microbiologist, Hartmann is an associate professor of civil and environmental engineering at Northwestern's McCormick School of Engineering and a member of the Center for Synthetic Biology.




The return of 'Operation Pottymouth'

The new study is an offshoot of previous research, in which Hartmann and her colleagues at University of Colorado at Boulder characterized bacteria living on toothbrushes and showerheads. For the previous studies, the researchers asked people to submit used toothbrushes and swabs with samples collected from their showerheads.

Inspired by concerns that a flushing toilet might generate a cloud of aerosol particles, Hartmann affectionately called the toothbrush study, "Operation Pottymouth."

"This project started as a curiosity," Hartmann said. "We wanted to know what microbes are living in our homes. If you think about indoor environments, surfaces like tables and walls are really difficult for microbes to live on. Microbes prefer environments with water. And where is there water? Inside our showerheads and on our toothbrushes."

Diversity and opportunities

After characterizing bacteria, Hartmann then used DNA sequencing to examine the viruses living on those same samples. She was immediately blown away. Altogether, the samples comprised more than 600 different viruses -- and no two samples were alike.




"We saw basically no overlap in virus types between showerheads and toothbrushes," Hartmann said. "We also saw very little overlap between any two samples at all. Each showerhead and each toothbrush is like its own little island. It just underscores the incredible diversity of viruses out there."

While they found few patterns among all the samples, Hartmann and her team did notice more mycobacteriophage than other types of phage. Mycobacteriophage infect mycobacteria, a pathogenic species that causes diseases like leprosy, tuberculosis and chronic lung infections. Hartmann imagines that, someday, researchers could harness mycobacteriophage to treat these infections and others.

"We could envision taking these mycobacteriophage and using them as a way to clean pathogens out of your plumbing system," she said. "We want to look at all the functions these viruses might have and figure out how we can use them."

Most microbes 'will not make us sick'

But, in the meantime, Hartmann cautions people not to fret about the invisible wildlife living within our bathrooms. Instead of grabbing for bleach, people can soak their showerheads in vinegar to remove calcium buildup or simply wash them with plain soap and water. And people should regularly replace toothbrush heads, Hartmann says. Hartmann also is not a fan of antimicrobial toothbrushes, which she said can lead to antibiotic-resistant bugs.

"Microbes are everywhere, and the vast majority of them will not make us sick," she said. "The more you attack them with disinfectants, the more they are likely to develop resistance or become more difficult to treat. We should all just embrace them."

The study, "Phage communities in household-related biofilms correlate with bacterial hosts but do not associate with other environmental factors," was supported by Northwestern University.
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Arrhythmic hearts after excessive alcohol consumption | ScienceDaily
New research is evaluating the negative effects of alcohol on body and health with ever greater scrutiny. This should not surprise us, as alcohol is one of the strongest cell toxins that exist. In a recent study, doctors at LMU University Hospital took mobile ECG monitors along to parties of young people who had one principal aim: to drink and be merry. Yet the science produced by the MunichBREW II study made for sobering reading. It revealed that binge drinking can have a concerning effect on the hearts even of healthy young people in surprisingly many cases, including the development of clinically relevant arrythmias. The results of the study have just been published in the European Heart Journal.


						
The team from the Department of Cardiology at LMU University Hospital launched the MunichBREW I study at Munich Oktoberfest in 2015. Back then, the doctors, led by Professor Stefan Brunner and PD Dr. Moritz Sinner, studied the connection between excessive alcohol consumption and cardiac arrythmias -- but only through an electrocardiogram (ECG) snapshot.

Now the scientists wanted to gain a more detailed picture, so they set out with their mobile equipment once again. Their destinations were various small parties attended by young adults with a high likelihood "that many of the partygoers would reach breath alcohol concentrations (BAC) of at least 1.2 grams per kilogram," says Stefan Brunner. These were the participants of the MunichBREW II study -- the world's largest investigation to date of acute alcohol consumption and ECG changes in prolonged ECGs spanning several days.

Hearts out of sync -- especially in recovery phase

Overall, the researchers evaluated the data of over 200 partygoers who, with peak blood alcohol values of up to 2.5 grams per kilogram, had imbibed quite a few drinks. The ECG devices monitored their cardiac rhythms for a total of 48 hours, with the researchers distinguishing between the baseline (hour 0), the drinking period (hours 1-5), the recovery period (hours 6-19), and two control periods corresponding to 24 hours after the drinking and recovery periods, respectively. Acute alcohol intake was monitored by BAC measurements during the drinking period. ECGs were analyzed for heart rate, heart rate variability, atrial fibrillation, and other types of cardiac arrythmia. Despite the festive mood of the study participants, the quality of the ECGs was almost universally high throughout.

"Clinically relevant arrhythmias were detected in over five percent of otherwise healthy participants," explains Moritz Sinner, "and primarily in the recovery phase." Alcohol intake during the drinking period led to an increasingly rapid pulse of over 100 beats per minute. Alcohol, it would seem, can profoundly affect the autonomous regulatory processes of the heart. "Our study furnishes, from a cardiological perspective, another negative effect of acute excessive alcohol consumption on health," emphasizes Brunner. Meanwhile, the long-term harmful effects of alcohol-related cardiac arrythmias on cardiac health remains a subject for further research.
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Are ideas contagious? | ScienceDaily
The COVID-19 pandemic gave the global medical community the opportunity to take giant strides forward in understanding how to develop vaccines and implement public health measures designed to control the spread of disease, but the crisis also offered researchers the chance to learn more about another kind of contagion: ideas.


						
Mathematician and assistant professor of biology Nicholas Landry, an expert in the study of contagion, is exploring how the structure of human-interaction networks affect the spread of both illness and information with the aim of understanding the role social connections play in not only the transmission of disease but also the spread of ideas and ideology.

In a paper published this fall in Physical Review E with collaborators at the University of Vermont, Landry explores a hybrid approach to understanding social networks that involves inferring not just social contacts but also the rules that govern how contagion and information spread.

"With the pandemic, we have more data than we've ever had on diseases," Landry said. "The question is, What can we do with that data and how much data do you need to figure out how people are connected?"

The key to making use of the data, Landry explained, is to understand their limitations and understand how much confidence we can have when using epidemic models to make predictions.

Landry's findings suggest that reconstructing underlying social networks and their impacts on contagion is much more feasible for diseases like SARS-CoV-2, Mpox or rhinovirus but may be less effective in understanding how more highly infectious diseases like measles or chickenpox spread.

However, for extremely viral trends or information, Landry suggests it may be possible to track how they spread with more precision than we can achieve for diseases, a discovery that will better inform future efforts to understand the pathways of both contagion and misinformation.
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Genetic analysis of 25,000 Chinese mothers and infants reveals unique genes associated with disease risk | ScienceDaily
Genome-wide association studies have great potential for advancing our understanding of the genetic background of diseases, but so far, few association studies have focused on maternal and newborn diseases, and most have been based on predominantly European populations. To fill these gaps, researchers generated and analyzed full-genome DNA sequences from non-invasive prenatal blood tests collected from over 25,000 pregnant women, all of whom were Han Chinese.


						
The analyses revealed unique genetic variants associated with increased risk of maternal diseases including gestational diabetes, obesity, asthma, psoriasis, endometriosis, and hypothyroidism, the researchers report October 9 in the Cell Press journal Cell Genomics. Many (83%) of these genetic loci were associated with increased risk of multiple maternal diseases.

The team also identified 21 maternal genetic variants associated with increased risk of 35 different diseases in newborns. Two of these genes were associated with identical diseases in both mother and infant -- dermatitis and acute sinusitis -- while 33 others were associated with distinct disease symptoms in mother and child (for example, one variant associated with maternal hypothyroidism was associated with childhood gastroenteritis, colitis, and acute tonsillitis).

"Maternal and newborn health are intricately connected, and our study has provided important insights into the genetic basis of many maternal-neonatal comorbidities," write the authors, who include Qiyuan Li and Yulin Zhou of Xiamen University. "These findings may facilitate the development of more targeted and personalized approaches to prenatal care and pediatric preventive strategies, ultimately improving maternal and neonatal health outcomes."

The researchers began their analysis by sequencing the whole genomes of pregnant people from samples collected during non-invasive prenatal testing, a procedure that is used clinically to test for chromosomal abnormalities. Then, they paired these genetic data with the patients' electronic health records to identify associations between genetic variants and different types of disease. Altogether, the researchers analyzed whole-genome sequences from 25,639 pregnant Chinese women and 14,151 newborns.

The researchers say that their results highlight the potential for using non-invasive prenatal testing for large-scale genomic studies, which would be more cost-effective than currently used methods. The tests could also be used more broadly in the clinic, they say, but more research is needed to understand the mechanisms underlying the genetic associations revealed in the study.

"Currently, non-invasive prenatal testing is only used for detection of trisomy, while based on the results of this study, we can envision more extensive clinical usage of maternal circulating DNA in the prenatal diagnoses of genetic disorder and rare diseases," the authors write.
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Study probes how eating less can extend lifespan | ScienceDaily
For nearly a century, laboratory studies have shown consistent results: eat less food, or eat less often, and an animal will live longer. But scientists have struggled to understand why these kinds of restrictive diets work to extend lifespan, and how to best implement them in humans. Now, in a long-awaited study to appear in the Oct. 9 issue of Nature, scientists at The Jackson Laboratory (JAX) and collaborators tracked the health of nearly one thousand mice on a variety of diets to make new inroads into these questions.


						
The study was designed to ensure that each mouse was genetically distinct, which allowed the team to better represent the genetic diversity of the human population. By doing so, the results are made more clinically relevant, elevating the study to one of the most significant investigations into aging and lifespan to date.

The study concluded that eating fewer calories had a greater impact on lifespan than periodic fasting, revealing that very-low-calorie diets generally extended the mice's lifespan regardless of their body fat or glucose levels -- both typically seen as markers of metabolic health and aging. Surprisingly, the mice that lived the longest on the restrictive diets were those that lost the least weight despite eating less. Animals that lost the most weight on these diets tended to have low energy, compromised immune and reproductive systems, and shorter lives.

"Our study really points to the importance of resilience," said Gary Churchill, Karl Gunnar Johansson Chair and professor at JAX who led the study. "The most robust animals keep their weight on even in the face of stress and caloric restriction, and they are the ones that live the longest. It also suggests that a more moderate level of calorie restriction might be the way to balance long-term health and lifespan."

Churchill and his colleagues assigned female mice to any of five different diets: one in which the animals could freely eat any amount of food at any time, two in which the animals were provided only 60% or 80% of their baseline calories each day, and two in which the animals were not given any food for either one or two consecutive days each week but could eat as much as they wanted on the other days. Then, the mice were studied for the rest of their lives with periodic blood tests and extensive evaluation of their overall health.

Overall, mice on unrestricted diets lived for an average of 25 months, those on the intermittent fasting diets lived for an average of 28 months, those eating 80% of baseline lived for an average of 30 months, and those eating 60% of baseline lived for 34 months. But within each group, the range of lifespans was wide; mice eating the fewest calories, for example, had lifespans ranging from a few months to four and a half years.

When the researchers analyzed the rest of their data to try to explain this wide range, they found that genetic factors had a far greater impact on lifespan than diets, highlighting how underlying genetic features, yet to be identified, play a major role in how these diets would affect an individual person's health trajectory. Moreover, they pinpointed genetically-encoded resilience as a critical factor in lifespan; mice that naturally maintained their body weight, body fat percentage and immune cell health during periods of stress or low food intake, as well as those that did not lose body fat late in life, survived the longest.

"If you want to live a long time, there are things you can control within your lifetime such as diet, but really what you want is a very old grandmother," Churchill said.

The study also cast doubt on traditional ideas about why certain diets can extend life in the first place. For example, factors like weight, body fat percentages, blood glucose levels and body temperature did not explain the link between cutting calories and living a longer life. Instead, the study found that immune system health and traits related to red blood cells were more clearly connected to lifespan. Importantly, those findings mean that human studies of longevity -- which often use metabolic measurements as markers for aging or youthfulness -- may be overlooking more important aspects of healthy aging.

"While caloric restriction is generally good for lifespan, our data show that losing weight on caloric restriction is actually bad for lifespan," Churchill explained. "So when we look at human trials of longevity drugs and see that people are losing weight and have better metabolic profiles, it turns out that might not be a good marker of their future lifespan at all."
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Extended Timing: How neurons encode information on timescales that match learning | ScienceDaily
New research from the Max Planck Florida Institute for Neuroscience published this week in Nature has identified a key step in how neurons encode information on timescales that match learning.


						
A timing mismatch

Learning takes seconds to minutes. However, the best-understood mechanisms of how the brain encodes information happen at speeds closer to neural activity -- around 1000 times faster. These mechanisms, known as Hebbian plasticity, suggest that if two connected neurons are both active within a hundredth of a second, then the connection between the two neurons is strengthened. In this way, information arriving at connected neurons within this short time window can be linked. However, during behavior, information that needs to be encoded together is often separated by seconds to minutes. How, then, can neurons integrate information on timescales relevant to learning?

A new model of learning

Recently, a new neural model of information encoding called behavioral timescale synaptic plasticity (BTSP) addressed this discrepancy by demonstrating that neurons can integrate information over seconds, a timescale consistent with behavior. Indeed, during behaviors such as navigation, neurons encode specific locations through BTSP. However, the molecular mechanisms of how neurons implement BTSP were unknown.

This week, a research team led by Dr. Anant Jain, Dr. Yoshihisa Nakahata, and Scientific Director Dr. Ryohei Yasuda identified key aspects of how BTSP works in neurons, reporting their years-long study into this critical model of plasticity.

Dr. Yasuda describes the team's motivation for the project, "Understanding the precise molecules and mechanisms that neurons use to encode information is critical for understanding brain function and health. Research in this area has primarily focused on traditional plasticity models, which may be less relevant to learning during experience. It is critical to explore the molecular mechanisms that underlie new plasticity models, such as BTSP."

The team's first hurdle was modeling BTSP in isolated brain tissue, where they could precisely measure the resulting neuronal changes. The researchers were able to trigger BTSP by inputs separated by ~1 second, confirming the extended integration time of information storage. The team also found that BTSP occurs at single synapses, a property critical for specificity in information coding. By combining electrophysiological measurements of neuronal activity with specialized microscopy and biosensors, the team could visualize real-time molecular changes that occurred during BTSP to determine their role.




CaMKII: Same player, different role

The research team focused on a molecule called CaMKII, which is well-known for its critical role in many types of plasticity in neurons.

"We hypothesized that CaMKII would be critical for BTSP. This molecule is activated at synapses and can remain active for many seconds. It seemed the perfect candidate to be the key player in extending the time window of information integration in neurons," described Dr. Jain. "Well, it turns out that we were right -- CaMKII was critical for BTSP, but we were completely wrong about its role."

When the research team disrupted the function of CaMKII, BTSP was disrupted. Wanting to visualize the CaMKII activity in neurons during the BTSP process, the group optimized a biosensor to report when CAMKII was active. Using this newly optimized sensor, with nearly two-fold improved sensitivity over previous tools, the scientists could measure CAMKII activity during BTSP. However, they didn't find what they expected.

Contrary to their hypothesis, they found no detectable CaMKII activation during BTSP induction. Instead, a delayed and stochastic activation of CaMKII occurred tens of seconds after initiating BTSP. In addition, while the plasticity was happening at a specific synapse, CaMKII was active in a much larger area of the neuron. The research revealed that CaMKII is an instructive signal for BTSP but does not define the synapse specificity of plasticity. It suggests a broad time window for synaptic plasticity and a new model of how synapse-specific and instructive signals can integrate over tens of seconds.

"This is a paradigm shift in our view of CaMKII function and our understanding of plasticity mechanisms. The activity of CaMKII throughout the dendrite reveals that it does not define synapse specificity of plasticity, but rather is involved in dendritic information processing. Our results have opened many more questions for further investigation, including what defines the specificity of information coding at single synapses or the time-delay in CAMKII activation," describes Dr. Jain. "The surprising findings underscore the importance of behaviorally relevant models of information encoding in the brain to reach our ultimate goal of linking molecular activity to memory formation and preventing neurological disorders involving learning and memory dysfunction."
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Study uncovers mutations and DNA structures driving bladder cancer | ScienceDaily
How bladder cancer originates and progresses has been illuminated as never before in a study led by researchers at Weill Cornell Medicine and the New York Genome Center. The researchers found that antiviral enzymes that mutate the DNA of normal and cancer cells are key promoters of early bladder cancer development, and that standard chemotherapy is also a potent source of mutations. The researchers also discovered that overactive genes within abnormal circular DNA structures in tumor cells genes drive bladder cancer resistance to therapy. These findings are novel insights into bladder cancer biology and point to new therapeutic strategies for this difficult-to-treat cancer.


						
The study, published Sept. 9 in Nature, focused on the main form of bladder cancer, urothelial carcinoma, which originates from cells that line the bladder, urethra, and tubes that drain urine from the kidneys. The researchers examined malignant and pre-malignant urothelial cells taken from the same set of patients at different disease stages. They used whole-genome sequencing and advanced computational methods to map common DNA mutations, complex structural variants, and their timing.

"Our findings define new fundamental mechanisms driving bladder cancer evolution -- mechanisms that we can now think about targeting with therapies," said co-senior author Dr. Bishoy Faltas, the Gellert Family-John P. Leonard MD Research Scholar in Hematology and Medical Oncology and an associate professor of medicine and of cell and developmental biology at Weill Cornell Medicine, and an oncologist at NewYork-Presbyterian/Weill Cornell Medical Center.

Dr. Nicolas Robine, director of computational biology at the New York Genome Center, and Dr. Olivier Elemento, director of the Englander Institute for Precision Medicine and a professor of physiology and biophysics at Weill Cornell Medicine, also led the study with Dr. Faltas. The co-first authors were Duy Nguyen, a technician in the Faltas Laboratory (now a doctoral student at Harvard Medical School); William Hooper, a bioinformatics scientist at the New York Genome Center; and Dr. Weisi Liu, an instructor in the Faltas Laboratory.

Major Therapeutic Targets Come into Focus

Bladder cancer occurs at the rate of about 80,000 cases per year in the United States. It can be cured with surgery if caught early, but about 30 percent of cases are diagnosed at later stages when it is much harder to treat successfully.

The researchers in the new study found strong evidence that the APOBEC3 enzymes cause early mutations that may help trigger the development of this cancer type. These enzymes evolved to disable infecting retroviruses by editing their viral DNA, though it is known that they can sometimes mutate cells' own DNA.




"The exact role of APOBEC3-induced mutations in cancer initiation hasn't been clear," said Dr. Faltas, who is also the chief research officer at the Englander Institute for Precision Medicine and a member of the Sandra and Edward Meyer Cancer Center at Weill Cornell Medicine. "But we found that these mutations appear early in urothelial cancer, occurring even in pre-malignant urothelial tissue." In his lab, Dr. Faltas is focusing on studying the role of these mutagenic enzymes in driving cancer evolution.

The researchers found that cisplatin and other platinum-based chemotherapies cause further prominent bursts of mutations, some of which likely allow urothelial cancer cells to survive better and spread despite treatment.

A third major finding was that urothelial tumors often contain complex rearrangements of their DNA that give rise to circular segments of DNA. These "extra-chromosomal DNAs" (ecDNAs) exist apart from chromosomes in the cell nucleus and can sometimes harbor hundreds of copies of cancer-driving growth genes. The researchers discovered that these ecDNA events persist and become more complex, incorporating new DNA segments after treatment, suggesting that they drive resistance to therapy.

This prompted the team to experimentally model an ecDNA version of one of these genes, called CCND1, a master regulator of the cell cycle in the laboratory. The results of these experiments confirmed that CCND1 in this extrachromosomal configuration drives treatment resistance.

Altogether, the findings paint a much clearer picture of the factors that trigger and drive urothelial cancer.

"Traditionally, when analyzing tumor genomes, we've used methods that analyze only a tiny fraction of their DNA, but we've come to realize that there's a lot more to discover if we sequence all their DNA and use smart methods to evaluate that data," Dr. Elemento said. "I think this collaboration vindicates that strategy."

The Englander Institute and New York Genome Center researchers are planning larger future collaborative studies to dig even deeper into urothelial cancer biology, for example, doing whole-genome sequencing of DNA along with readouts of gene activity not just in bulk tumor samples but in individual tumor cells.

"Combining those two sets of information at the single-cell level would be tremendously important and interesting," Dr. Robine said.

The researchers also plan to study potential clinical applications of this work. The investigators are hopeful that a new FDA-approved drug targeting the ERBB2 gene product -- the HER2 receptor protein, also found on breast tumor cells -- will work especially well in urothelial cancer patients with strong signs of ERBB2 ecDNAs. They are also working on finding ways to block ecDNA formation and maintenance.
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Another step towards decoding smell | ScienceDaily
We often only realize how important our sense of smell is when it is no longer there: food hardly tastes good, or we no longer react to dangers such as the smell of smoke. Researchers at the University Hospital Bonn (UKB), the University of Bonn and the University of Aachen have investigated the neuronal mechanisms of human odor perception for the first time. Individual nerve cells in the brain recognize odors and react specifically to the smell, the image and the written word of an object, for example a banana. The results of this study close a long-standing knowledge gap between animal and human odor research and have now been published in the journal Nature.


						
Imaging techniques such as functional magnetic resonance imaging (fMRI) have previously revealed which regions of the human brain are involved in olfactory perception. However, these methods do not allow the sense of smell to be investigated at the fundamental level of individual nerve cells. "Therefore, our understanding of odor processing at the cellular level is mainly based on animal studies, and it has not been clear to what extent these results can be transferred to humans," says co-corresponding author Prof. Florian Mormann from the Department of Epileptology at the UKB, who is also a member of the Transdisciplinary Research Area (TRA) "Life & Health" at the University of Bonn.

Nerve cells in the brain identify odors

Prof. Mormann's research group has now succeeded for the first time in recording the activity of individual nerve cells during smelling. This was only possible because the researchers worked together with patients from the Clinic for Epileptology at the UKB, one of the largest epilepsy centers in Europe, who had electrodes implanted in their brains for diagnostic purposes. They were presented with both pleasant and unpleasant scents, such as old fish. "We discovered that individual nerve cells in the human brain react to odors. Based on their activity, we were able to precisely predict which scent was being smelled," says first author Marcel Kehl, a doctoral student at the University of Bonn in Prof. Mormann's working group at the UKB. The measurements showed that different brain regions such as the primary olfactory cortex, anatomically known as the piriform cortex, and also certain areas of the medial temporal lobe, specifically the amygdala, the hippocampus and the entorhinal cortex, are involved in specific tasks. While the activity of nerve cells in the olfactory cortex most accurately predicted which scent was smelled, neuronal activity in the hippocampus was able to predict whether scents were correctly identified. Only nerve cells in the amygdala, a region involved in emotional processing, reacted differently depending on whether a scent was perceived as pleasant or unpleasant.

Nerve cells react to the smell, image and name of the banana

In a next step, the researchers investigated the connection between the perception of scents and images. To do this, they presented the participants in the Bonn study with the matching images for each odor, for example the scent and later a photo of a banana, and examined the reaction of the neurons. Surprisingly, nerve cells in the primary olfactory cortex responded not only to scents, but also to images. "This suggests that the task of the human olfactory cortex goes far beyond the pure perception of odors," says co-corresponding author Prof. Marc Spehr from the Institute of Biology II at RWTH Aachen University.

The researchers discovered individual nerve cells that reacted specifically to the smell, the image and the written word of -- for example -- the banana. This discovery indicates that semantic information are processed early on in human olfactory processing. The results not only confirm decades of animal studies, but also show how different brain regions are involved in specific human odor processing functions. "This is an important contribution on the way to decoding the human olfactory code," says Prof. Mormann. "Further research in this area is necessary in order to one day develop olfactory aids that we can use in everyday life as naturally as glasses or hearing aids."

Funding: The study was funded by the German Research Foundation (DFG), the Federal Ministry of Education and Research (BMBF) and the state of North Rhine-Westphalia (NRW) as part of the iBehave project.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241009121121.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Will AI tools revolutionize public health? Not if they continue following old patterns, researchers argue | ScienceDaily
As tools powered by artificial intelligence increasingly make their way into health care, the latest research from UC Santa Cruz Politics Department doctoral candidate Lucia Vitale takes stock of the current landscape of promises and anxieties.


						
Proponents of AI envision the technology helping to manage health care supply chains, monitor disease outbreaks, make diagnoses, interpret medical images, and even reduce equity gaps in access to care by compensating for healthcare worker shortages. But others are sounding the alarm about issues like privacy rights, racial and gender biases in models, lack of transparency in AI decision-making processes that could lead to patient care mistakes, and even the potential for insurance companies to use AI to discriminate against people with poor health.

Which types of impacts these tools ultimately have will depend upon the manner in which they are developed and deployed. In a paper for the journal Social Science & Medicine, Vitale and her coauthor, University of British Columbia doctoral candidate Leah Shipton, conducted an extensive literature analysis of AI's current trajectory in health care. They argue that AI is positioned to become the latest in a long line of technological advances that ultimately have limited impact because they engage in a "politics of avoidance" that diverts attention away from, or even worsens, more fundamental structural problems in global public health.

For example, like many technological interventions of the past, most AI being developed for health focuses on treating disease, while ignoring the underlying determinants of health. Vitale and Shipton fear that the hype over unproven AI tools could distract from the urgent need to implement low-tech but evidence-based holistic interventions, like community health workers and harm reduction programs.

"We have seen this pattern before," Vitale said. "We keep investing in these tech silver bullets that fail to actually change public health because they're not dealing with the deeply rooted political and social determinants of health, which can range from things like health policy priorities to access to healthy foods and a safe place to live."

AI is also likely to continue or exacerbate patterns of harm and exploitation that have historically been common in the biopharmaceutical industry. One example discussed in the paper is that the ownership of and profit from AI is currently concentrated in high-income countries, while low- to middle-income countries with weak regulations may be targeted for data extraction or experimentation with the deployment of potentially risky new technologies.

The paper also predicts that lax regulatory approaches to AI will continue the prioritization of intellectual property rights and industry incentives over equitable and affordable public access to new treatments and tools. And since corporate profit motives will continue to drive product development, AI companies are also likely to follow the health technology sector's long-term trend of overlooking the needs of the world's poorest people when deciding which issues to target for investment in research and development.




However, Vitale and Shipton did identify a bright spot. AI could potentially break the mold and create a deeper impact by focusing on improving the health care system itself. AI could be used to allocate resources more efficiently across hospitals and for more effective patient triage. Diagnostic tools could improve the efficiency and expand the capabilities of general practitioners in small rural hospitals without specialists. AI could even provide some basic yet essential health services to fill labor and specialization gaps, like providing prenatal check-ups in areas with growing maternity care deserts.

All of these applications could potentially result in more equitable access to care. But that result is far from guaranteed. Depending on how and where these technologies are deployed, they could either successfully backfill gaps in care where there are genuine health worker shortages or lead to unemployment or precarious gig work for existing health care workers. And unless the underlying causes of health care worker shortages are addressed -- including burnout and "brain drain" to high-income countries -- AI tools could end up providing diagnosis or outbreak detection that is ultimately not useful because communities still lack the capacity to respond.

To maximize benefits and minimize harms, Vitale and Shipton argue that regulation must be put in place before AI expands further into the health sector. The right safeguards could help to divert AI from following harmful patterns of the past and instead chart a new path that ensures future projects will align with the public interest.

"With AI, we have an opportunity to correct our way of governing new technologies," Shipton said. "But we need a clear agenda and framework for the ethical governance of AI health technologies through the World Health Organization, major public-private partnerships that fund and deliver health interventions, and countries like the United States, India, and China that host tech companies. Getting that implemented is going to require continued civil society advocacy."
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Team engineers new enzyme to produce synthetic genetic material | ScienceDaily
A research team led by the University of California, Irvine has engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.


						
A paper recently published in Nature Catalysis describes how the team created an enzyme called 10-92 that achieves faithful and fast TNA synthesis, overcoming key challenges in previous enzyme design strategies. Inching ever closer to the capability of natural DNA synthesis, the 10-92 TNA polymerase facilitates the development of future TNA drugs.

DNA polymerases are enzymes that replicate organisms' genomes by accurately and efficiently copying DNA. They play vital roles in biotechnology and healthcare, as seen in the fight against COVID-19, in which they were crucial to pathogen detection and eventual treatment using the mRNA vaccine.

"This achievement represents a major milestone in the evolution of synthetic biology and opens up exciting possibilities for new therapeutic applications by significantly narrowing the performance gap between natural and artificial enzyme systems," said corresponding author John Chaput, UC Irvine professor of pharmaceutical sciences. "Unlike DNA, TNA's biostability allows it to be used in a much broader range of treatments, and the new 10-92 TNA polymerase will enable us to reach that goal."

The team produced the 10-92 TNA polymerase using a technique called homologous recombination, which rearranges polymerase fragments from related species of archaebacteria. Through repeated cycles of evolution, the researchers identified polymerase variants with increasing activity, ultimately resulting in a variant that's within the range of natural enzymes.

"Drugs of the future could look very different than those we use today," Chaput said. "TNA's resilience to enzymatic and chemical degradation positions it as the ideal candidate for developing new treatments such as therapeutic aptamers, a promising drug class that binds to target molecules with high specificity. Engineering enzymes that facilitate the discovery of new approaches could address the limitations of antibodies, such as improved tissue penetration, and potentially have an even greater positive impact on human health."

Other UC Irvine team members were graduate students Victoria A. Maola, Eric J. Yik and Mohammad Hajjar; project scientist Nicholas Chim; and undergraduates Joy J. Lee, Kalvin K. Nguyen, Jenny V. Medina, Riley N. Quijano, Manuel J. Holguin and Katherine L. Ho -- all from the Department of Pharmaceutical Sciences.

This work was supported by a grant from the National Science Foundation, under award MCB1946312. John Chaput, Victoria Maola and Eric Yik and the University of California, Irvine have filed a patent application (PCT/US24/1159) on the composition and activity of the 10-92 TNA polymerase. The other authors declared no competing interests.
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Oh my meniscus: Age poses risk of further knee injury in children | ScienceDaily
Growing pains are common in maturing children, but sometimes this growth can be irregular and cause injury. Discoid lateral meniscus (DLM), a misshapen knee cartilage, is one such occurrence that can degenerate into osteochondritis dissecans, a joint disorder where the bone and joint begin to separate from the rest of the bones. It has been reported that osteochondritis dissecans of the femoral condyle occurs in approximately 14.5% of cases of DLM, but there has been little analysis of its treatment to date.


						
Dr. Ken Iida and Specially Appointed Professor Yusuke Hashimoto's team at Osaka Metropolitan University's Graduate School of Medicine analyzed the incidence of post-surgery osteochondritis dissecans. This analysis consisted of two groups, a pre- osteochondritis group with DLM and osteochondritis dissecans of the outer femoral epicondyle, and a non-osteochondritis dissecans DLM group. They studied 95 cases of DLM patients under the age of 15 who underwent surgery between 2003 and 2017 and had five years of post-surgery records. There were 15 cases in the pre-osteochondritis dissecans group and 80 non-osteochondritis dissecans cases.

Their analysis found that the surgical results for osteochondritis dissecans were good in pre-osteochondritis cases, but 28.5% had a recurrence of the joint disorder. In the non-osteochondritis dissecans group, 8.8% were diagnosed with the disorder after surgery. Additionally, age was found to be a risk factor for relapse or post-surgical osteochondritis dissecans, and surgery on patients ages 9 and under was also involved in the occurrence of osteochondritis dissecans.

"Patients with DLM accompanied by osteochondritis dissecans of the femoral condyle often have difficulty in deciding on a treatment method," Dr. Iida explained. "Based on the results of this study, we believe for patients ages 9 years or younger, it is necessary to consider conservative treatment methods rather than immediate surgery."
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Asymmetric placebo effect in response to spicy food | ScienceDaily
The expectations humans have of a pleasurable sensation asymmetrically shape neuronal responses and subjective experiences to hot sauce, according to a study published October 8, in the open-access journal PLOS Biology by Yi Luo from East China Normal University, Kenneth Kishida from Wake Forest School of Medicine, U.S., and colleagues.


						
Expectations shape our perception, profoundly influencing how we interpret the world. Positive expectations about sensory stimuli can alleviate distress and reduce pain through what's known as the placebo effect, while negative expectations may heighten anxiety and exacerbate pain. In the new study, Luo, Kishida, and colleagues investigated the impact of the hedonic aspect of expectations on subjective experiences.

Specifically, the researchers measured neurobehavioral responses to the taste of hot sauce among individuals with a wide range of taste preferences. In total, 47 participants completed the tasks while undergoing functional magnetic resonance imaging scanning. The researchers identified participants who liked versus those who strongly disliked spicy flavors and provided contextual cues about the spiciness of the sauce to be tasted. That way, they were able to dissociate the effects of positive and negative expectations from sensory stimuli (i.e., visual and taste stimuli), which were the same across all participants.

The results showed that positive expectations lead to modulations in the intensity of subjective experience. These modulations were accompanied by increased activity in brain regions previously linked to pleasure, information integration, and the placebo effect, including the anterior insula, dorsolateral prefrontal cortex, and dorsal anterior cingulate cortex. By contrast, negative expectations decreased hedonic experience and increased neural activity in the Neurological Pain Signature network.

Taken together, these findings demonstrate that hedonic aspects of one's expectations asymmetrically shape how the brain processes sensory input and associated behavioral reports of one's subjective experiences of intensity, pleasure, and pain. The results suggest a dissociable impact of hedonic information. While positive expectations facilitate higher-level information integration and reward processing, negative expectations prime lower-level processes related to pain and emotions. According to the authors, this study demonstrates the powerful role of hedonic expectations in shaping subjective reality and suggests potential avenues for consumer and therapeutic interventions targeting expectation-driven neural processes.

The authors add, "Our study highlights how hedonic expectations shape subjective experiences and neural responses, offering new insights into the mechanisms behind pain perception."
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Echoes in the brain: Why today's workout could fuel next week's bright idea | ScienceDaily
In a rare, longitudinal study, researchers from Aalto University and the University of Oulu tracked one person's brain and behavioral activity for five months using brain scans and data from wearable devices and smartphones.


						
'We wanted to go beyond isolated events,' says research leader Ana Triana. 'Our behaviour and mental states are constantly shaped by our environment and experiences. Yet, we know little about the response of brain functional connectivity to environmental, physiological, and behavioral changes on different timescales, from days to months.'

The study found that our brains do not respond to daily life in immediate, isolated bursts. Instead, brain activity evolves in response to sleep patterns, physical activity, mood, and respiration rate over many days. This suggests that even a workout or a restless night from last week could still affect your brain -- and therefore your attention, cognition and memory -- well into next week.

The research also revealed a strong link between heart rate variability -- a measure of the heart's adaptability -- and brain connectivity, particularly during rest. This suggests that impacts on our body's relaxation response, like stress management techniques, could shape our brain's wiring even when we are not actively concentrating on a task. Physical activity was also found to positively influence the way brain regions interact, potentially impacting memory and cognitive flexibility. Even subtle shifts in mood and heart rate left lasting imprints for up to fifteen days.

Study goes beyond a snapshot

The research is unusual in that few brain studies involve detailed monitoring over days and weeks. 'The use of wearable technology was crucial', says Triana. 'Brain scans are useful tools, but a snapshot of someone lying still for half an hour can only show so much. Our brains do not work in isolation.'

Triana was herself the subject of the research, monitored as she went about her daily life. Her unique role as both lead author and study participant added complexity, but also brought firsthand insights into how best to maintain research integrity over several months of personalized data collection.




'At the beginning, it was exciting and a bit stressful. Then, routine settles in and you forget,' says Triana. Data from the devices and twice-weekly brain scans were complemented by qualitative data from mood surveys.

The researchers identified two distinct response patterns: a short-term wave lasting under seven days and a long-term wave up to fifteen days. The former reflects rapid adaptations, like how focus is impacted by poor sleep, but it recovers quickly. The long wave suggests more gradual, lasting effects, particularly in areas tied to attention and memory.

Single-subject studies offer opportunities for improving mental health care

The researchers hope their innovative approach will inspire future studies that combine brain data with everyday life to help personalise mental health treatment.

'We must bring data from daily life into the lab to see the full picture of how our habits shape the brain, but surveys can be tiring and inaccurate,' says study co-author, neuroscientist and physician Dr Nick Hayward. 'Combining concurrent physiology with repeated brain scans in one person is crucial. Our approach gives context to neuroscience and delivers very fine detail to our understanding of the brain.'

The study is also a proof-of-concept for patient research. Tracking brain changes in real time could help detect neurological disorders early, especially mental health conditions where subtle signs might be missed.

"Linking brain activity with physiological and environmental data could revolutionize personalized healthcare, opening doors for earlier interventions and better outcomes," says Triana.
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One-time cooperation decisions unaffected by increased benefits to society | ScienceDaily

Two large-scale experiments

Across two experiments involving over 2,000 participants, the researchers varied the potential benefits from cooperation in public good provision. Despite the increased benefits for cooperating, the study found no significant change in how much individuals were willing to cooperate. The mechanism behind this behavior seems to lie in individuals' expectations of others' willingness to cooperate which were also not found to vary with the benefits of cooperating. As participants did not expect others to cooperate more when benefits increased, they were unlikely to increase their own cooperation efforts -- even when the benefits of cooperation doubled.

"Our findings highlight a critical gap in our understanding of cooperative behavior in single-encounter settings," said Dr. Natalie Struwe of the Department of Public Finance at the University of Innsbruck. "The decision to cooperate is characterized by what we call a social dilemma. These are situations where self-interest is in conflict with social interests. With higher benefits from cooperation, however, this conflict is much lower and we would expect to see much higher cooperation rates. But, we were surprised to see that even when we dramatically increased the benefits from cooperation, people's cooperation efforts did not rise accordingly. This suggests that real-world cooperation -- such as donating to immediate disaster relief -- may not always be driven by an assessment of increased benefits."

Consistent results across data collections

"We couldn't believe the results ourselves at first, double-checked the data several times, and repeated the study with several populations," said Professor Esther Blanco of the Department of Public Finance at the University of Innsbruck. "In the end, we gathered nearly 2,000 data points, conducting experiments online with the general population from the UK, as well as with our students -- both online and in our laboratory. No matter what we did, the results remained consistent: cooperation levels were remarkably stable. The general public was no more or less cooperative than our students. On average, participants were willing to invest around 40% of their available money to boost their group's earnings, regardless of the specific setting."

"Spontaneous cooperation in one-time situations is more common than we might think," Professor James Walker, another of the co-authors, at the Department of Economics of Indiana University, explained. "For example, people coming together to provide immediate disaster relief is a case of one-time cooperation, where individuals decide to act and help without knowing whether they will interact with the same people again."

The study's results have important implications for how we think about encouraging cooperation in public good provision, especially in urgent, one-time scenarios like disaster relief or emergency volunteering. It also points to the need to better understand the fundamentals of cooperative behavior, one of the most defining characteristics of humankind.

Key Findings:
    	Individuals do not significantly change their contributions to public goods when the benefits from cooperation increase, in contrast to previous research in repeated interactions.
    	Expectations about others' contributions strongly influence individual behavior in one-time settings and do not vary significantly with changes in benefits from cooperation.
    	Average cooperation levels remained consistently around 40% across different participant groups and experimental settings, including both the general public and university students.
    	The study underscores the need for further research into cooperation in one-time decision settings, in particular how individuals interpret the benefits and respond in such settings, as well as how they expect others to respond.

This research opens new avenues for exploring how to effectively foster cooperation in critical single encounter situations and calls for a deeper understanding of the psychological and social factors at play.
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A new technique that makes competition between tumor cells visible can help personalize treatments for multiple myeloma | ScienceDaily
All cells within the same cancer are not the same. They all have genetic errors that turn them into tumour cells, but these errors are not identical. In each cancer, there are populations of cells with different mutations, and it is important to know each population, because one of them can become more dominant and cause the cancer to resist treatment. However, research seeking to understand the properties of each group of cells in a tumour has progressed very slowly so far.


						
A study by the H12O-CNIO Haematological Tumours Clinical Research Unit now demonstrates in multiple myeloma cells that a technique based on evolutionary theory is useful to reveal how each cell population responds to different drugs, making the tumour resistant.

Evolutionary competition within the tumour

A cancer can be seen as an ecosystem in which slightly different cells engage in an evolutionary battle in which the strongest, or the most capable of resisting treatments, will survive. The technique used by CNIO researcher Larissa Haertle, called Clonal competition assays, shows in real time how the different tumour populations manage to adapt to each treatment, until a certain population becomes dominant over the others.

It is a very visual tool: the different cell populations are stained different colours, cultivated together and subjected to the various treatments available. After a while, the colour of the population whose genetic profile has allowed it to resist the drug used can be seen to dominate the culture.

A highly heterogeneous tumour

Understanding the behaviour of different cell populations is especially important in multiple myeloma, a cancer of the blood that often reproduces because it becomes resistant to drugs. Multiple myeloma "is very heterogeneous," Haertle explains. "The same tumour can contain many different genetic alterations, and we have to approach it as if it were lots of different tumours."

"Clonal competition assay allow us to see how each population of cells in the same myeloma reacts to treatments," she adds. "It gets much closer to understanding the heterogeneity of each patient than usual methods to. And we can see in real time how cells develop."




Better able to survive and multiply

With these trials, researchers have studied the KRAS gene, altered in 20% of patients with multiple myeloma. They have found that two specific KRAS mutations give an adaptive advantage to the cells that carry them, since in the tests carried out they multiplied more than the non-mutated cells.

They have also discovered three specific alterations -- in other genes -- that are only advantageous to tumour cells in the presence of two common drugs to treat multiple myeloma. So these treatments gave them an adaptive advantage.

"When the drugs were applied, all the other cells died, but those with these mutations became survivors," Haertle explains. To prevent the tumour from becoming resistant through this mechanism, the authors suggest taking "breaks" from treatment, or even changing treatment when the aforementioned mutations are detected in patients.

The first author, Haertle, and the senior author, Santiago Barrio, have developed this study at the H12O-CNIO Haematological Tumours Clinical Research Unit, led by Joaquin Martinez-Lopez, and at the Department of Internal Medicine II of the Wurzburg Teaching Hospital (Germany).
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Key molecule in wound healing identified | ScienceDaily
A new study from Karolinska Institutet in Sweden and the Chinese Academy of Medical Sciences has identified an RNA molecule that is important for skin wound healing. The research, published in Nature Communications, may have implications for the treatment of hard-to-heal wounds.


						
The study focuses on the molecular processes in wound healing that regulate the transition from inflammation -- a critical defence mechanism -- to a proliferative phase, where new cells form to repair damaged tissue. Researchers have now mapped lncRNA (long non-coding RNA molecules) in human skin wounds in tissue samples from Karolinska University Hospital, identifying a key regulator in wound healing.

"Our study reveals that the lncRNA molecule SNHG26 plays a pivotal role in guiding skin cells through the stages of wound healing, from an inflammatory stage to a healing phase," explains Ning Xu Landen, docent at the Department of Medicine, Solna, Karolinska Institutet.

The researchers also used mouse models to uncover how this molecule interacts with genes involved in inflammation and tissue regeneration. In mice lacking SNHG26, wound healing was delayed, emphasising the molecule's importance in the balance between inflammation and tissue repair. The discovery paves the way for new therapeutic approaches for acute and chronic wounds.

"By targeting SNHG26, we may be able to accelerate healing and reduce complications, particularly in chronic wounds where prolonged inflammation is a major problem," says Ning Xu Landen.

Her research group at Karolinska Institutet is studying how healing processes in the skin are controlled by so-called regulatory RNA molecules, i.e. RNA molecules that regulate gene activity and include both lncRNAs and the now Nobel Prize-awarded microRNA molecules. The researchers will now continue to study how other regulatory RNA molecules are involved in tissue repair, with the aim of developing innovative treatments for hard-to-heal wounds.

The study was done in close collaboration with Dongqing Li at the Chinese Academy of Medical Sciences. It was supported by the Swedish Research Council, the Ragnar Soderberg Foundation, the LEO Foundation, Ming Wai Lau Centre for Reparative Medicine, Welander and Finsens Foundation, Karolinska Institutet, and National Natural Science Foundation of China. The authors declare no competing interests.
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How diabetes-risk genes make cells less resilient to stress | ScienceDaily
The cells in your pancreas, like people, can only handle so much stress before they start to break down. Certain stressors, such as inflammation and high blood sugar, contribute to the development of type 2 diabetes by overwhelming these cells.


						
Researchers at The Jackson Laboratory (JAX) have now discovered that DNA sequence changes known to increase a person's risk for diabetes are linked to how well pancreatic cells can handle two different kinds of molecular stress. In people with these DNA changes, the insulin-producing cells in the pancreas may be more likely to fail or die when exposed to stress and inflammation.

"Ultimately we want to develop new ways to prevent and treat type 2 diabetes by targeting the genes and pathways that are perturbed in people who are most susceptible to the disease," said Michael L. Stitzel, associate professor at JAX and co-senior author of the new study with JAX professor Dugyu Ucar, published in the Oct. 8 advanced online issue of Cell Metabolism. "These findings give us new insight into some of those genes and pathways."

The work points toward dozens of genes that connect cell stress and diabetes risk, including one that is already under investigation as a drug target for type 2 diabetes complications.

Cells under stress 

When living cells face challenges, including damage, inflammation, or nutrient changes, they activate protective responses to try to cope with and reverse the stress. But over time, sustained stress can overwhelm the cells, causing them to slow down or die.

In the pancreas' islet beta cells, two types of cell stress have previously been implicated in the development of type 2 diabetes.
    	Endoplasmic reticulum (ER) stress occurs when the cells become overwhelmed with a high demand to produce proteins -- like insulin to help regulate blood sugar levels.
    	Cytokine stress occurs when the immune system sends excessive inflammatory signals -- as can occur in obesity and metabolic disease.




In both cases, the stress can eventually lead islet beta cells to stop producing insulin or die off.

Stitzel and his colleagues wanted to know what genes and proteins were used by islet cells to respond to both ER stress and cytokine stress.

"Researchers have completed multiple studies looking at what molecular pathways are important in regulating insulin production in happy, healthy islet cells," said Stitzel. "But we were working on this hypothesis that islet cells are not always happy. So what pathways are important when the cells are under stress, and how do diabetes-linked DNA sequence changes in each of us affect them?"

Stress-response genes

Stitzel's group exposed healthy human islet cells to chemical compounds known to induce either ER stress or cytokine stress. Then, they tracked changes to levels of RNA molecules in the cells as well as how tightly or loosely packed different stretches of DNA were inside the cells -- a proxy for what genes and regulatory elements are being used by the cells at any given time.

To analyze the results, the team collaborated with Ucar, a professor and computational biologist at JAX . Together, the scientists found that more than 5,000 genes, or nearly a third of all the genes expressed by healthy islet cells, change their expression in response to ER stress or cytokine stress. Many were involved in the production of proteins, which is crucial for islet cells insulin-producing role. And most of the genes were only involved in one or the other stress response, raising the idea that two separate stress pathways play a role in diabetes.




In addition, around one in eight regulatory regions of DNA typically used in islet cells were altered by stress. Importantly, 86 of these regulatory regions had been previously found to contain genetic variants in people most at risk of type 2 diabetes.

"What this suggests is that people with these genetic variants may have islet cells that respond worse to stress than other people," said Stitzel. "Your environment -- things like diabetes and obesity -- pulls the trigger with type 2 diabetes, but your genetics loads the gun."

Stitzel hopes that the new list of regulatory regions and genes eventually lead to new drugs to prevent or treat diabetes by potentially making islet cells more resilient to stress.

A druggable target

The researchers homed in one gene that was altered by both ER stress. Called MAP3K5, the gene was shown to alter islet beta cell death in mice containing a diabetes-causing mutation in the insulin-encoding gene.

In the new paper, Stitzel and his colleagues showed that higher levels of MAP3K5 led to more islet beta cells dying in response to ER stress. Eliminating or blocking MAP3K5, on the other hand, made the islet cells more resilient to ER stress and less likely to die.

Early studies of Selonsertib, a drug targeting MAP3K5, have showed that it could reduce the risk of severe complications of diabetes. The new results point toward another possible role of the drug -- in the prevention of diabetes in people most at risk of the disease, to help their islet cells remain functioning and alive in the face of cellular stress.

"It's really exciting that this therapeutic is already in clinical trials but much more work is needed to understand whether the drug might be able to be leveraged in primary prevention," said Stitzel.
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The secret strength of our cell guards | ScienceDaily
Proteins control most of the body's functions, and their malfunction can have severe consequences, such as neurodegenerative diseases or cancer. Therefore, cells have mechanisms in place to control protein quality. In animal and human cells, chaperones of the Hsp70 class are at the heart of this control system, overseeing a wide array of biological processes. Yet, despite their crucial role, the precise molecular mechanism of Hsp70 chaperones has remained elusive for decades. Using a cutting-edge nanopore single-molecule technique, a team from the University of Geneva (UNIGE), in collaboration with EPFL, has now made a significant breakthrough in determining how Hsp70 chaperones generate the force needed to manipulate the structure of their client proteins. These results, which put an end to a decade of debate, are published in Nature Communications.


						

Proteins need to fold into specific three-dimensional shapes to function correctly. Among their several roles, chaperone proteins like Hsp70s typically assist the correct folding of proteins. To successfully perform these tasks, Hsp70s need to forcefully manipulate the structure of the proteins, extracting them from aggregates that had formed spontaneously or by facilitating protein translocation into key cell compartments, such as mitochondria.


In this context, during the 1990s and early 2000s, there was an intense debate about the mechanism allowing Hsp70 chaperones to drive protein translocation, with two main models proposed based on different sets of experiments, but with no definitive answer. In 2006, a new theory, called Entropic Pulling, was proposed by Prof. Paolo De Los Rios at EPFL and Prof. Pierre Goloubinoff at the University of Lausanne (UNIL) and their collaborators. Entropic Pulling could explain all existing observations for protein translocation into mitochondria and could also be applied to the other cellular functions of Hsp70s, such as protein disaggregation.


Experimental evidence

Over the years, this theory has allowed the interpretation of a growing number of results but had remained without a direct experimental confirmation. The group of Chan Cao, new assistant professor in the Department of inorganic and analytic chemistry at the UNIGE Faculty of science, specializes in single-molecule bioanalysis, particularly nanopore detection. This innovative approach involves reading the ionic current response as a single molecule passing through a nanoscale pore, which can be either a biological protein assembly embedded in a lipid membrane or a fabricated solid-state material. The development of nanopore technology aims to create high-resolution sensors for detecting target molecules within complex matrices and for sequencing biopolymer.


In this recent work, the team leveraged nanopore technology to mimic the in vivo setup of protein translocation at the single-molecule level. Prof. Chan Cao explained: "our results provide clear evidence for the Entropic Pulling mechanism of Hsp70 chaperones, ruling out the other previously proposed two models, namely Power Stroke and Brownian Ratchet".


A strong force at the molecular level

In the Entropic Pulling mechanism, the chaperone, by pulling on the target protein, increases its range of movement, generating what is known as an entropic force. Verena Rukes, PhD student and the leading author of the study, explains "our analysis estimated the strength of Entropic Pulling to be approximately 46 pN over distances of 1 nm, indicating a remarkably strong force at the molecular level".


Prof. Paolo De Los Rios from the Institute of Physics and Institute of Bioengineering at EPFL explains: "our theory proposed in 2006 was accounting for most of the physics of the system comprising Hsp70, the translocating protein and the translocation pore, but in the end, it remained a theory, even if in indirect agreement with most observations. Thanks to the beautiful work of Prof. Chan Cao and her team, we have now a direct proof of it and, which is most important, a quantitative estimate of its strength, which turns out to be remarkably high, further explaining why Hsp70s are so effective at changing the structure of their target proteins".


Importantly, this research establishes nanopore approaches as a powerful single-molecule technique for exploring the molecular mechanisms of protein action.
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Hip osteoarthritis: Head gets in the way of recovery, study suggests | ScienceDaily
Muscle activation in people suffering from hip osteoarthritis might be a case of 'mind over matter', new research from Edith Cowan University (ECU) has shown.


						
Research undertaken by ECU post-doctoral research fellow Dr Myles Murphy investigated muscle function in people with hip osteoarthritis and found that these patients were unable to activate their muscles as efficiently.

"Previous research has well established that the degree to which a joint degenerates is not directly related to the amount of pain a person with arthritis will experience. In fact, the stronger your muscles are, the more protected your joint is, and the less pain you will experience.

"Our research has shown that people with hip osteoarthritis were unable to activate their muscles as efficiently, irrespective of strength."

As part of this research, Dr Murphy and his team studied the brain function of people with hip arthritis, finding that the mind played an enormous part in this equation.

"Basically, people with hip arthritis are unable to activate their muscles properly because the brain is actively putting on the brake to stop them from using the muscle. We don't know why that is, yet. But the brain seems to really be hampering the progress of rehabilitation and the muscles to protect the joint," Dr Murphy said.

"We suspect that it is a short-term, protective response gone wrong. Unlike a rolled ankle or a hurt knee, chronic pain like osteoarthritis tends to hang around for a long time. Instead of being a protective response in the short term, the brain's protective response becomes a really problematic and maladaptive response in the long term."

Hip osteoarthritis is more prevalent in people over the age of 45, and women are much more like to develop the condition. People who have reported previous joint damage, from a sports injury or accident, are more likely to present with hip osteoarthritis, as are those with joint abnormalities, such as developmental dysplasia of the hip.




People living with hip arthritis often presents with different walking patterns than those without and could struggle with everyday activities like getting out of a chair, or vehicle.

"The impact on their daily lives is the biggest burden of osteoarthritis. The condition also results in substantial time-loss from work, and is associated with a high economic cost," Dr Murphy said.

"The level of disability for normal activity within our study cohort was about 25%, compared to the 0% reported in our healthy control group."

Dr Murphy is currently investigating novel ways in which to overcome this automatic muscle inhibition to effectively rehabilitate patients.

In the meantime, those living with hip osteoarthritis have been urged to continue strength training and to work with a qualified physiotherapist or exercise physiologist.

"You will need to work quite hard to build the strength in those muscles, but it can be done. There is no quick fix. Staying strong is something that people with hip osteoarthritis will need to actively keep working on," he said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241008103828.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Increase access to nature in all daily environments and in education | ScienceDaily
Although access to nature is a basic human right, people's actual use of green spaces is subject to inequalities. A Kobe University-led research team analyzed what conditions make it more likely that people are exposed to nature across generations: the availability of green spaces around where they live, work and shop, as well as nature relatedness and past natural experiences. Their findings may inform policies for urban planning and education for the improvement of human health.


						
Visiting green spaces is good for people's health, both psychologically and physiologically. However, how often people use green spaces is not equal and has been the topic of discussion in the fields of urban planning and regional governance. Research has focused mainly on the availability of green spaces around residential areas and the connection with socioeconomic factors. The Kobe University human environmental scientist UCHIYAMA Yuta explains, "Even though the access to quality natural environments is a basic human right, it tends to be treated as low-priority issue because policy makers think that it can be addressed indirectly through economic growth."

Uchiyama and his team thus conducted a survey in the two largest metro areas of Japan, the Kanto region around Tokyo and the Kansai region including Osaka, Kyoto and Kobe. In the survey, they asked 3,500 people about how often and where they visit green spaces as well as where they live, work, and shop, basic socioeconomic factors such as age, gender and household income, and about their nature relatedness and the availability of free time. In addition, they used publicly available geographic data to correlate the collected responses with the size and shape of green spaces around the respondents' daily environments. The Kobe University lead author says: "I felt the need to focus on daily life in general because of my personal experience. Both now and in my childhood, encountering plants and animals (even wild boars on campus) on my way to work, school, or shopping lets me feel the seasons and forget my daily life for a moment. Thus, an integrated understanding of these various aspects is necessary."

Their results, published in the Journal of Environmental Management, show that people use green spaces more if they are available throughout their daily environments, not just around where they live. The Kobe University researcher says: "This result can be used as evidence for policy making, especially in the fields of environmental management and urban planning, as there is potential for the utility of green spaces not only around residential areas but throughout people's daily environments." The results also showed that another very consistent factor driving visits to nature is people's childhood nature experience and nature relatedness, and that nature relatedness was stronger the older the respondents were. "This shows how important effective environmental education for all generations is," says Uchiyama.

However, the baseline for such policies is different in monsoon Asia compared to urban areas in North America and Europe. Uchiyama explains, "Cities in East and Southeast Asia are more mixed with rural areas than those in Europe and North America; in other words, the distance between urban and rural areas is closer, and there is no clear division between them." In Japan, such a complex landscape is called "satoyama landscape," and it is still a typical sight in the outskirts of metropoles such as Tokyo and Osaka. In fact, the results of Uchiyama's research also show that being close to agricultural land and green spaces with complex shapes correlates well with the frequency of people's use of green spaces, indicating the importance of these landscapes.

The human environmental scientist has his eyes on the larger picture: "In our ongoing research, we are focusing also on health outcomes which correlate with nature visits and we use big data approaches such as mobile phone GPS data to trace where and for how long people are actually exposed to green spaces. In the end, I would like for our research to contribute to policies reducing the unequal access to nature, which we believe is a root cause of other social and environmental issues. After all, access to nature is a basic human right."

This research was funded by the Japan Society for the Promotion of Science (grants 22H03813 and 23H03605) and the Ministry of the Environment, Japan (grant 1FS-2201). It was conducted in collaboration with researchers from the University of the Ryukyus, Meio University and Kyoto University.
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Mental health app could help prevent depression in young people at high risk | ScienceDaily
A cognitive behavioural therapy (CBT) app has been found to significantly prevent increases in depression in young people who are at high risk -- and could be implemented as a cost effective public mental health measure.


						
Globally, concern is growing about the high and steadily increasing rates of anxiety and depression in young people. Effective and scalable ways of preventing poor mental health in this group are needed, and digital tools such as mobile apps have been proposed as part of the solution.

Whilst there is emerging evidence for mental health apps being effective in treating anxiety and depression, this project led by the University of Exeter is the first to rigorously test a mental health app on such a large scale across four countries. Two linked papers published in Lancet Digital Health report the results of the ECoWeB-PREVENT and ECoWeB-PROMOTE trials, which ran concurrently in the four-year study funded by Horizon 2020. Critically, these studies found that a CBT self-help app can protect vulnerable young people against depression.

Professor Ed Watkins from the University of Exeter led the project and said: "For young people with elevated risk, our findings suggest the CBT app does have a preventative effect on depression and could have a public health benefit. Participants' quality-of-life measures were better, and their reported work and social functioning was better.

"However, we also found that it's hard to make improvements in young people who are basically doing okay. Our findings add to the evidence that prevention for depression works best when we identify and select individuals who are more at risk, rather than take a more universal approach. This identification could be done by an online self-screening process or through professional referral."

The aim of the PS3.3-million project was to test the effects of mobile apps in preventing depression and promoting mental well-being for young people aged 16 to 22. In one of the largest studies of its kind, 3,700 young people took part across the UK, Germany, Belgium, and Spain and were allocated into two trials based on their emotional competence abilities at the start of the study. That resulted in 1,200 young people with reduced emotional competency scores that confer increased risk for depression such as increased worry and overthinking going into one trial focused on prevention, whilst 2,500 without such risk went into the other trial focused on wellbeing promotion.

Those two groups were then randomised in equal numbers to three different apps developed by the study. There was a self-monitoring app where people can report their emotions every day, a self-help app that provided personalised training in emotional competence skills, and a self-help app based on CBT principles. Participants were then followed up at three months and 12 months to see how their wellbeing and depression symptoms changed.

The trials found the CBT app prevented an increase in depression, relative to self-monitoring in the higher risk sample, but that there was no difference between any of the interventions in their effects for the lower risk sample.

Professor Ed Watkins said: "Our results suggest that even when young people used the self-help app just a few times, there was a small but meaningful benefit. Because the app is scalable to large numbers of people in a cost-effective way, these effects have potential value as a public health intervention, within a broader portfolio of digital and in-person services and interventions. Next steps are to identify the active ingredients of the app that were beneficial and to improve engagement and ongoing use of these elements."

The project involved 13 different partners, including two commercial companies -- German voice analysis company audEERING and Danish app creator Monsenso. The University of Exeter (UK), LMU Munich (Germany), Ghent University (Belgium), and Universitat Jaume I (Spain), were the main treatment development and trial sites. Meanwhile, the University of Oxford led on the qualitative analysis.
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New apps will enable safer indoor navigation for visually impaired | ScienceDaily
Two new apps will enable blind people to navigate indoor buildings with spoken directions from a smartphone app, providing a safe method of wayfinding where GPS doesn't work.


						
UC Santa Cruz professor of Computer Science and Engineering Roberto Manduchi has devoted much of his research career to creating accessible technology for the blind and visually impaired. Throughout years of working with these communities, he has learned that there is a particular need for tools to help with indoor navigation of new spaces.

"Moving about independently in a place that you don't know is particularly difficult, because you don't have any visual reference -- it's very easy to get lost. The idea here is to try to make this a little bit easier and safer for people," Manduchi said.

In a new paper published in the journal ACM Transactions on Accessible Computing, Manduchi's research group presents two smartphone apps that provide indoor wayfinding, navigation to a specific point, and safe return, the process of tracing back a past route. The apps give audio cues and don't require a user to hold their smartphone in front of themselves, which would be inconvenient and attract undue attention.

Safer, scalable technology

Smartphones provide a great platform for hosting accessible technology because they are cheaper than a dedicated hardware system, have the support of the company's information technology teams, and are equipped with built-in sensors and accessibility features.

Other smartphone-based wayfinding systems require a person to walk with their phone out, which can create several problems. A blind person navigating a new space often has at least one hand in use for a guide dog or a cane, so using the other for a phone is less than ideal. Holding a phone out also leaves the navigator vulnerable to crime, and people with disabilities already experience criminality at disproportionately higher rates.




While companies like Apple and Google have developed indoor wayfinding for some specific locations, such as major airports and stadiums, their methods depend on sensors that are installed inside these buildings. This makes it a much less scalable solution due to the cost of adding and maintaining extra infrastructure.

Using built-in sensors

Manduchi's wayfinding app provides a route in a similar way to GPS services like Google Maps; however, GPS-based systems don't work indoors because the satellite signal is distorted by a building's walls. Instead, Manduchi's system uses other sensors within a smartphone to provide spoken instructions to navigate an unfamiliar building.

The wayfinding app works by using a map of the inside of a building to find a path toward the destination, and then uses a phone's built-in inertial sensors, accelerometers and gyros, which provide for features like a step counter, to track the navigator's progress along the path.

The same sensors can also track the orientation of the phone and therefore the navigator. However, the estimated location and orientation are often somewhat inaccurate, so the researchers incorporated another method called particle filtering to enforce the physical constraints of a building so it does not interpret that the navigator is walking through walls or other impossible situations.

The backtracking app simply inverts a route previously taken by a navigator, helpful for situations in which a blind person is guided into a room and wants to leave independently. In addition to inertial sensors, it uses the phone's magnetometer to identify characteristic magnetic field anomalies, typically created by large appliances, which can serve as landmarks within a building.




Communicating directions 

Both systems give directions through spoken communication and can also be used with a smartwatch to supplement the instructions with vibrations. Overall, the researchers tried to minimize the amount of input given to the navigator so that they could focus on safety.

They also rely on the navigator to make judgements about where to turn, to account for any error in tracking. The system instructs a person to make their next directional change five meters before it anticipates the turn will occur, with directions like "at the upcoming junction, turn left," and the navigator can begin to find the turn with the help of their cane or guide dog.

"Sharing responsibility, in my opinion, is the right approach," Manduchi said. "As a philosophy, you cannot rely on technology alone. That is also true when you drive a car -- if it says turn right, you don't just immediately turn right, you look for where the junction is. You need to work with the system."

Testing their systems in the Baskin Engineering building at UC Santa Cruz, the research team found that users were able to successfully navigate the many hallways and turns. The team will continue to polish their apps, which use the same interface but are separate for the ease of development.

Going forward, they will focus on integrating AI features that could allow a navigator to take a photo of their surroundings and get a scene description if they are in a particularly hard area to navigate, like an alcove of a building or a wide-open space. They also want to enhance the ability to access and download building maps, perhaps taking advantage of an open source software ecosystem to do so.

"I'm very grateful to the blind community in Santa Cruz, who gave me fantastic advice. [As engineers creating technology for the blind community], you have to be very, very careful and very humble, and start from the person who will use the technology, rather than from the technology itself," Manduchi said.
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Texting while walking puts pedestrians in danger | ScienceDaily
UBC research analyzing actual pedestrian interactions with vehicles on busy streets concludes that distracted pedestrians face higher safety risks compared with undistracted road users.


						
Previous studies have speculated that distracted pedestrians, such as those texting and talking on the phone, are at higher risk of being hit by a car due to failing to react to oncoming traffic or straying off designated crosswalks.

Indeed, the new study, published recently in Accident Analysis and Prevention, found that distracted pedestrians often remained unaware of their surroundings, making fewer adjustments to their path or speed, which decreased their overall navigational efficiency. This level of distraction can increase the severity of vehicle interaction and near misses by 45 per cent.

"Non-distracted pedestrians made safer choices when interacting with vehicles," said lead researcher Dr. Tarek Sayed, a civil engineering professor and transportation safety expert in the faculty of applied science. "They maintained greater distances from vehicles, yielded more frequently to oncoming traffic and adjusted their speed when necessary."

The researchers also noted differences in driver behaviour. Drivers often decelerated when approaching distracted pedestrians, indicating they recognized the increased risk posed by their unpredictable movements.

The study used a computer vision system developed at UBC and artificial intelligence simulation models to analyze video traffic data from two busy intersections in downtown Vancouver. Analysis focused on distracted pedestrians -- those texting, reading from a phone, talking on the phone or listening to music -- undistracted pedestrians, and traffic conflicts, or situations in which road users, such as vehicles and pedestrians, are on a collision course and so, at risk of an accident.

The findings can inform pedestrian safety models and interventions to reduce traffic risks. "For example, we can accommodate the risk of distracted walking and design safer infrastructure by adjusting crosswalk signal cycles or introducing audio signals to let pedestrians know when it is time to cross. City planners could also display warnings specifically for pedestrians distracted by their phones -- perhaps even introduce mobile notifications that prevent pedestrians from using their phones while crossing," said study co-author Tala Alsharif, a graduate student in civil engineering at UBC.

The insights can also support infrastructure design by identifying high-risk zones that should be mobile-free and implementing methods such as sensor-based alert systems to minimize distraction. In locations with a high frequency of pedestrian distraction, raised crosswalks could make pedestrians more visible to drivers.

"By incorporating our findings into future research and traffic management approaches, we'll be better able to assess pedestrian risks and develop strategies to improve road safety," said Gabriel Lanzaro, a UBC civil engineering graduate student and co-author of the study.
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Harnessing natural killer T cells to advance cancer immunotherapy for solid tumors | ScienceDaily
In the fight against cancer, chimeric antigen receptor T cell (CAR-T) therapy has achieved notable success in treating blood cancers. However, it has been largely ineffective against solid tumors.


						
Now, a newly published study by UNC Lineberger Comprehensive Cancer Center researchers demonstrates that a different immunotherapy approach utilizing natural killer T (NKT) cells produced significant antitumor activity in preclinical models of solid tumors.

Gianpietro Dotti, MD, professor of microbiology and immunology at UNC School of Medicine and co-leader of the UNC Lineberger immunology research program, Xin Zhou, PhD, a postdoctoral fellow in the Dotti lab, and their colleagues report that CAR-natural killer T cells (CAR-NKT) utilize a multimodal approach, combining direct tumor cell killing, reprogramming of the tumor microenvironment, and promotion of systemic immune responses, to create a more immunogenic environment in tumors.

Their findings are published in Nature Cancer.

"CAR-T cells are very potent cells. However, the most surprising finding in our work is that these potent cells are strongly inhibited in tumor models that recapitulate the complexity of the tumor microenvironment," said Dotti, the paper's corresponding author. "In particular, tumor-associated macrophages seem to have a potent inhibitory effect on CAR-T cells. CAR-NKT seem capable to avoid the inhibitory effects of macrophages since they can directly target them."

Previous research has shown that CAR-T cells' limited ability to penetrate and function within solid tumors is primarily due to the physical barriers within tumors and the suppressive nature of the tumor microenvironment. Natural killer T cells possess innate-like properties that make them uniquely equipped to fight solid tumors. Specifically, they express a T cell receptor that recognizes glycolipid antigens presented by CD1d molecules.

Dotti, Zhou and their colleagues demonstrated that CAR-NKT cells effectively eliminated CD1d-expressing M2-like macrophages within the tumor microenvironment. These macrophages promote tumor growth and suppress immune responses, making their removal a critical aspect of enhancing antitumor immunity. By targeting these cells, CAR-NKT therapy effectively reprograms the tumor microenvironment from a pro-tumor to an anti-tumor environment.




They also reported that CAR-NKT cells promoted epitope spreading -- a process by which the immune system recognizes and attacks new targets -- leading to the activation of T-cell responses.

"Our findings demonstrate that CAR-NKT cells not only effectively eliminate CD1d-expressing M2-like macrophages within the tumor microenvironment but also stimulate endogenous immune cells," said Zhou, the paper's first author. "This dual function -- overcoming suppressive immune cells and promoting sustained immune activity -- represents a crucial advancement in improving CAR-based therapies for solid tumors and achieving long-term tumor control."

The researchers also report that they were able to help CAR-NKT cells overcome therapeutic exhaustion, a known shortcoming of CAR-T therapies that have had extended exposure to tumor antigens. Signs of exhaustion include co-expression of the immune checkpoint markers PD1 and TIM3, which dampens the immune cells' effectiveness. However, the researchers demonstrated that combining CAR-NKT cells with PD1 blockade -- an immune checkpoint inhibitor commonly used in cancer treatment -- significantly boosted their antitumor activity.

The researchers also reported that combining CAR-NKT cells with vaccination approaches, such as those using alpha-galactosylceramide-loaded dendritic cells, further enhanced the antitumor response. Alpha-galactosylceramide is a known potent stimulator of NKT cells.

Looking ahead, Dotti said his team is focused on developing approaches to simplify the process for producing CAR-NKT cells. "CAR-NKT cells have been already safely used in clinical trials. However, the manufacturing of CAR-NKT for clinical use is more complex than the manufacturing of CAR-T cells. We are working on simplifying the manufacturing of CAR-NKT."
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Study explores novel therapeutic treatment for glioblastoma | ScienceDaily
Glioblastoma (GBM) is the most lethal brain tumor, with a median survival rate of merely 12-16 months after diagnosis. Despite surgical, radiation and chemotherapy treatments, the two-year survival rate for GBM patients is less than 10%.


						
Two major challenges hinder effective GBM treatment:
    	the limited penetration of anti-tumor drugs into GBM tissues because of the blood-brain-barrier.
    	the rapid development of resistance by GBM cells to almost all treatments.

Researchers with The Ohio State University Comprehensive Cancer Center -- Arthur G. James and Richard J. Solove Research Institute are trying to resolve these two paramount issues to improve outcomes.

"In a major finding with our study, we discovered combining the brain-penetrating antipsychotic drug pimozide with a clinically investigative glutamine metabolism inhibitor, CB-839, can overcome tumor resistance and effectively suppress GBM growth," said study lead author Deliang Guo, PhD, the founding director of the Center for Cancer Metabolism. Guo also is the Urban and Shelly Meyer Professor of Cancer Research with the OSUCCC -- James Translational Therapeutics Program and a professor at The Ohio State University College of Medicine.

Study findings are published online in the journal Cell Reports Medicine.

The study involved both humans and mice. Researchers analyzed 223 glioma patient samples and identified the previously unknown connection between the glutamine transporter ASCT2 protein and a key lipogenic regulator, SREBP-1.

They used a preclinical mouse GBM model to validate this mechanistic link. They found GBM cells increase glutamine consumption and lipid production at the same time to promote rapid tumor growth.




"Specifically, we have observed that pimozide effectively curbs the release of cholesterol and fatty acids from lipid droplets and lipoprotein via inhibition of lysosomal function," Guo said. "These effects are expected to starve tumor cells of these crucial lipid building blocks. Nevertheless, pimozide treatment alone does not yield the desired efficacy against glioblastoma."

The investigation found that GBM's resistance to treatment with pimozide is attributed to its upregulation of glutamine uptake and consumption.

The research team believes that their findings will have a significant and lasting impact across many areas including cancer biology, metabolism, signaling transduction and treatment models.

"Our research provides compelling evidence for this innovative combination for glioblastoma treatment," said study first author Yaogang Zhong, PhD, a researcher with the Department of Radiation Oncology and Center for Cancer Metabolism at OSUCCC-James. "This new strategy may also hold promise for treating other cancers that heavily rely on glutamine and lipids, broadening its potential impact beyond this deadly brain cancer."

The study also involved Ohio State's College of Pharmacy, Department of Biomedical Informatics and Translational Data Analytics Institute, along with University of Louisville and University Clermont Auvergne in France.

This work was supported by NINDS and NCI grants along with an OSUCCC-Pelotonia Idea grant and the Urban and Shelly Meyer Fund for Cancer Research.

The authors declare no competing interests.
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Menstrual cycle luteal phase lengths are not 'fixed' at 13-14 days | ScienceDaily
The current expectation is that every ovulatory menstrual cycle will have a luteal phase (the time from egg released until the next flow) that lasts approximately 14 days. It is simple, ovulation covers half of the expected, classical 28-day menstrual cycle. That fits with another current concept, "All regular month-apart menstrual cycles are ovulatory."


						
"We discovered a wide variety of luteal phase lengths, even in healthy premenopausal women who needed two cycles in a row that were both of normal cycle length and ovulatory in order to join the original study," said this study's first author, Sarah Henry, BSc (hons), MD, now in her University of British Columbia family practice residency who did this research as a medical student. "Although the luteal phase was not predictable in length, it was usually less variable than the follicular phase."

The findings, just published in Human Reproduction, show that the luteal phase is quite variable. It was documented using the validated Quantitative Basal Temperature(c) (QBT(c)) method. By QBT(c), a normal luteal phase length is [?]10 days; short luteal cycles are <10 days.

"This year-long study is a rare one examining within-woman follicular phase and luteal length variabilities," said Sonia Shirin MD, MHSc, CeMCOR research associate and co-author who worked with Dr. Henry on statistical analyses. "We studied 53 healthy women's cycles over about a year; all had at least 8, and an average of 13 menstrual cycles."

"An amazing thing is that, despite rigorous screening, only 6 of 53 women (11%) had normally ovulatory cycles the whole year," said Azita Goshtasebi, MD, MPH, PhD, CCFP, co-author and family physician as well as woman's public reproductive health expert. "Fifty-five percent of women across the study year had more than one short luteal phase in an ovulatory cycle."

Does it matter if the luteal phase is short?

Yes. A meta-analysis CeMCOR published in 2014 (Li D, Epidemiol Rev) showed there was bone loss in those with more short luteal phase ovulatory and anovulatory cycles compared with those having more normally ovulatory cycles over a year, even if all cycles remained month-apart. It is also likely that short luteal phase cycles, as well as those without ovulation, are related to trouble becoming pregnant.

"I wish I had known that my perfectly regular, month-apart menstrual periods might have hidden silent ovulatory disturbances that could make fertility difficult for me," said Sophia Park, MD, FRCPC, MBA, associate clinical professor in Pathology and Laboratory Medicine at the University of British Columbia with the lived experience of infertility.

"It is important to know about our own ovulation and luteal phase lengths. Why? Because increasing evidence says that estrogen, a powerful growth stimulator, needs to be counterbalanced. Progesterone decreases proliferation while encouraging cells to become more well-developed and specialized," reported senior author, Jerilynn C. Prior, BA, MD, FRCPC, professor of endocrinology at the University of British Columbia.

The researchers say this new information about the variability of the luteal phase lengths is important for two reasons:
    	We cannot assume month-apart menstrual cycles mean ovulation or normal-length luteal phases
    	Women need to know about ovulation both for health and fertility.
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Should men and women eat different breakfasts to lose weight? | ScienceDaily
It's not a bad thing if you pick a toasted bagel for breakfast, while your partner chooses eggs. In fact, according to a new study from the University of Waterloo, that difference could help you lose some weight.


						
The study, which employed a mathematical model of men's and women's metabolisms, showed that men's metabolisms respond better on average to a meal laden with high carbohydrates like oats and grains after fasting for several hours, while women are better served by a meal with a higher percentage of fat, such as omelettes and avocados.

"Lifestyle is a big factor in our overall health," said Stephanie Abo, an Applied Mathematics PhD candidate and the lead author of the study. "We live busy lives, so it's important to understand how seemingly inconsequential decisions, such as what to have for breakfast, can affect our health and energy levels. Whether attempting to lose weight, maintain weight, or just keep up your energy, understanding your diet's impact on your metabolism is important."

The study builds on an existing gap in research on sex differences in how men and women process fat. "We often have less research data on women's bodies than on men's bodies," said Anita Layton, a professor of Applied Mathematics and Canada 150 Research Chair in Mathematical Biology and Medicine.

"By building mathematical models based on the data we do have, we can test lots of hypotheses quickly and tweak experiments in ways that would be impractical with human subjects."

"Since women have more body fat on average than men, you would think that they would burn less fat for energy, but they don't," said Layton. "The results of the model suggest that women store more fat immediately after a meal but also burn more fat during a fast."

Going forward, the researchers hope to build more complex versions of their metabolism models and extend beyond the consideration of biological sex by incorporating an individual's weight, age, or stage in the menstrual cycle.
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Common consumer product chemicals now tied to cardiac electrical changes | ScienceDaily
Environmental phenols are found in a wide range of common consumer products. They include preservatives in packaged foods, parabens in shampoos and bisphenol A (BPA) in plastic dishware, so humans have broad exposure to them, day in and day out.


						
Some of these environmental phenols are known to have cardiac toxicities. Now, an interdisciplinary study involving four University of Cincinnati College of Medicine professors is revealing their adverse impact on the heart's electrical properties, and the research has been published in the journal Environmental Health.

"This is the first study to look at the impact of phenol exposure on cardiac electrical activity in humans," said Hong-Sheng Wang, PhD, professor in the Department of Pharmacology, Physiology and Neurobiology and the study's lead author.

Researchers used data from the Fernald Community Cohort, which includes nearly 10,000 people who lived near the former U.S. Department of Energy uranium processing site at Fernald, outside Cincinnati, and participated in the Fernald Medical Monitoring Program between 1990 and 2008.

Much of the cohort did not experience exposure to uranium beyond the radiation received by the general population. Wang and his team used their data, including biological samples and medical records, in the study so uranium exposure would not be a factor in the findings -- making them relevant to the general population. Because urine samples and electrocardiograms, or EKGs, were collected on the same day, the results were significant for analyzing exposure to environmental phenols.

The EKGs, which measure cardiac electrical activities, were read by board-certified physicians, and the urine samples were sent to the Centers for Disease Control and Prevention for exposure analysis.

One goal of the study was to identify any changes in EKG parameters associated with environmental phenol exposure.




The heart is driven by electrical activity, so anything affecting its electrical properties can have a detrimental impact and possibly result in arrhythmias.

The research concluded higher exposure to some environmental phenols is associated with altered cardiac electrical activity.

Researchers found higher exposure to BPA, BPF and BPA+F in women is associated with a longer PR interval, a delay in the time it takes for electrical signals to move from the atria at the top of the heart to the ventricles.

"Our findings were highly sex-specific," said Wang. In women, researchers identified an association with longer QRS duration, or contraction of the ventricles, and dysfunction of the electrical impulses of the heart.

"It was particularly pronounced in women with higher body mass indexes," said Wang.

In men, researchers found higher exposure to triclocarban (TCC), an antimicrobial agent, led to longer QT intervals in the heart -- meaning the heart's electrical system is taking too long to recharge, a situation that can contribute to heart rhythm dysfunction. TCC has since been banned in the United States.




Wang also pointed out that typical exposure levels alone are unlikely to cause clinically significant heart disease in healthy people.

"These were not dramatic changes that we observed, but moderate changes to cardiac electrical activity," he said. "However, they were particularly pronounced in certain subpopulations."

He said the altered cardiac activity could exacerbate existing heart disease or arrhythmias in a patient, especially older adults or those with other risk factors.

"Now there are new chemicals out there, so the next step would be to examine these newer environmental chemicals and to focus on their impact on an individual level in those who are predisposed to heart disease," said Wang.

Other contributors in this study included Susan Pinney, PhD, FACE, professor of epidemiology in the Department of Environmental and Public Health Sciences; Jack Rubinstein, MD, FACC, professor of clinical cardiology in the Department of Internal Medicine; and Changchun Xie, PhD, professor in the Department of Biostatistics, Health Informatics and Data Sciences.

This study was funded by grants from the National Institute of Environmental Health and the University of Cincinnati Center for Environmental Genetics.
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Promising cell therapy offers hope for relapsed or refractory T-cell leukaemia | ScienceDaily
A new cell therapy, targeting CD7 on leukaemia cells, gives a potentially effective treatment for patients with T-cell acute lymphoblastic leukaemia (T-ALL) who have exhausted all standard treatment options. Published in the medical journal Nature Medicine on 3 September 2024, the study highlights the effectiveness of a new chimeric antigen receptor (CAR) T-cell therapy.


						
Developed in-house by researchers and clinicians from the Yong Loo Lin School of Medicine at the National University of Singapore (NUS Medicine) and the National University Health System (NUHS), the therapy was given to 17 patients between April 2019 and October 2023 at the National University Hospital (NUH) in Singapore and Ospedale Pediatrico Bambino Gesu in Rome, Italy.

All the 17 patients, ranging from two to 72 years of age, had T-ALL that could not be eliminated with chemotherapy or had relapsed after treatment. Using a technology developed in Professor Dario Campana's laboratory under the Department of Paediatrics at NUS Medicine, the patient's own T cells were reprogrammed to express an anti-CD7 CAR, and then re-infused into the patients. The anti-CD7 CAR protein redirects the CAR T-cells to kill T-leukaemia cells that have CD7 protein on their surface.

Notably, 16 of the 17 patients achieved complete remission within one month, and leukaemic cells became undetectable even with ultra-sensitive flow cytometry tests that can detect one leukaemia cell in the background of 10,000 normal cells, developed by Ms Elaine Coustan-Smith's laboratory at NUS Medicine. The same techniques were key to analyse CD7 expression in leukaemic cells and determining patient eligibility as well as to monitor expansion and persistence of CAR-T cells after infusion. The first patient treated with this therapy has been in remission for five years, without needing additional chemotherapy or a bone marrow transplant.

The treatment was well-tolerated, and side effects were mild, given the fact that all patients enrolled had a high tumour burden and had received prolonged and intensive treatment prior to CAR-T therapy.

T-ALL accounts for approximately 10 per cent of ALL cases in children and 25 to 30 per cent in adolescents and young adults2,3 . Although 70 to 80 per cent of children are cured with intensive and prolonged chemotherapy, the cure rate in adults remains approximately 60 per cent or lower.

Patients with relapsed or refractory T-ALL have less than 10 per cent survival, while in this series, 50 per cent survived. This fratricide-resistant CD7 CAR-T therapy is being trialled in NUH.

Dr Bernice Oh, the first author of the study and a Consultant in the Division of Paediatric Haematology and Oncology at the Khoo Teck Puat -- National University Children's Medical Institute (KTP-NUCMI), NUH, said: "This CAR-T therapy is a new and promising tool to treat T-ALL patients who have failed conventional treatment. These patients had exhausted all potentially curative options, and we are heartened that we could give them another clear chance at cure without severe side-effects. We are committed to seek better cures for patients with complex and treatment-resistant cancers."

Professor Allen Yeoh, who led the clinical application of this new technology and is Head and Senior Consultant in the Division of Paediatric Haematology and Oncology at NUH's KTP-NUCMI and the National University Cancer Institute, Singapore, said: "While we celebrate this wonderful milestone, we are only at the beginning of this exciting journey. There is a lot of scientific and medical enquiry to understand how to better use CD7 CAR T-cells. Each patient, in this series, taught us a lot. Ultimately, for every member of our team, seeing each patient smile and given another chance, after achieving remission, is priceless." Professor Yeoh is also the VIVA-Goh Foundation Professor in Paediatric Oncology at NUS Medicine.

This research is supported by the Singapore Ministry of Health through the National Medical Research Council (NMRC) Office, MOH Holdings Pte Ltd under the NMRC Singapore Translational Research Investigator Award (MOH-000708), NMRC Research Training Fellowship (MOH-000616), NMRC Clinician Scientist Award (NMRC/CSA/003/2008 and NMRC/CSA/0053/2013) and NMRC Centre Grant (NMRC/CG/NCIS/2010), as well as the Cancer Science Institute of Singapore, National University of Singapore, the Goh Foundation, Children's Cancer Foundation, Singapore Totalisator Board, Bone Marrow Donor Programme (Singapore) and VIVA Foundation for Children with Cancer.
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Scientists discover a secret to regulating our body clock, offering new approach to end jet lag | ScienceDaily
Scientists from Duke-NUS Medical School and the University of California, Santa Cruz, have discovered the secret to regulating our internal clock. They identified that this regulator sits right at the tail end of Casein Kinase 1 delta (CK1d), a protein which acts as a pace setter for our internal biological clock or the natural 24-hour cycles that control sleep-wake patterns and other daily functions, known as circadian rhythm.


						
Published in the journal PNAS, their findings could pave the way for new approaches to treating disorders related to our body clock.

CK1d regulates circadian rhythms by tagging other proteins involved in our biological clock to fine-tune the timing of these rhythms. In addition to modifying other proteins, CK1d itself can be tagged, thereby altering its own ability to regulate the proteins involved in running the body's internal clock.

Previous research identified two distinct versions of CK1d, known as isoforms d1 and d2, which vary by just 16 building blocks or amino acids right at the end of the protein in a part called the C-terminal tail. Yet these small differences significantly impact CK1d's function. While it was known that when these proteins are tagged, their ability to regulate the body clock decreases, no one knew exactly how this happened.

Using advanced spectroscopy and spectrometry techniques to zoom in on the tails, the researchers found that how the proteins are tagged is determined by their distinct tail sequences.

Howard Hughes Medical Institute Investigator Professor Carrie Partch from the Department of Chemistry & Biochemistry at the University of California, Santa Cruzand corresponding author of the study explained:

"Our findings pinpoint to three specific sites on CK1d's tail where phosphate groups can attach, and these sites are crucial for controlling the protein's activity. When these spots get tagged with a phosphate group, CK1d becomes less active, which means it doesn't influence our circadian rhythms as effectively. Using high-resolution analysis, we were able to pinpoint the exact sites involved -- and that's really exciting."

Having first studied this protein more than 30 years ago while investigating its role in cell division, Professor David Virshup, the director of the Cancer and Stem Cell Biology Programme at Duke-NUS and co-corresponding author of the study, elaborated:




"With the technology we have available now, we were finally able to get to the bottom of a question that has gone unanswered for more than 25 years. We found that the d1 tail interacts more extensively with the main part of the protein, leading to greater self-inhibition compared to d2. This means that d1 is more tightly regulated by its tail than d2. When these sites are mutated or removed, d1 becomes more active, which leads to changes in circadian rhythms. In contrast, d2 does not have the same regulatory effect from its tail region."

This discovery highlights how a small part of CK1d can greatly influence its overall activity. This self-regulation is vital for keeping CK1d activity balanced, which, in turn, helps regulate our circadian rhythms.

The study also addressed the wider implications of these findings. CK1d plays a role in several important processes beyond circadian rhythms, including cell division, cancer development, and certain neurodegenerative diseases. By better understanding how CK1d's activity is regulated, scientists could open new avenues for treating not just circadian rhythm disorders but also a range of conditions.

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

"Regulating our internal clock goes beyond curing jet lag -- it's about improving sleep-quality, metabolism and overall health. This important discovery could potentially open new doors for treatments that could transform how we manage these essential aspects of our daily lives."

The researchers plan to further investigate how real-world factors, such as diet and environmental changes, affect the tagging sites on CK1d. This could provide insights into how these factors affect circadian rhythms and might lead to practical solutions for managing disruptions.

Duke-NUS is a global leader in medical education and biomedical research, driving breakthroughs that transcend scientific exploration for the benefit of our communities. By merging scientific research with translational methods, the School deepens our understanding of prevalent diseases and develop innovative new treatment approaches.
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Fear of childbirth is associated with shorter duration of breastfeeding | ScienceDaily
The duration of breastfeeding is shorter than average among mothers with a fear of childbirth - regardless of the mode of delivery, a new study from Finland shows. According to the researchers, the fear of childbirth can also be an indication of a greater need for breastfeeding support. Using data from the Kuopio Birth Cohort study, KuBiCo, the study examined factors related to childbirth that may affect the success and duration of breastfeeding in the child's first year of life.


						
The researchers analysed data collected in 2013-2020, which included 2,521 women who had given birth in Kuopio University Hospital. During pregnancy, expectant mothers filled out various questionnaires, and they also responded to a questionnaire about the duration of breastfeeding at the time when their child was one year old.

In Finland, breastfeeding is recommended for at least six months, including 4-6 months of exclusive breastfeeding. 98% of mothers participating in the study initiated breastfeeding during the first neonatal week, and three out of four mothers continued to breastfeed their child for at least six months. Mothers who had a vaginal delivery without any complications most frequently met the breastfeeding recommendation. 

Fear of childbirth may affect the duration of breastfeeding regardless of the mode of delivery

A key finding of the study was the observed association between the fear of childbirth and the duration of breastfeeding.

"In mothers who feared childbirth, the duration of breastfeeding, either exclusively with their own milk or with formula, was three times more likely to be shorter than recommended," says Maija Vasanen, Lic.Med., the first author of the study.

This is the first time researchers observed an association between the fear of childbirth and the success of breastfeeding. The fear of childbirth had a significant association with the duration of breastfeeding independent of whether the mode of delivery was a spontaneous vaginal delivery, an elective or a non-elective caesarean surgery, or a vacuum-assisted vaginal delivery.




The researchers also found that twin pregnancy, maternal overweight and obesity, high blood pressure, and smoking were associated with a shorter duration of breastfeeding. Of mothers with twins, 40% breastfed their children for at least six months. Other factors associated with a shorter duration of breastfeeding were young maternal age, first-time childbirth, single parenthood, and lower level of education.

Increasing number of mothers are breastfeeding for more than six months

According to the researchers, the study also found a delightfully positive trend in the duration of breastfeeding. The proportion of mothers breastfeeding for more than six months increased from around 71% to 85% between 2013 and 2020. At the same time, the proportion of those breastfeeding for a shorter duration decreased from 27% to 15%.

"The longer duration of breastfeeding may be explained by increased awareness of the benefits of breastfeeding, and it is also an indication of successful breastfeeding guidance and support. Breastfeeding can be promoted by providing targeted support to mothers with known risk factors, such as a fear of childbirth, twin pregnancy or smoking. Going forward, breastfeeding guidance given by health care professionals should also target mothers with a fear of childbirth, as well as other groups that may struggle with the initiation of breastfeeding," says Professor Leea Keski-Nisula, the lead author of the study.

The Kuopio Birth Cohort study, KuBiCo, is a joint research project by Kuopio University Hospital, the University of Eastern Finland and the Finnish Institute for Health and Welfare.
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Autobiographical memory in the digital age: Our lives in the mirror of our data | ScienceDaily
Just a hundred years ago, most people had -- at most -- a few photos of themselves and their family. What a difference to today, when we can easily capture every important and unimportant moment -- from our child's first step to a visit to a restaurant with friends to a holiday photo on the beach. And of course, the documentation of our lives doesn't end there. Just think of the countless emails and WhatsApp messages we write every day, the experiences we share with others via social media or the data we record on our smartwatches.


						
"One can have very different intuitions about how this increased density of recorded life episodes should be evaluated," explains Dr Fabian Hutmacher, a researcher at the Chair of Psychology of Communication and New Media at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany. "Some people hope, for example, that we will be able to compensate the weaknesses and to reduce the distortions of human memory in this way. Others are concerned that it will rather create new potential for surveillance and undermining our privacy."

As it is so often the case, things are not simply black and white, but require a closer look, says Hutmacher. Together with JMU Professor Markus Appel and Professor Stephan Schwan from the Leibniz-Institut fur Wissensmedien Tubingen, he has published an article on autobiographical remembering in the digital age in the journal Psychological Inquiry. The article is intended to provide orientation in this still largely unexplored field of inquiry.

Autobiographical Remembering - a Constant Interplay with the Environment

The fact that we draw on resources outside our own minds when remembering past events is not an invention of the digital age, but a constant in human history. Already thousands of years ago, people left behind cave paintings and established traditions for the oral transmission of knowledge. And if you're trying to remember your last birthday, for example, you can of course not only use your smartphone, but also look in your paper diary -- if you keep one -- or ask guests who were at the party.

"What sets digital resources apart from these other options, however, is not only the aforementioned increased density of recorded life episodes, but also the fact that these digital resources create a searchable database consisting of a combination of different media sources that can often be accessed anywhere at any time," explains Fabian Hutmacher. "Digital resources do not just provide a passive storage, but also make it possible -- using artificial intelligence, for example -- to adjust and rearrange recordings in order to create, among others, digital vacation or wedding albums. This can have a profound impact on how we view past experiences," adds Professor Stephan Schwan, who leads the Realistic Depictions Lab at the Leibniz-Institut fur Wissensmedien in Tubingen.

But that's not all: Different digital resources are suited for different purposes. For example, quantitative data, such as tracking running distances, heart rate, and sleep cycles, seems particularly suitable for discovering long-term behavioural trends. Other data such as photos and videos, on the other hand, are more likely to be used when it comes to reminiscing or reflecting on past events.




A Look into the Crystal Ball: What Does the Future Hold?

The increased use of digital data for autobiographical remembering could have both desirable and undesirable consequences in numerous fields of application. For example, there are hopes that digital resources could be used to support people with memory difficulties and dementia in their everyday lives. Similarly, digital recordings could also help to preserve memories that are important to our collective memory, as in the case of witnesses to the Shoah. "The range of digital ways of remembering is becoming broader, just think of virtual and augmented realities," adds Stephan Schwan.

At the same time, digital data also offer the possibility of manipulation: Arguably, deepfakes could not only play a role with respect to political actors and events, but also with respect to memories about our own lives. "In most cases, we don't have enough reliable data to draw definite conclusions regarding opportunities and risks yet," summarises Fabian Hutmacher. "Autobiographical memories are an important part of what makes us human. This makes further research in the coming years all the more important."

In future studies, Fabian Hutmacher would like to investigate the subtleties of the interplay between recorded data and the memories stored in our minds in even greater detail. The question of how the recorded data can be used and organised in such a way that it helps people to remember their past is also particularly important to him. The Young Academy of the Bavarian Academy of Sciences and Humanities, to which Fabian Hutmacher was admitted at the beginning of 2024, is funding his research.
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Gut hormones could hold the key to fighting fatty liver disease | ScienceDaily
Fatty liver disease, a condition characterized by the accumulation of excessive fat in the liver, is a growing global health concern. Proglucagon-derived peptides (PGDPs), including glucagon, GLP-1, and GLP-2, are known to regulate lipid metabolism in the liver. However, the mechanism underlying this remains unelucidated. Now, researchers from Fujita Health University have investigated the role of PGDPs, including glucagon, GLP-1, and GLP-2, in fat accumulation in the liver using GCGKO mice deficient in these peptides.


						
The accumulation of fats in the liver is driven by high-fat diets and obesity, and is becoming an increasingly prevalent global health concern. Characterized by excessive fat accumulation in the liver, this condition poses significant risks for various metabolic disorders. While much of the existing research has focused on fat metabolism within the liver itself, emerging findings emphasize the critical role of the gut in this complex process. Proglucagon-derived peptides (PGDPs), including glucagon, GLP-1, and GLP-2, are known to be the key hormones that regulate lipid metabolism in the liver. Derived from the same precursor -- proglucagon, previous studies have shown that both GLP-1 and GLP-2 are involved in lipid accumulation indirectly in the liver. However, their specific contributions to liver fat accumulation are not yet fully understood.

A new study, led by Associate Professor Yusuke Seino from Fujita Health University and published in Nutrients on 14 July, 2024, explores how PGDPs impact fat absorption and liver fat buildup. The team of researchers included lead researchers Mr. Koki Nishida, Mr. Atsushi Suzuki, and Mr. Yoshiki Hirooka from Fujita Health University, along with Mr. Yoshikata Hayashi from Nagoya University. Using genetically modified mice lacking PGDPs (GCGKO mice), the study investigates the response of mice to a high-fat diet (HFD) for seven days and sheds light on a potential new strategy for preventing fatty liver.

"When we subjected both GCGKO mice and control mice to an HFD for one week, the GCGKO mice exhibited a significantly lower increase in hepatic free fatty acid (FFA) and triglyceride levels, along with reduced adipose tissue weight," highlighted Dr. Seino. These effects were attributed to a decrease in lipid absorption via the CD36 pathway in the intestinal tract, despite a reduced fat-burning capacity (b-oxidation) in the liver.

Additionally, the study found lower expression levels of genes involved in FFA oxidation in HFD-fed GCGKO mice. Particularly, Ppara (peroxisome proliferator receptor alpha) and Cd36 (cluster of differentiation 36) mRNA levels were reduced in the duodenum, correlating with a decrease in fat uptake in the intestines and increased fecal cholesterol content. This suggests that the absence of PGDPs prevents diet-induced fatty liver by lowering intestinal fat absorption.

Notably, the researchers found that despite lower fat-burning activity in the liver, the primary factor preventing fat accumulation was reduced fat absorption from the intestines. HFD-fed GCGKO mice also showed lower plasma triglyceride levels during the oral fat tolerance test (OFTT), further confirming reduced lipid absorption.

Moreover, the study underscores the intricate relationship between diet, hormonal responses, and intestinal microbiota. The HFD-fed GCGKO mice demonstrated notable shifts in gut bacteria, with an increase in Parabacteroides and a decrease in Lactobacillus, both linked to obesity resistance. These changes further point to the possibility of dietary and hormonal interventions to enhance gut health and metabolic function.

Adding further, Dr. Seino notes, "If we can examine in more detail how PGDPs specifically regulate lipid absorption in the gut, we hope to clarify the relationship between diet, hormones, and intestinal bacteria sufficiently to recommend a diet that is less conducive to obesity and fatty liver disease."

Talking about the long-term implications of their research, Dr. Seino says, "In the future, oral dual antagonists of GLP-2 and glucagon could emerge as potential therapies for obesity and fatty liver, especially given their roles in insulin sensitivity and lipid metabolism."

In summary, these findings pave the way for the development of targeted therapies aimed at combating this growing health problem, potentially improving outcomes for millions of people affected by fatty liver disease worldwide.
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Researchers confront new US and global challenges in vaccinations of adults | ScienceDaily
Over the past decade, decreasing vaccination rates now threaten the huge beneficial impacts of vaccinations in the U.S. and globally. Researchers discuss the multifactorial barriers including increasing vaccine hesitancy and new clinical and public health challenges in vaccinations of U.S. adults.


						
Vaccines to prevent common and serious infectious diseases have had a greater impact on improving human health than any other medical advance of the 20th century, surpassing even sanitation and potable water. From the global eradication of smallpox in 1980 to the unprecedented development of effective and safe mRNA vaccines for COVID-19, vaccinations have played crucial roles in preventing millions of premature deaths and hospitalizations in adults and children.

These monumental efforts have involved coordinated local, regional, national and international organizations and dedicated clinical and public health professionals. Unfortunately, over the past decade, decreasing vaccination rates now threaten the huge beneficial impacts of vaccinations in the United States and globally.

The barriers are multifactorial and include increasing vaccine hesitancy in the U.S. In a review published online ahead of print in The American Journal of Medicine, researchers from Florida Atlantic University's Schmidt College of Medicine and colleagues discuss new clinical and public health challenges in vaccinations of U.S. adults.

"In the U.S., the continuing dedicated efforts of all clinical and public health professionals combined with advancements in vaccine technology and the resilience of public health systems all offer promise for the future," said senior author Charles H. Hennekens, M.D., first Sir Richard Doll Professor of Medicine and Preventive Medicine and senior academic advisor, in the departments of medicine, and population health and social medicine. "Health care providers and public health officials should remain cognizant that increasing vaccination rates are essential but not sufficient. Surveillance-containment entails rapid detection and reporting of cases with prompt immunization of household members and close contacts of confirmed cases, combined with judicious use of isolation, prompt antiviral or antibiotic medications, social distancing, respiratory etiquette; home or large-scale quarantines; and masking.The continuing and expanded efforts of U.S. health care providers are vital to these successes."

The authors note that health care providers in the U.S. also face major challenges in achieving high vaccination rates against COVID-19, respiratory syncytial virus (RSV) and influenza, which confers particularly high risks among the elderly and immunocompromised patients. They caution about potential concerns relating to the recent emergence of a highly virulent strain of influenza (H5N1) in China.

"The pneumococcal vaccine has also been shown to be safe and effective in randomized trials for patients aged 18 to 79, including those over 80, making it particularly beneficial for the elderly, immunocompromised individuals, and those at high risk for pneumonia," said Hennekens. "Furthermore, Herpes zoster, or shingles, affects 1 in 3 people over 65 and is caused by the reactivation of the varicella zoster virus from past chickenpox infections. It can lead to debilitating complications and is especially concerning for immunocompromised patients. The shingles vaccine is safe, effective and FDA-approved for individuals aged 50 and older."

Although it was eliminated in 2000, the authors also discuss the clinical and public health challenges of measles in the U.S. and worldwide. Recent outbreaks in areas with low vaccination rates, exacerbated by more recent vaccine hesitancy, have led to a loss of herd immunity. By July 2023, 116 out of 195 countries reported lower measles vaccination rates. The World Health Organization (WHO) estimates that vaccinations since 1974 have prevented about 154 million premature deaths, with 101 million of those being infants.




"Vaccines for 14 diseases have contributed to a 40% reduction in global infant deaths. In the U.S., from 1994 to 2024, measles vaccination is estimated to have prevented 508 million cases, 32 million hospitalizations, and more than 1 million deaths." said Hennekens. "Maintaining herd immunity is crucial to prevent future measles outbreaks and related deaths."

Lastly, in August, the WHO declared mpox a global public health emergency. Mpox, a variant of smallpox, was largely controlled by smallpox vaccinations, which have declined since its eradication in 1980.

"The emergence of new variants, particularly clade Ib, poses increased mortality risks," said Hennekens. "A recently developed vaccine has been effective in limiting spread, particularly in high-risk areas like sub-Saharan Africa. However, global vaccination efforts face special challenges, including limited supplies and inadequate delivery to vulnerable populations."

The authors conclude that in the U.S., ongoing efforts by health care and public health professionals, along with advances in vaccine technology, hold promise for eliminating or even eradicating many infectious diseases. Achieving these goals requires sustained collaboration and a focus on increasing vaccination rates.

Study co-authors are John Dunn, a second-year FAU medical student, Schmidt College of Medicine; Barry R. Davis, M.D., Ph.D., professor emeritus of biostatistics and data science, School of Public Health, University of Texas -- Houston; Alexandra Matarazzo, a second-year FAU medical student, Schmidt College of Medicine; Yanna Willet, a pre-medical student, Virigina Tech; Sadine Al-Farauki, a first-year medical student, Ross School of Medicine, and FAU graduate; and Dennis G. Maki, M.D., the first Ovid O. Meyer Professor of Medicine, chief of infectious diseases, emeritus, University of Wisconsin School of Medicine and Public Health.

Hennekens and Maki served for two years as lieutenant commanders in the U.S. Public Health Service as epidemic intelligence service (EIS) officers with the U.S. Centers for Disease Control and Prevention (CDC). They served under Alexander D. Langmuir, M.D., who created the EIS and directed the epidemiology program at the CDC, as well as Donald A. Henderson, M.D., chief of the Virus Disease Surveillance Program at the CDC. Langmuir and Henderson made significant contributions to the eradication of polio and smallpox using widespread vaccinations and public health strategies of proven benefit and had extraordinary collaborations with local, state, federal and international health authorities.
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Brain network study reveals clues about dementia's behavior changes | ScienceDaily
When most people think of dementia, including Alzheimer's disease, they probably think of memory loss first.


						
But dementia also changes the way a person behaves, whether it makes them quick to get angry or distressed, causes them to become depressed, anxious or apathetic, or even changes their whole personality.

Over time, these behavioral changes can disrupt their lives as much as losing their ability to think or remember clearly.

Now, a team of University of Michigan researchers reports new clues about what might be happening in the brains of people experiencing even the earliest signs of dementia-related behavior changes.

Using two types of advanced medical imaging to study the brains of 128 people in the early stages of dementia, they show links between one of the brain's most crucial communication networks, a protein called tau, and the level of behavioral symptoms a person has.

This goes beyond the role of tau that scientists have already known about in people with more advanced dementia: causing tangled nerve fibers in brain regions involved in thinking and memory.

The new study suggests that tau disrupts the integrity of the brain's salience network. This highway of connections between specific brain regions is key to our ability to understand and decide how to react to things that are happening around us. It also helps us process our own thoughts and emotions.




The researchers showed that the more a person's salience network had been disrupted in the presence of tau, the more behavioral changes that person would experience. They report their findings in Alzheimer's & Dementia: The Journal of the Alzheimer's Association.

While the one-time imaging of these 128 research volunteers can't show cause and effect, the strong association between tau, salience network disruption and behavior change is intriguing, the team says.

They call for further study of the potential connection in other populations, and for research to evaluate change over time to explore what might be going on within the pathways of connected brain cells that make up the salience network, and explore how it relates to tau buildup and behavioral changes over the course of years.

They also hope to test whether they could slow behavioral change in people with early-stage dementia by targeting the salience network with mild electrical current or magnetic fields applied from outside the skull and guided by precise imaging.

More information about how individuals can learn more about opportunities to take part in their research is here.

The researchers, from the Research Program on Cognition and Neuromodulation Based Interventions (RP-CNBI), are led by Alexandru D. Iordan, Ph.D. and program leader Benjamin M. Hampstead, Ph.D. Both are faculty in the U-M Medical School's Department of Psychiatry.




Iordan, a neuroscientist who is lead author of the new study, says, "What we see is that the presence tau pathology relates to behavioral symptoms not in a direct relationship, but rather through dysfunction of a specific network in the brain -- the salience network. The more affected this network is, the more severe the behavioral symptoms."

He adds, "This is the first study that links the biomarker status of an individual with the dysfunction of this network, and behavioral symptoms, in people on the Alzheimer's disease spectrum."

Two kinds of brain imaging

The team used functional magnetic resonance imaging, or fMRI, to study each volunteer's brain and trace three different networks that each connect far-flung areas of the brain. They used a measure called the network segregation index, to gauge how functionally independent each network was relative to other brain networks.

They combined fMRI findings with results from a battery of neuropsychological tests and behavioral questionnaires the volunteers took. They also looked at results from positron emission tomography, or PET, scans that showed whether the person's brain contained excess tau protein as well as beta amyloid, another Alzheimer's-related protein.

The salience network was the only one of the three networks whose level of integrity correlated with the presence of tau and the severity of dementia-related behavioral issues. The default-mode network appears to be involved as a supporting player. The third network studied, called the frontoparietal network, was not related to behavioral symptoms.

The new study showed that unlike tau, the presence of just amyloid in some volunteers' brains was not related to issues with the salience network or linked to that person's level of behavioral symptoms.

Iordan notes that the salience network is also known to be involved in some psychiatric disorders and in frontotemporal dementia, a type of early-onset, rapidly progressing dementia marked mainly by behavioral and personality changes.

Potential for biomarker use and neuromodulation

Iordan notes that PET scans for tau and amyloid are now used clinically in the diagnosis of dementia, and in managing treatment with new medications that aim to reduce the buildup of amyloid, with the goal of slowing cognitive decline.

But blood tests that can also detect the presence of tau and amyloid, and use them as biomarkers of dementia risk, have also started to become available. Since they're much less expensive than PET scans, they might also be useful in future studies of tau's role in behavioral changes too, he says.

Further research could also help explain and even predict variation in the onset of behavioral changes in people with dementia, and the pace of decline. It might also lead to ways to identify people whose behavior changes are their earliest detectable sign of dementia risk, even before cognitive ability changes.

But the most exciting thing to Iordan and his colleagues?

"Our findings provide us with a functional target for potential intervention," he said. "We will soon be able to see if brain stimulation changes these relationships thanks to a larger study led by Dr. Hampstead that evaluates the effects of different doses of weak electrical currents applied to the brain. This larger study is nearing completion, and we are very excited to see what the results show, so stay tuned!"

Researchers at RP-CNBI, led by Hampstead, use neuropsychological tools, various types of neuroimaging, electrical and magnetic brain stimulation, and rehabilitation techniques to develop and apply non-drug treatments for Alzheimer's disease and related dementias.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241007114944.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Despite medical advances, life expectancy gains are slowing | ScienceDaily
We've seen dramatic increases in life expectancy over the 19th and 20th centuries, thanks to healthier diets, medical advances and many other quality-of-life improvements.


						
But after nearly doubling over the course of the 20th century, the rate of increase has slowed considerably in the last three decades, according to a new study led by the University of Illinois Chicago.

Despite frequent breakthroughs in medicine and public health, life expectancy at birth in the world's longest-living populations has increased only an average of six and a half years since 1990, the analysis found. That rate of improvement falls far short of some scientists' expectations that life expectancy would increase at an accelerated pace in this century and that most people born today will live past 100 years.

The Nature Aging paper, "Implausibility of Radical Life Extension in Humans in the 21st Century," offers new evidence that humans are approaching a biologically based limit to life. The biggest boosts to longevity have already occurred through successful efforts to combat disease, said lead author S. Jay Olshansky of the UIC School of Public Health. That leaves the damaging effects of aging as the main obstacle to further extension.

"Most people alive today at older ages are living on time that was manufactured by medicine," said Olshansky, a professor of epidemiology and biostatistics. "But these medical Band-Aids are producing fewer years of life even though they're occurring at an accelerated pace, implying that the period of rapid increases in life expectancy is now documented to be over."

That also means extending life expectancy even more by reducing disease could be harmful, if those additional years aren't healthy years, Olshansky added. "We should now shift our focus to efforts that slow aging and extend healthspan," he said. Healthspan is a relatively new metric that measures the number of years a person is healthy, not just alive.

The analysis, conducted with researchers from the University of Hawaii, Harvard and UCLA, is the latest chapter in a three-decade debate over the potential limits of human longevity.




In 1990, Olshansky published a paper in Science that argued humans were approaching a ceiling for life expectancy of around 85 years of age and that the most significant gains had already been made. Others predicted that advances in medicine and public health would accelerate 20th-century trends upward into the 21st century.

Thirty-four years later, the evidence reported in the 2024 Nature Aging study supports the idea that life expectancy gains will continue to slow as more people become exposed to the detrimental and immutable effects of aging. The study looked at data from the eight longest-living countries and Hong Kong, as well as the United States -- one of only a handful of countries that has seen a decrease in life expectancy in the period studied.

"Our result overturns the conventional wisdom that the natural longevity endowment for our species is somewhere on the horizon ahead of us -- a life expectancy beyond where we are today," Olshansky said. "Instead, it's behind us -- somewhere in the 30- to 60-year range. We've now proven that modern medicine is yielding incrementally smaller improvements in longevity even though medical advances are occurring at breakneck speed."

While more people may reach 100 years and beyond in this century, those cases will remain outliers that won't move average life expectancy significantly higher, Olshansky said.

That conclusion pushes back against products and industries, such as insurance and wealth-management businesses, which increasingly make calculations based on assumptions that most people will live to be 100.

"This is profoundly bad advice because only a small percentage of the population will live that long in this century," Olshansky said.

But the finding doesn't rule out that medicine and science can produce further benefits, he said. There may be more immediate potential in improving quality of life at older ages instead of extending life, the authors argue. More investment should be made in geroscience -- the biology of aging, which may hold the seeds of the next wave of health and life extension.

"This is a glass ceiling, not a brick wall," Olshansky said. "There's plenty of room for improvement: for reducing risk factors, working to eliminate disparities and encouraging people to adopt healthier lifestyles -- all of which can enable people to live longer and healthier. We can push through this glass health and longevity ceiling with geroscience and efforts to slow the effects of aging."
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Commonly used arm positions can substantially overestimate blood pressure readings | ScienceDaily
A study led by Johns Hopkins Medicine researchers concludes that commonly used ways of positioning the patient's arm during blood pressure (BP) screenings can substantially overestimate test results and may lead to a misdiagnosis of hypertension.


						
In a report on the study, which will be published Oct. 7 in JAMA Internal Medicine, investigators examined the effects of three different arm positions: an arm supported on a desk, arm supported on a lap, and an unsupported arm hanging at the patient's side. Researchers found that lap support overestimated systolic pressure (the top number in a BP reading) by nearly 4 mmHg, and an unsupported arm hanging at the side overestimated systolic pressure by nearly 7 mmHg.

The findings confirm that arm position makes a "huge difference" when it comes to an accurate blood pressure measurement, says Tammy Brady, M.D., Ph.D., vice chair for clinical research in the Department of Pediatrics at the Johns Hopkins University School of Medicine, medical director of the pediatric hypertension program at Johns Hopkins Children's Center, deputy director of the Welch Center for Prevention, Epidemiology, and Clinical Research and senior author of the study. And they underscore the importance of adhering to clinical guidelines calling for firm support on a desk or other surface when measuring blood pressure, the investigators add.

According to the American Heart Association, nearly half of U.S. adults have elevated blood pressure, a diagnosis made when the measured force of blood flowing through blood vessels is higher than what is generally considered normal, on average 120/80. Untreated, high blood pressure increases the risk of stroke, heart attack and other serious cardiovascular conditions. Because hypertension may cause minimal or no symptoms, early and frequent screening during routine checkups is considered the cornerstone of hypertension management. In most cases, lifestyle changes such as weight loss, healthy diets and exercise, as well as therapy with any of a variety of medications, can keep BP under control.

The latest clinical practice guidelines from the American Heart Association emphasize several key steps for an accurate measurement -- including appropriate cuff size, back support, feet flat on the floor with legs uncrossed, and an appropriate arm position, in which the middle of an adjustable BP cuff is positioned at mid-heart level on an arm supported on a desk or table.

Despite these recommendations, the researchers say BP is too often measured with patients seated on an exam table without any, or inadequate, arm support. In some cases, a clinician holds the arm, or the patient holds an arm in their lap. In the new Johns Hopkins study, the researchers recruited 133 adult participants (78% Black, 52% female) between Aug. 9, 2022, and June 1, 2023. Study participants, who ranged from age 18 to 80, were sorted at random into one of six possible groups that differed by order of the three seated arm positions. Measurements were taken during a single visit between 9 a.m. and 6 p.m. Before BP measures were taken, all participants first emptied their bladders and then walked for two minutes to mimic a typical clinical scenario in which people walk into a clinic or office before screening takes place. They then underwent a five-minute, seated rest period with their backs and feet supported. Each person, wearing an upper arm BP cuff selected and sized based on their upper arm size, had three sets of triplicate measurements taken with a digital blood pressure device 30 seconds apart.

Upon completion of each set of three measurements, the cuff was removed, participants walked for two minutes and rested for five minutes. In the same visit, they then underwent a fourth set of triplicate measurements with their arm supported on a desk, a set used to account for well-known variations in BP readings. All of the measurements were conducted in a quiet and private space, and participants were asked not to talk to researchers or use their phones during the screening.




Researchers found that BP measurements obtained with arm positions frequently used in clinical practice -- an arm on the lap or unsupported at the side -- were markedly higher than those obtained when the arm was supported on a desk, the standard, recommended arm position. Supporting the arm on the lap overestimated systolic BP -- the top number of a reading, or the force of blood flow when pumped out of the heart, by 3.9 mmHg and diastolic blood pressure -- the bottom number, or the pressure in the arteries when the heart rests between beats, by 4.0 mmHg. An unsupported arm at the side overestimated systolic by 6.5 mmHg and diastolic by 4.4 mmHg."If you are consistently measuring blood pressure with an unsupported arm, and that gives you an overestimated BP of 6.5 mmHg, that's a potential difference between a systolic BP of 123 and 130, or 133 and 140 -- which is considered stage 2 hypertension," says Sherry Liu, M.H.S., an epidemiology research coordinator at the Welch Center for Prevention, Epidemiology, and Clinical Research, Department of Epidemiology, at Johns Hopkins Bloomberg School of Public Health and study author.Investigators caution that their study results may only apply during screenings with automated BP devices, and may not apply to readings done with other BP devices.

However, Brady says, the findings suggest that clinicians need to pay better attention to best practice guidelines, and that patients "must advocate for themselves in the clinical setting and when measuring their BP at home."

Along with Brady and Liu, authors from Johns Hopkins are Di Zhao, Ahmed Sabit, Chathurangi Pathiravasan, Junichi Ishigami, Jeanne Charleston, Edgar Miller III, Kunihiro Matsushita and Lawrence Appel.

This study was supported by Resolve to Save Lives, which is funded by Bloomberg Philanthropies, the Bill and Melinda Gates Foundation and Gates Philanthropy Partners, which is funded with support from the Chan Zuckerberg Foundation.
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An early blood test can predict survival in patients with metastatic prostate cancer | ScienceDaily
A blood test, performed when metastatic prostate cancer is first diagnosed, can predict which patients are likely to respond to treatment and survive the longest. It can help providers decide which patients should receive standard treatment versus who might stand to benefit from riskier, more aggressive new drug trials. The research, part of a phase 3 clinical trial funded in part by the National Cancer Institute (NCI) of the National Institutes of Health, was just published in JAMA Network Open.


						
Before it spreads, prostate cancer can be cured with surgery or radiation. Once the cancer has metastasized and is no longer curable, systemic treatments are used to prolong survival as much as possible. Biomarkers that predict how patients will respond could allow for better personalization of treatments, but they are few and far between.

A new study found that measuring circulating tumor cells (CTCs), rare cancer cells shed from tumors into the blood, is a reliable way to predict later treatment response and survival prospects. CTCs have been studied in prostate cancer before, but only in its later stages.

"No one, until now, has looked at whether CTC counts can be used right at the beginning, when a man first presents with metastatic prostate cancer, to tell us whether he's going to live a long or short time, or whether or not he will progress with therapies," said Amir Goldkorn, MD, lead author of the study and associate director of translational sciences at the USC Norris Comprehensive Cancer Center at the Keck School of Medicine of USC.

The research leveraged CellSearch (Menarini, Inc.), an FDA-cleared liquid biopsy technology at the Norris Comprehensive Cancer Center, to detect and measure CTCs in blood samples. Patients with more CTCs had shorter median survival lengths and a greater risk of death during the study period. Those with more CTCs also had less "progression-free survival," which refers to the length of time when a patient's disease is controlled by treatment without getting worse.

"You couldn't tell these men apart when they walked through the door," said Goldkorn, who is also a professor of medicine at the Keck School of Medicine. "All of their other variables and prognostic factors were seemingly the same, and yet they had very, very different outcomes over time."

The researchers say that the CellSearch blood test, which is already widely available from commercial providers, can help quickly identify patients who are unlikely to respond to standard treatment options. Those men could benefit from a more intensive approach to therapy, including clinical trials of new drugs that may have more side effects but could improve survival in these high-risk patients.




Counting CTCs

The research was part of a phase 3 clinical trial of the NCI-funded SWOG Cancer Research Network, a group of more than 1,300 institutions around the country that collaborate to study various cancers. Baseline blood samples from 503 patients with metastatic prostate cancer, who were participating in a new drug trial, were sent to the Keck School of Medicine team for analysis.

To analyze the blood samples, the researchers used the CellSearch platform at the Norris Comprehensive Cancer Center's Liquid Biopsy Research Core, a facility that Goldkorn founded and directs. CellSearch uses immunomagnetic beads, antibodies attached to small magnetic particles, which bind to CTCs in the blood and pull them out to be detected and counted by specialized equipment.

Patients with five or more CTCs in their blood sample had the worst outcomes. Compared to patients with zero CTCs, they were 3.22 times as likely to die during the study period and 2.46 times as likely to have their cancer progress. They were only 0.26 times as likely to achieve a complete prostate-specific antigen (PSA) response, meaning they responded poorly to treatment.

Men with five or more CTCs had a median survival length of 27.9 months following the blood test, compared to 56.2 months for men with one to four CTCs and at least 78 months for men with zero CTCs. (Many patients in the latter group survived past the date of publication, so the median survival length could not yet be calculated.)

The bottom line: more CTCs meant that patients survived for less time, progressed much more quickly and were unlikely to respond to standard treatments.




Candidates for clinical trials

The new study shows that measuring CTC counts at the start of therapy can predict long-term survival rates, even in men who go on to receive many treatments for metastatic prostate cancer over a years-long period. That means the test can help identify men early on for trials of new and potentially more aggressive therapies.

"We want to enrich these clinical trials with men who need all that extra help -- who really would benefit from three drugs versus just two, or from being on a new chemotherapy drug, even though it may have more side effects," Goldkorn said.

Goldkorn and his team are now testing a new blood test that measures not just CTC counts, but also the molecular composition of CTCs and tumor DNA circulating in the blood, as well as other factors. Their goal is to create biomarkers with even more predictive power, which may ultimately help match patients with specific treatment options.
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Scientists discover that special immune cells stop metastatic cancer | ScienceDaily
Metastatic disease -- when cancer spreads from the primary tumor to other parts of the body -- is the cause of most cancer deaths. While researchers understand how cancer cells escape the primary site to seed new tumors, it's not well understood why some of these wayward cancer cells spawn new tumors -- sometimes decades later -- while others do not.


						
Now, a research team at the National Cancer Institute-designated Montefiore Einstein Comprehensive Cancer Center (MECCC) has discovered a natural immune mechanism in mice that stops escaped cancer cells from developing into tumors elsewhere in the body. The findings were published today in the journal Cell.

"Preventing or curing metastases is the most critical challenge in cancer," said study leader Julio Aguirre-Ghiso, Ph.D., director of MECCC's Cancer Dormancy Institute. "We think our findings have the potential to point to new therapies to prevent or treat metastatic disease." The study's co-first authors are Erica Dalla, Ph.D., a former student, and Michael Papanicolaou, Ph.D., a postdoctoral fellow in Dr. Aguirre-Ghiso's lab.

The Role of Dormancy in Cancer

Cells that migrate from primary tumors and seed metastatic tumors are called disseminated cancer cells (DCCs). Some DCCs behave aggressively, immediately starting tumors in new tissue, while others remain in a state of suspended animation referred to as dormancy.

"It's long been a mystery how some DCCs can remain in tissues for decades and never cause metastases, and we believe we've found the explanation," said Dr. Aguirre-Ghiso, who is also professor of cell biology, of oncology, and of medicine and the Rose C. Falkenstein Chair in Cancer Research at Albert Einstein College of Medicine.

Breast cancer and many other types of cancer metastasize to the lungs. In research involving three mouse models of metastatic breast cancer, Dr. Aguirre-Ghiso and colleagues determined that when breast cancer DCCs spread to the lung's air sacs (alveoli), they are kept in a dormant state by immune cells known as alveolar macrophages.




Insight into the Immune System 

"Alveolar macrophages are the lung's first responders, defending the organ against bacteria and dangerous substances like environmental pollutants," said Dr. Aguirre-Ghiso. These specialized macrophages, he notes, appear early in embryonic development and reside within lung tissue for life.

"Our findings demonstrate a new role for these macrophages, in which they recognize DCCs and actively interact with them, and -- by secreting a protein called TGF-b2 -- produce signals in the cancer cells that keep them in a dormant state," Dr. Aguirre-Ghiso said. "Since every organ in the body has its own set of tissue-resident macrophages, they may function to keep DCCs in check in those organs as well. Our study has shown for the first time that these specialized macrophages function to actively induce dormancy in DCCs."

Confirming the importance of alveolar macrophages in keeping DCCs dormant, Dr. Aguirre-Ghiso and his team found that depleting them in the mice significantly increased the number of activated DCCs and subsequent metastases in their lungs compared to mice with normal levels of the immune cells.

As DCCs become more aggressive, the researchers found, they become resistant to the pro-dormancy signals produced by alveolar macrophages. Ultimately, this evasion mechanism enables some DCCs to "wake up" from dormancy and reactivate to form metastases.

"Understanding how immune cells keep DCCs in check could lead to new anti-metastatic cell therapies among other strategies," Dr. Aguirre-Ghiso said. For example, he noted, it may be possible to strengthen macrophage signaling so that DCCs never awaken from dormancy or find ways to prevent older DCCs from becoming resistant to dormancy signaling.
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Cancer biologists discover a new mechanism for an old drug | ScienceDaily
Since the 1950s, a chemotherapy drug known as 5-fluorouracil has been used to treat many types of cancer, including blood cancers and cancers of the digestive tract.


						
Doctors have long believed that this drug works by damaging the building blocks of DNA. However, a new study from MIT has found that in cancers of the colon and other gastrointestinal cancers, it actually kills cells by interfering with RNA synthesis.

The findings could have a significant effect on how doctors treat many cancer patients. Usually, 5-fluorouracil is given in combination with chemotherapy drugs that damage DNA, but the new study found that for colon cancer, this combination does not achieve the synergistic effects that were hoped for. Instead, combining 5-FU with drugs that affect RNA synthesis could make it more effective in patients with GI cancers, the researchers say.

"Our work is the most definitive study to date showing that RNA incorporation of the drug, leading to an RNA damage response, is responsible for how the drug works in GI cancers," says Michael Yaffe, a David H. Koch Professor of Science at MIT, the director of the MIT Center for Precision Cancer Medicine, and a member of MIT's Koch Institute for Integrative Cancer Research. "Textbooks implicate the DNA effects of the drug as the mechanism in all cancer types, but our data shows that RNA damage is what's really important for the types of tumors, like GI cancers, where the drug is used clinically."

Yaffe, the senior author of the new study, hopes to plan clinical trials of 5-fluorouracil with drugs that would enhance its RNA-damaging effects and kill cancer cells more effectively.

Jung-Kuei Chen, a Koch Institute research scientist, and Karl Merrick, a former MIT postdoc, are the lead authors of the paper, which will appear in Cell Reports Medicine.

An unexpected mechanism

Clinicians use 5-fluorouracil (5-FU) as a first-line drug for colon, rectal, and pancreatic cancers. It's usually given in combination with oxaliplatin or irinotecan, which damage DNA in cancer cells. The combination was thought to be effective because 5-FU can disrupt the synthesis of DNA nucleotides. Without those building blocks, cells with damaged DNA wouldn't be able to efficiently repair the damage and would undergo cell death.




Yaffe's lab, which studies cell signaling pathways, wanted to further explore the underlying mechanisms of how these drug combinations preferentially kill cancer cells.

The researchers began by testing 5-FU in combination with oxaliplatin or irinotecan in colon cancer cells grown in the lab. To their surprise, they found that not only were the drugs not synergistic, in many cases they were less effective at killing cancer cells than what one would expect by simply adding together the effects of 5-FU or the DNA-damaging drug given alone.

"One would have expected that these combinations to cause synergistic cancer cell death because you are targeting two different aspects of a shared process: breaking DNA, and making nucleotides," Yaffe says. "Karl looked at a dozen colon cancer cell lines, and not only were the drugs not synergistic, in most cases they were antagonistic. One drug seemed to be undoing what the other drug was doing."

Yaffe's lab then teamed up with Adam Palmer, an assistant professor of pharmacology at the University of North Carolina School of Medicine, who specializes in analyzing data from clinical trials. Palmer's research group examined data from colon cancer patients who had been on one or more of these drugs and showed that the drugs did not show synergistic effects on survival in most patients.

"This confirmed that when you give these combinations to people, it's not generally true that the drugs are actually working together in a beneficial way within an individual patient," Yaffe says. "Instead, it appears that one drug in the combination works well for some patients while another drug in the combination works well in other patients. We just cannot yet predict which drug by itself is best for which patient, so everyone gets the combination."

These results led the researchers to wonder just how 5-FU was working, if not by disrupting DNA repair. Studies in yeast and mammalian cells had shown that the drug also gets incorporated into RNA nucleotides, but there has been dispute over how much this RNA damage contributes to the drug's toxic effects on cancer cells.




Inside cells, 5-FU is broken down into two different metabolites. One of these gets incorporated into DNA nucleotides, and other into RNA nucleotides. In studies of colon cancer cells, the researchers found that the metabolite that interferes with RNA was much more effective at killing colon cancer cells than the one that disrupts DNA.

That RNA damage appears to primarily affect ribosomal RNA, a molecule that forms part of the ribosome -- a cell organelle responsible for assembling new proteins. If cells can't form new ribosomes, they can't produce enough proteins to function. Additionally, the lack of undamaged ribosomal RNA causes cells to destroy a large set of proteins that normally bind up the RNA to make new functional ribosomes.

The researchers are now exploring how this ribosomal RNA damage leads cells to under programmed cell death, or apoptosis. They hypothesize that sensing of the damaged RNAs within cell structures called lysosomes somehow triggers an apoptotic signal.

"My lab is very interested in trying to understand the signaling events during disruption of ribosome biogenesis, particularly in GI cancers and even some ovarian cancers, that cause the cells to die. Somehow, they must be monitoring the quality control of new ribosome synthesis, which somehow is connected to the death pathway machinery," Yaffe says.

New combinations

The findings suggest that drugs that stimulate ribosome production could work together with 5-FU to make a highly synergistic combination. In their study, the researchers showed that a molecule that inhibits KDM2A, a suppressor of ribosome production, helped to boost the rate of cell death in colon cancer cells treated with 5-FU.

The findings also suggest a possible explanation for why combining 5-FU with a DNA-damaging drug often makes both drugs less effective. Some DNA damaging drugs send a signal to the cell to stop making new ribosomes, which would negate 5-FU's effect on RNA. A better approach may be to give each drug a few days apart, which would give patients the potential benefits of each drug, without having them cancel each other out.

"Importantly, our data doesn't say that these combination therapies are wrong. We know they're effective clinically. It just says that if you adjust how you give these drugs, you could potentially make those therapies even better, with relatively minor changes in the timing of when the drugs are given," Yaffe says.

He is now hoping to work with collaborators at other institutions to run a phase 2 or 3 clinical trial in which patients receive the drugs on an altered schedule.

"A trial is clearly needed to look for efficacy, but it should be straightforward to initiate because these are already clinically accepted drugs that form the standard of care for GI cancers. All we're doing is changing the timing with which we give them," he says.

The researchers also hope that their work could lead to the identification of biomarkers that predict which patients' tumors will be more susceptible to drug combinations that include 5-FU. One such biomarker could be RNA polymerase I, which is active when cells are producing a lot of ribosomal RNA.

The research was funded by the Damon Runyon Cancer Research Fund, a Ludwig Center at MIT Fellowship, the National Institutes of Health, the Ovarian Cancer Research Fund, the Holloway Foundation, and the STARR Cancer Consortium.
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Protecting confidentiality in adolescent patient portals | ScienceDaily
Weill Cornell Medicine researchers found that the possibility of parental disclosure through online patient portals led older adolescents to hesitate in sharing complete health information with doctors, putting them at risk of missed diagnoses and treatments. The paper noted that confidentiality concerns were increased among females and those who are sexual and gender minorities.


						
The results, published Oct. 7 in JAMA Pediatrics, are based on a national online survey that targeted 18 to 26 years olds who were eligible to be included on their parents' insurance plan. Of the 349 participants, 49 percent were on their parents' insurance.

The research was led by first author Dr. Marianne Sharko, assistant professor of clinical pediatrics and clinical population health sciences at Weill Cornell Medicine and by senior author Dr. Erika Abramson, professor of pediatrics and population health sciences at Weill Cornell Medicine.

Half of the survey respondents said they would hesitate to open an online patient portal if they believed their parents could gain access. If they did open a portal, 55 percent of all respondents said they would change the sensitive information they shared if they thought their parents would see it.

One respondent commented, "I don't want my parents to know I'm a trans person because that would put me in danger. I should be able to receive care I need without being afraid." Another said, "I'm in treatment for PTSD from abuse in childhood. My mother would be livid if she found out things I've told my therapist...informing her that I have PTSD would tip her off that I 'blabbed' about the abuse."

While patients now have convenient access to their personal health information electronically, as mandated by the 21st Century Cures Act, this availability can lead to fear of sharing sensitive issues that would be documented in their charts. As a result, some patients are at risk for negative consequences such as undiagnosed sexually transmitted infections or untreated mental health disorders.

Although portal confidentiality policies are in place, they vary between institutions and are generally developed by internal working groups, which may not include representation by those with increased confidentiality concerns. To provide safe and equitable care for all patients, health care systems must prioritize confidentiality protection for patient portals, the authors concluded.

This research was funded by the National Institutes of Health grants R01HL161458 and R01NS123639; and the Weill Cornell Medicine Jumpstart Career Development Grant.
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New therapeutic target for cardiac arrhythmias emerges | ScienceDaily
A new study by researchers at the University of Arizona College of Medicine -- Phoenix and the University of California Davis Health identified a new target for developing a therapy to treat atrial fibrillation, the most common type of abnormal heart rhythm.


						
Atrial fibrillation, commonly called AFib or AF, causes about 1 in 7 strokes, according to the U.S. Centers for Disease Control and Prevention, and is associated with a significant increase in the risk of morbidity and mortality. More than 12 million people are expected to have AFib by 2030, according to the American Heart Association, and current treatment paradigms remain inadequate, researchers say.

Proteins involved in physiological processes of the heart have been a target of research for AFib for some time. Until recently, most research suggested that treating AFib through inhibition of specific small-conductance calcium-activated potassium channels, or SK channels, could either reduce or worsen arrhythmias under different conditions.

"Our study used pioneering experimental and computational approaches to decipher how the human SK2 channel can be dynamically co-regulated. The study is especially timely considering inhibitors of SK channels are currently in clinical trials to treat AFib, making further insight into their regulatory mechanisms paramount," said Nipavan Chiamvimonvat, MD, chair of the Department of Basic Medical Sciences at the U of A College of Medicine -- Phoenix.

The paper, "Atomistic Mechanisms of the Regulation of Small Conductance Ca2+-Activated K+ channel (SK2) by PIP2," was published in the journal Proceedings of the National Academy of Sciences.

The research team examined the role of a lipid -- phosphatidylinositol 4,5-bisphosphate, or PIP2 -- in regulating the SK2 channel. PIP2 is an integral component of all plant and animal cell membranes and acts as a messenger for a variety of signaling pathways in the body.

"Because PIP2 plays such an essential role in multiple ion channels, regulating cardiac ion channels through PIP2 presents a new mechanism for the lipid regulation of cardiac excitability and function," said computational biologist Ryan Woltz, PhD, the paper's co-first author and an assistant research professor at the College of Medicine -- Phoenix.




Currently, SK channels are the only known potassium channels that are upregulated in heart failure, and their regulation plays a critical role in cardiac excitability and how disturbances in the heart's rhythm develop.

"Since PIP2 is known to be dysregulated in heart failure, our study provides critical translational insights into possible mechanisms of cardiac arrhythmias in heart failure," said co-first author Yang Zheng, PhD, a postdoctoral research fellow at the College of Medicine -- Phoenix.

Using comparative modeling, the research team generated human SK2 channel models in closed, intermediate and open states. They then used molecular dynamics simulations to explore the molecular mechanisms of SK2 channel modulation by PIP2.

"Structural insights from our study will be useful to design novel inhibitors of SK2 channels to treat cardiac arrhythmias," said Vladimir Yarov-Yarovoy, PhD, a professor at UC Davis Health.

Co-senior author Igor Vorobyov, PhD, an associate professor at UC Davis Health, said the team is already using similar computational approaches to study other SK channel subtypes.

"I am thrilled to participate in this collaborative multi-university and multidisciplinary research study and looking forward to a continued collaboration," Vorobyov said. "We are currently working on applying a similar pioneering experimental/computational approach to modulation of SK channels by drug molecules, which may enhance or inhibit function of these ion channels and can be used as prospective treatment options for AFib and other cardiovascular diseases."

A new study by researchers at the University of Arizona College of Medicine -- Phoenix and the University of California Davis Health identified a new target for developing a therapy to treat atrial fibrillation, the most common type of abnormal heart rhythm.

Atrial fibrillation, commonly called AFib or AF, causes about 1 in 7 strokes, according to the U.S. Centers for Disease Control and Prevention, and is associated with a significant increase in the risk of morbidity and mortality. More than 12 million people are expected to have AFib by 2030, according to the American Heart Association, and current treatment paradigms remain inadequate, researchers say.

Proteins involved in physiological processes of the heart have been a target of research for AFib for some time. Until recently, most research suggested that treating AFib through inhibition of specific small-conductance calcium-activated potassium channels, or SK channels, could either reduce or worsen arrhythmias under different conditions.

"Our study used pioneering experimental and computational approaches to decipher how the human SK2 channel can be dynamically co-regulated. The study is especially timely considering inhibitors of SK channels are currently in clinical trials to treat AFib, making further insight into their regulatory mechanisms paramount," said Nipavan Chiamvimonvat, MD, chair of the Department of Basic Medical Sciences at the U of A College of Medicine -- Phoenix.

The paper, "Atomistic Mechanisms of the Regulation of Small Conductance Ca2+-Activated K+ channel (SK2) by PIP2," was published in the journal Proceedings of the National Academy of Science.

The research team examined the role of a lipid -- phosphatidylinositol 4,5-bisphosphate, or PIP2 -- in regulating the SK2 channel. PIP2 is an integral component of all plant and animal cell membranes and act



Atrial fibrillation, commonly called AFib or AF, causes about 1 in 7 strokes, according to the U.S. Centers for Disease Control and Prevention, and is associated with a significant increase in the risk of morbidity and mortality. More than 12 million people are expected to have AFib by 2030, according to the American Heart Association, and current treatment paradigms remain inadequate, researchers say.

Proteins involved in physiological processes of the heart have been a target of research for AFib for some time. Until recently, most research suggested that treating AFib through inhibition of specific small-conductance calcium-activated potassium channels, or SK channels, could either reduce or worsen arrhythmias under different conditions.

"Our study used pioneering experimental and computational approaches to decipher how the human SK2 channel can be dynamically co-regulated. The study is especially timely considering inhibitors of SK channels are currently in clinical trials to treat AFib, making further insight into their regulatory mechanisms paramount," said Nipavan Chiamvimonvat, MD, chair of the Department of Basic Medical Sciences at the U of A College of Medicine -- Phoenix.

The paper, "Atomistic Mechanisms of the Regulation of Small Conductance Ca2+-Activated K+ channel (SK2) by PIP2," was published in the journal Proceedings of the National Academy of Sciences.

The research team examined the role of a lipid -- phosphatidylinositol 4,5-bisphosphate, or PIP2 -- in regulating the SK2 channel. PIP2 is an integral component of all plant and animal cell membranes and acts as a messenger for a variety of signaling pathways in the body.

"Because PIP2 plays such an essential role in multiple ion channels, regulating cardiac ion channels through PIP2 presents a new mechanism for the lipid regulation of cardiac excitability and function," said computational biologist Ryan Woltz, PhD, the paper's co-first author and an assistant research professor at the College of Medicine -- Phoenix.

Currently, SK channels are the only known potassium channels that are upregulated in heart failure, and their regulation plays a critical role in cardiac excitability and how disturbances in the heart's rhythm develop.

"Since PIP2 is known to be dysregulated in heart failure, our study provides critical translational insights into possible mechanisms of cardiac arrhythmias in heart failure," said co-first author Yang Zheng, PhD, a postdoctoral research fellow at the College of Medicine -- Phoenix.

Using comparative modeling, the research team generated human SK2 channel models in closed, intermediate and open states. They then used molecular dynamics simulations to explore the molecular mechanisms of SK2 channel modulation by PIP2.

"Structural insights from our study will be useful to design novel inhibitors of SK2 channels to treat cardiac arrhythmias," said Vladimir Yarov-Yarovoy, PhD, a professor at UC Davis Health.

Co-senior author Igor Vorobyov, PhD, an associate professor at UC Davis Health, said the team is already using similar computational approaches to study other SK channel subtypes.

"I am thrilled to participate in this collaborative multi-university and multidisciplinary research study and looking forward to a continued collaboration," Vorobyov said. "We are currently working on applying a similar pioneering experimental/computational approach to modulation of SK channels by drug molecules, which may enhance or inhibit function of these ion channels and can be used as prospective treatment options for AFib and other cardiovascular diseases."

A new study by researchers at the University of Arizona College of Medicine -- Phoenix and the University of California Davis Health identified a new target for developing a therapy to treat atrial fibrillation, the most common type of abnormal heart rhythm.

Atrial fibrillation, commonly called AFib or AF, causes about 1 in 7 strokes, according to the U.S. Centers for Disease Control and Prevention, and is associated with a significant increase in the risk of morbidity and mortality. More than 12 million people are expected to have AFib by 2030, according to the American Heart Association, and current treatment paradigms remain inadequate, researchers say.

Proteins involved in physiological processes of the heart have been a target of research for AFib for some time. Until recently, most research suggested that treating AFib through inhibition of specific small-conductance calcium-activated potassium channels, or SK channels, could either reduce or worsen arrhythmias under different conditions.

"Our study used pioneering experimental and computational approaches to decipher how the human SK2 channel can be dynamically co-regulated. The study is especially timely considering inhibitors of SK channels are currently in clinical trials to treat AFib, making further insight into their regulatory mechanisms paramount," said Nipavan Chiamvimonvat, MD, chair of the Department of Basic Medical Sciences at the U of A College of Medicine -- Phoenix.

The paper, "Atomistic Mechanisms of the Regulation of Small Conductance Ca2+-Activated K+ channel (SK2) by PIP2," was published in the journal Proceedings of the National Academy of Science.

The research team examined the role of a lipid -- phosphatidylinositol 4,5-bisphosphate, or PIP2 -- in regulating the SK2 channel. PIP2 is an integral component of all plant and animal cell membranes and acts as a messenger for a variety of signaling pathways in the body.

"Because PIP2 plays such an essential role in multiple ion channels, regulating cardiac ion channels through PIP2 presents a new mechanism for the lipid regulation of cardiac excitability and function," said computational biologist Ryan Woltz, PhD, the paper's co-first author and an assistant research professor at the College of Medicine -- Phoenix.

Currently, SK channels are the only known potassium channels that are upregulated in heart failure, and their regulation plays a critical role in cardiac excitability and how disturbances in the heart's rhythm develop.

"Since PIP2 is known to be dysregulated in heart failure, our study provides critical translational insights into possible mechanisms of cardiac arrhythmias in heart failure," said co-first author Yang Zheng, PhD, a postdoctoral research fellow at the College of Medicine -- Phoenix.

Using comparative modeling, the research team generated human SK2 channel models in closed, intermediate and open states. They then used molecular dynamics simulations to explore the molecular mechanisms of SK2 channel modulation by PIP2.

"Structural insights from our study will be useful to design novel inhibitors of SK2 channels to treat cardiac arrhythmias," said Vladimir Yarov-Yarovoy, PhD, a professor at UC Davis Health.

Co-senior author Igor Vorobyov, PhD, an associate professor at UC Davis Health, said the team is already using similar computational approaches to study other SK channel subtypes.

"I am thrilled to participate in this collaborative multi-university and multidisciplinary research study and looking forward to a continued collaboration," Vorobyov said. "We are currently working on applying a similar pioneering experimental/computational approach to modulation of SK channels by drug molecules, which may enhance or inhibit function of these ion channels and can be used as prospective treatment options for AFib and other cardiovascular diseases."
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Researchers seek to improve advanced pain management using AI for drug discovery | ScienceDaily
An estimated one in five Americans live with chronic pain and current treatment options leave much to be desired. Feixiong Cheng, PhD, Director of Cleveland Clinic's Genome Center, and IBM are using artificial intelligence (AI) for drug discovery in advanced pain management. The team's deep-learning framework identified multiple gut microbiome-derived metabolites and FDA-approved drugs that can be repurposed to select non-addictive, non-opioid options to treat chronic pain.


						
The findings are published in Cell Reports Methods.

Treating chronic pain with opioids is still a challenge due to the risk of severe side effects and dependency, says co-first author Yunguang Qiu, PhD, a postdoctoral fellow in Dr. Cheng's lab whose research program focuses on developing therapeutics for nervous system disorders. Recent evidence has shown that drugging a specific subset of pain receptors in a protein class called G protein-coupled receptors (GPCRs) can provide non-addictive, non-opioid pain relief. The question is how to target those receptors, Dr. Qiu explains.

Instead of inventing new molecules from scratch, the team wondered whether they could apply research methods they had already developed for finding preexisting FDA-approved drugs for potential pain indication. Part of this process involves mapping out gut metabolites to spot drug targets.

To identify these molecules, the first author and computational scientist Yuxin Yang, PhD, a former Kent State University graduate student. Dr. Yang completed his thesis research in Dr. Cheng's lab and continues to work there as a data scientist. Drs. Yang and Qiu led a team to update a previous drug discovery AI algorithm the Cheng Lab had developed. Collaborators from IBM helped write and edit the manuscript.

"Our IBM collaborators gave us valuable advice and perspective to develop advanced computational techniques," Dr. Yang says. "I'm happy for the opportunity to work with and learn from peers in the industry sector."

To determine whether a molecule will work as a drug, researchers need to predict how it will physically interact with and influence proteins in our body (in this case, our pain receptors). To do this, the researchers need a 3D understanding of both molecules based on extensive 2D data about their physical, structural and chemical properties.




"Even with the help of current computational methods, combining the amount of data we need for our predictive analyses is extremely complex and time-consuming," Dr. Cheng explains. "AI can rapidly make full use of both compound and protein data gained from imaging, evolutionary and chemical experiments to predict which compound has the best chance of influencing our pain receptors in the right way."

The research team's tool, called LISA-CPI (Ligand Image- and receptor's three-dimensional (3D) Structures-Aware framework to predict Compound-Protein Interactions) uses a form of artificial intelligence called deep learning to predict:
The team used LISA-CPI to predict how 369 gut microbial metabolites and 2,308 FDA- approved drugs would interact with 13 pain-associated receptors. The AI framework identified several compounds that could be repurposed to treat pain. Studies are underway to validate these compounds in the lab.




"This algorithm's predictions can lessen the experimental burden researchers must overcome to even come up with a list of candidate drugs for further testing," Dr. Yang says. "We can use this tool to test even more drugs, metabolites, GPCRs and other receptors to find therapeutics that treat diseases beyond pain, like Alzheimer's disease."

Dr. Cheng added that this is just one example of how the team is collaborating with IBM to develop small molecule foundation models for drug development -- including both drug repurposing in this study and an ongoing novel drug discovery project.

"We believe that these foundation models will offer powerful AI technologies to rapidly develop therapeutics for multiple challenging human health issues," he says.
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Real-time data shows what happens when people lose their balance | ScienceDaily
Researchers at Virginia Tech are using wrist-worn voice recorders to capture real-world data to better understand what happens when people lose their balance. The study, led by Michael Madigan in the College of Engineering, builds on years of his own foundational work and prior research conducted by the University of Michigan Medical School.


						
"In the past, researchers would ask participants to recall what they were doing when they lost their balance, but memory can be unreliable," said Madigan. "With this new method, participants record their experiences immediately after an incident, providing much more accurate and detailed information."

The findings were recently published in the Journal of American Geriatrics Society and highlight how voice-recorders captured the moment when participants, who averaged around 72 years of age, lost their balance. The study concludes that among older adults, voice recorders are effective at capturing the circumstances and context in which they lost their balance and potentially fell, without relying on recall later.

Partners:
    	Michael Madigan, professor with the Grado Department of Industrial and Systems Engineering at Virginia Tech
    	Neil Alexander, director, VA Ann Arbor Health Care System GRECC; University of Michigan: Ivan Duff Collegiate Professor of Geriatric and Palliative Medicine, Department of Internal Medicine; Research Professor, Institute of Gerontology

Real-world insight

In this study, 30 participants wore voice recorders on their wrists over the course of three weeks, and in the event of balance loss, turned them on to record answers to these key questions:
    	When and where did the balance loss occur?
    	What were they doing at the time?
    	How did they attempt to regain their balance -- did they grab a railing, take steps, or sit down?
    	Why do they think they lost their balance?
    	Did they fall?

This immediate, self-reported data was analyzed by Madigan and his team. Instead of waiting to meet with researchers after losing their balance, participants could reflect on what happened in the moment.




"We're trying to better understand the circumstances in which people lose their balance," Madigan said. "This process doesn't require people to think back weeks or months to an incident, especially when memory can be unreliable."

Participant experience

Maria Moll, a retired epidemiologist and study participant, found the research particularly meaningful, especially as someone in her 70s who remains physically active. After a friend experienced a fall, Moll became more interested in contributing to balance-loss prevention research.

"I've always been interested in physical fitness and balance, especially as I age," said Moll. "This study made me more mindful of my movements, particularly during more challenging activities like hiking."

The future of real-world data collection

Looking ahead, the team plans to expand the study to larger groups and combine the data with other lab-based measurements. By doing so, they hope to identify individuals who are most at risk of balance loss and develop strategies to proactively address those risks.

"We want to give clinicians the tools to intervene before a fall occurs," said Madigan. "This method can provide more reliable, detailed information that helps us understand not just how people lose their balance, but why."
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Role of ophthalmic acid in motor function control | ScienceDaily
A research team from the University of California, Irvine is the first to reveal that a molecule in the brain -- ophthalmic acid -- unexpectedly acts like a neurotransmitter similar to dopamine in regulating motor function, offering a new therapeutic target for Parkinson's and other movement diseases.


						
In the study, published in the October issue of the journal Brain, researchers observed that ophthalmic acid binds to and activates calcium-sensing receptors in the brain, reversing the movement impairments of Parkinson's mouse models for more than 20 hours.

The disabling neurogenerative disease affects millions of people worldwide over the age of 50. Symptoms, which include tremors, shaking and lack of movement, are caused by decreasing levels of dopamine in the brain as those neurons die. L-dopa, the front-line drug for treatment, acts by replacing the lost dopamine and has a duration of two to three hours. While initially successful, the effect of L-dopa fades over time, and its long-term use leads to dyskinesia -- involuntary, erratic muscle movements in the patient's face, arms, legs and torso.

"Our findings present a groundbreaking discovery that possibly opens a new door in neuroscience by challenging the more-than-60-year-old view that dopamine is the exclusive neurotransmitter in motor function control," said co-corresponding author Amal Alachkar, School of Pharmacy & Pharmaceutical Sciences professor. "Remarkably, ophthalmic acid not only enabled movement, but also far surpassed L-dopa in sustaining positive effects. The identification of the ophthalmic acid-calcium-sensing receptor pathway, a previously unrecognized system, opens up promising new avenues for movement disorder research and therapeutic interventions, especially for Parkinson's disease patients."

Alachkar began her investigation into the complexities of motor function beyond the confines of dopamine more than two decades ago, when she observed robust motor activity in Parkinson's mouse models without dopamine. In this study, the team conducted comprehensive metabolic examinations of hundreds of brain molecules to identify which are associated with motor activity in the absence of dopamine. After thorough behavioral, biochemical and pharmacological analyses, ophthalmic acid was confirmed as an alternative neurotransmitter.

"One of the critical hurdles in Parkinson's treatment is the inability of neurotransmitters to cross the blood-brain barrier, which is why L-DOPA is administered to patients to be converted to dopamine in the brain," Alachkar said. "We are now developing products that either release ophthalmic acid in the brain or enhance the brain's ability to synthesize it as we continue to explore the full neurological function of this molecule."

Team members also included doctoral student and lab assistant Sammy Alhassen, who is now a postdoctoral scholar at UCLA; lab specialist Derk Hogenkamp; project scientist Hung Anh Nguyen; doctoral student Saeed Al Masri; and co-corresponding author Olivier Civelli, the Eric L. and Lila D. Nelson Chair in Neuropharmacology -- all from the School of Pharmacy & Pharmaceutical Sciences -- as well as Geoffrey Abbott, professor of physiology & biophysics and vice dean of basic science research in the School of Medicine.

The study was supported by a grant from the National Institute of Neurological Disorders and Stroke under award number NS107671 and the Eric L. and Lila D. Nelson Chair in Neuropharmacology.

Alachkar and Civelli are inventors on a provisional patent that covers products related to ophthalmate and calcium-sensing receptors in motor function.
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Drug improves effectiveness of radiation for lung cancer that has spread to the brain | ScienceDaily
In new research, a team led by University of Cincinnati researchers has identified a potential new way to make radiation more effective and improve outcomes for patients with lung cancer that has spread to the brain.


						
The study, led by first author Debanjan Bhattacharya, PhD, was recently published in the journal Cancers.

Research background

According to the American Cancer Society, lung cancer is the leading cause of cancer death in the United States, accounting for about one in five cancer deaths. Non-small cell lung cancer (NSCLC) is the most prevalent type of lung cancer, making up approximately 80% to 85% of all lung cancer cases.

Up to 40% of lung cancer patients develop brain metastases during the course of the disease, and these patients on average survive between eight and 10 months following diagnosis.

Current standard of care treatments for lung cancer that spreads to the brain include surgical resection and stereotactic brain radiosurgery, and whole brain irradiation is standard in patients with more than 10 metastatic brain lesions.

"Lung cancer brain metastasis is usually incurable, and whole brain radiation treatment is palliative, as radiation limits therapy due to toxicity," said Bhattacharya, research instructor in the Department of Neurology and Rehabilitation Medicine in UC's College of Medicine. "Managing potential side effects and overcoming resistance to radiation are major challenges when treating brain metastases from lung cancer. This highlights the importance of new treatments which are less toxic and can improve the efficacy of radiation therapy, are less expensive, and can improve the quality of life in patients."

Research focus




Bhattacharya and his colleagues at UC focused on AM-101, a synthetic analog in the class of benzodiazepine drugs first developed by James Cook, a medicinal chemist at the University of Wisconsin-Milwaukee. Prior to this study, AM-101's effect in non-small cell lung cancer was unknown.

AM-101 is a particularly useful drug in the context of brain metastases in NSCLC, Bhattacharya said, as benzodiazepines are known to be able to pass through the blood-brain barrier that protects the brain from potential harmful invaders that can also block some drugs from reaching their target in the brain.

Research results

The team found AM-101 activated GABA(A) receptors located in the NSCLC cells and lung cancer brain metastatic cells. This activation triggers the "self-eating" process of autophagy where the cell recycles and degrades unwanted cellular parts.

Specifically, the study showed that activating GABA(A) receptors increases the expression and clustering of GABARAP and Nix (an autophagy receptor), which boosts the autophagy process in lung cancer cells. This enhanced "self-eating" process of autophagy makes lung cancer cells more sensitive to radiation treatment.

Using animal models of lung cancer brain metastases, the team found AM-101 makes radiation treatment more effective and significantly improves survival. Additionally, the drug was found to slow down the growth of the primary NSCLC cells and brain metastases.




In addition to making radiation more effective, adding AM-101 to radiation treatments could allow for lower radiation doses, which could reduce side effects and toxicity for patients, Bhattacharya said. The team is now working toward opening Phase 1 clinical trials testing the combination of AM-101 and radiation both in lung cancer within the lungs and lung cancer that has spread to the brain.

Bhattacharya began this research while working in the lab of former UC researchers Soma Sengupta and Daniel Pomeranz Krummel, who are now at the University of North Carolina at Chapel Hill. Bhattacharya credits their mentorship and the collaboration with other experts within UC and across multiple academic research institutions in the United States.

Bhattacharya also emphasizes the role of shared university research resources that helped the study move forward. He dedicates this work to his father, who died in 2021 while he was in the early phases of the research.

"The entire work, along with revision experiments, was done at the University of Cincinnati, and this reflects the strong collaborative effort between multiple teams. I am grateful to the Department of Neurology and Rehabilitation Medicine for the overall support in completion of this study," he said. "My father's passing motivated me to work harder to complete this project, as he had known about my research and wanted to see me succeed."
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        In double breakthrough, mathematician solves two long-standing problems
        A professor who has devoted his career to resolving the mysteries of higher mathematics has solved two separate, fundamental problems that have perplexed mathematicians for decades.

      

      
        NASA's Hubble watches Jupiter's Great Red Spot behave like a stress ball
        Astronomers have observed Jupiter's legendary Great Red Spot (GRS), an anticyclone large enough to swallow Earth, for at least 150 years. But there are always new surprises -- especially when NASA's Hubble Space Telescope takes a close-up look at it. Hubble's new observations of the famous red storm, collected 90 days between December 2023 to March 2024, reveal that the GRS is not as stable as it might look. The recent data show the GRS jiggling like a bowl of gelatin. The combined Hubble images ...

      

      
        Heavy metals in the ocean become more toxic
        Toxic trace elements such as lead, mercury, arsenic, and cadmium naturally occur in small quantities in coastal seas. However, human activities, such as industry and agriculture, contribute significantly larger amounts. A new study has examined how climate change already affects the distribution and accumulation of these elements and how it could impact them in the future. One of the findings: Climate-related natural events are releasing more contaminants, which pose a risk to both human and anim...

      

      
        Nature and plastics inspire breakthrough in soft sustainable materials
        Using peptides and a snippet of the large molecules in plastics, materials scientists have developed materials made of tiny, flexible nano-sized ribbons that can be charged just like a battery to store energy or record digital information.

      

      
        Over 160,000 new viruses discovered by AI
        161,979 new RNA viruses have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterized.

      

      
        A matter of taste: Electronic tongue reveals AI 'inner thoughts'
        Researchers recently developed electronic tongue capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. They found that results were even more accurate when artificial intelligence used its own assessment parameters to interpret the data generated by the electronic tongue.

      

      
        Will AI tools revolutionize public health? Not if they continue following old patterns, researchers argue
        A new article shares findings from an extensive literature analysis of AI's current trajectory in health care.

      

      
        Atomic-level mechanism in polycrystalline materials
        Researchers show that for the first time they have achieved atomic-scale observations of grain rotation in polycrystalline materials. Using state-of-the-art microscopy tools, the scientists were able to heat samples of platinum nanocrystalline thin films and observe the mechanism driving grain rotation in unprecedented detail.

      

      
        Team engineers new enzyme to produce synthetic genetic material
        A research team describes how they engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.

      

      
        New insights into ammonia decomposition
        Using ammonia is regarded as a promising method of transporting hydrogen. However, an efficient process is also needed to convert it back into hydrogen and nitrogen.

      

      
        Holographic 3D printing has the potential to revolutionize multiple industries
        Researchers have developed a novel method of 3D printing that uses acoustic holograms. The process is called holographic direct sound printing (HDSP). It builds on a method introduced in 2022 that described how sonochemical reactions in microscopic cavitations regions -- tiny bubbles -- create extremely high temperatures and pressure for trillionths of a second to harden resin into complex patterns. Now, by embedding the technique in acoustic holograms that contain cross-sectional images of a par...

      

      
        Mental health app could help prevent depression in young people at high risk
        A cognitive behavioral therapy (CBT) app has been found to significantly prevent increases in depression in young people who are at high risk -- and could be implemented as a cost effective public mental health measure.

      

      
        Solar-powered desalination system requires no extra batteries
        Engineers built a solar-powered desalination system that produces large quantities of clean water despite variations in sunlight throughout the day. Because it requires no extra batteries, it offers a much more affordable way to produce drinking water, compared to other solar-driven designs.

      

      
        New apps will enable safer indoor navigation for visually impaired
        Two new apps will enable blind people to navigate indoor buildings with spoken directions from a smartphone app, providing a safe method of wayfinding where GPS doesn't work.

      

      
        AI speeds up the discovery of energy and quantum materials
        Unearthing new LEDs, solar cells, and photodetectors requires extensive knowledge surrounding the optical properties of materials. Calculating these takes time and resources. Yet researchers unveiled a new AI tool that can accurately, and crucially much faster than quantum simulations, for predicting optical properties.

      

      
        New insights into how Mars became uninhabitable
        NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.

      

      
        AI and quantum mechanics team up to accelerate drug discovery
        SMU have created SmartCADD. This open-source virtual tool combines artificial intelligence, quantum mechanics and Computer Assisted Drug Design (CADD) techniques to speed up the screening of chemical compounds, significantly reducing drug discovery timelines.

      

      
        Common consumer product chemicals now tied to cardiac electrical changes
        Some environmental phenols are known to have cardiac toxicities. Now, a new study is revealing their adverse impact on the heart's electrical properties.

      

      
        Winds of change: James Webb Space Telescope reveals elusive details in young star systems
        Planet-forming disks, maelstroms of gas and dust swirling around young stars, are nurseries that give rise to planetary systems, including our solar system. Astronomers have discovered new details of gas flows that sculpt those disks and shape them over time.

      

      
        Stopping off-the-wall behavior in fusion reactors
        New experimental results suggest that sprinkling boron into a tokamak could shield the wall of the fusion vessel and prevent atoms from the wall from getting into the plasma. A new computer modeling framework shows the boron powder may only need to be sprinkled from one location.

      

      
        Influence of a black hole's spin: First evidence of precession in ultraluminous accretion disks
        Researchers conducted innovative simulations of spinning black holes grounded in general relativity, which clarified that the ultraluminous accretion disk (i.e., gaseous spiral surrounding a black hole) exhibits a precessional motion driven by the black hole's spin. This finding underscores the potential of this spin to be the primary driver of the periodic fluctuations in luminosity observed within these ultraluminous accretion disks.

      

      
        A novel method to split water to create hydrogen -- a clean source of fuel
        Researchers have developed a novel method using facet-selective, ultrafine cocatalysts to efficiently split water to create hydrogen -- a clean source of fuel.

      

      
        New polymer design breaks the tradeoff between toughness and recyclability
        Researchers have created a high-performance polymer that can be chemically recycled without compromising its heat and chemical resistance. The revolutionary design includes a directing group that allows links in the polymer to be broken easily with a catalyst and the original polymer to be reformed in few steps. The directing group could be included in many polymers, potentially providing a new generation of high-performance plastics that can be recycled indefinitely.

      

      
        Space oddity: Most distant rotating disc galaxy found
        Researchers have discovered the most distant Milky-Way-like galaxy yet observed. Dubbed REBELS-25, this disc galaxy seems as orderly as present-day galaxies, but we see it as it was when the Universe was only 700 million years old. This is surprising since, according to our current understanding of galaxy formation, such early galaxies are expected to appear more chaotic.

      

      
        Whale shark shipping collisions may increase as oceans warm
        Global warming could increase the threat posed to whale sharks from large ships, according to a new study.

      

      
        Researchers seek to improve advanced pain management using AI for drug discovery
        An estimated one in five Americans live with chronic pain and current treatment options leave much to be desired. Scientists are now using artificial intelligence (AI) for drug discovery in advanced pain management. The team's deep-learning framework identified multiple gut microbiome-derived metabolites and FDA-approved drugs that can be repurposed to select non-addictive, non-opioid options to treat chronic pain.

      

      
        Precise control for advanced materials design
        Researchers have found that exposing a certain class of particles -- micron-sized beads endowed with a special magnetic sensitivity -- to a rapidly alternating, rotating magnetic field causes them to organize into structures that are direction-dependent or anisotropic. The finding is significant because anisotropy can be manipulated to create new, tunable material structures and properties.

      

      
        Researchers restore the performance of quantum dot solar cells as if 'flattening crumpled paper'
        Researchers adopt a new ligand to enhance the efficiency and stability of perovskite quantum dot solar cells. Solar cell efficiency increases to 15.3% by correcting distortions on the surface of quantum dots.

      

      
        Liquefied natural gas carbon footprint is worse than coal
        Liquefied natural gas leaves a greenhouse gas footprint that is 33% worse than coal, when processing and shipping are taken into account, according to a new study.

      

      
        Scientists develop novel method for strengthening PVC products
        Researchers have developed a way to make one type of plastic material more durable and less likely to shed dangerous microplastics.

      

      
        In odd galaxy, NASA's Webb finds potential missing link to first stars
        Looking deep into the early universe with NASA's James Webb Space Telescope, astronomers have found something unprecedented: a galaxy with an odd light signature, which they attribute to its gas outshining its stars. Found approximately one billion years after the big bang, galaxy GS-NDG-9422 (9422) may be a missing-link phase of galactic evolution between the universe's first stars and familiar, well-established galaxies.

      

      
        A new era of solar observation
        For the first time, scientists have taken near-daily measurements of the Sun's global coronal magnetic field, a region of the Sun that has only been observed irregularly in the past. The resulting observations are providing valuable insights into the processes that drive the intense solar storms that impact fundamental technologies, and thus lives and livelihoods, here on Earth.
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In double breakthrough, mathematician solves two long-standing problems | ScienceDaily
A Rutgers University-New Brunswick professor who has devoted his career to resolving the mysteries of higher mathematics has solved two separate, fundamental problems that have perplexed mathematicians for decades.


						
The solutions to these long-standing problems could further enhance our understanding of symmetries of structures and objects in nature and science, and of long-term behavior of various random processes arising in fields ranging from chemistry and physics to engineering, computer science and economics.

Pham Tiep, the Joshua Barlaz Distinguished Professor of Mathematics in the Rutgers School of Arts and Science's Department of Mathematics, has completed a proof of the 1955 Height Zero Conjecture posed by Richard Brauer, a leading German-American mathematician who died in 1977. Proof of the conjecture -- commonly viewed as one of the most outstanding challenges in a field of math known as the representation theory of finite groups -- was published in the September issue of the Annals of Mathematics.

"A conjecture is an idea that you believe has some validity," said Tiep, who has thought about the Brauer problem for most of his career and worked on it intensively for the past 10 years. "But conjectures have to be proven.I was hoping to advance the field. I never expected to be able to solve this one."

In a sense, Tiep and his colleagues have been following a blueprint of challenges Brauer laid out for them in a series of mathematical conjectures posed and published in the 1950-60s.

"Some mathematicians have this rare intellect," Tiep said of Brauer. "It's as though they came from another planet or from another world. They are capable of seeing hidden phenomena that others can't."

In the second advance, Tiep solved a difficult problem in what is known as the Deligne-Lusztig theory, part of the foundational machinery of representation theory. The breakthrough touches on traces, an important feature of a rectangular array known as a matrix. The trace of a matrix is the sum of its diagonal elements. The work is detailed in two papers, one was published in Inventiones mathematicae, vol. 235 (2024), the second in Annals, vol. 200 (2024).




"Tiep's high-quality work and expertise on finite groups has allowed Rutgers to maintain its status as a top world-wide center in the subject," said Stephen Miller, a Distinguished Professor and Chair of the Department of Mathematics. "One of the great accomplishments in 20th century mathematics was the classification of the so-called but perhaps misleadingly named 'simple' finite groups, and it is synonymous with Rutgers -- it was led from here and many of the most interesting examples were discovered here. Through his amazing stretch of strong work, Tiep brings international visibility to our department."

Insights from the solution are likely to greatly enhance mathematicians' understanding of traces, Tiep said. The solution also provides insights that could lead to breakthroughs in other important problems in mathematics, including conjectures posed by the University of Florida mathematician John Thompson and the Israeli mathematician Alexander Lubotzky, he added.

Both breakthroughs are advances in the field of representation theory of finite groups, a subset of algebra. Representation theory is an important tool in many areas of math, including number theory and algebraic geometry as well as in the physical sciences, including particle physics. Through mathematical objects known as groups, representation theory also has been used to study symmetry in molecules, encrypt messages and produce error-correcting codes.

Following the principles of representation theory, mathematicians take abstract shapes that exist in Euclidean geometry -- some of them extremely complex -- and transform them into arrays of numbers. This can be achieved by identifying certain points that exist in each three- or higher-dimensional shape and converting them to numbers placed in rows and columns.

The reverse operation must work, too, Tiep said: One needs to be able to reconstitute the shape from the sequence of numbers.

Unlike many of his colleagues in the physical sciences who often employ complex devices to advance their work, Tiep said he uses only a pen and paper to conduct his research, which so far has resulted in five books and more than 200 papers in leading mathematical journals.




He jots down math formulas or sentences indicating chains of logic. He also engages in continual conversations -- in person or on Zoom -- with colleagues as they proceed step by step through a proof.

But progress can come from internal reflection, Tiep said, and ideas burst forth when he is least expecting it.

"Maybe I'm walking with our children or doing some gardening with my wife or just doing something in the kitchen," he said. "My wife says she always knows when I'm thinking about math."

On the first proof, Tiep collaborated with Gunter Malle of Technische Universitat Kaiserslautern in Germany, Gabriel Navarro of Universitat de Valencia in Spain and Amanda Schaeffer Fry, a former graduate student of Tiep's who is now at the University of Denver.

For the second breakthrough, Tiep worked with Robert Guralnick of the University of Southern California and Michael Larsen of Indiana University. On the first of two papers that tackle the mathematical problems on traces and solve them, Tiep worked with Guralnick and Larsen. Tiep and Larsen are co-authors of the second paper.

"Tiep and coauthors have obtained bounds on traces which are about as good as we could ever expect to obtain," Miller said. "It's a mature subject which is important from many angles, so progress is hard -- and applications are many."
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NASA's Hubble watches Jupiter's Great Red Spot behave like a stress ball | ScienceDaily
Astronomers have observed Jupiter's legendary Great Red Spot (GRS), an anticyclone large enough to swallow Earth, for at least 150 years. But there are always new surprises -- especially when NASA's Hubble Space Telescope takes a close-up look at it.


						
Hubble's new observations of the famous red storm, collected 90 days between December 2023 to March 2024, reveal that the GRS is not as stable as it might look. The recent data show the GRS jiggling like a bowl of gelatin. The combined Hubble images allowed astronomers to assemble a time-lapse movie of the squiggly behavior of the GRS.

"While we knew its motion varies slightly in its longitude, we didn't expect to see the size oscillate. As far as we know, it's not been identified before," said Amy Simon of NASA's Goddard Space Flight Center in Greenbelt, Maryland, lead author of the science paper published in The Planetary Science Journal. "This is really the first time we've had the proper imaging cadence of the GRS. With Hubble's high resolution we can say that the GRS is definitively squeezing in and out at the same time as it moves faster and slower. That was very unexpected, and at present there are no hydrodynamic explanations."

Hubble monitors Jupiter and the other outer solar system planets every year through the Outer Planet Atmospheres Legacy program (OPAL) led by Simon, but these observations were from a program dedicated to the GRS. Understanding the mechanisms of the largest storms in the solar system puts the theory of hurricanes on Earth into a broader cosmic context, which might be applied to better understanding the meteorology on planets around other stars.

Simon's team used Hubble to zoom in on the GRS for a detailed look at its size, shape, and any subtle color changes. "When we look closely, we see a lot of things are changing from day to day," said Simon. This includes ultraviolet-light observations showing that the distinct core of the storm gets brightest when the GRS is at its largest size in its oscillation cycle. This indicates less haze absorption in the upper atmosphere.

"As it accelerates and decelerates, the GRS is pushing against the windy jet streams to the north and south of it," said co-investigator Mike Wong of the University of California at Berkeley. "It's similar to a sandwich where the slices of bread are forced to bulge out when there's too much filling in the middle." Wong contrasted this to Neptune, where dark spots can drift wildly in latitude without strong jet streams to hold them in place. Jupiter's Great Red Spot has been held at a southern latitude, trapped between the jet streams, for the extent of Earth-bound telescopic observations.

The team has continued watching the GRS shrink since the OPAL program began 10 years ago. They predict it will keep shrinking before taking on a stable, less-elongated, shape. "Right now it's over-filling its latitude band relative to the wind field. Once it shrinks inside that band the winds will really be holding it in place," said Simon. The team predicts that the GRS will probably stabilize in size, but for now Hubble only observed it for one oscillation cycle.

The researchers hope that in the future other high-resolution images from Hubble might identify other Jovian parameters that indicate the underlying cause of the oscillation.

The results are being presented at the 56th annual meeting of the American Astronomical Society Division for Planetary Sciences, in Boise, Idaho.
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Heavy metals in the ocean become more toxic | ScienceDaily
Toxic trace elements such as lead, mercury, arsenic and cadmium occur naturally in small quantities in coastal seas. However, human activities such as industry and agriculture contribute significantly larger amounts. A new study has examined how climate change is already affecting the distribution and accumulation of these elements, and how it might do so in the future. One of the findings: Climate-related natural events are releasing more pollutants that pose a risk to human and animal health. However, there is still insufficient knowledge about how these contaminants will behave in the future.


						
The ocean is warming, becoming more acidic, and losing oxygen -- these are well-known effects of climate change. What has been less studied is how these changes are affecting contaminants in the seas. A new study titled "Impacts of Climate Change on the Transport, Fate, and Biogeochemistry of Contaminants in Coastal Marine Ecosystems" has investigated the interaction of trace elements with climate change. The findings have been published in the Nature journal Communications Earth & Environment.

Climate Events are Releasing More Contaminants

"We wanted to understand how trace elements are being affected by climate change -- an area that has seen very little research so far," explains Dr Rebecca Zitoun, marine chemist at GEOMAR Helmholtz Centre for Ocean Research Kiel and co-lead author of the study alongside her Croatian colleague Dr Sasa Marcinek from the Ruder Boskovic Institute in Zagreb. "We examined both human-induced and natural sources." Metals such as lead, mercury, and cadmium enter the oceans not only through human activities such as industry or fossil fuel burning. Natural sources are also changing due to climate change: rising sea levels, rivers overflowing or drying up, melting sea ice and glaciers -- all these processes mobilise and increase contaminant flows.

The study summarises the findings of a working group of the UN Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP) focusing on metal contaminants in the ocean. The working group was initiated by Dr Sylvia Sander, Professor of Marine Mineral Resources at GEOMAR and former head of the Marine Environmental Studies Laboratories at the International Atomic Energy Agency (IAEA) in Monaco. Christoph Volker from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) is also contributing from Germany.

"Our working group has focused on the effects of climate change and greenhouse gases on contaminants in the ocean," explains Dr Sander. One example of these impacts is rising mercury levels in Arctic waters: melting glaciers, thawing permafrost and coastal erosion are releasing more mercury from natural sources. This poses a particular threat to communities that rely on traditional fishing, as mercury accumulates in the food chain and can end up on our plates through the consumption of contaminated fish.

Human Sources of Toxic Metals

"Human activities have increased the global flow of toxic metals such as lead by tenfold and mercury by three to seven times compared to pre-industrial levels," says Professor Sander, highlighting another example. "Toxic elements like silver are increasingly detectable in coastal waters, originating from coal combustion and the growing use of silver nanoparticles in antibacterial products." Additionally, shipping and the use of plastics contribute to the spread of heavy metals. Plastics can bind metals such as copper, zinc, and lead from the water. These bound contaminants can also enter the food chain.




In the future, the human contribution of heavy metals could rise further due to the increasing exploitation of the oceans.

Trace Elements in Seawater are Sensitive to Climate Change

Climate changes, such as rising sea temperatures, ocean acidification, and oxygen depletion, impact trace elements in various ways.

Higher water temperatures increase the bioavailability and uptake of trace elements such as mercury by marine organisms. This happens because higher temperatures boost metabolism, reduce oxygen solubility, and increase gill ventilation, leading to more metals entering organisms and accumulating in their bodies.

As the ocean absorbs most of the carbon dioxide (CO2) released by humans, it becomes more acidic -- the pH level drops. This increases the solubility and bioavailability of metals such as copper, zinc, or iron. The effect is particularly pronounced with copper, which is highly toxic to many marine organisms at higher concentrations.

Furthermore, the growing depletion of oxygen, especially in coastal zones and on the seabed, enhances the toxic effects of trace elements. This stresses organisms that live directly in or on the seabed, such as mussels, crabs, and other crustaceans.




Double Burden: Pollutants and Climate Change

Human activities influence the amount of contaminants in coastal regions in two ways: directly through the release of pollutants into the environment, and indirectly through the impacts of human-induced climate change on natural sources.

However, the study also reveals that there is still insufficient data on how climate change influences contaminants in the ocean. The working group calls for increased research into new and under-studied contaminants. Additionally, better models should be developed, and legislation adjusted to improve control over the impact of contaminants in the seas.

Dr Rebecca Zitoun: "To better understand the impacts on ecosystems and human health, we need to close knowledge gaps on the interactions between pollutants and climate change and develop standardised methods that provide globally comparable data." This is a crucial step towards strengthening marine protection and developing sustainable solutions for vulnerable coastal areas.
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Nature and plastics inspire breakthrough in soft sustainable materials | ScienceDaily
Step aside hard, rigid materials. There is a new soft, sustainable electroactive material in town -- and it's poised to open new possibilities for medical devices, wearable technology and human-computer interfaces.


						
Using peptides and a snippet of the large molecules in plastics, Northwestern University materials scientists have developed materials made of tiny, flexible nano-sized ribbons that can be charged just like a battery to store energy or record digital information. Highly energy efficient, biocompatible and made from sustainable materials, the systems could give rise to new types of ultralight electronic devices while reducing the environmental impact of electronic manufacturing and disposal.

The study will publish on Wednesday (Oct. 9) in the journal Nature.

With further development, the new soft materials could be used in low-power, energy-efficient microscopic memory chips, sensors and energy storage units. Researchers also could integrate them into woven fibers to create smart fabrics or sticker-like medical implants. In today's wearable devices, electronics are clunkily strapped to the body with a wristband. But, with the new materials, the wristband itself could have electronic activity.

"This is a wholly new concept in materials science and soft materials research," said Northwestern's Samuel I. Stupp, who led the study. "We imagine a future where you could wear a shirt with air conditioning built into it or rely on soft bioactive implants that feel like tissues and are activated wirelessly to improve heart or brain function.

"Those uses require electrical and biological signals, but we cannot build those applications with classic electroactive materials. It's not practical to put hard materials into our organs or in shirts that people can wear. We need to bring electrical signals into the world of soft materials. That is exactly what we have done in this study."

Stupp is the Board of Trustees Professor of Materials Science and Engineering, Chemistry, Medicine and Biomedical Engineering at Northwestern. He also has served over the past decade as director of the U.S. Department of Energy-supported Center for Bio-Inspired Energy Science, where this research began. Stupp has appointments in the McCormick School of Engineering, Weinberg College of Arts and Sciences and Northwestern University Feinberg School of Medicine. Yang Yang, a research associate in Stupp's laboratory, is the paper's first author.




Peptides meet plastics for true innovation

The secret behind the new material is peptide amphiphiles, a versatile platform of molecules previously developed in Stupp's laboratory. These self-assembling structures form filaments in water and have already demonstrated promise in regenerative medicine. The molecules contain peptides and a lipid segment, which drives the molecular self-assembly when placed in water.

In the new study, the team replaced the lipid tail with a miniature molecular segment of a plastic called polyvinylidene fluoride (PVDF). But they kept the peptide segment, which contains sequences of amino acids. Commonly used in audio and sonar technologies, PVDF is a plastic with unusual electrical properties. It can generate electrical signals when pressed or squeezed -- a property known as piezoelectricity. It also is a ferroelectric material, which means it has a polar structure that can switch orientation by 180 degrees using an external voltage. The dominant ferroelectrics in technology are hard materials and often include rare or toxic metals, such as lead and niobium.

"PVDF was discovered in the late 1960s and is the first known plastic with ferroelectric properties," Stupp said. "It has all the robustness of plastic while being useful for electrical devices. That makes it a very high-value material for advanced technologies. However, in pure form, its ferroelectric character is not stable, and, if heated above the so-called Curie temperature, it loses its polarity irreversibly."

All plastics, including PVDF, contain polymers, which are giant molecules typically composed of thousands of chemical structural units. In the new study, the Stupp laboratory precisely synthesized miniature polymers with only 3 to 7 vinylidene fluoride units. Interestingly, the miniature segments with 4, 5 or 6 units are programmed by nature's beta-sheet structures, which are present in proteins, to organize into a stable ferroelectric phase.

"It was not a trivial task," Stupp said. "The combination of two unlikely partners -- peptides and plastics -- led to a breakthrough in many respects."

Not only were the new materials equally ferroelectric and piezoelectric as PVDF, but the electroactive forms were stable, with the ability to switch polarity using extremely low external voltages. This opens the door for low-power electronics and sustainable nanoscale devices. The scientists also envision developing new biomedical technologies by attaching bioactive signals to the peptide segments, a strategy already used in Stupp's regenerative medicine research. This offers the unique combination of electrically active materials that are also bioactive.




Just add water

To create the sustainable structures, Stupp's team simply added water to trigger the self-assembly process. After dunking the materials, Stupp was amazed to find that they achieved the highly sought-after ferroelectric properties of PVDF.

In the presence of an external electric field, ferroelectric materials flip their polar orientation -- similar to how a magnet can be flipped from north to south and back again. This property is a key ingredient for devices that store information, an important feature for artificial intelligence technologies. Surprisingly, the investigators found that "mutations" in the peptide sequence could tune properties related to ferroelectricity or even transform the structures into materials that are ideal for actuation or energy storage known as "relaxor phases."

"Peptide sequence mutations in biology are the source of pathologies or biological advantages," Stupp said. "In the new materials, we mutate peptides to tune their properties for the physical world.

"Using nanoscale electrodes, we could potentially expose an astronomical number of self-assembling structures to electric fields. We could flip their polarity with a low voltage , so one serves as a 'one,' and the opposite orientation serves as a 'zero.' This forms binary code for information storage. Adding to their versatility, and in great contrast to common ferroelectrics, the new materials are 'multiaxial' -- meaning they can generate polarity in multiple directions around a circle rather than one or two specific directions."

Record-breaking low power

To flip their polarity, even soft ferroelectric materials like PVDF or other polymers typically require a substantial external electric field. The new structures, however, require incredibly low voltage.

"The energy required to flip their poles is the lowest ever reported for multiaxial soft ferroelectrics," Stupp said. "You can imagine how much energy this will save in increasingly energy-hungry times."

The new materials also have innate environmental benefits. Unlike typical plastics, which linger in the environment for centuries, the Stupp laboratory's materials could be biodegraded or reused without the use of harmful, toxic solvents or high-energy processes.

"We are now considering the use of the new structures in non-conventional applications for ferroelectrics, which include biomedical devices and implants as well as catalytic processes important in renewable energy," Stupp said. "Given the use of peptides in the new materials, they lend themselves to functionalization with biological signals. We are very excited about these new directions."
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Over 160,000 new viruses discovered by AI | ScienceDaily
Artificial intelligence (AI) has been used to reveal details of a diverse and fundamental branch of life living right under our feet and in every corner of the globe.


						
161,979 new species of RNA virus have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterised.

Published in Cell and conducted by an international team of researchers,the study is the largest virus species discovery paper ever published.

"We have been offered a window into an otherwise hidden part of life on earth, revealing remarkable biodiversity," said senior author Professor Edwards Holmes from the School of Medical Sciences in the Faculty of Medicine and Health at the University of Sydney.

"This is the largest number of new virus species discovered in a single study, massively expanding our knowledge of the viruses that live among us," Professor Holmes said. "To find this many new viruses in one fell swoop is mind-blowing, and it just scratches the surface, opening up a world of discovery. There are millions more to be discovered, and we can apply this same approach to identifying bacteria and parasites."

Although RNA viruses are commonly associated with human disease, they are also found in extreme environments around the world and may even play key roles in global ecosystems. In this study they were found living in the atmosphere, hot springs and hydrothermal vents.

"That extreme environments carry so many types of viruses is just another example of their phenomenal diversity and tenacity to live in the harshest settings, potentially giving us clues on how viruses and other elemental life-forms came to be," Professor Holmes said.




HOW THE AI TOOL WORKED 

The researchers built a deep learning algorithm, LucaProt, to compute vast troves of genetic sequence data, including lengthy virus genomes of up to 47,250 nucleotides and genomically complex information to discover more than 160,000 viruses.

"The vast majority of these viruses had been sequenced already and were on public databases, but they were so divergent that no one knew what they were," Professor Holmes said. "They comprised what is often referred to as sequence 'dark matter'. Our AI method was able to organise and categorise all this disparate information, shedding light on the meaning of this dark matter for the first time.

The AI tool was trained to compute the dark matter and identify viruses based on sequences and the secondary structures of the protein that all RNA viruses use for replication.

It was able to significantly fast track virus discovery, which, if using traditional methods, would be time intensive.

Co-author from Sun Yat-sen University, the study's institutional lead, Professor Mang Shi said: "We used to rely on tedious bioinformatics pipelines for virus discovery, which limited the diversity we could explore. Now, we have a much more effective AI-based model that offers exceptional sensitivity and specificity, and at the same time allows us to delve much deeper into viral diversity. We plan to apply this model across various applications."

Co-author Dr Zhao-Rong Li, who researches in the Apsara Lab of Alibaba Cloud Intelligence, said: "LucaProt represents a significant integration of cutting-edge AI technology and virology, demonstrating that AI can effectively accomplish tasks in biological exploration. This integration provides valuable insights and encouragement for further decoding of biological sequences and the deconstruction of biological systems from a new perspective. We will also continue our research in the field of AI for virology."

Professor Holmes said: "The obvious next step is to train our method to find even more of this amazing diversity, and who knows what extra surprises are in store."
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A matter of taste: Electronic tongue reveals AI 'inner thoughts' | ScienceDaily
A recently developed electronic tongue is capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. The team, led by researchers at Penn State, also found that results were even more accurate when artificial intelligence (AI) used its own assessment parameters to interpret the data generated by the electronic tongue.


						
The researchers published their results today (Oct. 9) in Nature.

According to the researchers, the electronic tongue can be useful for food safety and production, as well as for medical diagnostics. The sensor and its AI can broadly detect and classify various substances while collectively assessing their respective quality, authenticity and freshness. This assessment has also provided the researchers with a view into how AI makes decisions, which could lead to better AI development and applications, they said.

"We're trying to make an artificial tongue, but the process of how we experience different foods involves more than just the tongue," said corresponding author Saptarshi Das, Ackley Professor of Engineering and professor of engineering science and mechanics. "We have the tongue itself, consisting of taste receptors that interact with food species and send their information to the gustatory cortex -- a biological neural network."

The gustatory cortex is the region of the brain that perceives and interprets various tastes beyond what can be sensed by taste receptors, which primarily categorize foods via the five broad categories of sweet, sour, bitter, salty and savory. As the brain learns the nuances of the tastes, it can better differentiate the subtlety of flavors. To artificially imitate the gustatory cortex, the researchers developed a neural network, which is a machine learning algorithm that mimics the human brain in assessing and understanding data.

"Previously, we investigated how the brain reacts to different tastes and mimicked this process by integrating different 2D materials to develop a kind of blueprint as to how AI can process information more like a human being," said co-author Harikrishnan Ravichandran, a doctoral student in engineering science and mechanics advised by Das. "Now, in this work, we're considering several chemicals to see if the sensors can accurately detect them, and furthermore, whether they can detect minute differences between similar foods and discern instances of food safety concerns."

The tongue comprises a graphene-based ion-sensitive field-effect transistor, or a conductive device that can detect chemical ions, linked to an artificial neural network, trained on various datasets. Critically, Das noted, the sensors are non-functionalized, meaning that one sensor can detect different types of chemicals, rather than having a specific sensor dedicated to each potential chemical. The researchers provided the neural network with 20 specific parameters to assess, all of which are related to how a sample liquid interacts with the sensor's electrical properties. Based on these researcher-specified parameters, the AI could accurately detect samples -- including watered-down milks, different types of sodas, blends of coffee and multiple fruit juices at several levels of freshness -- and report on their content with greater than 80% accuracy in about a minute.




"After achieving a reasonable accuracy with human-selected parameters, we decided to let the neural network define its own figures of merit by providing it with the raw sensor data. We found that the neural network reached a near ideal inference accuracy of more than 95% when utilizing the machine-derived figures of merit rather than the ones provided by humans," said co-author Andrew Pannone, a doctoral student in engineering science and mechanics advised by Das. "So, we used a method called Shapley additive explanations, which allows us to ask the neural network what it was thinking after it makes a decision."

This approach uses game theory, a decision-making process that considers the choices of others to predict the outcome of a single participant, to assign values to the data under consideration. With these explanations, the researchers could reverse engineer an understanding of how the neural network weighed various components of the sample to make a final determination -- giving the team a glimpse into the neural network's decision-making process, which has remained largely opaque in the field of AI, according to the researchers. They found that, instead of simply assessing individual human-assigned parameters, the neural network considered the data it determined were most important together, with the Shapley additive explanations revealing how important the neural network considered each input data.

The researchers explained that this assessment could be compared to two people drinking milk. They can both identify that it is milk, but one person may think it is skim that has gone off while the other thinks it is 2% that is still fresh. The nuances of why are not easily explained even by the individual making the assessment.

"We found that the network looked at more subtle characteristics in the data -- things we, as humans, struggle to define properly," Das said. "And because the neural network considers the sensor characteristics holistically, it mitigates variations that might occur day-to-day. In terms of the milk, the neural network can determine the varying water content of the milk and, in that context, determine if any indicators of degradation are meaningful enough to be considered a food safety issue."

According to Das, the tongue's capabilities are limited only by the data on which it is trained, meaning that while the focus of this study was on food assessment, it could be applied to medical diagnostics, too. And while sensitivity is important no matter where the sensor is applied, their sensors' robustness provides a path forward for broad deployment in different industries, the researchers said.

Das explained that the sensors don't need to be precisely identical because machine learning algorithms can look at all information together and still produce the right answer. This makes for a more practical -- and less expensive -- manufacturing process.

"We figured out that we can live with imperfection," Das said. "And that's what nature is -- it's full of imperfections, but it can still make robust decisions, just like our electronic tongue."

Das is also affiliated with the Materials Research Institute and the Departments of Electrical Engineering and of Materials Science and Engineering. Other contributors from the Penn State Department of Engineering Science and Mechanics include Aditya Raj, a research technologist at the time of the research; Sarbashis Das, a graduate student at the time of research who earned his doctorate in electrical engineering in May; Ziheng Chen, a graduate student in engineering science and mechanics; and Collin A. Price, a graduate student who earned his bachelor of science in engineering science and mechanics in May. Mahmooda Sultana, with the NASA Goddard Space Flight Center, also contributed.

A Space Technology Graduate Research Opportunities grant from NASA supported this work.
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Will AI tools revolutionize public health? Not if they continue following old patterns, researchers argue | ScienceDaily
As tools powered by artificial intelligence increasingly make their way into health care, the latest research from UC Santa Cruz Politics Department doctoral candidate Lucia Vitale takes stock of the current landscape of promises and anxieties.


						
Proponents of AI envision the technology helping to manage health care supply chains, monitor disease outbreaks, make diagnoses, interpret medical images, and even reduce equity gaps in access to care by compensating for healthcare worker shortages. But others are sounding the alarm about issues like privacy rights, racial and gender biases in models, lack of transparency in AI decision-making processes that could lead to patient care mistakes, and even the potential for insurance companies to use AI to discriminate against people with poor health.

Which types of impacts these tools ultimately have will depend upon the manner in which they are developed and deployed. In a paper for the journal Social Science & Medicine, Vitale and her coauthor, University of British Columbia doctoral candidate Leah Shipton, conducted an extensive literature analysis of AI's current trajectory in health care. They argue that AI is positioned to become the latest in a long line of technological advances that ultimately have limited impact because they engage in a "politics of avoidance" that diverts attention away from, or even worsens, more fundamental structural problems in global public health.

For example, like many technological interventions of the past, most AI being developed for health focuses on treating disease, while ignoring the underlying determinants of health. Vitale and Shipton fear that the hype over unproven AI tools could distract from the urgent need to implement low-tech but evidence-based holistic interventions, like community health workers and harm reduction programs.

"We have seen this pattern before," Vitale said. "We keep investing in these tech silver bullets that fail to actually change public health because they're not dealing with the deeply rooted political and social determinants of health, which can range from things like health policy priorities to access to healthy foods and a safe place to live."

AI is also likely to continue or exacerbate patterns of harm and exploitation that have historically been common in the biopharmaceutical industry. One example discussed in the paper is that the ownership of and profit from AI is currently concentrated in high-income countries, while low- to middle-income countries with weak regulations may be targeted for data extraction or experimentation with the deployment of potentially risky new technologies.

The paper also predicts that lax regulatory approaches to AI will continue the prioritization of intellectual property rights and industry incentives over equitable and affordable public access to new treatments and tools. And since corporate profit motives will continue to drive product development, AI companies are also likely to follow the health technology sector's long-term trend of overlooking the needs of the world's poorest people when deciding which issues to target for investment in research and development.




However, Vitale and Shipton did identify a bright spot. AI could potentially break the mold and create a deeper impact by focusing on improving the health care system itself. AI could be used to allocate resources more efficiently across hospitals and for more effective patient triage. Diagnostic tools could improve the efficiency and expand the capabilities of general practitioners in small rural hospitals without specialists. AI could even provide some basic yet essential health services to fill labor and specialization gaps, like providing prenatal check-ups in areas with growing maternity care deserts.

All of these applications could potentially result in more equitable access to care. But that result is far from guaranteed. Depending on how and where these technologies are deployed, they could either successfully backfill gaps in care where there are genuine health worker shortages or lead to unemployment or precarious gig work for existing health care workers. And unless the underlying causes of health care worker shortages are addressed -- including burnout and "brain drain" to high-income countries -- AI tools could end up providing diagnosis or outbreak detection that is ultimately not useful because communities still lack the capacity to respond.

To maximize benefits and minimize harms, Vitale and Shipton argue that regulation must be put in place before AI expands further into the health sector. The right safeguards could help to divert AI from following harmful patterns of the past and instead chart a new path that ensures future projects will align with the public interest.

"With AI, we have an opportunity to correct our way of governing new technologies," Shipton said. "But we need a clear agenda and framework for the ethical governance of AI health technologies through the World Health Organization, major public-private partnerships that fund and deliver health interventions, and countries like the United States, India, and China that host tech companies. Getting that implemented is going to require continued civil society advocacy."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241008201419.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Atomic-level mechanism in polycrystalline materials | ScienceDaily
Researchers at the University of California, Irvine and other international institutions have for the first time achieved atomic-scale observations of grain rotation in polycrystalline materials. Widely used in electronic devices, aerospace technologies, automotive applications and solar energy systems, these substances have long been studied for their unique properties and structural dynamics.


						
Using state-of-the-art microscopy tools housed in the UC Irvine Materials Research Institute, scientists were able to heat samples of platinum nanocrystalline thin films and observe the mechanism driving grain rotation in unprecedented detail. Their findings are the subject of a paper published recently in Science.

The study employed advanced techniques such as four-dimensional scanning transmission electron microscopy and high-angle annular dark-field STEM. To address the challenge of interpreting the large 4D-STEM datasets, the authors developed a novel machine learning-based algorithm to extract critical information from the data. These powerful imaging and analysis tools provided direct, real-time views of the atomic processes involved, specifically highlighting the role of disconnections at grain boundaries.

"Scientists have speculated and theorized on phenomena occurring at the boundaries of crystalline grains for decades, but now -- through the use of the most advanced instruments available to the scientific community -- we have been able to transition from theory to observation," said lead author Xiaoqing Pan, UC Irvine Distinguished Professor of materials science and engineering and UC IMRI director.

Grain boundaries, the interfaces between individual crystal grains in polycrystalline materials, are known to harbor imperfections that can impact conductivity and efficiency. The researchers discovered that grain rotation in these substances occurs through the propagation of disconnections -- line defects with both step and dislocation characteristics -- along the grain boundaries. This insight significantly advances understanding of the microstructural evolution in nanocrystalline materials.

With the machine learning-assisted data analysis, the study also revealed for the first time a statistical correlation between grain rotation and grain growth or shrinkage. This relationship arises from shear-coupled grain boundary migration driven by disconnection motion, as confirmed by STEM observations and supported by atomistic simulations. This finding is pivotal as it not only illuminates the fundamental mechanisms of grain rotation but also offers insights into the dynamics of nanocrystalline materials.

"Our results provide unequivocal, quantitative and predictive evidence of the mechanism by which grains rotate in polycrystals on an atomic scale," said Pan, who is also a professor in UC Irvine's Department of Physics & Astronomy, a Henry Samueli Endowed Chair in Engineering, and director of the UC Irvine Center for Complex and Active Materials. "Understanding how disconnections control grain rotation and grain boundary migration processes can lead to new strategies for optimizing the microstructures of these materials. This knowledge is invaluable for advancing technologies in various industries, including electronics, aerospace and automotive sectors."

The research offers fresh prospects for improving the performance and reliability of polycrystalline materials, making them more efficient and durable for a wide range of applications.

Pan's collaborators on this project were Yutong Bi, Ying Han, Yuan Tian and Mingjie Xu of UC Irvine; Xiaoguo Gong and David Srolovitz of the University of Hong Kong; Leonardo Velasco Estrada of Colombia National University; Evgeniy Boltynjuk of Germany's Karlsruhe Institute of Technology; Horst Hahn of the University of Oklahoma; and Caihao Qiu and Jian Han of City University of Hong Kong. The research was supported by the National Science Foundation's Materials Research Science and Engineering Centers program, the U.S. Army Research Office and the Hong Kong Research Grants Council.
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Team engineers new enzyme to produce synthetic genetic material | ScienceDaily
A research team led by the University of California, Irvine has engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.


						
A paper recently published in Nature Catalysis describes how the team created an enzyme called 10-92 that achieves faithful and fast TNA synthesis, overcoming key challenges in previous enzyme design strategies. Inching ever closer to the capability of natural DNA synthesis, the 10-92 TNA polymerase facilitates the development of future TNA drugs.

DNA polymerases are enzymes that replicate organisms' genomes by accurately and efficiently copying DNA. They play vital roles in biotechnology and healthcare, as seen in the fight against COVID-19, in which they were crucial to pathogen detection and eventual treatment using the mRNA vaccine.

"This achievement represents a major milestone in the evolution of synthetic biology and opens up exciting possibilities for new therapeutic applications by significantly narrowing the performance gap between natural and artificial enzyme systems," said corresponding author John Chaput, UC Irvine professor of pharmaceutical sciences. "Unlike DNA, TNA's biostability allows it to be used in a much broader range of treatments, and the new 10-92 TNA polymerase will enable us to reach that goal."

The team produced the 10-92 TNA polymerase using a technique called homologous recombination, which rearranges polymerase fragments from related species of archaebacteria. Through repeated cycles of evolution, the researchers identified polymerase variants with increasing activity, ultimately resulting in a variant that's within the range of natural enzymes.

"Drugs of the future could look very different than those we use today," Chaput said. "TNA's resilience to enzymatic and chemical degradation positions it as the ideal candidate for developing new treatments such as therapeutic aptamers, a promising drug class that binds to target molecules with high specificity. Engineering enzymes that facilitate the discovery of new approaches could address the limitations of antibodies, such as improved tissue penetration, and potentially have an even greater positive impact on human health."

Other UC Irvine team members were graduate students Victoria A. Maola, Eric J. Yik and Mohammad Hajjar; project scientist Nicholas Chim; and undergraduates Joy J. Lee, Kalvin K. Nguyen, Jenny V. Medina, Riley N. Quijano, Manuel J. Holguin and Katherine L. Ho -- all from the Department of Pharmaceutical Sciences.

This work was supported by a grant from the National Science Foundation, under award MCB1946312. John Chaput, Victoria Maola and Eric Yik and the University of California, Irvine have filed a patent application (PCT/US24/1159) on the composition and activity of the 10-92 TNA polymerase. The other authors declared no competing interests.
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New insights into ammonia decomposition | ScienceDaily
Using ammonia is regarded as a promising method of transporting hydrogen. However, an efficient process is also needed to convert it back into hydrogen and nitrogen.


						
An international research team has gained new insights into the mode of operation of an iron catalyst that can be used to split ammonia into nitrogen and hydrogen. Hydrogen is converted into ammonia to make the energy carrier easier to transport. This means that catalysts are also needed that can subsequently break ammonia down into its starting materials again. A team from the German Ruhr University Bochum, the Max Planck Institute for Chemical Energy Conversion (MPI CEC) in Mulheim an der Ruhr, Technische Universitat Berlin and the Italian Institute of Technology in Genoa describes how the iron catalyst enables this reaction in detail in the journal ACS Catalysis from September 6, 2024.

How to make hydrogen transportable

Green hydrogen is regarded as a promising energy carrier. It can be produced by splitting water using wind or solar energy. However, in many cases the locations where hydrogen is needed don't provide the right conditions for water electrolysis. Hydrogen must be liquefied for transportation, which is only possible at extremely low temperatures. Converting hydrogen into ammonia, which can be liquefied at much higher temperatures, is therefore considered an attractive alternative. "What's more, the chemical industry already has an established infrastructure for ammonia handling," says Professor Martin Muhler, Head of the Laboratory of Industrial Chemistry in Bochum and Max Planck Fellow at the MPI CEC.

Efficient catalysts are needed to break down ammonia (NH3) back into its starting compounds nitrogen (N2) and hydrogen (H2). The problem is that conventional iron catalysts generally facilitate an undesirable reaction to form iron nitride instead of nitrogen. In the current study, the researchers have shown exactly how this side reaction occurs. They tested ammonia decomposition using a catalyst of the latest generation provided by Clariant.

The team consisting of Dr. Maximilian Purcel, Astrid Muller and Professor Martin Muhler from Ruhr University Bochum and MPI CEC carried out the relevant experiments. The findings were refined using complex molecular dynamics simulations, supported by machine learning, which were conducted by the Italian partner institute. The team from Technische Universitat Berlin successfully identified the iron nitrides formed under reaction conditions using X-ray diffraction and tracked their transformations.

More efficient future catalysts

"Our findings can be used to develop more efficient catalysts for splitting ammonia in the future," concludes Martin Muhler. "Ammonia synthesis and decomposition has a long track record," he adds. "We cite scientific publications from the past 100 years." These include the work of Martin Muhler's doctoral supervisor Gerhard Ertl, who was awarded the Nobel Prize for his research in 2007.
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Holographic 3D printing has the potential to revolutionize multiple industries | ScienceDaily
Researchers at Concordia have developed a novel method of 3D printing that uses acoustic holograms. And they say it's quicker than existing methods and capable of making more complex objects.


						
The process, called holographic direct sound printing (HDSP), is described in a recent article in the journal Nature Communications. It builds on a method introduced in 2022 that described how sonochemical reactions in microscopic cavitations regions -- tiny bubbles -- create extremely high temperatures and pressure for trillionths of a second to harden resin into complex patterns.

Now, by embedding the technique in acoustic holograms that contain cross-sectional images of a particular design, polymerization occurs much more quickly. It can create objects simultaneously rather than voxel-by-voxel.

In order to retain the fidelity of the desired image, the hologram remains stationary within the printing material. The printing platform is attached to a robotic arm, which moves it based on a pre-programmed algorithm-designed pattern that will form the completed object.

Muthukumaran Packirisamy, a professor in the Department of Mechanical, Industrial and Aerospace Engineering, led the project. He believes this can improve printing speed by up to 20 times while at the same time using less energy.

"We can also change the image while the operation is under way," he says. "We can change shapes, combine multiple motions and alter materials being printed. We can make a complicated structure by controlling the feed rate if we optimize the parameters to get the required structures."

A technological leap

According to the researchers, the precise control of acoustic holograms allows it to store information of multiple images in a single hologram. This means multiple objects can be printed at the same time at different locations within the same printing space.




As a result, acoustic holography will be a launching pad for innovation across any number of fields: it can be used to create complex tissue structures, localized drug and cell delivery systems and advanced tissue engineering. Real-world applications include the creation of new forms of skin grafts that can enhance healing and improved drug delivery for therapies that require specific therapeutic agents at specific sites.

He adds that, as soundwaves can penetrate opaque surfaces, HSDP can be used to print inside a body or behind solid material. This can be helpful in repairing damaged organs or delicate parts located deep within an airplane.

The researchers believe that HDSP has the potential to be a paradigm-shifting technology. He compares it to the advancement light-based 3D printing technology saw with the evolution from stereolithography, in which a laser is used to harden a single point of resin into a solid object, to digital light processing, which cures entire layers of resin simultaneously.

"You can imagine the possibilities," he says. "We can print behind opaque objects, behind a wall, inside a tube or inside the body. The technique that we already use and the devices that we use have already been approved for medical applications."
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Mental health app could help prevent depression in young people at high risk | ScienceDaily
A cognitive behavioural therapy (CBT) app has been found to significantly prevent increases in depression in young people who are at high risk -- and could be implemented as a cost effective public mental health measure.


						
Globally, concern is growing about the high and steadily increasing rates of anxiety and depression in young people. Effective and scalable ways of preventing poor mental health in this group are needed, and digital tools such as mobile apps have been proposed as part of the solution.

Whilst there is emerging evidence for mental health apps being effective in treating anxiety and depression, this project led by the University of Exeter is the first to rigorously test a mental health app on such a large scale across four countries. Two linked papers published in Lancet Digital Health report the results of the ECoWeB-PREVENT and ECoWeB-PROMOTE trials, which ran concurrently in the four-year study funded by Horizon 2020. Critically, these studies found that a CBT self-help app can protect vulnerable young people against depression.

Professor Ed Watkins from the University of Exeter led the project and said: "For young people with elevated risk, our findings suggest the CBT app does have a preventative effect on depression and could have a public health benefit. Participants' quality-of-life measures were better, and their reported work and social functioning was better.

"However, we also found that it's hard to make improvements in young people who are basically doing okay. Our findings add to the evidence that prevention for depression works best when we identify and select individuals who are more at risk, rather than take a more universal approach. This identification could be done by an online self-screening process or through professional referral."

The aim of the PS3.3-million project was to test the effects of mobile apps in preventing depression and promoting mental well-being for young people aged 16 to 22. In one of the largest studies of its kind, 3,700 young people took part across the UK, Germany, Belgium, and Spain and were allocated into two trials based on their emotional competence abilities at the start of the study. That resulted in 1,200 young people with reduced emotional competency scores that confer increased risk for depression such as increased worry and overthinking going into one trial focused on prevention, whilst 2,500 without such risk went into the other trial focused on wellbeing promotion.

Those two groups were then randomised in equal numbers to three different apps developed by the study. There was a self-monitoring app where people can report their emotions every day, a self-help app that provided personalised training in emotional competence skills, and a self-help app based on CBT principles. Participants were then followed up at three months and 12 months to see how their wellbeing and depression symptoms changed.

The trials found the CBT app prevented an increase in depression, relative to self-monitoring in the higher risk sample, but that there was no difference between any of the interventions in their effects for the lower risk sample.

Professor Ed Watkins said: "Our results suggest that even when young people used the self-help app just a few times, there was a small but meaningful benefit. Because the app is scalable to large numbers of people in a cost-effective way, these effects have potential value as a public health intervention, within a broader portfolio of digital and in-person services and interventions. Next steps are to identify the active ingredients of the app that were beneficial and to improve engagement and ongoing use of these elements."

The project involved 13 different partners, including two commercial companies -- German voice analysis company audEERING and Danish app creator Monsenso. The University of Exeter (UK), LMU Munich (Germany), Ghent University (Belgium), and Universitat Jaume I (Spain), were the main treatment development and trial sites. Meanwhile, the University of Oxford led on the qualitative analysis.
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Solar-powered desalination system requires no extra batteries | ScienceDaily
MIT engineers have built a new desalination system that runs with the rhythms of the sun.


						
The solar-powered system removes salt from water at a pace that closely follows changes in solar energy. As sunlight increases through the day, the system ramps up its desalting process and automatically adjusts to any sudden variation in sunlight, for example by dialing down in response to a passing cloud or revving up as the skies clear.

Because the system can quickly react to subtle changes in sunlight, it maximizes the utility of solar energy, producing large quantities of clean water despite variations in sunlight throughout the day. In contrast to other solar-driven desalination designs, the MIT system requires no extra batteries for energy storage, nor a supplemental power supply, such as from the grid.

The engineers tested a community-scale prototype on groundwater wells in New Mexico over six months, working in variable weather conditions and water types. The system harnessed on average over 94 percent of the electrical energy generated from the system's solar panels to produce up to 5,000 liters of water per day despite large swings in weather and available sunlight.

"Conventional desalination technologies require steady power and need battery storage to smooth out a variable power source like solar. By continually varying power consumption in sync with the sun, our technology directly and efficiently uses solar power to make water," says Amos Winter, the Germeshausen Professor of Mechanical Engineering and director of the K. Lisa Yang Global Engineering and Research (GEAR) Center at MIT. "Being able to make drinking water with renewables, without requiring battery storage, is a massive grand challenge. And we've done it."

The system is geared toward desalinating brackish groundwater -- a salty source of water that is found in underground reservoirs and is more prevalent than fresh groundwater resources. The researchers see brackish groundwater as a huge untapped source of potential drinking water, particularly as reserves of fresh water are stressed in parts of the world. They envision that the new renewable, battery-free system could provide much-needed drinking water at low costs, especially for inland communities where access to seawater and grid power are limited.

"The majority of the population actually lives far enough from the coast, that seawater desalination could never reach them. They consequently rely heavily on groundwater, especially in remote, low-income regions. And unfortunately, this groundwater is becoming more and more saline due to climate change," says Jonathan Bessette, MIT PhD student in mechanical engineering. "This technology could bring sustainable, affordable clean water to underreached places around the world."

The researchers report details the new system in a paper appearing today in Nature Water. The study's co-authors are Bessette, Winter, and staff engineer Shane Pratt.




Pump and flow

The new system builds on a previous design, which Winter and his colleagues, including former MIT postdoc Wei He, reported earlier this year. That system aimed to desalinate water through "flexible batch electrodialysis."

Electrodialysis and reverse osmosis are two of the main methods used to desalinate brackish groundwater. With reverse osmosis, pressure is used to pump salty water through a membrane and filter out salts. Electrodialysis uses an electric field to draw out salt ions as water is pumped through a stack of ion-exchange membranes.

Scientists have looked to power both methods with renewable sources. But this has been especially challenging for reverse osmosis systems, which traditionally run at a steady power level that's incompatible with naturally variable energy sources such as the sun.

Winter, He, and their colleagues focused on electrodialysis, seeking ways to make a more flexible, "time-variant" system that would be responsive to variations in renewable, solar power.

In their previous design, the team built an electrodialysis system consisting of water pumps, an ion-exchange membrane stack, and a solar panel array. The innovation in this system was a model-based control system that used sensor readings from every part of the system to predict the optimal rate at which to pump water through the stack and the voltage that should be applied to the stack to maximize the amount of salt drawn out of the water.




When the team tested this system in the field, it was able to vary its water production with the sun's natural variations. On average, the system directly used 77 percent of the available electrical energy produced by the solar panels, which the team estimated was 91 percent more than traditionally designed solar-powered electrodialysis systems.

Still, the researchers felt they could do better.

"We could only calculate every three minutes, and in that time, a cloud could literally come by and block the sun," Winter says. "The system could be saying, 'I need to run at this high power.' But some of that power has suddenly dropped because there's now less sunlight. So, we had to make up that power with extra batteries."

Solar commands

In their latest work, the researchers looked to eliminate the need for batteries, by shaving the system's response time to a fraction of a second. The new system is able to update its desalination rate, three to five times per second. The faster response time enables the system to adjust to changes in sunlight throughout the day, without having to make up any lag in power with additional power supplies.

The key to the nimbler desalting is a simpler control strategy, devised by Bessette and Pratt. The new strategy is one of "flow-commanded current control," in which the system first senses the amount of solar power that is being produced by the system's solar panels. If the panels are generating more power than the system is using, the controller automatically "commands" the system to dial up its pumping, pushing more water through the electrodialysis stacks. Simultaneously, the system diverts some of the additional solar power by increasing the electrical current delivered to the stack, to drive more salt out of the faster-flowing water.

"Let's say the sun is rising every few seconds," Winter explains. "So, three times a second, we're looking at the solar panels and saying, 'Oh, we have more power -- let's bump up our flow rate and current a little bit.' When we look again and see there's still more excess power, we'll up it again. As we do that, we're able to closely match our consumed power with available solar power really accurately, throughout the day. And the quicker we loop this, the less battery buffering we need."

The engineers incorporated the new control strategy into a fully automated system that they sized to desalinate brackish groundwater at a daily volume that would be enough to supply a small community of about 3,000 people. They operated the system for six months on several wells at the Brackish Groundwater National Research Facility in Alamogordo, New Mexico. Throughout the trial, the prototype operated under a wide range of solar conditions, harnessing over 94 percent of the solar panel's electrical energy, on average, to directly power desalination.

"Compared to how you would traditionally design a solar desal system, we cut our required battery capacity by almost 100 percent," Winter says.

The engineers plan to further test and scale up the system in hopes of supplying larger communities, and even whole municipalities, with low-cost, fully sun-driven drinking water.

"While this is a major step forward, we're still working diligently to continue developing lower cost, more sustainable desalination methods," Bessette says.

"Our focus now is on testing, maximizing reliability, and building out a product line that can provide desalinated water using renewables to multiple markets around the world," Pratt adds.

The team will be launching a company based on their technology in the coming months.

This research was supported in part by the National Science Foundation, the Julia Burke Foundation, and the MIT Morningside Academy of Design. This work was additionally supported in-kind by Veolia Water Technologies and Solutions and Xylem Goulds.
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New apps will enable safer indoor navigation for visually impaired | ScienceDaily
Two new apps will enable blind people to navigate indoor buildings with spoken directions from a smartphone app, providing a safe method of wayfinding where GPS doesn't work.


						
UC Santa Cruz professor of Computer Science and Engineering Roberto Manduchi has devoted much of his research career to creating accessible technology for the blind and visually impaired. Throughout years of working with these communities, he has learned that there is a particular need for tools to help with indoor navigation of new spaces.

"Moving about independently in a place that you don't know is particularly difficult, because you don't have any visual reference -- it's very easy to get lost. The idea here is to try to make this a little bit easier and safer for people," Manduchi said.

In a new paper published in the journal ACM Transactions on Accessible Computing, Manduchi's research group presents two smartphone apps that provide indoor wayfinding, navigation to a specific point, and safe return, the process of tracing back a past route. The apps give audio cues and don't require a user to hold their smartphone in front of themselves, which would be inconvenient and attract undue attention.

Safer, scalable technology

Smartphones provide a great platform for hosting accessible technology because they are cheaper than a dedicated hardware system, have the support of the company's information technology teams, and are equipped with built-in sensors and accessibility features.

Other smartphone-based wayfinding systems require a person to walk with their phone out, which can create several problems. A blind person navigating a new space often has at least one hand in use for a guide dog or a cane, so using the other for a phone is less than ideal. Holding a phone out also leaves the navigator vulnerable to crime, and people with disabilities already experience criminality at disproportionately higher rates.




While companies like Apple and Google have developed indoor wayfinding for some specific locations, such as major airports and stadiums, their methods depend on sensors that are installed inside these buildings. This makes it a much less scalable solution due to the cost of adding and maintaining extra infrastructure.

Using built-in sensors

Manduchi's wayfinding app provides a route in a similar way to GPS services like Google Maps; however, GPS-based systems don't work indoors because the satellite signal is distorted by a building's walls. Instead, Manduchi's system uses other sensors within a smartphone to provide spoken instructions to navigate an unfamiliar building.

The wayfinding app works by using a map of the inside of a building to find a path toward the destination, and then uses a phone's built-in inertial sensors, accelerometers and gyros, which provide for features like a step counter, to track the navigator's progress along the path.

The same sensors can also track the orientation of the phone and therefore the navigator. However, the estimated location and orientation are often somewhat inaccurate, so the researchers incorporated another method called particle filtering to enforce the physical constraints of a building so it does not interpret that the navigator is walking through walls or other impossible situations.

The backtracking app simply inverts a route previously taken by a navigator, helpful for situations in which a blind person is guided into a room and wants to leave independently. In addition to inertial sensors, it uses the phone's magnetometer to identify characteristic magnetic field anomalies, typically created by large appliances, which can serve as landmarks within a building.




Communicating directions 

Both systems give directions through spoken communication and can also be used with a smartwatch to supplement the instructions with vibrations. Overall, the researchers tried to minimize the amount of input given to the navigator so that they could focus on safety.

They also rely on the navigator to make judgements about where to turn, to account for any error in tracking. The system instructs a person to make their next directional change five meters before it anticipates the turn will occur, with directions like "at the upcoming junction, turn left," and the navigator can begin to find the turn with the help of their cane or guide dog.

"Sharing responsibility, in my opinion, is the right approach," Manduchi said. "As a philosophy, you cannot rely on technology alone. That is also true when you drive a car -- if it says turn right, you don't just immediately turn right, you look for where the junction is. You need to work with the system."

Testing their systems in the Baskin Engineering building at UC Santa Cruz, the research team found that users were able to successfully navigate the many hallways and turns. The team will continue to polish their apps, which use the same interface but are separate for the ease of development.

Going forward, they will focus on integrating AI features that could allow a navigator to take a photo of their surroundings and get a scene description if they are in a particularly hard area to navigate, like an alcove of a building or a wide-open space. They also want to enhance the ability to access and download building maps, perhaps taking advantage of an open source software ecosystem to do so.

"I'm very grateful to the blind community in Santa Cruz, who gave me fantastic advice. [As engineers creating technology for the blind community], you have to be very, very careful and very humble, and start from the person who will use the technology, rather than from the technology itself," Manduchi said.
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AI speeds up the discovery of energy and quantum materials | ScienceDaily
Researchers from Tohoku University and the Massachusetts Institute of Technology (MIT) have unveiled a new AI tool for high-quality optical spectra with the same accuracy as quantum simulations, but working a million times faster, potentially accelerating the development of photovoltaic and quantum materials.


						
Understanding the optical properties of materials is essential for developing optoelectronic devices, such as LEDs, solar cells, photodetectors, and photonic integrated circuits. These devices are pivotal in the semiconductor industry's current resurgence.

Traditional means of calculation using the basic laws of physics involve complex mathematical calculations and immense computational power, rendering it difficult to quickly test a large number of materials. Overcoming this challenge could lead to the discovery of new photovoltaic materials for energy conversion and a deeper understanding of the fundamental physics of materials through their optical spectra.

A team led by Nguyen Tuan Hung, an assistant professor at the Frontier Institute for Interdisciplinary Science (FRIS), Tohoku University, and Mingda Li, an associate professor at MIT's Department of Nuclear Science and Engineering (NSE), did just that, introducing a new AI model that predicts optical properties across a wide range of light frequency, using only a material's crystal structure as an input.

Lead author Nguyen and his colleagues recently published their findings in an open-access paper in Advanced Materials.

"Optics is a fascinating aspect of condensed matter physics, governed by the causal relationship known as the Kramers-Kronig (KK) relation," says Nguyen. "Once one optical property is known, all other optical properties can be derived using the KK relation. It is intriguing to observe how AI models can grasp physics concepts through this relation."

Obtaining optical spectra with complete frequency coverage in experiments is challenging due to the limitations of laser wavelengths. Simulations are also complex, requiring high convergence criteria and incurring significant computational costs. As a result, the scientific community has long been searching for more efficient methods to predict the optical spectra of various materials.




"Machine-learning models utilized for optical prediction are called graph neural networks (GNNs)," points out Ryotaro Okabe, a chemistry graduate student at MIT. "GNNs provide a natural representation of molecules and materials by representing atoms as graph nodes and interatomic bonds as graph edges."

Yet, while GNNs have shown promise for predicting material properties, they lack universality, especially in representations of crystal structures. To work around this conundrum, Nguyen and others devised a universal ensemble embedding, whereby multiple models or algorithms are created to unify the data representation.

"This ensemble embedding goes beyond human intuition but is broadly applicable to improve prediction accuracy without affecting neural network structures," explains Abhijatmedhi Chotrattanapituk, an electrical engineering and computer science graduate student at MIT.

The ensemble embedding method is a universal layer that can be seamlessly applied to any neural network model without modifying the neural network structures. "This implies that universal embedding can readily be integrated into any machine learning architecture, potentially making a profound impact on data science," says Mingda Li.

This method enables highly precise optical prediction based solely on crystal structures, making it suitable for a wide variety of applications, such as screening materials for high-performance solar cells and detecting quantum materials.

Looking ahead, the researchers aim to develop new databases for various material properties, such as mechanical and magnetic characteristics, to enhance the AI model's capability to predict material properties based solely on crystal structures.
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New insights into how Mars became uninhabitable | ScienceDaily
NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.


						
Although the surface of Mars is frigid and hostile to life today, NASA's robotic explorers at Mars are searching for clues as to whether it could have supported life in the distant past. Researchers used instruments on board Curiosity to measure the isotopic composition of carbon-rich minerals (carbonates) found in Gale crater and discovered new insights into how the Red Planet's ancient climate transformed.

"The isotope values of these carbonates point toward extreme amounts of evaporation, suggesting that these carbonates likely formed in a climate that could only support transient liquid water," said David Burtt of NASA's Goddard Space Flight Center in Greenbelt, Maryland, and lead author of a paper describing this research published October 7 in the Proceedings of the National Academy of Sciences. "Our samples are not consistent with an ancient environment with life (biosphere) on the surface of Mars, although this does not rule out the possibility of an underground biosphere or a surface biosphere that began and ended before these carbonates formed."

Isotopes are versions of an element with different masses. As water evaporated, light versions of carbon and oxygen were more likely to escape into the atmosphere, while the heavy versions were left behind more often, accumulating into higher abundances and, in this case, eventually being incorporated into the carbonate rocks. Scientists are interested in carbonates because of their proven ability to act as climate records. These minerals can retain signatures of the environments in which they formed, including the temperature and acidity of the water, and the composition of the water and the atmosphere.

The paper proposes two formation mechanisms for carbonates found at Gale. In the first scenario, carbonates are formed through a series of wet-dry cycles within Gale crater. In the second, carbonates are formed in very salty water under cold, ice-forming (cryogenic) conditions in Gale crater.

"These formation mechanisms represent two different climate regimes that may present different habitability scenarios," said Jennifer Stern of NASA Goddard, a co-author of the paper. "Wet-dry cycling would indicate alternation between more-habitable and less-habitable environments, while cryogenic temperatures in the mid-latitudes of Mars would indicate a less-habitable environment where most water is locked up in ice and not available for chemistry or biology, and what is there is extremely salty and unpleasant for life."

These climate scenarios for ancient Mars have been proposed before, based on the presence of certain minerals, global-scale modeling, and the identification of rock formations. This result is the first to add isotopic evidence from rock samples in support of the scenarios.




The heavy isotope values in the Martian carbonates are significantly higher than what's seen on Earth for carbonate minerals and are the heaviest carbon and oxygen isotope values recorded for any Mars materials. In fact, according to the team, both the wet-dry and the cold-salty climates are required to form carbonates that are so enriched in heavy carbon and oxygen.

"The fact that these carbon and oxygen isotope values are higher than anything else measured on Earth or Mars points towards a process (or processes) being taken to an extreme," said Burtt. "While evaporation can cause significant oxygen isotope changes on Earth, the changes measured in this study were two to three times larger. This means two things: 1) there was an extreme degree of evaporation driving these isotope values to be so heavy, and 2) these heavier values were preserved so any processes that would create lighter isotope values must have been significantly smaller in magnitude."

This discovery was made using the Sample Analysis at Mars (SAM) and Tunable Laser Spectrometer (TLS) instruments aboard the Curiosity rover. SAM heats samples up to nearly 1,652 degrees Fahrenheit (almost 900degC) and then the TLS is used to analyze the gases that are produced during that heating phase.

Funding for this work came from NASA's Mars Exploration Program through the Mars Science Laboratory project. Curiosity was built by NASA's Jet Propulsion Laboratory (JPL), which is managed by Caltech in Pasadena, California. JPL leads the mission on behalf of NASA's Science Mission Directorate in Washington. NASA Goddard built the SAM instrument, which is a miniaturized scientific laboratory that includes three different instruments for analyzing chemistry, including the TLS, plus mechanisms for handling and processing samples.
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AI and quantum mechanics team up to accelerate drug discovery | ScienceDaily
Drug discovery is much like working a jigsaw puzzle. The chemical compounds behind drug molecules must be shaped to fit with the proteins in our bodies to produce therapeutic effects. That requirement for a meticulous fit means the creation of new drugs is extremely complex and time-consuming.


						
To speed up the puzzle-fitting process, researchers at SMU have created SmartCADD. This open-source virtual tool combines artificial intelligence, quantum mechanics and Computer Assisted Drug Design (CADD) techniques to speed up the screening of chemical compounds, significantly reducing drug discovery timelines. In a recent study published in the Journal of Chemical Information and Modeling, researchers demonstrated SmartCADD's ability to identify promising HIV drug candidates.

This new tool grew from an interdisciplinary collaboration between SMU's department of chemistry in Dedman College of Humanities and Sciences and the computer science department in the Lyle School of Engineering.

"There is an urgency to discover new classes of drugs like antibiotics, cancer treatments, antivirals and more," said Elfi Kraka, head of the Computational And Theoretical Chemistry Group (CATCO) at SMU. "Despite AI's rapid adoption in many fields, there has been a hesitancy for using it in scientific research, mainly because of its opaqueness and the quality of data used for training. SmartCADD addresses those concerns and can sift through billions of chemical compounds in one day, which significantly reduces the time needed to identify promising drug candidates."

How SmartCADD Works

SmartCADD combines deep learning models, filtering processes and explainable AI to screen databases of chemical compounds that are used to pinpoint drug leads. The tool has two main components: SmartCADD's Pipeline Interface, which collects data and runs filters, and its Filter Interface, which tells the system how each filter should work. These built-in filters assist with different stages of testing chemical compounds. They can help predict how a drug will behave in the body, model what drug structures will look like using 2D and 3D parameters and utilize an AI model that explains its decisions.

Researchers demonstrated the SmartCADD platform through three different case studies of drugs used to treat HIV, finding that several proteins exist within the virus are believed to be promising targets. SmartCADD used data from the MoleculeNet library to create and search through a database of 800 million chemical compounds and determined that 10 million might work as HIV drugs. It then used filters to find compounds that best matched already approved HIV drugs.




While the researchers focused on HIV targets for the study, they stressed that SmartCADD is versatile and can be applied to other drug discovery pipelines.

"This is a user-friendly virtual screening platform that provides researchers with a highly integrated and flexible framework for building drug discovery pipelines," said Corey Clark, assistant professor of computer science in the Lyle School of Engineering and deputy director for Research at SMU Guildhall. "We are going to continue pushing the work forward to expand chemistry and machine learning capabilities even further. The project and its opportunities are truly exciting, and I know the next phase will be an even bigger step forward than the last."

Collaboration Made SmartCADD Possible

The paper also highlights the strength of interdisciplinary collaboration at SMU. In addition to Kraka and Clark, authors include chemistry postdoctoral research fellow Ayesh Madushanka, whose work is supported by a grant from the O'Donnell Data Science & Research Computing Institute, and computer science graduate student Eli Laird, an O'Donnell Institute Ph.D. fellowship recipient.

"Fields like drug discovery require a combined effort to be truly successful," said Madushanka. "I'm certain if only the chemistry department had worked on this, the final product wouldn't have turned out the same. Interdisciplinary collaboration brings fresh perspectives on the same idea, helping to refine and improve it."

Adds Laird, "Interdisciplinary research is absolutely necessary to make major research advancements that actually impact the real world. This is a major focus of SMU and a key reason I wanted to pursue my Ph.D. here. Impactful research can't happen in the vacuum of a single field. You have to look broadly across disciplines to spark ideas that will turn into true innovations. Breakthroughs often occur at the intersection of different fields, and that's where I aim to position my research."

Funding for the study was provided by the National Science Foundation, grant CHE 2102461. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the authors and do not necessarily reflect the views of the National Science Foundation.
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Common consumer product chemicals now tied to cardiac electrical changes | ScienceDaily
Environmental phenols are found in a wide range of common consumer products. They include preservatives in packaged foods, parabens in shampoos and bisphenol A (BPA) in plastic dishware, so humans have broad exposure to them, day in and day out.


						
Some of these environmental phenols are known to have cardiac toxicities. Now, an interdisciplinary study involving four University of Cincinnati College of Medicine professors is revealing their adverse impact on the heart's electrical properties, and the research has been published in the journal Environmental Health.

"This is the first study to look at the impact of phenol exposure on cardiac electrical activity in humans," said Hong-Sheng Wang, PhD, professor in the Department of Pharmacology, Physiology and Neurobiology and the study's lead author.

Researchers used data from the Fernald Community Cohort, which includes nearly 10,000 people who lived near the former U.S. Department of Energy uranium processing site at Fernald, outside Cincinnati, and participated in the Fernald Medical Monitoring Program between 1990 and 2008.

Much of the cohort did not experience exposure to uranium beyond the radiation received by the general population. Wang and his team used their data, including biological samples and medical records, in the study so uranium exposure would not be a factor in the findings -- making them relevant to the general population. Because urine samples and electrocardiograms, or EKGs, were collected on the same day, the results were significant for analyzing exposure to environmental phenols.

The EKGs, which measure cardiac electrical activities, were read by board-certified physicians, and the urine samples were sent to the Centers for Disease Control and Prevention for exposure analysis.

One goal of the study was to identify any changes in EKG parameters associated with environmental phenol exposure.




The heart is driven by electrical activity, so anything affecting its electrical properties can have a detrimental impact and possibly result in arrhythmias.

The research concluded higher exposure to some environmental phenols is associated with altered cardiac electrical activity.

Researchers found higher exposure to BPA, BPF and BPA+F in women is associated with a longer PR interval, a delay in the time it takes for electrical signals to move from the atria at the top of the heart to the ventricles.

"Our findings were highly sex-specific," said Wang. In women, researchers identified an association with longer QRS duration, or contraction of the ventricles, and dysfunction of the electrical impulses of the heart.

"It was particularly pronounced in women with higher body mass indexes," said Wang.

In men, researchers found higher exposure to triclocarban (TCC), an antimicrobial agent, led to longer QT intervals in the heart -- meaning the heart's electrical system is taking too long to recharge, a situation that can contribute to heart rhythm dysfunction. TCC has since been banned in the United States.




Wang also pointed out that typical exposure levels alone are unlikely to cause clinically significant heart disease in healthy people.

"These were not dramatic changes that we observed, but moderate changes to cardiac electrical activity," he said. "However, they were particularly pronounced in certain subpopulations."

He said the altered cardiac activity could exacerbate existing heart disease or arrhythmias in a patient, especially older adults or those with other risk factors.

"Now there are new chemicals out there, so the next step would be to examine these newer environmental chemicals and to focus on their impact on an individual level in those who are predisposed to heart disease," said Wang.

Other contributors in this study included Susan Pinney, PhD, FACE, professor of epidemiology in the Department of Environmental and Public Health Sciences; Jack Rubinstein, MD, FACC, professor of clinical cardiology in the Department of Internal Medicine; and Changchun Xie, PhD, professor in the Department of Biostatistics, Health Informatics and Data Sciences.

This study was funded by grants from the National Institute of Environmental Health and the University of Cincinnati Center for Environmental Genetics.
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Winds of change: James Webb Space Telescope reveals elusive details in young star systems | ScienceDaily
Every second, more than 3,000 stars are born in the visible universe. Many are surrounded by what astronomers call a protoplanetary disk -- a swirling "pancake" of hot gas and dust from which planets form. The exact processes that give rise to stars and planetary systems, however, are still poorly understood.


						
A team of astronomers led by University of Arizona researchers has used NASA's James Webb Space Telescope to obtain some of the most detailed insights into the forces that shape protoplanetary disks. The observations offer glimpses into what our solar system may have looked like 4.6 billion years ago.

Specifically, the team was able to trace so-called disk winds in unprecedented detail. These winds are streams of gas blowing from the planet-forming disk out into space. Powered largely by magnetic fields, these winds can travel tens of miles in just one second. The researchers' findings, published in Nature Astronomy, help astronomers better understand how young planetary systems form and evolve.

According to the paper's lead author, Ilaria Pascucci, a professor at the U of A's Lunar and Planetary Laboratory, one of the most important processes at work in a protoplanetary disk is the star eating matter from its surrounding disk, which is known as accretion.

"How a star accretes mass has a big influence on how the surrounding disk evolves over time, including the way planets form later on," Pascucci said. "The specific ways in which this happens have not been understood, but we think that winds driven by magnetic fields across most of the disk surface could play a very important role."

Young stars grow by pulling in gas from the disk that's swirling around them, but in order for that to happen, gas must first shed some of its inertia. Otherwise, the gas would consistently orbit the star and never fall onto it. Astrophysicists call this process "losing angular momentum," but how exactly that happens has proved elusive.

To better understand how angular momentum works in a protoplanetary disk, it helps to picture a figure skater on the ice: Tucking her arms alongside her body will make her spin faster, while stretching them out will slow down her rotation. Because her mass doesn't change, the angular momentum remains the same.




For accretion to occur, gas across the disk has to shed angular momentum, but astrophysicists have a hard time agreeing on how exactly this happens. In recent years, disk winds have emerged as important players funneling away some gas from the disk surface -- and with it, angular momentum -- which allows the leftover gas to move inward and ultimately fall onto the star.

Because there are other processes at work that shape protoplanetary disks, it is critical to be able to distinguish between the different phenomena, according to the paper's second author, Tracy Beck at NASA's Space Telescope Science Institute.

While material at the inner edge of the disk is pushed out by the star's magnetic field in what is known as X-wind, the outer parts of the disk are eroded by intense starlight, resulting in so-called thermal winds, which blow at much slower velocities.

"To distinguish between the magnetic field-driven wind, the thermal wind and X-wind, we really needed the high sensitivity and resolution of JWST (the James Webb Space Telescope)," Beck said.

Unlike the narrowly focused X-wind, the winds observed in the present study originate from a broader region that would include the inner, rocky planets of our solar system -- roughly between Earth and Mars. These winds also extend farther above the disk than thermal winds, reaching distances hundreds of times the distance between Earth and the sun.

"Our observations strongly suggest that we have obtained the first images of the winds that can remove angular momentum and solve the longstanding problem of how stars and planetary systems form," Pascucci said.




For their study, the researchers selected four protoplanetary disk systems, all of which appear edge-on when viewed from Earth.

"Their orientation allowed the dust and gas in the disk to act as a mask, blocking some of the bright central star's light, which otherwise would have overwhelmed the winds," said Naman Bajaj, a graduate student at the Lunar and Planetary Laboratory who contributed to the study.

By tuning JWST's detectors to distinct molecules in certain states of transition, the team was able to trace various layers of the winds. The observations revealed an intricate, three-dimensional structure of a central jet, nested inside a cone-shaped envelope of winds originating at progressively larger disk distances, similar to the layered structure of an onion. An important new finding, according to the researchers, was the consistent detection of a pronounced central hole inside the cones, formed by molecular winds in each of the four disks.

Next, Pascucci's team hopes to expand these observations to more protoplanetary disks, to get a better sense of how common the observed disk wind structures are in the universe and how they evolve over time.

"We believe they could be common, but with four objects, it's a bit difficult to say," Pascucci said. "We want to get a larger sample with James Webb, and then also see if we can detect changes in these winds as stars assemble and planets form."
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Stopping off-the-wall behavior in fusion reactors | ScienceDaily
New experimental results suggest that sprinkling boron into a tokamak could shield the wall of the fusion vessel and prevent atoms from the wall from getting into the plasma. A new computer modeling framework shows the boron powder may only need to be sprinkled from one location. The experimental results and computer modeling framework will be presented this week at the 66th Annual Meeting of the American Physical Society Division of Plasma Physics in Atlanta.


						
Fusion researchers are increasingly turning to the element tungsten when looking for an ideal material for components that will directly face the plasma inside fusion reactors known as tokamaks and stellarators. But under the intense heat of fusion plasma, tungsten atoms from the wall can sputter off and enter the plasma. Too much tungsten in the plasma would substantially cool it, which would make sustaining fusion reactions very challenging. Now, researchers at the U.S. Department of Energy's Princeton Plasma Physics Laboratory (PPPL) have experimental results suggesting that sprinkling boron powder into the tokamak could solve the problem.

Boron partly shields the reactor wall from the plasma and prevents atoms from the wall from getting into the plasma. A new computer modeling framework, also led by PPPL researchers, shows the powder may only need to be sprinkled from one location. The experimental results and computer modeling framework will be presented this week at the 66th Annual Meeting of the American Physical Society Division of Plasma Physics in Atlanta.

Joseph Snipes, deputy head for Tokamak Experimental Science, is optimistic about the solid boron injection system based on experiments that demonstrated reduced tungsten sputtering after a solid boron injection. The experiments were conducted in three tungsten-walled tokamaks worldwide: one in Germany, one in China, and one in the U.S.

"The boron is sprinkled into the tokamak plasma as a powder, like from a saltshaker, which is ionized at the plasma's edge and then deposited on the tokamak's inner walls and the exhaust region," he said. "Once coated with a thin layer of boron, it will stop the tungsten from getting into the plasma and radiating away the plasma energy."

Snipes and his colleagues are working on the boron injection system with the ultimate goal of potentially using it in the ITER Organization's reactor-scale tokamak. The injection system is well suited to the task, as it can add boron while the machine is operating. It can also precisely control and limit the amount of boron injected. The deposited boron layers retain the radioactive element tritium, which must be minimized in the ITER tokamak to comply with nuclear safety. Scientists and engineers from ITER and the Oak Ridge National Laboratory also collaborated on this project.

Florian Effenberg, a staff research physicist at PPPL, led a separate project to create a computer modeling framework for the boron injection system in the DIII-D tokamak. The framework suggests that sprinkling the boron powder from just one location may provide a sufficiently uniform distribution of boron across the reactor components considered in the simulation domain.




"We've developed a new way to understand how injected boron material behaves in a fusion plasma and how it interacts with the walls of fusion reactors to keep them in good condition while they are operating," said Effenberg.

The researchers' approach combines three different computer models to create a new framework and workflow. "One model simulates the behavior of the plasma, another shows how the boron powder particles move and evaporate in the plasma, and the third examines how the boron particles interact with the tokamak walls, including how they stick, wear away and mix with other materials," Effenberg said.

"These insights are crucial for optimizing boron injection strategies to achieve effective and uniform wall conditioning in ITER and other fusion reactors," Effenberg said.

While the modeling framework looked at DIII-D, a tokamak operated by General Atomics in San Diego, the next phase of this research involves scaling the modeling framework to ITER. While DIII-D's walls are made of carbon, ITER plans to have tungsten walls, so it will be important to research any differences in how the boron protects the walls.

The following researchers also contributed to the work described by Snipes: Larry Robert Baylor, Alessandro Bortolon, Florian Effenberg, Erik Gilson, Alberto Loarte, Robert Lunsford, Rajesh Maingi, Steve Meitner, Federico Nespoli, So Maruyama, Alexander Nagy, Zhen Sun, Jeff Ulreich, Tom Wauters. Funding for this work was provided by the ITER Organization.

Klaus Schmid, Federico Nespoli and Yuhe Feng worked on the modeling framework described by Effenberg in this release. Alessandro Bortolon, Jeremy Lore, Tyler Abrams, Brian Grierson, Rajesh Maingi and Dmitry Rudakov contributed to the application of that modeling framework. The work was completed with funding from DE-AC02-09CH11466, DE-FC02-04ER54698 and DE-AC05-00OR22725.
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Influence of a black hole's spin: First evidence of precession in ultraluminous accretion disks | ScienceDaily
Researchers at University of Tsukuba conducted innovative simulations of spinning black holes grounded in general relativity, which clarified that the ultraluminous accretion disk (i.e., gaseous spiral surrounding a black hole) exhibits a precessional motion driven by the black hole's spin. This finding underscores the potential of this spin to be the primary driver of the periodic fluctuations in luminosity observed within these ultraluminous accretion disks.


						
Gas swirls around a black hole (BH) owing to the intense gravity of the BH, forming an accretion disk. These accretion disks, being among the most efficient energy conversion mechanisms in the universe, emit light and plasma jets. When a BH spins on its axis, the accretion disk wobbles like a spinning top. This precessional motion has been studied in less luminous accretion disks, but it is unclear if the same phenomenon occurs in ultraluminous accretion disks that emit strong radiation.

Researchers at University of Tsukuba conducted a large-scale radiation electromagnetic hydrodynamics simulation based on general relativity and demonstrated for the first time that the precessional motion of a tilted ultraluminous accretion disk is caused by the spin of the BH. Furthermore, this precessional motion periodically changes the direction of the jets and radiation emitted from the BH, which indicates that the periodic fluctuations in luminosity of ultraluminous accretion disks may be caused by the spin of the BH. The cause of such periodic fluctuations has previously been unknown.

In the future, the researchers intend to validate whether BHs are spinning by comparative analyses between extended-term simulations and observational data. This pioneering achievement is poised to deepen our understanding of how the spin of a BH influences cosmic phenomena, and make a substantial contribution to the authentication of the spacetime framework of BHs and general relativity.

This work was supported by JSPS KAKENHI Grant Numbers 23K03445(Y.A.), 21H01132(R.T.), 21H04488, 18K03710(K.O.). This work was also supported by MEXT as "Program for Promoting Researches on the Supercomputer Fugaku" (Structure and Evolution of the Universe Unraveled by Fusion of Simulation and AI; Grant Number JPMXP1020230406) and used computational resources of supercomputer Fugaku (RIKEN Center for Computational Science, Project ID: hp230204, hp230116), ATERUI II (National Astronomical Observatory of Japan), Oakforest-PACS (the University of Tokyo, University of Tsukuba), and Wisteria/BDEC-01 Odyssey (the University of Tokyo).
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A novel method to split water to create hydrogen -- a clean source of fuel | ScienceDaily
Scientists are urgently searching for clean fuel sources -- such as hydrogen -- to move towards carbon neutrality. A breakthrough for improving the efficiency of the photocatalytic reaction that splits water into hydrogen has been made by a team of researchers from Tohoku University, Tokyo University of Science and Mitsubishi Materials Corporation.


						
"Water-splitting photocatalysts can produce hydrogen (H2) from only sunlight and water," explains Professor Yuichi Negishi, the lead researcher of this project (Tohoku University), "However, the process hasn't been optimized sufficiently for practical applications. If we can improve the activity, hydrogen can be harnessed for the realization of a next-generation energy society."

The research team established a novel method that uses ultrafine rhodium (Rh)-chromium (Cr) mixed-oxide (Rh2-xCrxO3) cocatalysts (the actual reaction site and a key component to stop H2 reforming with oxygen to make water again) with a particle size of about 1 nm. Then, they are loaded crystal facet-selectively onto a photocatalyst (uses sunlight and water to speed up reactions). Previous studies have not been able to accomplish these two feats in a single reaction: a tiny cocatalyst that can also be placed on specific regions of the photocatalyst.

A smaller particle size is important because then the activity per amount of cocatalyst loaded is greatly enhanced due to the increase in specific surface area of the cocatalyst. Facet-selective loading is also important, because otherwise, randomly placed cocatalysts may end up on crystal facets where the desired reaction does not occur.

The particle size, loading position, and electronic state of the cocatalyst in the photocatalyst prepared by the F-NCD method (Rh2-xCrxO3/18-STO (F-NCD)) were compared with those prepared by the conventional method. Overall, photocatalysts prepared by the new method achieved 2.6 times higher water-splitting photocatalytic activity. The resulting photocatalyst exhibits the highest apparent quantum yield achieved to date for strontium titanate.

This remarkable method has improved our ability to generate hydrogen without harmful byproducts such as carbon dioxide. This may allow us to harness hydrogen as a more abundant, green energy source so we can all breathe a little easier.
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New polymer design breaks the tradeoff between toughness and recyclability | ScienceDaily
Plastics underpin much of modern life -- areas like medicine, technology, and food safety would be unrecognizable without plastics and their useful properties. However, the toughness of plastics, which is often desirable, also makes them a dangerous pollutant and difficult to recycle. The solution to this serious and growing problem is making plastics easier to recycle.


						
In a study recently published in Chemical Science, researchers at Osaka University have found a way to make tough, high-performance polymers, the main component of plastics, that can be broken down easily and precisely into their component parts and recycled into materials that are like new.

The main component of plastics are molecules called polymers, which are long chains of small repeating units called monomers. Current physical recycling simply reuses the polymers without breaking them down, and the recycled plastic is usually worse than the original. Chemical recycling is a newer method that breaks the polymer chains back down into their monomer units and then strings the units back together. The recycled plastic is as good as new. However, the polymers designed for chemical recycling are usually weak because they have weak links between the monomer units so that it is easy to break the chains up.

The researchers have developed a way to make tough, chemically recyclable polymers without compromising on heat and chemical resistance. This breakthrough could hugely expand the uses of chemically recyclable polymers.

"We knew that we needed to make the links between the monomers really strong in harsh environments but easily broken under specific conditions for recycling," says lead author Satoshi Ogawa. "We were surprised to find that no one had tried including a directing group, which would break the strong links only in the presence of a metal catalyst."

The directing group is like a lock on the link, only opening the link when the right key is present. The polymers stood up to high temperatures and harsh chemicals, but when it came to recycling, a nickel catalyst acted like a key, and the directing group opened the links easily, releasing the monomers. The original polymer could then be reassembled from the monomers.

"It's a huge step forward to make a polymer this tough that can be broken down easily and precisely and recycled into a pristine material in so few steps," explains senior author Mamoru Tobisu. "This revolutionary design could be used in making high-performance polymers that can be recycled indefinitely with no loss of quality."

The team's work shows that there doesn't have to be a tradeoff between performance and recyclability. Their design could be used in lots of other polymers to make many types of plastic chemically recyclable, potentially helping to consign plastic pollution to the trash can of history.
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Space oddity: Most distant rotating disc galaxy found | ScienceDaily
Researchers have discovered the most distant Milky-Way-like galaxy yet observed. Dubbed REBELS-25, this disc galaxy seems as orderly as present-day galaxies, but we see it as it was when the Universe was only 700 million years old. This is surprising since, according to our current understanding of galaxy formation, such early galaxies are expected to appear more chaotic. The rotation and structure of REBELS-25 were revealed using the Atacama Large Millimeter/submillimeter Array (ALMA), in which the European Southern Observatory (ESO) is a partner.


						
The galaxies we see today have come a long way from their chaotic, clumpy counterparts that astronomers typically observe in the early Universe. "According to our understanding of galaxy formation, we expect most early galaxies to be small and messy looking," says Jacqueline Hodge, an astronomer at Leiden University, the Netherlands, and co-author of the study.

These messy, early galaxies merge with each other and then evolve into smoother shapes at an incredibly slow pace. Current theories suggest that, for a galaxy to be as orderly as our own Milky Way -- a rotating disc with tidy structures like spiral arms -- billions of years of evolution must have elapsed. The detection of REBELS-25, however, challenges that timescale.

In the study, accepted for publication in Monthly Notices of the Royal Astronomical Society, astronomers found REBELS-25 to be the most distant strongly rotating disc galaxy ever discovered. The light reaching us from this galaxy was emitted when the Universe was only 700 million years old -- a mere five percent of its current age (13.8 billion) -- making REBELS-25's orderly rotation unexpected. "Seeing a galaxy with such similarities to our own Milky Way, that is strongly rotation-dominated, challenges our understanding of how quickly galaxies in the early Universe evolve into the orderly galaxies of today's cosmos," says Lucie Rowland, a doctoral student at Leiden University and first author of the study.

REBELS-25 was initially detected in previous observations by the same team, also conducted with ALMA, which is located in Chile's Atacama Desert. At the time, it was an exciting discovery, showing hints of rotation, but the resolution of the data was not fine enough to be sure. To properly discern the structure and motion of the galaxy, the team performed follow-up observations with ALMA at a higher resolution, which confirmed its record-breaking nature. "ALMA is the only telescope in existence with the sensitivity and resolution to achieve this," says Renske Smit, a researcher at Liverpool John Moores University in the UK and also a co-author of the study.

Surprisingly, the data also hinted at more developed features similar to those of the Milky Way, like a central elongated bar, and even spiral arms, although more observations will be needed to confirm this. "Finding further evidence of more evolved structures would be an exciting discovery, as it would be the most distant galaxy with such structures observed to date," says Rowland.

These future observations of REBELS-25, alongside other discoveries of early rotating galaxies, will potentially transform our understanding of early galaxy formation, and the evolution of the Universe as a whole.
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Whale shark shipping collisions may increase as oceans warm | ScienceDaily
Global warming could increase the threat posed to whale sharks from large ships, according to a new study published in Nature Climate Change.


						
Researchers from the University of Southampton and Marine Biological Association (MBA) predict that increased ocean temperatures will see this already endangered species driven into new habitats crossed by busy shipping lanes.

The study predicts that the co-occurrence of whale sharks and large ships could be 15,000 times higher by the end of the century compared to the present day.

Lead author Dr Freya Womersley, University of Southampton and MBA Postdoctoral Research Scientist said: "These shifts in the whale sharks' habitat were most extreme under high emission scenarios. A global reshuffling could lead to core habitat losses in some areas as well as increased co-occurrence with shipping traffic as oceans warm and other variables change."

Whale sharks, the world's largest fish, are highly mobile and responsive to changes in temperature. Recent evidence suggests they are also particularly vulnerable to ship strikes -- where large marine animals are struck and injured, often fatally, by large vessels in the global fleet.

Researchers used whale shark satellite-tracking data coupled with global climate models to project the distribution of whale sharks under three different future climate scenarios.

The models project core habitat losses of over 50% in some national waters by 2100 under high emissions (where we continue to rely heavily on fossil fuels), with the greatest potential losses in Asia. Under a sustainable development scenario (in line with the target of no more than 2degC of global warming), some areas showed a gain in core habitat, notably in Europe.




"The shifts we predict are likely to be less extreme if we are able to slow warming and mitigate climate change, suggesting that even complex, multi-factor impacts of climate change can be somewhat alleviated by our actions," says Professor David Sims, co-author and Senior Research Fellow at the University of Southampton and MBA.

The team paired the distribution maps with information on shipping traffic density to determine if these habitat shifts would see whale sharks move into more heavily trafficked areas in future, potentially increasing the likelihood of ship strikes.

They found that some newly suitable habitats overlapped with busy shipping routes. This was the case in the US part of the North Pacific Ocean, the Japanese part of the Eastern China Seas, and the Sierra Leonian part of the North Atlantic Ocean, among many other sites globally.

Some areas, such as the Mexican part of the Gulf of Mexico, saw reductions in co-occurrence, where core habitats shifted into more coastal waters, away from the busy shipping routes in the centre of the Gulf.

Professor Sims says: "Overall ship co-occurrence increased under all future climate scenarios, even if shipping remained at current levels, rather than its anticipated expansion of up to 1,200 per cent by 2050."

Womersley added: "We show that climate change has the potential to indirectly impact highly mobile marine species through interacting pressures of humans and the environment. This highlights the importance of factoring climate change into discussions around endangered species management."

The research was supported by the UK Natural Environment Research Council (NERC) and the European Research Council (ERC) under the EU Horizon 2020 Programme.
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Researchers seek to improve advanced pain management using AI for drug discovery | ScienceDaily
An estimated one in five Americans live with chronic pain and current treatment options leave much to be desired. Feixiong Cheng, PhD, Director of Cleveland Clinic's Genome Center, and IBM are using artificial intelligence (AI) for drug discovery in advanced pain management. The team's deep-learning framework identified multiple gut microbiome-derived metabolites and FDA-approved drugs that can be repurposed to select non-addictive, non-opioid options to treat chronic pain.


						
The findings are published in Cell Reports Methods.

Treating chronic pain with opioids is still a challenge due to the risk of severe side effects and dependency, says co-first author Yunguang Qiu, PhD, a postdoctoral fellow in Dr. Cheng's lab whose research program focuses on developing therapeutics for nervous system disorders. Recent evidence has shown that drugging a specific subset of pain receptors in a protein class called G protein-coupled receptors (GPCRs) can provide non-addictive, non-opioid pain relief. The question is how to target those receptors, Dr. Qiu explains.

Instead of inventing new molecules from scratch, the team wondered whether they could apply research methods they had already developed for finding preexisting FDA-approved drugs for potential pain indication. Part of this process involves mapping out gut metabolites to spot drug targets.

To identify these molecules, the first author and computational scientist Yuxin Yang, PhD, a former Kent State University graduate student. Dr. Yang completed his thesis research in Dr. Cheng's lab and continues to work there as a data scientist. Drs. Yang and Qiu led a team to update a previous drug discovery AI algorithm the Cheng Lab had developed. Collaborators from IBM helped write and edit the manuscript.

"Our IBM collaborators gave us valuable advice and perspective to develop advanced computational techniques," Dr. Yang says. "I'm happy for the opportunity to work with and learn from peers in the industry sector."

To determine whether a molecule will work as a drug, researchers need to predict how it will physically interact with and influence proteins in our body (in this case, our pain receptors). To do this, the researchers need a 3D understanding of both molecules based on extensive 2D data about their physical, structural and chemical properties.




"Even with the help of current computational methods, combining the amount of data we need for our predictive analyses is extremely complex and time-consuming," Dr. Cheng explains. "AI can rapidly make full use of both compound and protein data gained from imaging, evolutionary and chemical experiments to predict which compound has the best chance of influencing our pain receptors in the right way."

The research team's tool, called LISA-CPI (Ligand Image- and receptor's three-dimensional (3D) Structures-Aware framework to predict Compound-Protein Interactions) uses a form of artificial intelligence called deep learning to predict:
The team used LISA-CPI to predict how 369 gut microbial metabolites and 2,308 FDA- approved drugs would interact with 13 pain-associated receptors. The AI framework identified several compounds that could be repurposed to treat pain. Studies are underway to validate these compounds in the lab.




"This algorithm's predictions can lessen the experimental burden researchers must overcome to even come up with a list of candidate drugs for further testing," Dr. Yang says. "We can use this tool to test even more drugs, metabolites, GPCRs and other receptors to find therapeutics that treat diseases beyond pain, like Alzheimer's disease."

Dr. Cheng added that this is just one example of how the team is collaborating with IBM to develop small molecule foundation models for drug development -- including both drug repurposing in this study and an ongoing novel drug discovery project.

"We believe that these foundation models will offer powerful AI technologies to rapidly develop therapeutics for multiple challenging human health issues," he says.
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Precise control for advanced materials design | ScienceDaily
Particles larger than ordinary molecules or atoms yet still small enough to be invisible to the naked eye can give rise to many different kinds of useful structures such as tiny propellers for microrobots, cellular probes and steerable microwheels for targeted drug delivery.


						
A team of Rice University chemical engineers led by Lisa Biswal has found that exposing a certain class of such particles -- micron-sized beads endowed with a special magnetic sensitivity -- to a rapidly alternating, rotating magnetic field causes them to organize into structures that are direction-dependent or anisotropic. The finding is significant because anisotropy can be manipulated to create new, tunable material structures and properties.

"Our key finding is that by alternating the direction of the rotation of the magnetic field after each revolution, we can create an anisotropic interaction potential between particles, which has not been fully realized before," said Aldo Spatafora-Salazar, a chemical and biomolecular engineering research scientist in the Biswal lab and one of the lead authors on a study about the research published in Proceedings of the National Academy of Sciences.

Dana Lobmeyer, the other first author on the study, explained that the particles under scrutiny in the study are collectively known as superparamagnetic colloids whose responsiveness to magnetic fields makes them a popular building block for high-performance materials with tailored functionality.

"This discovery is significant for bottom-up advanced materials design, especially because we honed in on an aspect of the interaction between the colloids and magnetic fields that is usually overlooked -- magnetic relaxation time," said Lobmeyer, a Rice doctoral alumna advised by Biswal.

The relaxation time refers to the delay in the beads' magnetic response to changes in field direction. The researchers hypothesized that this delay combined with the effect of the alternating magnetic field affects the beads' interactions, causing them to arrange into a crystal lattice in two dimensions and to form elongated, aligned clusters in three dimensions.

"The delayed magnetic response, or magnetic relaxation time, of superparamagnetic beads was previously considered negligible, but what we found is that taking it into account and coupling it with the effect of the alternating magnetic field is a powerful way to exercise precise control over the particles," said Biswal, the corresponding author on the study and Rice's William M. McCardell Professor in Chemical Engineering, professor of materials science and nanoengineering and senior associate dean for faculty development.




The research involved a combination of experiments, simulations and theoretical predictions. Experimentally, the team looked at both concentrated and dilute bead suspensions combined with alternating magnetic fields of different intensities and frequencies.

"Concentrated beads formed elongated, aligned clusters, and we analyzed how different parameters influenced their shape," said Spatafora-Salazar. "Dilute suspensions simplified the system, allowing us to study interactions between two beads -- a version of the system known as a dimer."

Experimental insights from dimers helped explain the alignment and elongation in larger clusters. However, experimental data only matched simulations once the magnetic relaxation time measurements (which form the subject of a separate forthcoming study) were taken into consideration.

One fun twist to the data was the Pac-Man shape described by the distribution of a bead's magnetization: In a magnetized state, each bead acquires a dipole -- a pair of negative and positive charges like a north-south axis. In response to a rotating magnetic field, the dipole moves like a compass needle, aligning all the beads along the same orientation. However, due to magnetic relaxation, the needle does not turn a full 360 degrees, leaving what shows up as Pac-Man's mouth when the data is mapped out.

"The interactions are weakest along the mouth but strongest along the head, causing the alignment of dimers and clusters," Lobmeyer said. "We would not have been able to understand this phenomenon without deviating from the traditional assumptions used to study these beads."

Other authors include Rice alumni Lucas H.P. Cunha '23 and former Rice postdoctoral fellow Kedar Joshi. The research was supported by the National Science Foundation (214112, 1828869) and the ACS Petroleum Research Fund (65274-ND9).
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Researchers restore the performance of quantum dot solar cells as if 'flattening crumpled paper' | ScienceDaily
Professor Jongmin Choi's team from the Department of Energy Science and Engineering at DGIST (President Kunwoo Lee) conducted joint research with Materials Engineering and Convergence Technology Professor Tae Kyung Lee from Gyeongsang National University and Applied Chemistry Professor Younghoon Kim from Kookmin University. The researchers developed a new method to improve both the performance and the stability of solar cells using "perovskite quantum dots." They developed longer-lasting solar cells by addressing the issue of distortions on the surface of quantum dots, which deteriorate the performance of solar cells.


						
Perovskite quantum dots are critical materials for next-generation solar cells. They have excellent light-to-electricity conversion capabilities and are easy to mass-produce. However, to utilize them in solar cells, the "ligands" attached to the quantum dot surface must be replaced. This process often leads to distortions of the quantum dot surface, resembling crumpled paper, which results in decreased performance and shorter lifespans for the solar cells.

To address this issue, Professor Jongmin Choi's team newly adopted short ligands that securely hold the quantum dots from both sides, effectively uncrumpling the distorted surface. The ligands help restore the distorted lattice structure, smoothing the crumpled surface of the quantum dots. This significantly reduces surface defects, enabling the solar cells to operate more efficiently and extending their lifespan. Consequently, the power conversion efficiency of the solar cells increased from 13.6% to 15.3%, demonstrating stability by maintaining 83% of their performance for 15 days.

"Through this research, we could minimize surface defects on the quantum dots and stabilize their surfaces by newly adopting these amphiphilic ligands, thereby significantly improving the efficiency and stability of the solar cells," said Professor Jongmin Choi from the Department of Energy Science and Engineering at DGIST. "We plan to continue our research on stabilizing the surface of perovskite quantum dots, hopefully applying the results to various photoelectric devices."

This study was a joint effort by the research teams of DGIST Professor Jongmin Choi, Gyeongsang National University Professor Tae Kyung Lee, and Kookmin University Professor Younghoon Kim, led by Gayoung Seo and Sanghun Han from DGIST, along with Donggyu Lee, a Ph.D. candidate from Gyeongsang National University. The study was supported by the National Research Council of Science & Technology's Creative Convergence Research Project, the DGIST R&D Program, and the New Faculty Research Foundation Project at Gyeongsang National University. The research findings were published in the international journal Chemical Engineering Journal on September 15, 2024.
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Liquefied natural gas carbon footprint is worse than coal | ScienceDaily
Liquefied natural gas leaves a greenhouse gas footprint that is 33% worse than coal, when processing and shipping are taken into account, according to a new Cornell University study.


						
"Natural gas and shale gas are all bad for the climate. Liquefied natural gas (LNG) is worse," said Robert Howarth, author of the study and a professor of ecology and environmental biology. "LNG is made from shale gas, and to make it you must supercool it to liquid form and then transport it to market in large tankers. That takes energy."

The research, "The Greenhouse Gas Footprint of Liquefied Natural Gas (LNG) Exported from the United States," published Oct. 3 in Energy Science & Engineering.

The emissions of methane and carbon dioxide released during LNG's extraction, processing, transportation and storage account for approximately half of its total greenhouse gas footprint, Howarth said.

Over 20 years, the carbon footprint for LNG is one-third larger than coal, when analyzed using the measurement of global warming potential, which compares the atmospheric impact for different greenhouse gases. Even on a 100-year time scale -- a more-forgiving scale than 20 years -- the liquefied natural gas carbon footprint equals or still exceeds coal, Howarth said.

The findings have implications for LNG production in the U.S., which is the world's largest exporter after it lifted an export ban in 2016, according to the paper. Almost all of the increase in natural gas production since 2005 has been from shale gas. Howarth said the exported LNG is produced from shale in Texas and Louisiana.

The liquefication process -- where the extracted natural gas is cooled to minus 260 degrees Fahrenheit -- makes LNG easier to transport on tanker ships.




But that mode of transportation comes at an environmental cost. The ships with two- or four-stroke engines that transport LNG have lower carbon dioxide emissions than steam-powered ships. But as those stroke-engine vessels burn LNG during storage and transportation, methane slips through as emitted exhaust gas, putting more into the atmosphere.

Methane is more than 80 times more harmful to the atmosphere than carbon dioxide, so even small emissions can have a large climate impact, Howarth said.

That's why, he said, the modern LNG tankers with two- and four-stroke engines have more greenhouse gas emissions than those tankers powered by steam. Regardless of better fuel efficiency and lower carbon dioxide emissions, methane still escapes in the tanker's exhaust.

Significant methane emissions occur in the natural gas liquefication process, a figure close to 8.8% of total when using the global warming potential. Methane emissions from tankers vary from 3.9% to 8.1%, depending on the ship.

"Almost all the methane emissions occur upstream when you're extracting the shale gas and liquefying it," Howarth said. "This is all magnified just to get the liquefied natural gas to market.

"So liquefied natural gas will always have a bigger climate footprint than the natural gas, no matter what the assumptions of being a bridge fuel are," Howarth said. "It still ends up substantially worse than coal."

The research was supported by a grant from the Park Foundation.
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Scientists develop novel method for strengthening PVC products | ScienceDaily
Researchers have developed a way to make one type of plastic material more durable and less likely to shed dangerous microplastics.


						
The study identified a secure way to attach chemical additives to polyvinyl chloride (PVC).

Found in everything from toys, construction supplies and medical packaging, PVC plastics currently rank third among the most used plastics worldwide. Despite its widespread use, pure PVC is brittle and sensitive to heat, and manufacturers can only utilize it after stabilizing its properties with other chemicals.

However, these additives, or plasticizers, are only a short-term fix for stabilizing PVC. Over time, plasticizers leach from the plastics, which allows the material to deteriorate into potentially hazardous organics and microplastics. Now, a team led by Christo Sevov, the principal investigator of the study and an associate professor in chemistry and biochemistry at The Ohio State University, found that using electricity to permanently affix those chemical additives can prevent such unwanted reactions.

"Instead of mixing in those chemicals, our method involves chemically bonding the plasticizer compound directly to PVC by grafting them onto the backbone of the polymer," said Sevov.

Altering PVC molecules in this way allows for them to become more durable and resistant to chemical changes, eventually leading to materials with more robust properties.

"This is really one of the few examples that we have where there's this much control over changing the properties of PVC," said Sevov. "So this is the first step in controllably modifying PVC to give it properties you're interested in, whether it's hard, stretchy or soft."

The team did run into some challenges; synthetic polymer modifications often fail because the reactions were originally developed for small-molecule analogs, not big-molecule analogs such as pure PVC. To solve this, researchers optimized the catalyst they used in their process, and through trial and error, were able to overcome the issues that arise when editing big molecules.




The study was recently published in the journal Chem.

Outside of making leaps in organic chemistry, the team's work also has implications for the environment, as putting a cap on how quickly plastics degrade can do much to curb the release of microplastics -- tiny pieces of plastic debris -- into our surroundings.

Today, scientists know that these particles, which have been found to pollute the air, water and our food supply, are harmful both to humans and wildlife. The average person likely ingests between 78,000 and 211,000 of these particles every year.

But as experts are beginning to understand the long-term impact microplastics have on Earth, organic chemists are racing to find ways to phase them out of everyday life, said Sevov.

"Many chemists are shifting their efforts to studying big molecules and developing new chemistries for upcycling, recycling and modifying well-known polymers," he said. For example, trying to recycle PVC products can cause further degradation to the material due to the high temperatures it takes to convert plastic into something else, so the process isn't very efficient.

But using Sevov's method, "You can potentially reuse the material many, many more times before it really begins to fall apart, improving its lifetime and reusability," he said.




In the future, more control over which materials will be safe for consumers will come once efforts to fix PVC leakage can be reliably scaled up, something that the study emphasizes that, at the moment, is possible with their method alone.

"There's no better way to do this on the scale you would need for commercial PVC modification because it is an immense process," said Sevov. "There's still a lot to play around with before we solve the microplastic situation, though now we've laid the groundwork for how to do it."

Other Ohio State co-authors include Jordan L.S. Zackasee, Valmuri Srivardhan, Blaise L. Truesdell and Elizabeth J. Vrana. This work was supported by the Department of Energy's Early Career Research Program.
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In odd galaxy, NASA's Webb finds potential missing link to first stars | ScienceDaily
Looking deep into the early universe with NASA's James Webb Space Telescope, astronomers have found something unprecedented: a galaxy with an odd light signature, which they attribute to its gas outshining its stars. Found approximately one billion years after the big bang, galaxy GS-NDG-9422 (9422) may be a missing-link phase of galactic evolution between the universe's first stars and familiar, well-established galaxies.


						
"My first thought in looking at the galaxy's spectrum was, 'that's weird,' which is exactly what the Webb telescope was designed to reveal: totally new phenomena in the early universe that will help us understand how the cosmic story began," said lead researcher Alex Cameron of the University of Oxford.

Cameron reached out to colleague Harley Katz, a theorist, to discuss the strange data. Working together, their team found that computer models of cosmic gas clouds heated by very hot, massive stars, to an extent that the gas shone brighter than the stars, was nearly a perfect match to Webb's observations.

"It looks like these stars must be much hotter and more massive than what we see in the local universe, which makes sense because the early universe was a very different environment," said Katz, of Oxford and the University of Chicago.

In the local universe, typical hot, massive stars have a temperature ranging between 70,000 to 90,000 degrees Fahrenheit (40,000 to 50,000 degrees Celsius). According to the team, galaxy 9422 has stars hotter than 140,000 degrees Fahrenheit (80,000 degrees Celsius).

The research team suspects that the galaxy is in the midst of a brief phase of intense star formation inside a cloud of dense gas that is producing a large number of massive, hot stars. The gas cloud is being hit with so many photons of light from the stars that it is shining extremely brightly.

In addition to its novelty, nebular gas outshining stars is intriguing because it is something predicted in the environments of the universe's first generation of stars, which astronomers classify as Population III stars.




"We know that this galaxy does not have Population III stars, because the Webb data shows too much chemical complexity. However, its stars are different than what we are familiar with -- the exotic stars in this galaxy could be a guide for understanding how galaxies transitioned from primordial stars to the types of galaxies we already know," said Katz.

At this point, galaxy 9422 is one example of this phase of galaxy development, so there are still many questions to be answered. Are these conditions common in galaxies at this time period, or a rare occurrence? What more can they tell us about even earlier phases of galaxy evolution? Cameron, Katz, and their research colleagues are actively identifying more galaxies to add to this population to better understand what was happening in the universe within the first billion years after the big bang.

"It's a very exciting time, to be able to use the Webb telescope to explore this time in the universe that was once inaccessible," Cameron said. "We are just at the beginning of new discoveries and understanding."

The research paper is published in Monthly Notices of the Royal Astronomical Society.
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A new era of solar observation | ScienceDaily
For the first time, scientists have taken near-daily measurements of the Sun's global coronal magnetic field, a region of the Sun that has only been observed irregularly in the past. The resulting observations are providing valuable insights into the processes that drive the intense solar storms that impact fundamental technologies, and thus lives and livelihoods, here on Earth.


						
An analysis of the data, collected over eight months by an instrument called the Upgraded Coronal Multi-channel Polarimeter (UCoMP), is published today in Science.

The solar magnetic field is the primary driver of solar storms, which can pose threats to power grids, communication systems, and in-space technologies like GPS. However, our ability to understand how the magnetic field builds up energy and erupts has been limited by the challenge of observing it in the solar corona, the Sun's upper atmosphere.

Measuring the magnetism of the region through standard polarimetric methods typically requires large, expensive equipment that to date has only been able to study small segments of the corona. However, the combined use of coronal seismology and UCoMP observations makes it possible for researchers to produce consistent and comprehensive views of the magnetic field of the global corona -- the whole-Sun view one sees during a solar eclipse.

"Global mapping of the coronal magnetic field has been a big missing part in the study of the Sun," said Zihao Yang, lead author who pursued this research as a PhD graduate at Peking University, China, and is now a postdoctoral fellow at the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR). "This research is helping us fill a crucial gap in our understanding of coronal magnetic fields, which are the source of the energy for storms that can impact Earth.?"

The international team is made of researchers from Northumbria University, UK; NSF NCAR; Peking University, China; and University of Michigan. The research was funded by a grant from the National Natural Science Foundation of China and the National Key R&D Program of China and supported by the Newkirk graduate student fellowship awarded to Yang by NSF NCAR. The UCoMP instrument was developed with support from the U.S. National Science Foundation (NSF) and is operated by NSF NCAR at the Mauna Loa Solar Observatory.

Upgraded instrument

Although scientists have been able to routinely measure the magnetic field on the Sun's surface, known as the photosphere, it has long been difficult to measure the much dimmer coronal magnetic field. This has limited a deeper understanding of the three-dimensional structure and evolution of the magnetic field of the corona, where solar storms brew.




To measure the three-dimensional coronal magnetic fields in depth, big telescopes like NSF's Daniel K. Inouye Solar Telescope (DKIST) are needed. With a 4-meter-diameter aperture, DKIST is the world's largest solar telescope, and recently demonstrated its groundbreaking ability for making detailed observations of the coronal magnetic field. However, DKIST is not able to map the Sun all at once. The smaller UCoMP instrument is actually better-suited to give scientists global pictures of the coronal magnetic field, albeit at lower resolution and in a two-dimensional projection. The observations from both sources are thus highly-complementary to a holistic view of the coronal magnetic field.

UCoMP is primarily a coronagraph, an instrument that uses a disc to block out light from the Sun, similar to an eclipse, making it easier to observe the corona. It also combines a Stokes polarimeter, which images other spectral information such as coronal line intensity and Doppler velocity. Even though UCoMP has a much smaller aperture (20 cm), it is able to take a wider view which makes it possible to study the entire Sun on most days.

The researchers applied a method called coronal seismology to track magnetohydrodynamic (MHD) transverse waves in the UCoMP data. The MHD waves gave them information that made it possible to create a two-dimensional map of the strength and direction of the coronal magnetic field.

In 2020, a previous study used UCoMP's predecessor and the coronal seismology method to produce the first map of the global coronal magnetic field. This was a crucial step toward routine coronal magnetic field measurements. UCoMP has expanded capabilities that makes it possible to make more detailed, routine measurements. During the UCoMP study, the research team produced 114 magnetic field maps between February and October 2022, or one almost every other day.

"We are entering a new era of solar physics research where we can routinely measure the coronal magnetic field," said Yang.

Completing the picture

The observations also produced the first measurements of the coronal magnetic field in the polar regions. The Sun's poles have never been directly observed because the curve of the Sun near the poles keeps it just beyond our view from Earth. Though the researchers didn't directly view the poles, for the first time they were able to take measurements of the magnetism emitting from them. This was due in part to the improved data quality provided by UCoMP and because the Sun was near solar maximum. The typically weak emissions from the polar region have been much stronger, making it easier to obtain coronal magnetic field results in the polar regions.




As a postdoctoral fellow at NSF NCAR, Yang will continue his research of the Sun's magnetic field; he hopes to improve existing coronal models that are based on measurements of the photosphere. Since the current method used with UCoMP is limited to two dimensions, it still doesn't capture the full three-dimensional magnetic field. Yang and his colleagues hope to combine their research with other techniques to get a deeper understanding of the full vector of the magnetic field in the corona.

The third dimension of the magnetic field, oriented along a viewer's line of sight, is of particular importance for understanding how the corona is energized leading up to a solar eruption. Ultimately, a combination of a large telescope and a global field of view is needed to measure all the three-dimensional twists and tangles behind phenomena like solar eruptions; this is the motivation behind the proposed Coronal Solar Magnetism Observatory (COSMO), a 1.5-meter-diameter solar refracting telescope undergoing its final design study.

"Since coronal magnetism is the force that sends mass from the Sun flying across the solar system, we have to observe it in 3D -- and everywhere all at once, throughout the global corona," said Sarah Gibson, COSMO Development Lead and an NSF NCAR scientist co-author on the paper. "Yang's work represents a huge step forward in our ability to understand how the Sun's global coronal magnetic field changes from day to day. This is critical to our ability to better predict and prepare for solar storms, which are an ever-increasing danger to our ever-more technologically dependent lives here on Earth."
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        In studying the mating rituals of fruit flies, scientists may have learned something about how brains evolve
        Researchers have identified how the architecture of brain circuits helps different species flexibly adapt to new mating signals across evolutionary timeframes.

      

      
        Researchers discover new insights into bacterial photosynthesis
        Researchers have discovered new understanding of bacterial photosynthesis. Using cutting-edge techniques, investigators have unveiled intricate detailed images of the key photosynthetic protein complexes of purple bacteria. These images shed new light on how these microorganisms harness solar energy.

      

      
        Viruses are teeming on your toothbrush, showerhead
        Microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

      

      
        Heavy metals in the ocean become more toxic
        Toxic trace elements such as lead, mercury, arsenic, and cadmium naturally occur in small quantities in coastal seas. However, human activities, such as industry and agriculture, contribute significantly larger amounts. A new study has examined how climate change already affects the distribution and accumulation of these elements and how it could impact them in the future. One of the findings: Climate-related natural events are releasing more contaminants, which pose a risk to both human and anim...

      

      
        Study probes how eating less can extend lifespan
        Researchers tracked the health of nearly one thousand mice on a variety of diets to see if these diets would extend the mice's lifespan. The study was designed to ensure that each mouse was genetically distinct, which allowed the team to better represent the genetic diversity of the human population. By doing so, the results are made more clinically relevant, elevating the study to one of the most significant investigations into aging and lifespan to date.

      

      
        Over 160,000 new viruses discovered by AI
        161,979 new RNA viruses have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterized.

      

      
        A matter of taste: Electronic tongue reveals AI 'inner thoughts'
        Researchers recently developed electronic tongue capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. They found that results were even more accurate when artificial intelligence used its own assessment parameters to interpret the data generated by the electronic tongue.

      

      
        Another step towards decoding smell
        We often only realize how important our sense of smell is when it is no longer there: food is not as tasty as it once was, or we no longer react to dangers such as the smell of smoke. Researchers have investigated the neuronal mechanisms of human odor perception for the first time. Individual nerve cells in the brain recognize odors and react specifically to the smell, the image and the written word of an object, for example a banana. The results of this study close a long-standing knowledge gap ...

      

      
        Team engineers new enzyme to produce synthetic genetic material
        A research team describes how they engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.

      

      
        El Nino linked to accelerated ice loss in tropics
        Natural climate patterns such as El Nino are causing tropical glaciers to lose their ice at an alarming rate, a new study has found.

      

      
        Transition to a circular bioeconomy requires getting prices right
        A circular bioeconomy that reduces and recycles waste, transitions away from fossil fuels to renewable bio-based alternatives, and regenerates natural systems is critical for feeding and fueling the world's growing population in environmentally sustainable ways. But it's a complicated concept, and significant questions remain about how it should be implemented and how to get buy-in from farmers, industry, and consumers in a market economy. A new paper by noted agricultural economists and scientis...

      

      
        Adding fall blooming plants may help both managed and wild bees in cities
        There are nearly 4,000 native bee species in the United States, contributing to pollination in agricultural, urban and natural landscapes. Honey bees, however, are not native to the U.S., which has led to concerns that managed honey bee populations might negatively impact wild bees via competition for resources and sharing of pathogens. However, the team recently found that of the 33 genera of native bees studied, only a small number seemed to be negatively affected by the presence of honey bees.

      

      
        New seed fossil sheds light on wind dispersal in plants
        Scientists have discovered one of the earliest examples of a winged seed, granting insight into the origin and early evolution of wind dispersal strategies in plants.

      

      
        Asymmetric placebo effect in response to spicy food
        The expectations humans have of a pleasurable sensation asymmetrically shape neuronal responses and subjective experiences to hot sauce, according to a new study.

      

      
        What we can learn from hungry yeast cells
        Scientists have revealed a new cellular adaptation to starvation, in which the mitochondria of yeast cells get coated by ribosomes. Surprisingly, the ribosomes attach to the mitochondrial outer membrane with a very unusual 'upside-down' orientation. The discovery of this mechanism has potential implications for our understanding of how stressed cancer cells survive starvation.

      

      
        Transition to low-carbon futures: New research uncovers rise in legal challenges to climate action
        As the global push towards low-carbon societies accelerates, a new study reveals that justice concerns are increasingly surfacing in legal disputes over climate policies and projects. This phenomenon, described as 'just transition litigation', emphasizes the need to balance climate action with social justice considerations, ensuring that vulnerable communities are not disproportionately impacted.

      

      
        The secret strength of our cell guards
        Proteins control most of the body's functions, and their malfunction can have severe consequences, such as neurodegenerative diseases or cancer. Therefore, cells have mechanisms in place to control protein quality. In animal and human cells, chaperones of the Hsp70 class are at the heart of this control system, overseeing a wide array of biological processes. Yet, despite their crucial role, the precise molecular mechanism of Hsp70 chaperones has remained elusive for decades. Using a cutting-edge...

      

      
        Increase access to nature in all daily environments and in education
        Although access to nature is a basic human right, people's actual use of green spaces is subject to inequalities. A research team analyzed what conditions make it more likely that people are exposed to nature across generations: the availability of green spaces around where they live, work and shop, as well as nature relatedness and past natural experiences. Their findings may inform policies for urban planning and education for the improvement of human health.

      

      
        Dogs contaminate ponds with parasite medications
        Most dog owners didn't know that flea and tick treatments are dangerous to aquatic life, suggesting more awareness could ease the problem.

      

      
        Solar-powered desalination system requires no extra batteries
        Engineers built a solar-powered desalination system that produces large quantities of clean water despite variations in sunlight throughout the day. Because it requires no extra batteries, it offers a much more affordable way to produce drinking water, compared to other solar-driven designs.

      

      
        Climate report warns of escalating crisis, urges immediate action as UN summit nears
        An international coalition of scientists concludes that the Earth's worsening vital signs indicate a 'critical and unpredictable new phase of the climate crisis' and that 'decisive action is needed, and fast.'

      

      
        New insights into how Mars became uninhabitable
        NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.

      

      
        Should men and women eat different breakfasts to lose weight?
        It's not a bad thing if you pick a toasted bagel for breakfast, while your partner chooses eggs. In fact that difference could help you lose some weight.

      

      
        Antarctic 'greening' at dramatic rate
        Vegetation cover across the Antarctic Peninsula has increased more than tenfold over the last four decades, new research shows.

      

      
        Common consumer product chemicals now tied to cardiac electrical changes
        Some environmental phenols are known to have cardiac toxicities. Now, a new study is revealing their adverse impact on the heart's electrical properties.

      

      
        A novel method to split water to create hydrogen -- a clean source of fuel
        Researchers have developed a novel method using facet-selective, ultrafine cocatalysts to efficiently split water to create hydrogen -- a clean source of fuel.

      

      
        How cells maintain their central processing unit for cell division
        A centromere is a specialized location in the DNA that functions as the control center of cell division and is maintained, unchanged, across generations of cells. It is characterized by a special protein, called centromeric protein A (CENP-A), which marks the centromere and mobilizes other players necessary for cell division.

      

      
        Low stream diatom biodiversity potentially decreasing stream oxygen production in remote islands
        Benthic diatoms are the most important and biodiverse primary producers in streams and comprise the basis for the food webs, fueling animals such as insects and stream fishes including trout.

      

      
        What turns bacteria into spirals?
        A protein determines the shape of bacteria.

      

      
        Gut hormones could hold the key to fighting fatty liver disease
        Fatty liver disease is a growing global health concern. Proglucagon-derived peptides (PGDPs), including glucagon, GLP-1, and GLP-2, are known to regulate lipid metabolism in the liver. However, the mechanism underlying this remains unelucidated. Now, researchers have investigated the role of PGDPs, including glucagon, GLP-1, and GLP-2, in fat accumulation in the liver using GCGKO mice deficient in these peptides.

      

      
        A compost in the sea that produces oxygen
        Researchers studied the fate of the material produced by Posidonia seagrass meadows. This study, carried out in the Mediterranean Sea at STARESO, shows that the dead leaves of what is commonly known as Neptune grass accumulate in shallow areas, where they break down like a compost, remineralizing the organic matter. This has a previously underestimated effect on carbon fluxes in the Mediterranean coastal environments. Surprisingly, alongside this CO2 emission, oxygen production was also measured....

      

      
        After injury, these comb jellies can fuse to become one
        Researchers have made the surprising discovery that one species of comb jelly (Mnemiopsis leidyi) can fuse, such that two individuals readily turn into one following an injury. Afterwards, they rapidly synchronize their muscle contractions and merge digestive tracts to share food.

      

      
        Whale shark shipping collisions may increase as oceans warm
        Global warming could increase the threat posed to whale sharks from large ships, according to a new study.

      

      
        How cells recognize and repair DNA damage
        Genome instability can cause numerous diseases. Cells have effective DNA repair mechanisms at their disposal. A research team has now gained new insights into the DNA damage response.

      

      
        Pterosaurs needed feet on the ground to become giants
        A study determines when and how pterosaurs went from tiny tree-climbers to towering terrestrial titans Flying reptiles first came down from the trees in the mid-Jurassic Period, paving the way for giants with 10-meter wingspans. Fingers and toes point to secrets of flying reptile success.

      

      
        Scientists uncover auditory 'sixth sense' in geckos
        Researchers discover that geckos use a mechanism usually associated with balance to sense vibrations, leading to new insights about how animals hear and feel their surroundings.

      

      
        Drier winter habitat impacts songbirds' ability to survive migration
        A new study shows environmental conditions in migratory birds' winter homes carry over to affect their ability to survive spring migration and the breeding season.

      

      
        Improved water quality offsets in growing cities could protect Reef
        New research shows how growing Queensland regions can learn from biodiversity and carbon offsetting efforts to better meet water quality targets.

      

      
        Toddlers get nearly half their calories from ultra-processed foods
        Toddlers in the UK obtain nearly half (47%) of their calories from ultra-processed foods (UPFs), and this rises to 59% by the age of seven, according to a new study. The most common UPFs consumed by the toddlers -- who were 21 months when their parents recorded their diets -- were flavored yogurts and wholegrain breakfast cereals, products typically seen as healthy. By the age of seven, the most common UPFs were sweet cereals, white bread and puddings.

      

      
        Liquefied natural gas carbon footprint is worse than coal
        Liquefied natural gas leaves a greenhouse gas footprint that is 33% worse than coal, when processing and shipping are taken into account, according to a new study.

      

      
        In lab tests, dietary zinc inhibits AMR gene transmission
        In lab experiments, bacteria transferred plasmids with AMR genes in the presence of zinc at reduced or nonexistent rates. Stopping the transfer without killing microbes may help reduce AMR without disrupting the gut microbiome.

      

      
        Green subsidies may have hidden costs, experts warn
        Government subsidies for business practices and processes should be approached with caution, even when they seem to be environmentally friendly, writes a group of scientists and economists. They argue that subsidies can alter market pressures, leading to unintended consequences that not only perpetuate harmful subsidies over time but also diminish the overall effectiveness of those intended to promote environmental sustainability.

      

      
        How doxycycline for STI prevention affects the gut microbiome
        Taking a dose of the oral antibiotic doxycycline after a high-risk sexual encounter has dramatically reduced the incidence of sexually transmitted infections (STIs) in places where the strategy is being tried.

      

      
        Ant agriculture began 66 million years ago in the aftermath of the asteroid that doomed the dinosaurs
        According to a new study, colonies of ants began farming fungi when an asteroid struck Earth 66 million years ago. This asteroid impact caused a global mass extinction but also created ideal conditions for fungi to thrive. Innovative ants began cultivating the fungi, creating an evolutionary partnership that became even more tightly intertwined 27 million years ago and continues to this day.

      

      
        A new era of solar observation
        For the first time, scientists have taken near-daily measurements of the Sun's global coronal magnetic field, a region of the Sun that has only been observed irregularly in the past. The resulting observations are providing valuable insights into the processes that drive the intense solar storms that impact fundamental technologies, and thus lives and livelihoods, here on Earth.

      

      
        The true global impact of species-loss caused by humans is far greater than expected
        The extinction of hundreds of bird species caused by humans over the last 130,000 years has led to substantial reductions in avian functional diversity -- a measure of the range of different roles and functions that birds undertake within the environment -- and resulted in the loss of approximately 3 billion years of unique evolutionary history, according to a new study.
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In studying the mating rituals of fruit flies, scientists may have learned something about how brains evolve | ScienceDaily
Male fruit flies have several tricks for finding a mate, from sensing pheromones in the dark to relying on visual cues in the light.


						
Now, new research reveals that these tiny suitors are leveraging a flexible network of modular brain circuits to quickly adapt to different mating signals. The study, published in Nature, is the first to describe how diverse species of fruit flies plug new sensory inputs, such as pheromones, into a set of basic brain circuits without needing to develop new neural pathways from scratch.

The findings offer a larger framework for understanding how brain wiring can change to influence behavioral evolution. "The diversity of behaviors across the animal kingdom is enormous, but the underlying mechanisms of how nervous systems are shaped by evolution have been very difficult to unravel," says Vanessa Ruta, head of the Laboratory of Neurophysiology and Behavior. "Here we uncovered what we believe is a key neural mechanism that gives brain circuits the flexibility to rewire across species."

Plug-and-play

One of the great mysteries of behavioral evolution is how, as species diversify, brain circuits keep pace with the rapid changes in social signals that allow individuals to find their ideal mates. Courtship behaviors, for instance, evolve quickly, making it difficult to imagine that the fly brain completely reinvents itself every time a new pheromone enters the Drosophila repertoire.

But until now, it was not possible to identify where evolution acts in the nervous system to alter behavior, and so the key features of what makes such circuits so adaptable remained a mystery. Ruta's group turned to fruit flies, where closely related species share similar brains but rely on vastly different cues for mating rituals. D. simulans, for instance, mainly relies on visual cues to find a mate, while D. yakuba evolved a novel capacity to use pheromones to find a mate even in complete darkness. These and other variations presented an opportunity to study how similar brains detect and perceive different social cues.

"We started looking for parts of the brain that might be primed for flexibility," says Rory Coleman, first author on the study and a postdoctoral fellow in the Ruta lab. "We were searching for features that might make the circuit intrinsically adaptable, potential evolutionary hotspots driving behavioral diversification."

After comparing pheromone-sensing circuits across multiple species -- using behavioral assays, genetic tools, neuroimaging, and CRISPR genome editing -- they ultimately singled out sensory neurons in the male forelegs and P1 neurons in the higher brain as key to modulating courtship across species. The team found that the basic neural building blocks of male mating behaviors, such as the P1 neurons, are present across species, but different sensory signals can be flexibly wired into this node. This allows fly species to develop different mating strategies without rewiring their entire brains.




For instance, the researchers found that P1 neurons were activated in response to entirely different types of pheromones in D. melanogaster and D. yakuba. Yet the role of P1 neurons in initiating courtship was still conserved across both species. "One important discovery from our work is that there are discrete nodes within the brains of each of these species that can flexibly integrate new sensory modalities," Ruta says. "This flexibility allows conserved nodes like the P1 neurons to still initiate courtship in different species but respond to the distinct cues of their females."

A social brain

This research falls under the umbrella of Rockefeller's Price Family Center for the Social Brain, an initiative focusing on understanding the neuronal, cellular, and molecular foundations of social behavior. In addition to shedding light on flexibility in the face of new sensory inputs, the present work also illustrates an experimental approach for studying how social behaviors evolve across species. "Our results demonstrate that Drosophila is a powerful system for studying behavioral evolution," Ruta says.

By examining how variations in neural circuits shape behaviors like mating, the lab hopes to advance our understanding of the complex interplay between brain function and social behaviors, providing a framework for understanding how social circuits are built to produce adaptive behaviors in the human brain. And while the brain structures of flies and humans differ substantially, it is likely some of the underlying principles of how neural circuits evolve and adapt are conserved across species

"We hope that comparative evolutionary studies like this one will reveal the core rules shaping how neural circuits have been built across the animal kingdom, including in humans," Coleman says. "Many neurological disorders are thought to arise from the miswiring of circuits" Ruta adds. "By examining neural circuits through the lens of evolution, we hope to shed light on which neural motifs can change and how they can be altered, not through the ravages of disease, but as a consequence of evolutionary selection."
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Researchers discover new insights into bacterial photosynthesis | ScienceDaily
Researchers at the University of Liverpool and collaborators have discovered new understanding of bacterial photosynthesis.


						
Using cutting-edge techniques, investigators have unveiled intricate detailed images of the key photosynthetic protein complexes of purple bacteria. These images shed new light on how these microorganisms harness solar energy.

The study, published today, not only advances scientists' understanding of bacterial photosynthesis but also has potential applications in the development of artificial photosynthetic systems for clean energy production.

Like plants, many bacteria have evolved the remarkable ability to convert light into energy through a process called bacterial photosynthesis. This important biological reaction enables the microorganisms to play a crucial role in global nutrient cycles and energy flow in ecosystems and form the base of aquatic food chains. Studying ancient bacterial photosynthesis also helps to understand the evolution of life on Earth.

This latest work presents high-resolution structures of photosynthetic reaction centre[?]light harvesting complexes (RC[?]LH1) from Rhodobacter blasticus, a model organism for understanding bacterial photosynthesis.

The research team of collaborators from the University of Liverpool, the Ocean University of China, Huazhong Agricultural University and Thermo Fisher Scientific, captured detailed images of both monomeric and dimeric forms of the RC-LH1 membrane protein supercomplexes. These structures reveal unique features that distinguish R. blasticus from its close relatives, highlighting the remarkable variability in photosynthetic systems among purple bacteria.

Professor Luning Liu, Chair of Microbial Bioenergetics and Bioengineering, University of Liverpool said: "By revealing these natural photosynthetic mechanisms, we open new avenues for designing more efficient light-harvesting and energy transduction systems or cells. This study represents a significant step forward in our comprehension of how bacteria optimize their photosynthetic machinery, providing valuable insights that could inform future clean energy innovations."

A unique feature of the RC-LH1 dimer of R. blasticus is its flatter conformation compared to its counterparts from other model species. This structure provides the foundation for specific membrane curvature and energy transfer efficiency in bacteria.




Unlike some related bacteria, R. blasticus lacks a protein component called PufY in the RC-LH1 structure. The study revealed that its absence compensates with additional light-harvesting subunits that create a more enclosed LH1 structure. This was determined to affect electron transport rates of the RC-LH1 structure.

This systematic study, integrating structural biology, in silico simulations, and spectroscopic studies, provides new insights into how bacterial photosynthetic complexes assemble and mediate electron transfer, crucial processes for energy production.

Lead researcher, Professor Luning Liu added: "Our findings demonstrate the structural diversity of photosynthetic complexes even among closely related bacterial species. This variability likely reflects different evolutionary adaptations to specific environmental conditions. We are thrilled that we can contribute such molecular details in the investigation of photosynthetic mechanisms and evolution."
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Viruses are teeming on your toothbrush, showerhead | ScienceDaily
Step aside tropical rainforests and coral reefs -- the latest hotspot to offer awe-inspiring biodiversity lies no further than your bathroom.


						
In a new Northwestern University-led study, microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

Although this might sound ominous, the good news is these viruses don't target people. They target bacteria.

The microorganisms collected in the study are bacteriophage, or "phage," a type of virus that infects and replicates inside of bacteria. Although researchers know little about them, phage recently have garnered attention for their potential use in treating antibiotic-resistant bacterial infections. And the previously unknown viruses lurking in our bathrooms could become a treasure trove of materials for exploring those applications.

The study will be published Wednesday (Oct. 9) in the journal Frontiers in Microbiomes.

"The number of viruses that we found is absolutely wild," said Northwestern's Erica M. Hartmann, who led the study. "We found many viruses that we know very little about and many others that we have never seen before. It's amazing how much untapped biodiversity is all around us. And you don't even have to go far to find it; it's right under our noses."

An indoor microbiologist, Hartmann is an associate professor of civil and environmental engineering at Northwestern's McCormick School of Engineering and a member of the Center for Synthetic Biology.




The return of 'Operation Pottymouth'

The new study is an offshoot of previous research, in which Hartmann and her colleagues at University of Colorado at Boulder characterized bacteria living on toothbrushes and showerheads. For the previous studies, the researchers asked people to submit used toothbrushes and swabs with samples collected from their showerheads.

Inspired by concerns that a flushing toilet might generate a cloud of aerosol particles, Hartmann affectionately called the toothbrush study, "Operation Pottymouth."

"This project started as a curiosity," Hartmann said. "We wanted to know what microbes are living in our homes. If you think about indoor environments, surfaces like tables and walls are really difficult for microbes to live on. Microbes prefer environments with water. And where is there water? Inside our showerheads and on our toothbrushes."

Diversity and opportunities

After characterizing bacteria, Hartmann then used DNA sequencing to examine the viruses living on those same samples. She was immediately blown away. Altogether, the samples comprised more than 600 different viruses -- and no two samples were alike.




"We saw basically no overlap in virus types between showerheads and toothbrushes," Hartmann said. "We also saw very little overlap between any two samples at all. Each showerhead and each toothbrush is like its own little island. It just underscores the incredible diversity of viruses out there."

While they found few patterns among all the samples, Hartmann and her team did notice more mycobacteriophage than other types of phage. Mycobacteriophage infect mycobacteria, a pathogenic species that causes diseases like leprosy, tuberculosis and chronic lung infections. Hartmann imagines that, someday, researchers could harness mycobacteriophage to treat these infections and others.

"We could envision taking these mycobacteriophage and using them as a way to clean pathogens out of your plumbing system," she said. "We want to look at all the functions these viruses might have and figure out how we can use them."

Most microbes 'will not make us sick'

But, in the meantime, Hartmann cautions people not to fret about the invisible wildlife living within our bathrooms. Instead of grabbing for bleach, people can soak their showerheads in vinegar to remove calcium buildup or simply wash them with plain soap and water. And people should regularly replace toothbrush heads, Hartmann says. Hartmann also is not a fan of antimicrobial toothbrushes, which she said can lead to antibiotic-resistant bugs.

"Microbes are everywhere, and the vast majority of them will not make us sick," she said. "The more you attack them with disinfectants, the more they are likely to develop resistance or become more difficult to treat. We should all just embrace them."

The study, "Phage communities in household-related biofilms correlate with bacterial hosts but do not associate with other environmental factors," was supported by Northwestern University.
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Heavy metals in the ocean become more toxic | ScienceDaily
Toxic trace elements such as lead, mercury, arsenic and cadmium occur naturally in small quantities in coastal seas. However, human activities such as industry and agriculture contribute significantly larger amounts. A new study has examined how climate change is already affecting the distribution and accumulation of these elements, and how it might do so in the future. One of the findings: Climate-related natural events are releasing more pollutants that pose a risk to human and animal health. However, there is still insufficient knowledge about how these contaminants will behave in the future.


						
The ocean is warming, becoming more acidic, and losing oxygen -- these are well-known effects of climate change. What has been less studied is how these changes are affecting contaminants in the seas. A new study titled "Impacts of Climate Change on the Transport, Fate, and Biogeochemistry of Contaminants in Coastal Marine Ecosystems" has investigated the interaction of trace elements with climate change. The findings have been published in the Nature journal Communications Earth & Environment.

Climate Events are Releasing More Contaminants

"We wanted to understand how trace elements are being affected by climate change -- an area that has seen very little research so far," explains Dr Rebecca Zitoun, marine chemist at GEOMAR Helmholtz Centre for Ocean Research Kiel and co-lead author of the study alongside her Croatian colleague Dr Sasa Marcinek from the Ruder Boskovic Institute in Zagreb. "We examined both human-induced and natural sources." Metals such as lead, mercury, and cadmium enter the oceans not only through human activities such as industry or fossil fuel burning. Natural sources are also changing due to climate change: rising sea levels, rivers overflowing or drying up, melting sea ice and glaciers -- all these processes mobilise and increase contaminant flows.

The study summarises the findings of a working group of the UN Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP) focusing on metal contaminants in the ocean. The working group was initiated by Dr Sylvia Sander, Professor of Marine Mineral Resources at GEOMAR and former head of the Marine Environmental Studies Laboratories at the International Atomic Energy Agency (IAEA) in Monaco. Christoph Volker from the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) is also contributing from Germany.

"Our working group has focused on the effects of climate change and greenhouse gases on contaminants in the ocean," explains Dr Sander. One example of these impacts is rising mercury levels in Arctic waters: melting glaciers, thawing permafrost and coastal erosion are releasing more mercury from natural sources. This poses a particular threat to communities that rely on traditional fishing, as mercury accumulates in the food chain and can end up on our plates through the consumption of contaminated fish.

Human Sources of Toxic Metals

"Human activities have increased the global flow of toxic metals such as lead by tenfold and mercury by three to seven times compared to pre-industrial levels," says Professor Sander, highlighting another example. "Toxic elements like silver are increasingly detectable in coastal waters, originating from coal combustion and the growing use of silver nanoparticles in antibacterial products." Additionally, shipping and the use of plastics contribute to the spread of heavy metals. Plastics can bind metals such as copper, zinc, and lead from the water. These bound contaminants can also enter the food chain.




In the future, the human contribution of heavy metals could rise further due to the increasing exploitation of the oceans.

Trace Elements in Seawater are Sensitive to Climate Change

Climate changes, such as rising sea temperatures, ocean acidification, and oxygen depletion, impact trace elements in various ways.

Higher water temperatures increase the bioavailability and uptake of trace elements such as mercury by marine organisms. This happens because higher temperatures boost metabolism, reduce oxygen solubility, and increase gill ventilation, leading to more metals entering organisms and accumulating in their bodies.

As the ocean absorbs most of the carbon dioxide (CO2) released by humans, it becomes more acidic -- the pH level drops. This increases the solubility and bioavailability of metals such as copper, zinc, or iron. The effect is particularly pronounced with copper, which is highly toxic to many marine organisms at higher concentrations.

Furthermore, the growing depletion of oxygen, especially in coastal zones and on the seabed, enhances the toxic effects of trace elements. This stresses organisms that live directly in or on the seabed, such as mussels, crabs, and other crustaceans.




Double Burden: Pollutants and Climate Change

Human activities influence the amount of contaminants in coastal regions in two ways: directly through the release of pollutants into the environment, and indirectly through the impacts of human-induced climate change on natural sources.

However, the study also reveals that there is still insufficient data on how climate change influences contaminants in the ocean. The working group calls for increased research into new and under-studied contaminants. Additionally, better models should be developed, and legislation adjusted to improve control over the impact of contaminants in the seas.

Dr Rebecca Zitoun: "To better understand the impacts on ecosystems and human health, we need to close knowledge gaps on the interactions between pollutants and climate change and develop standardised methods that provide globally comparable data." This is a crucial step towards strengthening marine protection and developing sustainable solutions for vulnerable coastal areas.
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Study probes how eating less can extend lifespan | ScienceDaily
For nearly a century, laboratory studies have shown consistent results: eat less food, or eat less often, and an animal will live longer. But scientists have struggled to understand why these kinds of restrictive diets work to extend lifespan, and how to best implement them in humans. Now, in a long-awaited study to appear in the Oct. 9 issue of Nature, scientists at The Jackson Laboratory (JAX) and collaborators tracked the health of nearly one thousand mice on a variety of diets to make new inroads into these questions.


						
The study was designed to ensure that each mouse was genetically distinct, which allowed the team to better represent the genetic diversity of the human population. By doing so, the results are made more clinically relevant, elevating the study to one of the most significant investigations into aging and lifespan to date.

The study concluded that eating fewer calories had a greater impact on lifespan than periodic fasting, revealing that very-low-calorie diets generally extended the mice's lifespan regardless of their body fat or glucose levels -- both typically seen as markers of metabolic health and aging. Surprisingly, the mice that lived the longest on the restrictive diets were those that lost the least weight despite eating less. Animals that lost the most weight on these diets tended to have low energy, compromised immune and reproductive systems, and shorter lives.

"Our study really points to the importance of resilience," said Gary Churchill, Karl Gunnar Johansson Chair and professor at JAX who led the study. "The most robust animals keep their weight on even in the face of stress and caloric restriction, and they are the ones that live the longest. It also suggests that a more moderate level of calorie restriction might be the way to balance long-term health and lifespan."

Churchill and his colleagues assigned female mice to any of five different diets: one in which the animals could freely eat any amount of food at any time, two in which the animals were provided only 60% or 80% of their baseline calories each day, and two in which the animals were not given any food for either one or two consecutive days each week but could eat as much as they wanted on the other days. Then, the mice were studied for the rest of their lives with periodic blood tests and extensive evaluation of their overall health.

Overall, mice on unrestricted diets lived for an average of 25 months, those on the intermittent fasting diets lived for an average of 28 months, those eating 80% of baseline lived for an average of 30 months, and those eating 60% of baseline lived for 34 months. But within each group, the range of lifespans was wide; mice eating the fewest calories, for example, had lifespans ranging from a few months to four and a half years.

When the researchers analyzed the rest of their data to try to explain this wide range, they found that genetic factors had a far greater impact on lifespan than diets, highlighting how underlying genetic features, yet to be identified, play a major role in how these diets would affect an individual person's health trajectory. Moreover, they pinpointed genetically-encoded resilience as a critical factor in lifespan; mice that naturally maintained their body weight, body fat percentage and immune cell health during periods of stress or low food intake, as well as those that did not lose body fat late in life, survived the longest.

"If you want to live a long time, there are things you can control within your lifetime such as diet, but really what you want is a very old grandmother," Churchill said.

The study also cast doubt on traditional ideas about why certain diets can extend life in the first place. For example, factors like weight, body fat percentages, blood glucose levels and body temperature did not explain the link between cutting calories and living a longer life. Instead, the study found that immune system health and traits related to red blood cells were more clearly connected to lifespan. Importantly, those findings mean that human studies of longevity -- which often use metabolic measurements as markers for aging or youthfulness -- may be overlooking more important aspects of healthy aging.

"While caloric restriction is generally good for lifespan, our data show that losing weight on caloric restriction is actually bad for lifespan," Churchill explained. "So when we look at human trials of longevity drugs and see that people are losing weight and have better metabolic profiles, it turns out that might not be a good marker of their future lifespan at all."
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Over 160,000 new viruses discovered by AI | ScienceDaily
Artificial intelligence (AI) has been used to reveal details of a diverse and fundamental branch of life living right under our feet and in every corner of the globe.


						
161,979 new species of RNA virus have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterised.

Published in Cell and conducted by an international team of researchers,the study is the largest virus species discovery paper ever published.

"We have been offered a window into an otherwise hidden part of life on earth, revealing remarkable biodiversity," said senior author Professor Edwards Holmes from the School of Medical Sciences in the Faculty of Medicine and Health at the University of Sydney.

"This is the largest number of new virus species discovered in a single study, massively expanding our knowledge of the viruses that live among us," Professor Holmes said. "To find this many new viruses in one fell swoop is mind-blowing, and it just scratches the surface, opening up a world of discovery. There are millions more to be discovered, and we can apply this same approach to identifying bacteria and parasites."

Although RNA viruses are commonly associated with human disease, they are also found in extreme environments around the world and may even play key roles in global ecosystems. In this study they were found living in the atmosphere, hot springs and hydrothermal vents.

"That extreme environments carry so many types of viruses is just another example of their phenomenal diversity and tenacity to live in the harshest settings, potentially giving us clues on how viruses and other elemental life-forms came to be," Professor Holmes said.




HOW THE AI TOOL WORKED 

The researchers built a deep learning algorithm, LucaProt, to compute vast troves of genetic sequence data, including lengthy virus genomes of up to 47,250 nucleotides and genomically complex information to discover more than 160,000 viruses.

"The vast majority of these viruses had been sequenced already and were on public databases, but they were so divergent that no one knew what they were," Professor Holmes said. "They comprised what is often referred to as sequence 'dark matter'. Our AI method was able to organise and categorise all this disparate information, shedding light on the meaning of this dark matter for the first time.

The AI tool was trained to compute the dark matter and identify viruses based on sequences and the secondary structures of the protein that all RNA viruses use for replication.

It was able to significantly fast track virus discovery, which, if using traditional methods, would be time intensive.

Co-author from Sun Yat-sen University, the study's institutional lead, Professor Mang Shi said: "We used to rely on tedious bioinformatics pipelines for virus discovery, which limited the diversity we could explore. Now, we have a much more effective AI-based model that offers exceptional sensitivity and specificity, and at the same time allows us to delve much deeper into viral diversity. We plan to apply this model across various applications."

Co-author Dr Zhao-Rong Li, who researches in the Apsara Lab of Alibaba Cloud Intelligence, said: "LucaProt represents a significant integration of cutting-edge AI technology and virology, demonstrating that AI can effectively accomplish tasks in biological exploration. This integration provides valuable insights and encouragement for further decoding of biological sequences and the deconstruction of biological systems from a new perspective. We will also continue our research in the field of AI for virology."

Professor Holmes said: "The obvious next step is to train our method to find even more of this amazing diversity, and who knows what extra surprises are in store."
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A matter of taste: Electronic tongue reveals AI 'inner thoughts' | ScienceDaily
A recently developed electronic tongue is capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. The team, led by researchers at Penn State, also found that results were even more accurate when artificial intelligence (AI) used its own assessment parameters to interpret the data generated by the electronic tongue.


						
The researchers published their results today (Oct. 9) in Nature.

According to the researchers, the electronic tongue can be useful for food safety and production, as well as for medical diagnostics. The sensor and its AI can broadly detect and classify various substances while collectively assessing their respective quality, authenticity and freshness. This assessment has also provided the researchers with a view into how AI makes decisions, which could lead to better AI development and applications, they said.

"We're trying to make an artificial tongue, but the process of how we experience different foods involves more than just the tongue," said corresponding author Saptarshi Das, Ackley Professor of Engineering and professor of engineering science and mechanics. "We have the tongue itself, consisting of taste receptors that interact with food species and send their information to the gustatory cortex -- a biological neural network."

The gustatory cortex is the region of the brain that perceives and interprets various tastes beyond what can be sensed by taste receptors, which primarily categorize foods via the five broad categories of sweet, sour, bitter, salty and savory. As the brain learns the nuances of the tastes, it can better differentiate the subtlety of flavors. To artificially imitate the gustatory cortex, the researchers developed a neural network, which is a machine learning algorithm that mimics the human brain in assessing and understanding data.

"Previously, we investigated how the brain reacts to different tastes and mimicked this process by integrating different 2D materials to develop a kind of blueprint as to how AI can process information more like a human being," said co-author Harikrishnan Ravichandran, a doctoral student in engineering science and mechanics advised by Das. "Now, in this work, we're considering several chemicals to see if the sensors can accurately detect them, and furthermore, whether they can detect minute differences between similar foods and discern instances of food safety concerns."

The tongue comprises a graphene-based ion-sensitive field-effect transistor, or a conductive device that can detect chemical ions, linked to an artificial neural network, trained on various datasets. Critically, Das noted, the sensors are non-functionalized, meaning that one sensor can detect different types of chemicals, rather than having a specific sensor dedicated to each potential chemical. The researchers provided the neural network with 20 specific parameters to assess, all of which are related to how a sample liquid interacts with the sensor's electrical properties. Based on these researcher-specified parameters, the AI could accurately detect samples -- including watered-down milks, different types of sodas, blends of coffee and multiple fruit juices at several levels of freshness -- and report on their content with greater than 80% accuracy in about a minute.




"After achieving a reasonable accuracy with human-selected parameters, we decided to let the neural network define its own figures of merit by providing it with the raw sensor data. We found that the neural network reached a near ideal inference accuracy of more than 95% when utilizing the machine-derived figures of merit rather than the ones provided by humans," said co-author Andrew Pannone, a doctoral student in engineering science and mechanics advised by Das. "So, we used a method called Shapley additive explanations, which allows us to ask the neural network what it was thinking after it makes a decision."

This approach uses game theory, a decision-making process that considers the choices of others to predict the outcome of a single participant, to assign values to the data under consideration. With these explanations, the researchers could reverse engineer an understanding of how the neural network weighed various components of the sample to make a final determination -- giving the team a glimpse into the neural network's decision-making process, which has remained largely opaque in the field of AI, according to the researchers. They found that, instead of simply assessing individual human-assigned parameters, the neural network considered the data it determined were most important together, with the Shapley additive explanations revealing how important the neural network considered each input data.

The researchers explained that this assessment could be compared to two people drinking milk. They can both identify that it is milk, but one person may think it is skim that has gone off while the other thinks it is 2% that is still fresh. The nuances of why are not easily explained even by the individual making the assessment.

"We found that the network looked at more subtle characteristics in the data -- things we, as humans, struggle to define properly," Das said. "And because the neural network considers the sensor characteristics holistically, it mitigates variations that might occur day-to-day. In terms of the milk, the neural network can determine the varying water content of the milk and, in that context, determine if any indicators of degradation are meaningful enough to be considered a food safety issue."

According to Das, the tongue's capabilities are limited only by the data on which it is trained, meaning that while the focus of this study was on food assessment, it could be applied to medical diagnostics, too. And while sensitivity is important no matter where the sensor is applied, their sensors' robustness provides a path forward for broad deployment in different industries, the researchers said.

Das explained that the sensors don't need to be precisely identical because machine learning algorithms can look at all information together and still produce the right answer. This makes for a more practical -- and less expensive -- manufacturing process.

"We figured out that we can live with imperfection," Das said. "And that's what nature is -- it's full of imperfections, but it can still make robust decisions, just like our electronic tongue."

Das is also affiliated with the Materials Research Institute and the Departments of Electrical Engineering and of Materials Science and Engineering. Other contributors from the Penn State Department of Engineering Science and Mechanics include Aditya Raj, a research technologist at the time of the research; Sarbashis Das, a graduate student at the time of research who earned his doctorate in electrical engineering in May; Ziheng Chen, a graduate student in engineering science and mechanics; and Collin A. Price, a graduate student who earned his bachelor of science in engineering science and mechanics in May. Mahmooda Sultana, with the NASA Goddard Space Flight Center, also contributed.

A Space Technology Graduate Research Opportunities grant from NASA supported this work.
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Another step towards decoding smell | ScienceDaily
We often only realize how important our sense of smell is when it is no longer there: food hardly tastes good, or we no longer react to dangers such as the smell of smoke. Researchers at the University Hospital Bonn (UKB), the University of Bonn and the University of Aachen have investigated the neuronal mechanisms of human odor perception for the first time. Individual nerve cells in the brain recognize odors and react specifically to the smell, the image and the written word of an object, for example a banana. The results of this study close a long-standing knowledge gap between animal and human odor research and have now been published in the journal Nature.


						
Imaging techniques such as functional magnetic resonance imaging (fMRI) have previously revealed which regions of the human brain are involved in olfactory perception. However, these methods do not allow the sense of smell to be investigated at the fundamental level of individual nerve cells. "Therefore, our understanding of odor processing at the cellular level is mainly based on animal studies, and it has not been clear to what extent these results can be transferred to humans," says co-corresponding author Prof. Florian Mormann from the Department of Epileptology at the UKB, who is also a member of the Transdisciplinary Research Area (TRA) "Life & Health" at the University of Bonn.

Nerve cells in the brain identify odors

Prof. Mormann's research group has now succeeded for the first time in recording the activity of individual nerve cells during smelling. This was only possible because the researchers worked together with patients from the Clinic for Epileptology at the UKB, one of the largest epilepsy centers in Europe, who had electrodes implanted in their brains for diagnostic purposes. They were presented with both pleasant and unpleasant scents, such as old fish. "We discovered that individual nerve cells in the human brain react to odors. Based on their activity, we were able to precisely predict which scent was being smelled," says first author Marcel Kehl, a doctoral student at the University of Bonn in Prof. Mormann's working group at the UKB. The measurements showed that different brain regions such as the primary olfactory cortex, anatomically known as the piriform cortex, and also certain areas of the medial temporal lobe, specifically the amygdala, the hippocampus and the entorhinal cortex, are involved in specific tasks. While the activity of nerve cells in the olfactory cortex most accurately predicted which scent was smelled, neuronal activity in the hippocampus was able to predict whether scents were correctly identified. Only nerve cells in the amygdala, a region involved in emotional processing, reacted differently depending on whether a scent was perceived as pleasant or unpleasant.

Nerve cells react to the smell, image and name of the banana

In a next step, the researchers investigated the connection between the perception of scents and images. To do this, they presented the participants in the Bonn study with the matching images for each odor, for example the scent and later a photo of a banana, and examined the reaction of the neurons. Surprisingly, nerve cells in the primary olfactory cortex responded not only to scents, but also to images. "This suggests that the task of the human olfactory cortex goes far beyond the pure perception of odors," says co-corresponding author Prof. Marc Spehr from the Institute of Biology II at RWTH Aachen University.

The researchers discovered individual nerve cells that reacted specifically to the smell, the image and the written word of -- for example -- the banana. This discovery indicates that semantic information are processed early on in human olfactory processing. The results not only confirm decades of animal studies, but also show how different brain regions are involved in specific human odor processing functions. "This is an important contribution on the way to decoding the human olfactory code," says Prof. Mormann. "Further research in this area is necessary in order to one day develop olfactory aids that we can use in everyday life as naturally as glasses or hearing aids."

Funding: The study was funded by the German Research Foundation (DFG), the Federal Ministry of Education and Research (BMBF) and the state of North Rhine-Westphalia (NRW) as part of the iBehave project.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241009121121.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Team engineers new enzyme to produce synthetic genetic material | ScienceDaily
A research team led by the University of California, Irvine has engineered an efficient new enzyme that can produce a synthetic genetic material called threose nucleic acid. The ability to synthesize artificial chains of TNA, which is inherently more stable than DNA, advances the discovery of potentially more powerful, precise therapeutic options to treat cancer and autoimmune, metabolic and infectious diseases.


						
A paper recently published in Nature Catalysis describes how the team created an enzyme called 10-92 that achieves faithful and fast TNA synthesis, overcoming key challenges in previous enzyme design strategies. Inching ever closer to the capability of natural DNA synthesis, the 10-92 TNA polymerase facilitates the development of future TNA drugs.

DNA polymerases are enzymes that replicate organisms' genomes by accurately and efficiently copying DNA. They play vital roles in biotechnology and healthcare, as seen in the fight against COVID-19, in which they were crucial to pathogen detection and eventual treatment using the mRNA vaccine.

"This achievement represents a major milestone in the evolution of synthetic biology and opens up exciting possibilities for new therapeutic applications by significantly narrowing the performance gap between natural and artificial enzyme systems," said corresponding author John Chaput, UC Irvine professor of pharmaceutical sciences. "Unlike DNA, TNA's biostability allows it to be used in a much broader range of treatments, and the new 10-92 TNA polymerase will enable us to reach that goal."

The team produced the 10-92 TNA polymerase using a technique called homologous recombination, which rearranges polymerase fragments from related species of archaebacteria. Through repeated cycles of evolution, the researchers identified polymerase variants with increasing activity, ultimately resulting in a variant that's within the range of natural enzymes.

"Drugs of the future could look very different than those we use today," Chaput said. "TNA's resilience to enzymatic and chemical degradation positions it as the ideal candidate for developing new treatments such as therapeutic aptamers, a promising drug class that binds to target molecules with high specificity. Engineering enzymes that facilitate the discovery of new approaches could address the limitations of antibodies, such as improved tissue penetration, and potentially have an even greater positive impact on human health."

Other UC Irvine team members were graduate students Victoria A. Maola, Eric J. Yik and Mohammad Hajjar; project scientist Nicholas Chim; and undergraduates Joy J. Lee, Kalvin K. Nguyen, Jenny V. Medina, Riley N. Quijano, Manuel J. Holguin and Katherine L. Ho -- all from the Department of Pharmaceutical Sciences.

This work was supported by a grant from the National Science Foundation, under award MCB1946312. John Chaput, Victoria Maola and Eric Yik and the University of California, Irvine have filed a patent application (PCT/US24/1159) on the composition and activity of the 10-92 TNA polymerase. The other authors declared no competing interests.
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El Nino linked to accelerated ice loss in tropics | ScienceDaily
Natural climate patterns such as El Nino are causing tropical glaciers to lose their ice at an alarming rate, a new study has found.


						
A phenomenon that typically occurs every two to seven years, El Nino causes much warmer than average ocean temperatures in the eastern Pacific, significantly affecting weather around the globe.

The Quelccaya Ice Cap (QIC) in the Peruvian Andes has been shown to be sensitive to these climate shifts, but the extent to which El Nino contributes to its continued shrinkage has, to date, been unclear.

Now, using images captured by NASA Landsat satellites over the past four decades, researchers have confirmed that the regional warming periodically caused by El Nino has indeed resulted in a drastic reduction of its snow-covered area. The study, led by Kara Lamantia, a graduate student at the Byrd Polar and Research Climate Center at The Ohio State University, found that between 1985 and 2022, the QIC lost about 58% of its snow cover and about 37% of its total area.

"Our research gives us a look into a glacier's health," said Lamantia. "The Quelccaya glacier becomes greatly out of equilibrium during these short-term climate anomalies."

The study, published today (October 8, 2024) in the journal The Cryosphere, is the first to automate the process of snow-covered area detection on the QIC. Normally, this detection is only possible through extensive field measurements or manually hand-tracing satellite images that are clear enough to detail the visual boundary between snow and ice.

Yet an algorithm this team developed processes images using near-infrared imagery, a method that utilizes wavelengths outside our visible spectrum. "By creating a threshold for the different reflectance between snow and ice cover, we can gather a consistent and much more reliable measurement," said Lamantia.




Glaciers and ice caps gain mass by accumulating ice and snow and lose it when none is received, or more ice is lost than gained. By measuring the ratio of snow-covered area to the total area, researchers can quantify whether the QIC is gaining mass, losing it, or maintaining a steady state.

The study revealed that during El Ninos, the ratio drops significantly away from the average, indicating a drastic reduction in the snow-covered area.

This extreme change in its ratio may be attributed to the wide differences between the dry and wet seasons in southern Peru, said Lamantia.

"All of the snowfall happens during the wet season, but during an El Nino, southern Peru experiences warmer and drier conditions than average so it stays dry throughout the wet season," she said. "That means that the snow cover will continue to decline and there might be quite a bit less snowfall to replace it."

As climate change rapidly alters the Earth's environment, it's expected that El Ninos are likely to be longer-lived and stronger, a factor that will accelerate ice loss. This raises the possibility of the QIC's snow cover failing to recover during La Ninas, or periods when the oceans should be cool.

"The ice cap as a whole is on a very consistent linear decline from anthropogenic warming," said Lamantia. "It may not matter how strong future La Ninas are, as the freezing line continues to rise and snow cover shrinks, Quelccaya will likely continue to decline."

If this carries on, some projections suggest that snow cover on the QIC could disappear by 2080, relegating it to a wasting ice field, much like Kilimanjaro. By the end of the century, the study notes, the ice cap could be no more.




It's difficult to discern how other short-term weather events might impact glacier vulnerability, which is something similar studies may aim to model in the future. What scientists do know is that ice loss puts high-mountain communities that depend on them in jeopardy, as snow loss can quickly diminish key water supplies.

The damage already done to the oceans and atmosphere is not something we can reverse tomorrow, Lamantia said. Using the data collected about their complex interactions, researchers may have a better chance at monitoring and mitigating the planet's climate woes.

"The general consensus is we can expect that the likely increased intensity and duration of El Ninos will cause more complications for the QIC," said Lamantia. "We need to start being clever about how we use and conserve our water resources."

This study was supported by the National Science Foundation, the Heising-Simons Foundation and the Volo Foundation. Other co-authors were Lonnie Thompson and Bryan Mark from Ohio State and Laura J. Larocca of Arizona State University.
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Transition to a circular bioeconomy requires getting prices right | ScienceDaily
Conventional food and agricultural production systems employ a linear "take, make, waste" approach: taking natural resources from the Earth to make food and fuel, generating waste that contaminates the soil and water, and emitting harmful pollutants.


						
More recently, a new model of production is gaining traction in the scientific and business community: a "circular bioeconomy" that reduces and recycles waste, transitions away from fossil fuels to renewable bio-based alternatives, and regenerates natural systems. This approach is critical for feeding and fueling the world's growing population in environmentally sustainable ways.

But it's a complicated concept, and significant questions remain: How should waste reduction be implemented? How far should we go in being "circular," considering its costs and benefits? And how can a circular bioeconomy system get buy-in from farmers, industry, and consumers in a market economy?

A new paper by noted agricultural economists and scientists argues that the concept of a circular bioeconomy needs to expand beyond its technical focus on reducing waste and incorporate a values-based economic lens. The authors emphasize the need for the right policies, incentives, and market signals to persuade consumers and producers to make environmentally sound decisions -- and to help ensure that the system is equitable.

"Zero waste is an appealing goal, but we also need to consider the economic consequences of achieving this goal -- the cost, who bears it, and how we get people to implement it. This requires us to not just focus on the environmental benefits of reducing waste and fossil fuel use, but to think about what level of waste is acceptable considering economic and equity goals as well as how we make the transition by inducing consumers and producers to make the right choices," said lead author Madhu Khanna, ACES Distinguished Professor in Environmental Economics and Alvin H. Baum Family Chair & Director of the Institute for Sustainability, Energy, and Environment (iSEE) at the University of Illinois Urbana-Champaign.

Charting the path to a circular bioeconomy will require creative ideas from researchers in multiple disciplines, including social scientists, to understand human behavior and design the right kinds of incentives, Khanna said.

The paper, published in Communications Earth and Environment was co-authored with David Zilberman, University of California, Berkeley; Gal Hochman, University of Illinois Urbana-Champaign; and Bruno Basso, Michigan State University.




A circular bioeconomy provides a framework for reducing waste and improving sustainability throughout the economy, Khanna said. It aims to not only reduce environmental contamination associated with agricultural production, but also transform the energy sector, plastics manufacturing, and other industries by using agricultural waste as a resource that can help reduce dependence on fossil fuels and decarbonize the economy.

The authors incorporated those concepts into an economic framework to help determine the optimal level of circularity in a market economy. They recommend five critical pathways to enable the transition:
    	Technological advances through investment in research and development, to lower the cost of climate-smart and clean energy innovations.
    	Regulatory incentives that put a price on waste and environmental damage, such as a carbon tax, and institutional changes like crop insurance programs that lower the risk of adopting sustainable practices for farmers.
    	Robust markets for circular products.
    	Public education and awareness about the ecosystem benefits of a circular bioeconomy.
    	Equity considerations for displaced workers and consumers vulnerable to high prices.

Researchers have made great strides developing individual technologies that contribute to a circular bioeconomy in food and agriculture -- such as precision farming and digital agricultural technologies that can increase the efficiency with which chemicals are utilized for crop production, and advances in synthetic biology to convert plants and waste materials into biofuels and biochemicals, replacing petroleum-based, carbon dioxide-emitting energy sources.

But many of these technologies are expensive. More investment is needed to scale them and make them commercially competitive and affordable for farmers and consumers, the authors said.

One underlying question in designing eco-friendly policies is how to create the right incentives for people to adopt sustainable technology -- and how to put a value on the most effective approaches. The challenge with agricultural pollution, for example, is that it's difficult to measure and pinpoint the source of runoff or other contaminants. New tools like a "digital twin" -- a computer replica of a field -- can help calculate the environmental impact of agricultural management practices, such as adding nitrogen to the soil. Those kinds of advances can lead to targeted policies that reward farmers for results, rather than providing costly uniform payments for participation in conservation programs,

The overall solution will require action by the public and private sector, according to the authors. Many corporations are already adopting sustainable practices, and many consumers are willing to pay a higher price for organic foods and sustainably sourced products. Still, those efforts fall far short of what is needed to curb climate change or reduce pollutants that cause hypoxia in the Gulf of Mexico. New government incentives, and changes in the way pollution is regulated, are necessary, Khanna said.




Educating consumers can change their preferences and willingness to pay for climate-smart commodities, creating market demand and political support. "If consumers don't demand enough of it, and aren't willing to pay, the producer is not going to produce it," Khanna said.

The move to circular bioeconomy must be accompanied by social programs that shield vulnerable low-income consumers from higher prices in the short term, and provide new training for workers who may lose jobs as the fossil fuel industry declines, the authors said.

The next step will be to develop more interdisciplinary research programs where economists work with engineers and scientists to apply this framework to specific industries or supply chains, to determine what a transition to a circular bioeconomy would look like for that sector. "We are excited that we are establishing a new Center in iSEE to catalyze that kind of research," Khanna said, referring to the new Levenick Center for a Climate-Smart Circular Bioeconomy at Illinois.

The transition to a circular bioeconomy will require a long-term policy commitment, consistent policies, and investments that could take a decade or more to pay off, Khanna said.

"We are significantly falling short of meeting both our U.S. and global targets for carbon emissions reduction. Additionally, other environmental issues such as water quality degradation and biodiversity loss are worsening. It is crucial to recognize that these environmental problems are interconnected, ranging from air and water pollution to plastic waste," Khanna said. "These issues all stem from the same source: our current methods of production and consumption. Instead of addressing these problems individually, transitioning to a circular bioeconomy offers a holistic solution."
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Adding fall blooming plants may help both managed and wild bees in cities | ScienceDaily
There are nearly 4,000 native bee species in the United States, contributing to pollination in agricultural, urban and natural landscapes. Honey bees, however, are not native to the U.S., which has led to concerns that managed honey bee populations might negatively impact wild bees via competition for resources and sharing of pathogens, according to researchers at Penn State. However, the team recently found that of the 33 genera of native bees studied, only a small number seemed to be negatively affected by the presence of honey bees.


						
The study, the largest of its kind, is available online now and will appear in the November issue of Science of The Total Environment.

The findings will help identify the groups of bees that may be most at-risk and aid in creating conservation strategies, according to Gabriela Quinlan, lead author on the study and a U.S. National Science Foundation (NSF) postdoctoral research fellow in Penn State's Center for Pollinator Research and the College of Agricultural Sciences.

The researchers found that the presence of managed honey bee apiaries and/or urban land correlated with reduced numbers of bees from six of 33 wild bee genera, suggesting that one these factors negatively impact these bees' ability to maintain their populations. Since the honey bee apiaries in the study were located in greater densities in urban areas, the researchers sought to disentangle the relative role of apiary density versus developed land.

The six bee genera showed different responses to these two factors, with apiary density having the greatest negative impact on the long-horned bees in the genus Svastra, while abundance ofFlorilegus, which is also a long-horned bee, was associated most negatively with urbanization. The others included green bees in the genera Agapostemon and Augochlora, sweat bees in the genus Lasioglossum and long-horned bees in the genus Melissodes.

After analyzing the data, the researchers found the genera most affected by apiaries and land development tend to nest in the ground, forage later in the season and, in some cases, specialize on specific types of seasonal flowering plants.

"Urban environments can be especially challenging for ground-nesting bees because the hardscaping -- asphalt and concrete -- can make it difficult to find bare ground for nesting," Quinlan said. "Small bees can't fly very far, so they may have trouble finding nesting and flowering resources within their flight range. Moreover, specialist bees require very specific flowers, which may be difficult to find in urban settings."

Quinlan explained that some wild bees also forage later in the season, which happens to be when honey bee colonies are at their peak size and competing for limited floral resources.




"Planting late-season forage and leaving bare ground as nesting resources in urban gardens could help alleviate some of the stressors that developed land and urban beekeeping can put on these bee groups," Quinlan said.

For their study, the researchers obtained the locations of nearly 4,000 registered apiaries across the state of Maryland and used this information to build a state map of apiary density. They then compared this with data on wild bee populations from within the state's boundaries collected by the U.S. Geological Survey's Bee Monitoring and Identification Lab.

In recent decades, the researchers said, there has been wide recognition that pollinators are experiencing declines associated with pesticides, pathogens, poor nutrition and climate change. There also has been increased attention paid to how honey bees may affect wild, native bees by transmitting pathogens and exacerbating competition for resources.

But despite these strong concerns, evidence of the effects honey bees have on wild bee abundance was lacking in the literature.

"There is very little data on population sizes of most wild bee species across the U.S., so we did not have a good understanding of the factors that influence the abundance of different wild bee species," said Christina Grozinger, Publius Vergilius Maro Professor of Entomology, director of the Center for Pollinator Research and co-author on the study. "Here, we explicitly tested the question of whether the presence of managed honey bee populations was linked with reductions in wild bee abundance."

The study provided additional insights into how different bee genera, with different natural histories, are influenced by environmental factors, Quinlan noted.




For example, they also found that apiary density negatively affected the abundance of Triepeolus -- a cuckoo bee -- which parasitizes the nests of long-horned bees like Svastra. In this case, it may be the negative impact of apiary density on Svastra abundance that causes a negative effect on Triepeolus abundance. Grozinger noted that this highlights the interconnectedness of these different species, and the importance of thinking about bees as communities, not as individual species.

The researchers said that in the future, additional studies could be done in other areas of the U.S. to further tease out genera- and species-specific wild bee responses to honey bees. The new INSECT NET graduate training program at Penn State is aiming to develop nonlethal, automated monitoring systems for bees and other insects that will help with these studies.

In the meantime, Grozinger said one of the best ways people can help both wild and managed bees is to add more flowering plants to the landscape, including city streets and backyards.

"Native flowering trees and shrubs in particular provide a bonanza of resources for bees," she said. "Beekeepers can help their bees become more resilient to climate variation by managing pests and diseases within their colonies, and this can also reduce the potential for honey bees to spread diseases to wild bees."

People can learn more about the resources available to bees in their area, and the risks posed by pesticide use and weather conditions, by using Penn State's Beescape decision-support tool.

Jeffrey Doser, of Michigan State University, and Melanie Kammerer, senior geospatial data scientist at EcoData Technology and Penn State doctoral alumna in ecology, also co-authored this study.

The U.S. Department of Agriculture's National Institute of Food and Agriculture and Hatch Appropriations and the NSF Postdoctoral Research Fellowship in Biology Program helped support this research. For more information about research on managed and wild bees and what you can do to help bee populations, visit the Penn State Center for Pollinator Research website.
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New seed fossil sheds light on wind dispersal in plants | ScienceDaily
Scientists have discovered one of the earliest examples of a winged seed, granting insight into the origin and early evolution of wind dispersal strategies in plants.


						
The study, published today as the final Version of Record after previously appearing as a Reviewed Preprint in eLife, details the second-earliest known winged seed -- Alasemenia -- from the Late Devonian epoch, roughly 360-385 million years ago. The authors use what the editors call solid mathematical analysis to demonstrate that Alasemenia's three-winged seeds are more adapted to wind dispersal than one, two and four-winged seeds.

Wind dispersal in plant seeds is a natural mechanism that allows plants to spread their seeds through the air to new areas. This helps reduce competition for resources, increasing the plant's chances of survival. Examples of wind dispersal strategies include tumbleweeds, parachutes such as dandelions and milkweeds, and winged seeds like those of the maple tree, often called 'helicopter' seeds.

The earliest-known plant seeds date back to the Late Devonian epoch. "This period marks a significant evolutionary milestone in plant history, as they transitioned from spore-based reproduction, as with ferns and mosses, to seed-based reproduction," explains lead author Deming Wang, a professor at the Key Laboratory of Orogenic Belts and Crustal Evolution, Department of Geology, Peking University, Beijing, China. "However, little is known about wind dispersal in seeds during this time, as most fossils lack wings and are typically surrounded by a protective cupule."

Cupules are cup-shaped structures that partly enclose seeds, much like in acorns or chestnuts (although the Devonian cupules do not share the same origin with these modern ones), and could be associated with other dispersal methods, such as water transport.

To better understand early wind dispersal mechanism, Wang and colleagues studied several seed fossils from the Late Devonian, sourced from the Jianchuan mine in Xinhang Town, Anhui Province, China. From this, they identified a new fossil seed, Alasemenia.

They first described the characteristics of Alasemenia by carefully analysing the fossil samples, including making slices to view the seed's internal structures. They found that Alasemenia seeds are about 25-33 mm long and clearly lack a cupule, unlike most other seeds of the period. In fact, this is one of the oldest-known records of a seed without a cupule, 40 million years earlier than previously believed. Each seed is covered by a layer of integument, or seed coat, which radiates outwards to form three wing-like lobes. These wings taper toward the tips and curve outward, creating broad, flattened structures that would have helped the seeds catch the wind.

The team then compared Alasemenia to the other known winged seeds from the Late Devonian: Warstenia and Guazia. Both of these seeds have four wings -- Guazia's being broad and flat, and Warstenia's being short and straight. They performed a quantitative mathematical analysis to determine which seed had the most effective wind dispersal. This revealed that having an odd number of wings, as in Alasemenia, grants a more stable, high spin rate as the seeds descend from their branches, allowing them to catch the wind more effectively and therefore disperse further from the parent plant.

"Our discovery of Alasemenia adds to our knowledge of the origins of wind dispersal strategies in early land plants," says senior author Pu Huang, an assistant research fellow at the Nanjing Institute of Geology and Paleontology, Chinese Academy of Sciences, Nanjing, China. "Combined with our previous knowledge of Guazia and Warsteinia, we conclude that winged seeds as a result of integument outgrowth emerged as the first form of wind dispersal strategy during the Late Devonian, before other methods such as parachutes or plumes."

"The three-winged seeds seen in Alasemenia during the Late Devonian would have subsequently been followed by two-winged seeds during the Carboniferous period, and then single-winged seeds during the Permian," adds Wang.
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Asymmetric placebo effect in response to spicy food | ScienceDaily
The expectations humans have of a pleasurable sensation asymmetrically shape neuronal responses and subjective experiences to hot sauce, according to a study published October 8, in the open-access journal PLOS Biology by Yi Luo from East China Normal University, Kenneth Kishida from Wake Forest School of Medicine, U.S., and colleagues.


						
Expectations shape our perception, profoundly influencing how we interpret the world. Positive expectations about sensory stimuli can alleviate distress and reduce pain through what's known as the placebo effect, while negative expectations may heighten anxiety and exacerbate pain. In the new study, Luo, Kishida, and colleagues investigated the impact of the hedonic aspect of expectations on subjective experiences.

Specifically, the researchers measured neurobehavioral responses to the taste of hot sauce among individuals with a wide range of taste preferences. In total, 47 participants completed the tasks while undergoing functional magnetic resonance imaging scanning. The researchers identified participants who liked versus those who strongly disliked spicy flavors and provided contextual cues about the spiciness of the sauce to be tasted. That way, they were able to dissociate the effects of positive and negative expectations from sensory stimuli (i.e., visual and taste stimuli), which were the same across all participants.

The results showed that positive expectations lead to modulations in the intensity of subjective experience. These modulations were accompanied by increased activity in brain regions previously linked to pleasure, information integration, and the placebo effect, including the anterior insula, dorsolateral prefrontal cortex, and dorsal anterior cingulate cortex. By contrast, negative expectations decreased hedonic experience and increased neural activity in the Neurological Pain Signature network.

Taken together, these findings demonstrate that hedonic aspects of one's expectations asymmetrically shape how the brain processes sensory input and associated behavioral reports of one's subjective experiences of intensity, pleasure, and pain. The results suggest a dissociable impact of hedonic information. While positive expectations facilitate higher-level information integration and reward processing, negative expectations prime lower-level processes related to pain and emotions. According to the authors, this study demonstrates the powerful role of hedonic expectations in shaping subjective reality and suggests potential avenues for consumer and therapeutic interventions targeting expectation-driven neural processes.

The authors add, "Our study highlights how hedonic expectations shape subjective experiences and neural responses, offering new insights into the mechanisms behind pain perception."
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What we can learn from hungry yeast cells | ScienceDaily
What can stressed yeast teach us about fundamental processes in the cell? A lot, according to scientists at the European Molecular Biology Laboratory (EMBL). The team studies, among other topics, how cells adapt to stress -- such as nutrient deprivation. One of their favourite test subjects is the yeast species S. pombe, for centuries used in traditional brewing. As a eukaryote, it's in many ways similar to human cells, so biologists often use it as model organism to study fundamental cellular processes.


						
Ribosomes turn upside-down in hungry cells

Scientists have observed that yeast cells have a remarkable adaptation to starvation: their mitochondria get coated by a swarm of massive molecular complexes called ribosomes. Intrigued by this odd phenomenon, the Mattei Team at EMBL Heidelberg and the Jomaa Lab at the University of Virginia School of Medicine explored it in greater detail using single-particle cryo-electron microscopy and cryo-electron tomography.

Ribosomes are the cell's heavyweight molecular machinery that produces proteins. It turned out, however, that in hungry yeast cells, the ribosomes that crowd on the surface of the mitochondria don't produce anything. They are hibernating.

"One way for a cell to survive stressful conditions until better days is to reduce its use of energy to a minimum," explained Olivier Gemin, EIPOD Postdoctoral Fellow in the Mattei Team who led this new study. "Producing proteins demands a lot of energy, which can be saved by blocking ribosomes."

Why the hibernating ribosomes attach to the surface of mitochondria is a mystery.

"There could be different explanations," said Team Leader Simone Mattei. "A starved cell will eventually start digesting itself, so the ribosomes might be coating the mitochondria to protect them. They might also attach to trigger a signalling cascade inside the mitochondria."

Another possibility that Mattei is investigating relates to the fact that starving cells need a way to quickly start producing energy once food (in the form of glucose) is available again. Since mitochondria are the energy producers of the cell, having ribosomes nearby to produce necessary proteins might help this process along.




What made the scientists' jaws drop was noticing that the ribosomes attach to the mitochondrial outer membrane in a way that contradicts what's been known about them before.

"So far, ribosomes were known to interact with membranes only via their large subunit. But in starved cells, we saw that they do this upside-down, via the small subunit!" said Mattei.

In their future studies, the team will investigate how and why the ribosomes attach in such an unusual way.

Cancer cells go through the hell they create

The struggles of the starved yeast cells have some similarities to those of cancer cells.

Believe it or not, being a cancer cell is really tough. When a tumour becomes aggressive, its cells grow so rapidly that their demand for nutrients and oxygen outpaces the supply. This means most cancer cells are constantly starving in a kind of hell they create for themselves.




Yet, they survive and even multiply.

"That's why we need to understand the basics of adaptation to starvation and how these cells become dormant to stay alive and avoid death," said Ahmad Jomaa, Assistant Professor and Group Leader at the University of Virginia's School of Medicine and a senior co-author of the study. "For that, we use yeast first, because we can manipulate it much more easily. Beyond this, we try to starve cultured cancer cells too, which is not easy, to figure out how they overcome starvation and can sometimes lead to cancer relapse."

Understanding the principles of this adaptation could help us find ways to override it, making cancer cells vulnerable to starvation and thus more susceptible to treatment.
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Transition to low-carbon futures: New research uncovers rise in legal challenges to climate action | ScienceDaily
As the global push towards low-carbon societies accelerates, a new study reveals that justice concerns are increasingly surfacing in legal disputes over climate policies and projects. This phenomenon, described as "just transition litigation," emphasises the need to balance climate action with social justice considerations, ensuring that vulnerable communities are not disproportionately impacted.


						
A growing legal phenomenon 

As the world races to reduce greenhouse gas emissions and adapt to the impacts of climate change, the transition to low-carbon societies has sparked new questions of justice. Published in Nature Sustainability, a study led by Professor Annalisa Savaresi at the Center for Climate Change, Energy and Environmental Law, University of Eastern Finland, highlights the emerging phenomenon of just transition litigation, which is described as legal disputes challenging the fairness and justice of climate policies and projects, such as wind farms, biomass plants and dams.

Co-authored by experts from 16 institutions, the article argues that while the low-carbon transition is essential, it disproportionately impacts vulnerable groups, including Indigenous Peoples, workers and local residents. For example, the Sami Indigenous People in Norway successfully challenged the construction of wind farms on their traditional herding pastures, illustrating the potential of just transition litigation to protect the rights of marginalised communities. According to Professor Savaresi, lawsuits like these exemplify the often overlooked and highly complex social dilemmas and policy conflicts that arise during the transition.

Making sense of just transition litigation 

The phenomenon of just transition litigation is little understood and underexplored. While in recent years much attention has been given to strategic litigation aimed at advancing decarbonisation (such as cases against companies or governments failing to reduce emissions), this study shifts the focus to lawsuits that challenge the fairness of climate policies and projects. Central to these legal disputes are issues such as the fair distribution of benefits and burdens from climate policies, the inclusiveness of decision-making processes, and the respect for the rights, identities and cultures of marginalised communities. This type of litigation draws upon various legal bases, including administrative, constitutional, energy, environmental, human rights, labour, and planning law.

A call for more research 

The paper introduces a new framework for understanding the justice claims of those affected by climate action. This framework can serve as a tool for systematic research on just transition litigation. Currently, a significant knowledge gap exists due to a lack of comprehensive, systematic data collection on these legal disputes. The authors call for the creation of a dedicated dataset to track these cases and analyse their impacts on law, governance and society. Understanding these dynamics is crucial, as this type of litigation has the potential to slow climate mitigation efforts. This is all the more urgent at a time when governments in the EU, and the UK and the US, are announcing plans to "cut the red tape" and expedite the transition.??




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241008122550.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The secret strength of our cell guards | ScienceDaily
Proteins control most of the body's functions, and their malfunction can have severe consequences, such as neurodegenerative diseases or cancer. Therefore, cells have mechanisms in place to control protein quality. In animal and human cells, chaperones of the Hsp70 class are at the heart of this control system, overseeing a wide array of biological processes. Yet, despite their crucial role, the precise molecular mechanism of Hsp70 chaperones has remained elusive for decades. Using a cutting-edge nanopore single-molecule technique, a team from the University of Geneva (UNIGE), in collaboration with EPFL, has now made a significant breakthrough in determining how Hsp70 chaperones generate the force needed to manipulate the structure of their client proteins. These results, which put an end to a decade of debate, are published in Nature Communications.


						

Proteins need to fold into specific three-dimensional shapes to function correctly. Among their several roles, chaperone proteins like Hsp70s typically assist the correct folding of proteins. To successfully perform these tasks, Hsp70s need to forcefully manipulate the structure of the proteins, extracting them from aggregates that had formed spontaneously or by facilitating protein translocation into key cell compartments, such as mitochondria.


In this context, during the 1990s and early 2000s, there was an intense debate about the mechanism allowing Hsp70 chaperones to drive protein translocation, with two main models proposed based on different sets of experiments, but with no definitive answer. In 2006, a new theory, called Entropic Pulling, was proposed by Prof. Paolo De Los Rios at EPFL and Prof. Pierre Goloubinoff at the University of Lausanne (UNIL) and their collaborators. Entropic Pulling could explain all existing observations for protein translocation into mitochondria and could also be applied to the other cellular functions of Hsp70s, such as protein disaggregation.


Experimental evidence

Over the years, this theory has allowed the interpretation of a growing number of results but had remained without a direct experimental confirmation. The group of Chan Cao, new assistant professor in the Department of inorganic and analytic chemistry at the UNIGE Faculty of science, specializes in single-molecule bioanalysis, particularly nanopore detection. This innovative approach involves reading the ionic current response as a single molecule passing through a nanoscale pore, which can be either a biological protein assembly embedded in a lipid membrane or a fabricated solid-state material. The development of nanopore technology aims to create high-resolution sensors for detecting target molecules within complex matrices and for sequencing biopolymer.


In this recent work, the team leveraged nanopore technology to mimic the in vivo setup of protein translocation at the single-molecule level. Prof. Chan Cao explained: "our results provide clear evidence for the Entropic Pulling mechanism of Hsp70 chaperones, ruling out the other previously proposed two models, namely Power Stroke and Brownian Ratchet".


A strong force at the molecular level

In the Entropic Pulling mechanism, the chaperone, by pulling on the target protein, increases its range of movement, generating what is known as an entropic force. Verena Rukes, PhD student and the leading author of the study, explains "our analysis estimated the strength of Entropic Pulling to be approximately 46 pN over distances of 1 nm, indicating a remarkably strong force at the molecular level".


Prof. Paolo De Los Rios from the Institute of Physics and Institute of Bioengineering at EPFL explains: "our theory proposed in 2006 was accounting for most of the physics of the system comprising Hsp70, the translocating protein and the translocation pore, but in the end, it remained a theory, even if in indirect agreement with most observations. Thanks to the beautiful work of Prof. Chan Cao and her team, we have now a direct proof of it and, which is most important, a quantitative estimate of its strength, which turns out to be remarkably high, further explaining why Hsp70s are so effective at changing the structure of their target proteins".


Importantly, this research establishes nanopore approaches as a powerful single-molecule technique for exploring the molecular mechanisms of protein action.
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Increase access to nature in all daily environments and in education | ScienceDaily
Although access to nature is a basic human right, people's actual use of green spaces is subject to inequalities. A Kobe University-led research team analyzed what conditions make it more likely that people are exposed to nature across generations: the availability of green spaces around where they live, work and shop, as well as nature relatedness and past natural experiences. Their findings may inform policies for urban planning and education for the improvement of human health.


						
Visiting green spaces is good for people's health, both psychologically and physiologically. However, how often people use green spaces is not equal and has been the topic of discussion in the fields of urban planning and regional governance. Research has focused mainly on the availability of green spaces around residential areas and the connection with socioeconomic factors. The Kobe University human environmental scientist UCHIYAMA Yuta explains, "Even though the access to quality natural environments is a basic human right, it tends to be treated as low-priority issue because policy makers think that it can be addressed indirectly through economic growth."

Uchiyama and his team thus conducted a survey in the two largest metro areas of Japan, the Kanto region around Tokyo and the Kansai region including Osaka, Kyoto and Kobe. In the survey, they asked 3,500 people about how often and where they visit green spaces as well as where they live, work, and shop, basic socioeconomic factors such as age, gender and household income, and about their nature relatedness and the availability of free time. In addition, they used publicly available geographic data to correlate the collected responses with the size and shape of green spaces around the respondents' daily environments. The Kobe University lead author says: "I felt the need to focus on daily life in general because of my personal experience. Both now and in my childhood, encountering plants and animals (even wild boars on campus) on my way to work, school, or shopping lets me feel the seasons and forget my daily life for a moment. Thus, an integrated understanding of these various aspects is necessary."

Their results, published in the Journal of Environmental Management, show that people use green spaces more if they are available throughout their daily environments, not just around where they live. The Kobe University researcher says: "This result can be used as evidence for policy making, especially in the fields of environmental management and urban planning, as there is potential for the utility of green spaces not only around residential areas but throughout people's daily environments." The results also showed that another very consistent factor driving visits to nature is people's childhood nature experience and nature relatedness, and that nature relatedness was stronger the older the respondents were. "This shows how important effective environmental education for all generations is," says Uchiyama.

However, the baseline for such policies is different in monsoon Asia compared to urban areas in North America and Europe. Uchiyama explains, "Cities in East and Southeast Asia are more mixed with rural areas than those in Europe and North America; in other words, the distance between urban and rural areas is closer, and there is no clear division between them." In Japan, such a complex landscape is called "satoyama landscape," and it is still a typical sight in the outskirts of metropoles such as Tokyo and Osaka. In fact, the results of Uchiyama's research also show that being close to agricultural land and green spaces with complex shapes correlates well with the frequency of people's use of green spaces, indicating the importance of these landscapes.

The human environmental scientist has his eyes on the larger picture: "In our ongoing research, we are focusing also on health outcomes which correlate with nature visits and we use big data approaches such as mobile phone GPS data to trace where and for how long people are actually exposed to green spaces. In the end, I would like for our research to contribute to policies reducing the unequal access to nature, which we believe is a root cause of other social and environmental issues. After all, access to nature is a basic human right."

This research was funded by the Japan Society for the Promotion of Science (grants 22H03813 and 23H03605) and the Ministry of the Environment, Japan (grant 1FS-2201). It was conducted in collaboration with researchers from the University of the Ryukyus, Meio University and Kyoto University.
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Dogs contaminate ponds with parasite medications | ScienceDaily
Most dog owners didn't know that flea and tick treatments are dangerous to aquatic life, suggesting more awareness could ease the problem.


						
A study on Hampstead Heath shows that ponds where dogs are allowed to swim contain levels of two pesticides harmful to invertebrate life.

These pesticides, imidacloprid and fipronil, are used as parasite treatments for flea and tick infestations in cats and dogs, using 'spot-on' formulas and flea collars. This is despite these chemicals being banned for agricultural use in 2018 due to their toxicity to bees and other important insects.

These treatments are increasingly used prophylactically -- to prevent fleas and ticks -- with doses applied as frequently as monthly. Recent studies have raised concerns about the level of these chemicals reaching the natural environment through household wastewater and dogs swimming in waterways, such as rivers and ponds.

Now, a study published today in the journal Science of the Total Environment has confirmed that swimming dogs can contaminate the water as the chemicals wash off their fur.

The study was carried out by researchers from Imperial College London, the University of Sussex, the London School of Hygiene and Tropical Medicine, and the Royal Veterinary College, in collaboration with the Heath & Hampstead Society and the City of London Corporation.

Dr Leon Barron, from the School of Public Health at Imperial, who co-led the work, said: "This work adds to the growing body of evidence that will hopefully lead to changes in prescribing practices and advice given to pet owners.




"But as the public can buy these products without restriction in supermarkets, we need to raise awareness among dog owners that while these chemicals are useful treatments, using them preventatively may create other serious issues such as environmental pollution and pest resistance."

First author Lauren Yoder, from the Royal Veterinary College, said: "Dog owners can play an important part in reducing the overall impact on the water that dogs enjoy by checking if they really need to use these products. If more owners moved to a 'when needed' approach, then this parasiticide pollution could be reduced."

Harmful levels

With its 800 acres of natural woodland, meadows and ponds, Hampstead Heath is central London's biodiversity 'hotspot' and home to many rare and threatened British species. Insects and other invertebrates perform critical functions in our environment, including to clean water, and are important sources of food for bats and birds in the area. Insects such as dragonflies, which depend on the ponds, showcase a remarkable biodiversity on the Heath.

In the study, the team tested three ponds where dogs are allowed to swim, three where they are not, and six connecting streams that feed these ponds, to check for any other source of the contamination.

In all the dog-swimming areas, average concentrations of imidacloprid and fipronil were found to be 309 ng/L (nanograms per litre) and 32 ng/L respectively -- both of which were more than 20-times larger than recognised thresholds considered harmful to invertebrate wildlife.




In all the other ponds, no imidacloprid or fipronil were detected. Some contamination was detected in connecting streams, and further water analysis showed this was not associated with other signatures of urban wastewater, suggesting dogs were the only source.

Dr Barron said: "While the chemical concentrations we measured were very high in these ponds, thankfully they were not found to significantly contaminate the wider water networks downstream of Hampstead Heath. The main source of these pet parasiticides in rivers generally still comes from our homes and streets through wastewater."

The team's previous research showed that London's waterways were widely contaminated with these substances from wastewater discharges and the situation worsened in some areas across the pandemic.

Reducing risk

The study also involved surveying 101 owners who brought their dogs to the Heath. This showed that 86 percent were unaware of the possible environmental harm caused by parasiticides, and 94 percent said protecting nature would be an important consideration when selecting products.

A third of respondents were also unaware of advice from manufacturers of parasiticides that dogs should not swim or be washed within a few days of treatment with spot-on treatments. However, research suggests that these substances may wash off for longer than these recommended periods.

More than a half of those surveyed used tablets that dogs swallow, instead of chemicals applied to the fut. Little is known about the fate or impact of these tablet parasiticides, and more research is needed to determine the risks that they pose.

Co-author Dr Tilly Collins, from the Centre for Environmental Policy at Imperial, said: "Swimming can be very good for dogs, and bringing them to such beautiful places also encourages fitness and wellbeing for their owners. Stopping dog swimming in open spaces is not the answer, but we need to reduce risk, for example by providing more complete advice so pet owners can make informed decisions."

Veterinarian and co-author Dr Rosemary Perkins, from the University of Sussex, said: "Many veterinary associations recommend against routine blanket parasite treatments for pets, yet this practice remains widespread, especially through subscription pet healthcare plans. Pet parasiticides are highly ecotoxic substances and we are only now beginning to understand their environmental consequences.

"Pet owners need to be provided with better information on the risks that they pose and offered alternatives to continuous parasite treatment, such as the option to monitor and treat only when necessary."
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Solar-powered desalination system requires no extra batteries | ScienceDaily
MIT engineers have built a new desalination system that runs with the rhythms of the sun.


						
The solar-powered system removes salt from water at a pace that closely follows changes in solar energy. As sunlight increases through the day, the system ramps up its desalting process and automatically adjusts to any sudden variation in sunlight, for example by dialing down in response to a passing cloud or revving up as the skies clear.

Because the system can quickly react to subtle changes in sunlight, it maximizes the utility of solar energy, producing large quantities of clean water despite variations in sunlight throughout the day. In contrast to other solar-driven desalination designs, the MIT system requires no extra batteries for energy storage, nor a supplemental power supply, such as from the grid.

The engineers tested a community-scale prototype on groundwater wells in New Mexico over six months, working in variable weather conditions and water types. The system harnessed on average over 94 percent of the electrical energy generated from the system's solar panels to produce up to 5,000 liters of water per day despite large swings in weather and available sunlight.

"Conventional desalination technologies require steady power and need battery storage to smooth out a variable power source like solar. By continually varying power consumption in sync with the sun, our technology directly and efficiently uses solar power to make water," says Amos Winter, the Germeshausen Professor of Mechanical Engineering and director of the K. Lisa Yang Global Engineering and Research (GEAR) Center at MIT. "Being able to make drinking water with renewables, without requiring battery storage, is a massive grand challenge. And we've done it."

The system is geared toward desalinating brackish groundwater -- a salty source of water that is found in underground reservoirs and is more prevalent than fresh groundwater resources. The researchers see brackish groundwater as a huge untapped source of potential drinking water, particularly as reserves of fresh water are stressed in parts of the world. They envision that the new renewable, battery-free system could provide much-needed drinking water at low costs, especially for inland communities where access to seawater and grid power are limited.

"The majority of the population actually lives far enough from the coast, that seawater desalination could never reach them. They consequently rely heavily on groundwater, especially in remote, low-income regions. And unfortunately, this groundwater is becoming more and more saline due to climate change," says Jonathan Bessette, MIT PhD student in mechanical engineering. "This technology could bring sustainable, affordable clean water to underreached places around the world."

The researchers report details the new system in a paper appearing today in Nature Water. The study's co-authors are Bessette, Winter, and staff engineer Shane Pratt.




Pump and flow

The new system builds on a previous design, which Winter and his colleagues, including former MIT postdoc Wei He, reported earlier this year. That system aimed to desalinate water through "flexible batch electrodialysis."

Electrodialysis and reverse osmosis are two of the main methods used to desalinate brackish groundwater. With reverse osmosis, pressure is used to pump salty water through a membrane and filter out salts. Electrodialysis uses an electric field to draw out salt ions as water is pumped through a stack of ion-exchange membranes.

Scientists have looked to power both methods with renewable sources. But this has been especially challenging for reverse osmosis systems, which traditionally run at a steady power level that's incompatible with naturally variable energy sources such as the sun.

Winter, He, and their colleagues focused on electrodialysis, seeking ways to make a more flexible, "time-variant" system that would be responsive to variations in renewable, solar power.

In their previous design, the team built an electrodialysis system consisting of water pumps, an ion-exchange membrane stack, and a solar panel array. The innovation in this system was a model-based control system that used sensor readings from every part of the system to predict the optimal rate at which to pump water through the stack and the voltage that should be applied to the stack to maximize the amount of salt drawn out of the water.




When the team tested this system in the field, it was able to vary its water production with the sun's natural variations. On average, the system directly used 77 percent of the available electrical energy produced by the solar panels, which the team estimated was 91 percent more than traditionally designed solar-powered electrodialysis systems.

Still, the researchers felt they could do better.

"We could only calculate every three minutes, and in that time, a cloud could literally come by and block the sun," Winter says. "The system could be saying, 'I need to run at this high power.' But some of that power has suddenly dropped because there's now less sunlight. So, we had to make up that power with extra batteries."

Solar commands

In their latest work, the researchers looked to eliminate the need for batteries, by shaving the system's response time to a fraction of a second. The new system is able to update its desalination rate, three to five times per second. The faster response time enables the system to adjust to changes in sunlight throughout the day, without having to make up any lag in power with additional power supplies.

The key to the nimbler desalting is a simpler control strategy, devised by Bessette and Pratt. The new strategy is one of "flow-commanded current control," in which the system first senses the amount of solar power that is being produced by the system's solar panels. If the panels are generating more power than the system is using, the controller automatically "commands" the system to dial up its pumping, pushing more water through the electrodialysis stacks. Simultaneously, the system diverts some of the additional solar power by increasing the electrical current delivered to the stack, to drive more salt out of the faster-flowing water.

"Let's say the sun is rising every few seconds," Winter explains. "So, three times a second, we're looking at the solar panels and saying, 'Oh, we have more power -- let's bump up our flow rate and current a little bit.' When we look again and see there's still more excess power, we'll up it again. As we do that, we're able to closely match our consumed power with available solar power really accurately, throughout the day. And the quicker we loop this, the less battery buffering we need."

The engineers incorporated the new control strategy into a fully automated system that they sized to desalinate brackish groundwater at a daily volume that would be enough to supply a small community of about 3,000 people. They operated the system for six months on several wells at the Brackish Groundwater National Research Facility in Alamogordo, New Mexico. Throughout the trial, the prototype operated under a wide range of solar conditions, harnessing over 94 percent of the solar panel's electrical energy, on average, to directly power desalination.

"Compared to how you would traditionally design a solar desal system, we cut our required battery capacity by almost 100 percent," Winter says.

The engineers plan to further test and scale up the system in hopes of supplying larger communities, and even whole municipalities, with low-cost, fully sun-driven drinking water.

"While this is a major step forward, we're still working diligently to continue developing lower cost, more sustainable desalination methods," Bessette says.

"Our focus now is on testing, maximizing reliability, and building out a product line that can provide desalinated water using renewables to multiple markets around the world," Pratt adds.

The team will be launching a company based on their technology in the coming months.

This research was supported in part by the National Science Foundation, the Julia Burke Foundation, and the MIT Morningside Academy of Design. This work was additionally supported in-kind by Veolia Water Technologies and Solutions and Xylem Goulds.
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Climate report warns of escalating crisis, urges immediate action as UN summit nears | ScienceDaily
An international coalition led by Oregon State University scientists concludes in its annual report published today that the Earth's worsening vital signs indicate a "critical and unpredictable new phase of the climate crisis" and that "decisive action is needed, and fast."


						
The collaboration directed by OSU's William Ripple and former postdoctoral researcher Christopher Wolf outlines areas where policy change is needed -- energy, pollutants, nature, food and economy -- in "The 2024 State of the Climate Report: Perilous Times on Planet Earth," published in BioScience.

"A large portion of the very fabric of life on our planet is imperiled," said Ripple, a distinguished professor in the Oregon State University College of Forestry. "We're already in the midst of abrupt climate upheaval, which jeopardizes the life on Earth like nothing humans have ever seen. Ecological overshoot, taking more than the Earth can safely give, has pushed the planet into climatic conditions more threatening than anything witnessed even by our prehistoric relatives."

Of the 35 planetary vital signs the scientists use to track climate change annually, 25 are at record extremes, he notes.

The three hottest days ever came in July 2024, and fossil fuel emissions are at an all-time high, as are human population and ruminant livestock population, the climate report shows.

Human population is increasing at the rate of approximately 200,000 people per day, and the number of ruminant livestock -- hoofed mammals such as cattle, sheep and goats that produce greenhouse gases and are energy intensive to raise -- rises by roughly 170,000 each day.

The annual consumption of fossil fuels climbed by 1.5% in 2023, mainly because of big jumps in coal (1.6%) and oil use (2.5%), the report indicates.




Renewable energy use also increased in 2023 -- solar and wind consumption together were up 15% over 2022. But the use of renewables is just one-fourteenth of fossil fuel use, and the recent rise in the use of renewables is attributable mainly to increased demand rather than because they are replacing fossil fuels.

The report shows that annual tree cover loss globally rose from 22.8 million hectares in 2022 to 28.3 million in 2023, and based on global year-to-date averages, the concentrations of atmospheric carbon dioxide and methane are at all-time highs.

"The growth rate of methane emissions has been accelerating, which is extremely troubling," said Wolf, now a scientist with Corvallis-based Terrestrial Ecosystems Research Associates, known as TERA. "Nitrous oxide, which is potent and long-lived, is also at a record high."

Other points of concern from the report, Wolf notes, are:
    	The Earth's average surface temperature is at an all-time high.
    	Ocean acidity and heat content, as well as average global sea level, are at record extremes.
    	Greenland ice mass, Antarctica ice mass and average glacier thickness are at all-time lows.
    	Twenty-eight amplifying feedback loops -- those that exacerbate climate change, such as permafrost thawing -- have been identified.
    	In 2023, there were an estimated 2,325 heat-related deaths in the United States, a 117% increase from 1999.

"Since the publication of our 2023 report, multiple climate-related disasters have taken place, including a series of heat waves across Asia that killed more than a thousand people and led to temperatures reaching 122 degrees Fahrenheit in parts of India," Ripple said. "Climate change has already displaced millions of people, with the potential to displace hundreds of millions or even billions. That would likely lead to greater geopolitical instability, possibly even partial societal collapse."

The scientists say their goal is "to provide clear, evidence-based insights that inspire informed and bold responses from citizens to researchers and world leaders." Specifically, they recommend the rapid adoption of policies that:
    	Implement a global carbon price that could limit emissions by the wealthy while potentially providing funding for further climate action.
    	Enhance energy efficiency and conservation while replacing fossil fuels with low-carbon renewables.
    	Curb emissions of greenhouse gases, including those categorized as short-term pollutants such as methane.
    	Protect and restore biodiverse ecosystems, which play key roles in carbon cycling and storage.
    	Encourage a shift toward eating habits that emphasize plant-based foods.
    	Promote sustainable ecological economics and greatly reduce overconsumption and waste by the wealthy.
    	Integrate climate change education into global curriculums to boost awareness, literacy and action.

"Despite six reports from the International Panel on Climate Change, hundreds of other reports, tens of thousands of scientific papers and 28 annual meetings of the UN's Conference of the Parties, the world has made very little headway on climate change," Wolf said. "Humanity's future depends on creativity, moral fiber and perseverance. If future generations are to inherit the world they deserve, decisive action is needed, and fast."




This year's meeting -- officially the UN Framework Convention on Climate Change -- will be held Nov. 11-22 in Baku, Azerbaijan, and "it's imperative that huge progress is made," Ripple said.

Collaborating with Ripple, Wolf, OSU's Beverly Law and TERA's Jillian W. Gregg on the climate report were Naomi Oreskes of Harvard University, Michael E. Mann of the University of Pennsylvania, Thomas M. Newsome of the University of Sydney, Chi Xu of Nanjing University, Jens-Christian Svenning of Aarhus University, Timothy M. Lenton of the University of Exeter, Cassio Cardoso Pereira of Universidade Federal de Minas Gerais, Stefan Rahmstorf and Johan Rockstrom of the Potsdam Institute for Climate Impact Research, and Thomas W. Crowther of the Swiss Federal Institute of Technology.

The CO2 Foundation and Roger Worthington, an attorney and the owner of Worthy Brewing in Bend, Oregon, provided funding for this research.
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New insights into how Mars became uninhabitable | ScienceDaily
NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.


						
Although the surface of Mars is frigid and hostile to life today, NASA's robotic explorers at Mars are searching for clues as to whether it could have supported life in the distant past. Researchers used instruments on board Curiosity to measure the isotopic composition of carbon-rich minerals (carbonates) found in Gale crater and discovered new insights into how the Red Planet's ancient climate transformed.

"The isotope values of these carbonates point toward extreme amounts of evaporation, suggesting that these carbonates likely formed in a climate that could only support transient liquid water," said David Burtt of NASA's Goddard Space Flight Center in Greenbelt, Maryland, and lead author of a paper describing this research published October 7 in the Proceedings of the National Academy of Sciences. "Our samples are not consistent with an ancient environment with life (biosphere) on the surface of Mars, although this does not rule out the possibility of an underground biosphere or a surface biosphere that began and ended before these carbonates formed."

Isotopes are versions of an element with different masses. As water evaporated, light versions of carbon and oxygen were more likely to escape into the atmosphere, while the heavy versions were left behind more often, accumulating into higher abundances and, in this case, eventually being incorporated into the carbonate rocks. Scientists are interested in carbonates because of their proven ability to act as climate records. These minerals can retain signatures of the environments in which they formed, including the temperature and acidity of the water, and the composition of the water and the atmosphere.

The paper proposes two formation mechanisms for carbonates found at Gale. In the first scenario, carbonates are formed through a series of wet-dry cycles within Gale crater. In the second, carbonates are formed in very salty water under cold, ice-forming (cryogenic) conditions in Gale crater.

"These formation mechanisms represent two different climate regimes that may present different habitability scenarios," said Jennifer Stern of NASA Goddard, a co-author of the paper. "Wet-dry cycling would indicate alternation between more-habitable and less-habitable environments, while cryogenic temperatures in the mid-latitudes of Mars would indicate a less-habitable environment where most water is locked up in ice and not available for chemistry or biology, and what is there is extremely salty and unpleasant for life."

These climate scenarios for ancient Mars have been proposed before, based on the presence of certain minerals, global-scale modeling, and the identification of rock formations. This result is the first to add isotopic evidence from rock samples in support of the scenarios.




The heavy isotope values in the Martian carbonates are significantly higher than what's seen on Earth for carbonate minerals and are the heaviest carbon and oxygen isotope values recorded for any Mars materials. In fact, according to the team, both the wet-dry and the cold-salty climates are required to form carbonates that are so enriched in heavy carbon and oxygen.

"The fact that these carbon and oxygen isotope values are higher than anything else measured on Earth or Mars points towards a process (or processes) being taken to an extreme," said Burtt. "While evaporation can cause significant oxygen isotope changes on Earth, the changes measured in this study were two to three times larger. This means two things: 1) there was an extreme degree of evaporation driving these isotope values to be so heavy, and 2) these heavier values were preserved so any processes that would create lighter isotope values must have been significantly smaller in magnitude."

This discovery was made using the Sample Analysis at Mars (SAM) and Tunable Laser Spectrometer (TLS) instruments aboard the Curiosity rover. SAM heats samples up to nearly 1,652 degrees Fahrenheit (almost 900degC) and then the TLS is used to analyze the gases that are produced during that heating phase.

Funding for this work came from NASA's Mars Exploration Program through the Mars Science Laboratory project. Curiosity was built by NASA's Jet Propulsion Laboratory (JPL), which is managed by Caltech in Pasadena, California. JPL leads the mission on behalf of NASA's Science Mission Directorate in Washington. NASA Goddard built the SAM instrument, which is a miniaturized scientific laboratory that includes three different instruments for analyzing chemistry, including the TLS, plus mechanisms for handling and processing samples.
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Should men and women eat different breakfasts to lose weight? | ScienceDaily
It's not a bad thing if you pick a toasted bagel for breakfast, while your partner chooses eggs. In fact, according to a new study from the University of Waterloo, that difference could help you lose some weight.


						
The study, which employed a mathematical model of men's and women's metabolisms, showed that men's metabolisms respond better on average to a meal laden with high carbohydrates like oats and grains after fasting for several hours, while women are better served by a meal with a higher percentage of fat, such as omelettes and avocados.

"Lifestyle is a big factor in our overall health," said Stephanie Abo, an Applied Mathematics PhD candidate and the lead author of the study. "We live busy lives, so it's important to understand how seemingly inconsequential decisions, such as what to have for breakfast, can affect our health and energy levels. Whether attempting to lose weight, maintain weight, or just keep up your energy, understanding your diet's impact on your metabolism is important."

The study builds on an existing gap in research on sex differences in how men and women process fat. "We often have less research data on women's bodies than on men's bodies," said Anita Layton, a professor of Applied Mathematics and Canada 150 Research Chair in Mathematical Biology and Medicine.

"By building mathematical models based on the data we do have, we can test lots of hypotheses quickly and tweak experiments in ways that would be impractical with human subjects."

"Since women have more body fat on average than men, you would think that they would burn less fat for energy, but they don't," said Layton. "The results of the model suggest that women store more fat immediately after a meal but also burn more fat during a fast."

Going forward, the researchers hope to build more complex versions of their metabolism models and extend beyond the consideration of biological sex by incorporating an individual's weight, age, or stage in the menstrual cycle.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241007134017.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Antarctic 'greening' at dramatic rate | ScienceDaily
Vegetation cover across the Antarctic Peninsula has increased more than tenfold over the last four decades, new research shows.


						
The Antarctic Peninsula, like many polar regions, is warming faster than the global average, with extreme heat events in Antarctica becoming more common.

The new study -- by the universities of Exeter and Hertfordshire, and the British Antarctic Survey -- used satellite data to assess how much the Antarctic Peninsula has been "greening" in response to climate change.

It found that the area of vegetation cover across the Peninsula increased from less than one square kilometre in 1986 to almost 12 square kilometres by 2021.

Published in the journal Nature Geoscience, the study also found this greening trend accelerated by over 30% in recent years (2016-2021) relative to the full study period (1986-2021) -- expanding by over 400,000 square metres per year in this period.

In a previous study, which examined core samples taken from moss-dominated ecosystems on the Antarctic Peninsula, the team found evidence that rates of plant growth had increased dramatically in recent decades.

This new study uses satellite imagery to confirm that a widespread greening trend, across the Antarctic Peninsula, is under way and accelerating.




"The plants we find on the Antarctic Peninsula -- mostly mosses -- grow in perhaps the harshest conditions on Earth," said Dr Thomas Roland, from the University of Exeter.

"The landscape is still almost entirely dominated by snow, ice and rock, with only a tiny fraction colonised by plant life.

"But that tiny fraction has grown dramatically -- showing that even this vast and isolated 'wilderness' is being affected by anthropogenic climate change."

Dr Olly Bartlett, from the University of Hertfordshire, added: "As these ecosystems become more established -- and the climate continues to warm -- it's likely that the extent of greening will increase.

"Soil in Antarctica is mostly poor or non-existent, but this increase in plant life will add organic matter, and facilitate soil formation -- potentially paving the way for other plants to grow.

"This raises the risk of non-native and invasive species arriving, possibly carried by eco-tourists, scientists or other visitors to the continent."

The researchers emphasise the urgent need for further research to establish the specific climate and environmental mechanisms that are driving the "greening" trend.




"The sensitivity of the Antarctic Peninsula's vegetation to climate change is now clear and, under future anthropogenic warming, we could see fundamental changes to the biology and landscape of this iconic and vulnerable region," said Dr Roland.

He added: "Our findings raise serious concerns about the environmental future of the Antarctic Peninsula, and of the continent as a whole. In order to protect Antarctica, we must understand these changes and identify precisely what is causing them."

The researchers are now investigating how recently deglaciated (ice-free) landscapes are colonised by plants, and how the process might proceed into the future.
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Common consumer product chemicals now tied to cardiac electrical changes | ScienceDaily
Environmental phenols are found in a wide range of common consumer products. They include preservatives in packaged foods, parabens in shampoos and bisphenol A (BPA) in plastic dishware, so humans have broad exposure to them, day in and day out.


						
Some of these environmental phenols are known to have cardiac toxicities. Now, an interdisciplinary study involving four University of Cincinnati College of Medicine professors is revealing their adverse impact on the heart's electrical properties, and the research has been published in the journal Environmental Health.

"This is the first study to look at the impact of phenol exposure on cardiac electrical activity in humans," said Hong-Sheng Wang, PhD, professor in the Department of Pharmacology, Physiology and Neurobiology and the study's lead author.

Researchers used data from the Fernald Community Cohort, which includes nearly 10,000 people who lived near the former U.S. Department of Energy uranium processing site at Fernald, outside Cincinnati, and participated in the Fernald Medical Monitoring Program between 1990 and 2008.

Much of the cohort did not experience exposure to uranium beyond the radiation received by the general population. Wang and his team used their data, including biological samples and medical records, in the study so uranium exposure would not be a factor in the findings -- making them relevant to the general population. Because urine samples and electrocardiograms, or EKGs, were collected on the same day, the results were significant for analyzing exposure to environmental phenols.

The EKGs, which measure cardiac electrical activities, were read by board-certified physicians, and the urine samples were sent to the Centers for Disease Control and Prevention for exposure analysis.

One goal of the study was to identify any changes in EKG parameters associated with environmental phenol exposure.




The heart is driven by electrical activity, so anything affecting its electrical properties can have a detrimental impact and possibly result in arrhythmias.

The research concluded higher exposure to some environmental phenols is associated with altered cardiac electrical activity.

Researchers found higher exposure to BPA, BPF and BPA+F in women is associated with a longer PR interval, a delay in the time it takes for electrical signals to move from the atria at the top of the heart to the ventricles.

"Our findings were highly sex-specific," said Wang. In women, researchers identified an association with longer QRS duration, or contraction of the ventricles, and dysfunction of the electrical impulses of the heart.

"It was particularly pronounced in women with higher body mass indexes," said Wang.

In men, researchers found higher exposure to triclocarban (TCC), an antimicrobial agent, led to longer QT intervals in the heart -- meaning the heart's electrical system is taking too long to recharge, a situation that can contribute to heart rhythm dysfunction. TCC has since been banned in the United States.




Wang also pointed out that typical exposure levels alone are unlikely to cause clinically significant heart disease in healthy people.

"These were not dramatic changes that we observed, but moderate changes to cardiac electrical activity," he said. "However, they were particularly pronounced in certain subpopulations."

He said the altered cardiac activity could exacerbate existing heart disease or arrhythmias in a patient, especially older adults or those with other risk factors.

"Now there are new chemicals out there, so the next step would be to examine these newer environmental chemicals and to focus on their impact on an individual level in those who are predisposed to heart disease," said Wang.

Other contributors in this study included Susan Pinney, PhD, FACE, professor of epidemiology in the Department of Environmental and Public Health Sciences; Jack Rubinstein, MD, FACC, professor of clinical cardiology in the Department of Internal Medicine; and Changchun Xie, PhD, professor in the Department of Biostatistics, Health Informatics and Data Sciences.

This study was funded by grants from the National Institute of Environmental Health and the University of Cincinnati Center for Environmental Genetics.
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A novel method to split water to create hydrogen -- a clean source of fuel | ScienceDaily
Scientists are urgently searching for clean fuel sources -- such as hydrogen -- to move towards carbon neutrality. A breakthrough for improving the efficiency of the photocatalytic reaction that splits water into hydrogen has been made by a team of researchers from Tohoku University, Tokyo University of Science and Mitsubishi Materials Corporation.


						
"Water-splitting photocatalysts can produce hydrogen (H2) from only sunlight and water," explains Professor Yuichi Negishi, the lead researcher of this project (Tohoku University), "However, the process hasn't been optimized sufficiently for practical applications. If we can improve the activity, hydrogen can be harnessed for the realization of a next-generation energy society."

The research team established a novel method that uses ultrafine rhodium (Rh)-chromium (Cr) mixed-oxide (Rh2-xCrxO3) cocatalysts (the actual reaction site and a key component to stop H2 reforming with oxygen to make water again) with a particle size of about 1 nm. Then, they are loaded crystal facet-selectively onto a photocatalyst (uses sunlight and water to speed up reactions). Previous studies have not been able to accomplish these two feats in a single reaction: a tiny cocatalyst that can also be placed on specific regions of the photocatalyst.

A smaller particle size is important because then the activity per amount of cocatalyst loaded is greatly enhanced due to the increase in specific surface area of the cocatalyst. Facet-selective loading is also important, because otherwise, randomly placed cocatalysts may end up on crystal facets where the desired reaction does not occur.

The particle size, loading position, and electronic state of the cocatalyst in the photocatalyst prepared by the F-NCD method (Rh2-xCrxO3/18-STO (F-NCD)) were compared with those prepared by the conventional method. Overall, photocatalysts prepared by the new method achieved 2.6 times higher water-splitting photocatalytic activity. The resulting photocatalyst exhibits the highest apparent quantum yield achieved to date for strontium titanate.

This remarkable method has improved our ability to generate hydrogen without harmful byproducts such as carbon dioxide. This may allow us to harness hydrogen as a more abundant, green energy source so we can all breathe a little easier.
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How cells maintain their central processing unit for cell division | ScienceDaily
A centromere is a specialized location in the DNA that functions as the control centre of cell division and is maintained, unchanged, across generations of cells. It is characterized by a special protein, called centromeric protein A (CENP-A), which marks the centromere and mobilizes other players necessary for cell division. 


						
"One of the fundamental questions of life replication is: what is the mechanism that allows this structure (the CENP-A marker) to exactly restore itself at every cell cycle?," says Prof. Dr. Andrea Musacchio from the Max Planck Institute of Molecular Physiology in Dortmund. Musacchio and his team have now been able to elucidate at the molecular level the exact mechanism that regulates the replenishment of the centromere with CENP-A. They used a set of biochemical techniques to infer how the protein called Polo-like kinase 1 (PLK1) regulates the assembly of the machinery responsible for CENP-A reloading.

A cascade of events

"We closed a gap in our knowledge that was open for 10 years," says Duccio Conti, a postdoc in the Musacchio group and first author of the publication. In healthy DNA replication, at first, each new chromosome gets half of CENP-A proteins per centromere, which is replenished shortly after division -- that process is completely unregulated in cancer cells. In 2014, another group found out that while one enzyme named CDK1 prevents the loading of CENP-A during most of the cell cycle, at a distinct time in the cell cycle the enzyme PLK1 promotes the refilling. Yet the precise molecular actions of PLK1 were unknown.

PLK1 is involved in many processes inside the cell, hence the usual approach of inhibiting it altogether would have disrupted its functioning. "The main challenge was to isolate only the specific function of PLK1 related to CENP-A reloading," says Conti. MPI scientists building on earlier work reconstituted PLK1 and the whole refilling machinery in the test tube, and introduced mutations in specific points of the proteins to discern if and how they were involved in the process. They then confirmed their findings in cell, using cell biology essays.

As it turns out "PLK1 binds to one of the components of the restocking apparatus (a complex of four proteins), to make the arm of one of them open up and let the final element of the machinery bind, the chaperon protein HJURP which keeps CENP-A soluble and stable in the cytoplasm," says Conti. PLK1 initiates the cascade of events by inducing a series of chemical changes (phosphorylation) and conformational changes in the nearby proteins of the machinery. "The discovery," adds Conti, "paves the way for new questions about PLK1 and its involvement in regulating the insertion of new CENP-A proteins into the centromere."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241007115250.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Low stream diatom biodiversity potentially decreasing stream oxygen production in remote islands | ScienceDaily
Benthic diatoms are the most important and biodiverse primary producers in streams and comprise the basis for the food webs, fueling animals such as insects and stream fishes including trout.


						
"It is known that highly biodiverse diatom communities are very efficient in producing oxygen" says Professor Janne Soininen from University of Helsinki.

"Islands have long been considered natural laboratories as they comprise a unique environment for living organisms and contribute strongly to global biodiversity, usually being biodiversity hotspots" says Ramiro Martin-Devasa, postdoctoral researcher at the Aquatic Community Ecology group at the University of Helsinki. He is the first author of a recent research article about diatom biodiversity on islands, published in the journal Global Ecology and Biogeography.

They found that if island is very distant, diatom biodiversity is lower than on islands nearby the continents. Lower biodiversity may decrease the oxygen production of diatoms.

Islands have been an exciting study system for investigating plant and animal diversity since the early days of biodiversity studies. Their isolation from other land masses makes it difficult for species with a poor dispersal ability to colonize them, but, on the other hand, allows evolutive processes to take place leading to many endemic species on islands.

The new article highlights that island diatom biodiversity is affected by dispersal and evolutionary processes and environmental factors and varies with island location on Earth, island age and how far island is from continents. Such factors are thus potentially important also for oxygen production by diatoms in freshwater ecosystems.
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What turns bacteria into spirals? | ScienceDaily
Bacteria come in a wide variety of shapes, which are important for their fitness in their respective ecological niches. However, despite intensive research, the factors that determine the shape of bacterial cells remain, in many cases, unknown. A team of researchers led by Martin Thanbichler has now discovered the mechanism that determines the spiral shape of Rhodospirillum, shedding new light on the link between cell shape and fitness.


						
Bacteria come in a surprising variety of shapes. In addition to rod-shaped representatives such as the widely known model bacterium E. coli, there are numerous curved and even spiral-shaped bacteria. Curvature is crucial to the ability of bacteria to colonize surfaces and move in viscous environments -- and thus also to cause disease, as is the case for Vibrio cholerae or Helicobacter pylori. Researchers worldwide are working to understand the molecular details of bacterial cell curvature, with the hope of someday being able to influence it and thus potentially combat pathogens.

Now an international research team led by Max Planck Fellow Martin Thanbichler, Professor at the University of Marburg, Germany, has provided new insights into the shape of the photosynthetic bacterium Rhodospirillum rubrum. This species is widespread in the environment and has biotechnological potential because it can utilize carbon monoxide, fix nitrogen and produce both hydrogen and building blocks for bioplastics.

The researchers were surprised to find that in Rhodospirillum two so-called porins -- channel-like proteins that so-far were only known to be only responsible for the exchange of nutrients across the outer membrane of bacteria -- are arranged helically in the outer curvature of the cell. These structures are closely connected to the cell wall by another protein, the lipoprotein PapS. Surprisingly, when PapS was missing or when the researchers prevented it from binding to the porins, the cells became completely straight.

Porins with double function

But why is PapS essential for cell curvature? "The porins seem to have evolved to perform a second function apart from exchanging nutrients," explains Martin Thanbichler. "Together with PapS, they control the movement of a molecular machine that travels in circles around the cell body. This machine incorporates new material into the existing cell wall and thus leads to cell elongation. In rod-shaped bacteria such as E. coli, this machine moves uniformly in all areas of the cell, resulting in a straight shape. In R. rubrum, by contrast, the helical Porin-PapS structure forms a kind of molecular cage. Due to its dense packing, it surrounds the machinery that is normally responsible for the longitudinal cell growth and partially fixates it in the outer curve of the cell. This results in a local increase in cell elongation around the Porin-PapS structure, which ultimately bends the cell body into a spiral shape."

The study, in which the Marburg team worked together with researchers from Kiel, Freiburg, England and Australia, has uncovered a novel mechanism of shape determination in bacteria that is based on the direct influence of outer membrane proteins on the spatial control of cell growth. The findings are likely to apply to all curved relatives of Rhodospirillum, and it will be exciting to see whether this mechanism is also used by other bacterial groups with more complex cell shapes.

"We now have the opportunity to modify the cell shape of R. rubrum. This will give us the opportunity to study the selective advantage of the helical cell shape for bacteria in their habitat," says Sebastian Pohl, first author of the study. This could provide important insights into how cell shape affects the colonization of ecological niches, the establishment of symbiotic interactions with plants, or the cause of disease.
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Gut hormones could hold the key to fighting fatty liver disease | ScienceDaily
Fatty liver disease, a condition characterized by the accumulation of excessive fat in the liver, is a growing global health concern. Proglucagon-derived peptides (PGDPs), including glucagon, GLP-1, and GLP-2, are known to regulate lipid metabolism in the liver. However, the mechanism underlying this remains unelucidated. Now, researchers from Fujita Health University have investigated the role of PGDPs, including glucagon, GLP-1, and GLP-2, in fat accumulation in the liver using GCGKO mice deficient in these peptides.


						
The accumulation of fats in the liver is driven by high-fat diets and obesity, and is becoming an increasingly prevalent global health concern. Characterized by excessive fat accumulation in the liver, this condition poses significant risks for various metabolic disorders. While much of the existing research has focused on fat metabolism within the liver itself, emerging findings emphasize the critical role of the gut in this complex process. Proglucagon-derived peptides (PGDPs), including glucagon, GLP-1, and GLP-2, are known to be the key hormones that regulate lipid metabolism in the liver. Derived from the same precursor -- proglucagon, previous studies have shown that both GLP-1 and GLP-2 are involved in lipid accumulation indirectly in the liver. However, their specific contributions to liver fat accumulation are not yet fully understood.

A new study, led by Associate Professor Yusuke Seino from Fujita Health University and published in Nutrients on 14 July, 2024, explores how PGDPs impact fat absorption and liver fat buildup. The team of researchers included lead researchers Mr. Koki Nishida, Mr. Atsushi Suzuki, and Mr. Yoshiki Hirooka from Fujita Health University, along with Mr. Yoshikata Hayashi from Nagoya University. Using genetically modified mice lacking PGDPs (GCGKO mice), the study investigates the response of mice to a high-fat diet (HFD) for seven days and sheds light on a potential new strategy for preventing fatty liver.

"When we subjected both GCGKO mice and control mice to an HFD for one week, the GCGKO mice exhibited a significantly lower increase in hepatic free fatty acid (FFA) and triglyceride levels, along with reduced adipose tissue weight," highlighted Dr. Seino. These effects were attributed to a decrease in lipid absorption via the CD36 pathway in the intestinal tract, despite a reduced fat-burning capacity (b-oxidation) in the liver.

Additionally, the study found lower expression levels of genes involved in FFA oxidation in HFD-fed GCGKO mice. Particularly, Ppara (peroxisome proliferator receptor alpha) and Cd36 (cluster of differentiation 36) mRNA levels were reduced in the duodenum, correlating with a decrease in fat uptake in the intestines and increased fecal cholesterol content. This suggests that the absence of PGDPs prevents diet-induced fatty liver by lowering intestinal fat absorption.

Notably, the researchers found that despite lower fat-burning activity in the liver, the primary factor preventing fat accumulation was reduced fat absorption from the intestines. HFD-fed GCGKO mice also showed lower plasma triglyceride levels during the oral fat tolerance test (OFTT), further confirming reduced lipid absorption.

Moreover, the study underscores the intricate relationship between diet, hormonal responses, and intestinal microbiota. The HFD-fed GCGKO mice demonstrated notable shifts in gut bacteria, with an increase in Parabacteroides and a decrease in Lactobacillus, both linked to obesity resistance. These changes further point to the possibility of dietary and hormonal interventions to enhance gut health and metabolic function.

Adding further, Dr. Seino notes, "If we can examine in more detail how PGDPs specifically regulate lipid absorption in the gut, we hope to clarify the relationship between diet, hormones, and intestinal bacteria sufficiently to recommend a diet that is less conducive to obesity and fatty liver disease."

Talking about the long-term implications of their research, Dr. Seino says, "In the future, oral dual antagonists of GLP-2 and glucagon could emerge as potential therapies for obesity and fatty liver, especially given their roles in insulin sensitivity and lipid metabolism."

In summary, these findings pave the way for the development of targeted therapies aimed at combating this growing health problem, potentially improving outcomes for millions of people affected by fatty liver disease worldwide.
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A compost in the sea that produces oxygen | ScienceDaily
Researchers from the University of Liege (BE) studied the fate of the material produced by Posidonia seagrass meadows. This study, carried out in the Mediterranean Sea at STARESO, shows that the dead leaves of what is commonly known as Neptune grass accumulate in shallow areas, where they break down like a compost, remineralising the organic matter. This has a previously underestimated effect on carbon fluxes in the Mediterranean coastal environments. Surprisingly, alongside this CO2 emission, oxygen production was also measured. This is linked to the presence of photosynthetic organisms living in this compost in the sea, which fundamentally differentiates it from compost on land.


						
Posidonia, a flowering plant emblematic of the Mediterranean Sea, commonly known as Neptune grass, forms vast meadows (underwater prairies) in shallow waters (less than 40m deep). "It is a terrestrial plant that recolonised the marine environment several million years ago, a small quirk of Evolution," explains Alberto Borges, an oceanographer at ULiege. "Like most terrestrial plants in our regions, Posidonia loses its oldest leaves in autumn. These dead leaves accumulate as litter (like at the base of trees) in large patches near the seagrass meadows." It is these accumulations of dead leaves and their breakdown and transformation that interested the researchers who travelled to STARESO, an underwater and oceanographic research station located in Calvi, Corsica, to conduct a study on the primary production and degradation of organic matter in Posidonia litter.

"In the litter, the organic matter breaks down and releases nutrients and CO2, like compost in gardens," explains Gilles Lepoint. "The litter accumulates in open, sun-light areas. Every gardener knows that to grow plants, you need nutrients and light. It is on this basis that we conducted our study, which led to a surprising first result: in the litter resulting from the accumulation of material that one would initially imagine as dead and inert, we measured oxygen production, a consequence of the photosynthetic activity of macroalgae drifted from rocks, living Posidonia shoots detached from the nearby meadow, and diatoms (microscopic algae) present in the litter."

To summarise: in this nutrient-rich environment, all living plants associated with the litter thrive and photosynthesize. This oxygen production is significant but does not offset the oxygen consumption by the decomposition of the dead leaves. These accumulations, therefore, remain net consumers of oxygen and, consequently, net emitters of CO2, much like compost and litter in terrestrial environments.

The second result from this study somewhat surprised the researchers. "While we thought that Posidonia litter degraded relatively quickly, this study showed us the opposite, based on measurements of litter mass loss -- it degrades more slowly," says Alberto Borges. "We measured respiration through short-term (1-day) incubations based on very precise oxygen measurements." These measurements provided a more realistic and accurate estimate, with lower values than those traditionally obtained by monitoring mass loss over very long periods (several months). This result could modify the current carbon balance calculations for these ecosystems, which are based on traditional mass loss measurements.

As part of this study, the researchers also examined the primary production and degradation of organic matter from the macroalgae growing on rocks adjacent to the Posidonia meadows. "We hypothesized that there might be exchanges between the two systems, which one might initially imagine to be separate and compartmented. Once again, we obtained an unexpected result," says Willy Champenois with satisfaction. "These macroalgae, despite undergoing photosynthesis, were net consumers of oxygen rather than net producers! This means that the communities of bacteria and invertebrates living within the algae community consume more organic matter than the algae produce. This necessarily implies that this excess organic matter must come from an external source." By calculating a mass balance, the researchers concluded that this excess organic matter was likely provided by the Posidonia in the form of dissolved organic molecules diffusing from the seagrass meadow and litter to the rocks.

In summary, there is a two-way exchange between the macroalgae on the rocks and the Posidonia meadows. The macroalgae drifting from the rocks can accumulate in the Posidonia litter and contribute to primary production there. In turn, the seagrass can supply organic molecules that diffuse to the rocks and are assimilated by the bacterial communities associated with the macroalgae on the rocks. A mutually beneficial relationship, indeed!

This study provides new insights into the quantification and understanding of the organic carbon balance of Posidonia seagrass meadows in the Bay of Calvi, which has been the subject of research by oceanographers and marine biologists at the University of Liege since the 1980s, notably through the STARESO marine research station.
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After injury, these comb jellies can fuse to become one | ScienceDaily

"Our findings suggest that ctenophores may lack a system for allorecognition, which is the ability to distinguish between self and others," says Kei Jokura of the University of Exeter, UK, and National Institutes of Natural Sciences in Okazaki, Japan. "Additionally, the data imply that two separate individuals can rapidly merge their nervous systems and share action potentials."

Jokura and colleagues made the observation after keeping a population of the comb jellies in a seawater tank in the lab. They noticed an unusually large individual that seemed to have two backends and two sensory structures known as apical organs instead of one. They wondered if this unusual individual arose from the fusion of two injured jellies.

To find out, they removed partial lobes from other individuals and placed them close together in pairs. It turned out that, 9 out of 10 times, it worked. The injured individuals became one, surviving for at least 3 weeks.

Further study showed that after a single night, the two original individuals seamlessly became one with no apparent separation between them. When the researchers poked at one lobe, the whole fused body reacted with a prominent startle response, suggesting that their nervous systems also were fully fused.

"We were astonished to observe that mechanical stimulation applied to one side of the fused ctenophore resulted in a synchronized muscle contraction on the other side," Jokura said.

More detailed observations showed that the fused comb jellies had spontaneous movements for the first hour. After that, the timing of contractions on each lobe started to synch up more. After just two hours, 95% of the fused animal's muscle contractions were completely synchronous, they report. They also looked closely at the digestive tract to find that it also had fused. When one of the mouths ingested fluorescently labeled brine shrimp, the food particles worked their way through the fused canal. Eventually, the comb jelly expelled waste products from both anuses, although not at the same time.

The researchers say it remains unclear how the fusion of two individuals into one functions as a survival strategy. They suggest that future studies will help to fill the gaps in understanding, with potential implications for regenerative research.

"The allorecognition mechanisms are related to the immune system, and the fusion of nervous systems is closely linked to research on regeneration," Jokura says. "Unraveling the molecular mechanisms underlying this fusion could advance these crucial research areas."
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Whale shark shipping collisions may increase as oceans warm | ScienceDaily
Global warming could increase the threat posed to whale sharks from large ships, according to a new study published in Nature Climate Change.


						
Researchers from the University of Southampton and Marine Biological Association (MBA) predict that increased ocean temperatures will see this already endangered species driven into new habitats crossed by busy shipping lanes.

The study predicts that the co-occurrence of whale sharks and large ships could be 15,000 times higher by the end of the century compared to the present day.

Lead author Dr Freya Womersley, University of Southampton and MBA Postdoctoral Research Scientist said: "These shifts in the whale sharks' habitat were most extreme under high emission scenarios. A global reshuffling could lead to core habitat losses in some areas as well as increased co-occurrence with shipping traffic as oceans warm and other variables change."

Whale sharks, the world's largest fish, are highly mobile and responsive to changes in temperature. Recent evidence suggests they are also particularly vulnerable to ship strikes -- where large marine animals are struck and injured, often fatally, by large vessels in the global fleet.

Researchers used whale shark satellite-tracking data coupled with global climate models to project the distribution of whale sharks under three different future climate scenarios.

The models project core habitat losses of over 50% in some national waters by 2100 under high emissions (where we continue to rely heavily on fossil fuels), with the greatest potential losses in Asia. Under a sustainable development scenario (in line with the target of no more than 2degC of global warming), some areas showed a gain in core habitat, notably in Europe.




"The shifts we predict are likely to be less extreme if we are able to slow warming and mitigate climate change, suggesting that even complex, multi-factor impacts of climate change can be somewhat alleviated by our actions," says Professor David Sims, co-author and Senior Research Fellow at the University of Southampton and MBA.

The team paired the distribution maps with information on shipping traffic density to determine if these habitat shifts would see whale sharks move into more heavily trafficked areas in future, potentially increasing the likelihood of ship strikes.

They found that some newly suitable habitats overlapped with busy shipping routes. This was the case in the US part of the North Pacific Ocean, the Japanese part of the Eastern China Seas, and the Sierra Leonian part of the North Atlantic Ocean, among many other sites globally.

Some areas, such as the Mexican part of the Gulf of Mexico, saw reductions in co-occurrence, where core habitats shifted into more coastal waters, away from the busy shipping routes in the centre of the Gulf.

Professor Sims says: "Overall ship co-occurrence increased under all future climate scenarios, even if shipping remained at current levels, rather than its anticipated expansion of up to 1,200 per cent by 2050."

Womersley added: "We show that climate change has the potential to indirectly impact highly mobile marine species through interacting pressures of humans and the environment. This highlights the importance of factoring climate change into discussions around endangered species management."

The research was supported by the UK Natural Environment Research Council (NERC) and the European Research Council (ERC) under the EU Horizon 2020 Programme.
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How cells recognize and repair DNA damage | ScienceDaily
Whenever cells divide, there is a high risk of damage to the genetic material. After all, the cell has to duplicate its entire genetic material and copy billions of genetic letters before it divides. This repeatedly results in "reading errors" of the genome. However, other factors are also responsible for the accumulation of DNA damage in the course of a person's life: exposure to sun light, alcohol and cigarettes are just a few examples of factors that are known to damage the genetic material and thus can cause cancer, among other things.


						
Of course, the cell is not powerless in the face of such lesions. It has an extensive catalog of cellular mechanisms that are set in motion following DNA damage. DNA damage response, or DDR for short, is the technical term for this. Specific signaling pathways usually initiate the immediate recognition and repair of DNA damage, thus ensuring the survival of the cell.

A new look at the DNA damage response

A team of scientists from Julius-Maximilians-Universitat Wurzburg (JMU) in Bavaria, Germany, has now taken a closer look at one of these signaling pathways. The group has identified a new mechanism of the DNA damage response that is mediated via an RNA transcript. Their results help to broaden the conceptual view on the DNA damage response and to link it more closely with RNA metabolism.

Dr. Kaspar Burger, junior research group leader at the Department of Biochemistry and Molecular Biology, was responsible for this study. The group has published the results of their investigations in the journal Genes & Development.

RNA transcripts as regulators of genome stability

"In our study, we focused on so-called long non-coding RNA transcripts. Previous data suggest that some of these transcripts act as regulators of genome stability," says Kaspar Burger, explaining the background to the work. The study focused on the nuclear enriched abundant transcript 1 -- also known as NEAT1 -- which is found in high concentrations in many tumor cells. NEAT1 is also known to react to DNA damage and to cellular stress. However, its exact role in the DNA damage response was previously unclear.




"Our hypothesis was that RNA metabolism involves NEAT1 in the DNA damage response in order to ensure the stability of the genome," says Burger. To test this hypothesis, the research group experimentally investigated how NEAT1 reacts to serious damage to the genome -- so-called DNA double-strand breaks -- in human bone cancer cells. The result: "We were able to show that DNA double-strand breaks increase both the number of NEAT1 transcripts and the amount of N6-methyladenosine marks on NEAT1," says the scientist.

RNA modification marks are often deregulated in cancer cells

Methyladenosine marks on RNA transcripts are a topic that scientists have not been dealing with for very long. They fall into the area of epitranscriptomics -- the field of biology that deals with the question of how RNA modifications are involved in the regulation of gene expression. Methyl groups play a key role in this. It is known, for example, that RNA modifications are often misplaced in cancer cells.

NEAT1 releases an DNA repair factor

The experiments conducted by Kaspar Burger and his team show that the frequent occurrence of DNA double-strand breaks causes excessive methylation of NEAT1, which leads to changes in the NEAT1 secondary structure. As a result, highly methylated NEAT1 accumulates at some of these lesions to drive the recognition of broken DNA. In turn, experimentally induced suppression of NEAT1 levels delayed the DNA damage response, resulting in increased amounts of DNA damage.

NEAT1 itself does not repair DNA damage. However, as the Wurzburg team discovered, it enables the controlled release and activation of an RNA-binding DNA repair factor. In this way, the cell can recognize and repair DNA damage highly efficiently.




According to the scientists, knowledge about the role of NEAT1 methylation in the recognition and repair of DNA damage could open up new therapeutic options for tumors with high NEAT1 expression. However, it must first be clarified whether these results, which were obtained in simple cell systems, can also be transferred to complex tumor models.

Kaspar Burger's research was supported by the German Cancer Aid and the Mildred Scheel Early Career Center for Cancer Research (MSNZ) in Wurzburg.

Whenever cells divide, there is a high risk of damage to the genetic material. After all, the cell has to duplicate its entire genetic material and copy billions of genetic letters before it divides. This repeatedly results in "reading errors" of the genome. However, other factors are also responsible for the accumulation of DNA damage in the course of a person's life: exposure to sun light, alcohol and cigarettes are just a few examples of factors that are known to damage the genetic material and thus can cause cancer, among other things.

Of course, the cell is not powerless in the face of such lesions. It has an extensive catalog of cellular mechanisms that are set in motion following DNA damage. DNA damage response, or DDR for short, is the technical term for this. Specific signaling pathways usually initiate the immediate recognition and repair of DNA damage, thus ensuring the survival of the cell.

A new look at the DNA damage response

A team of scientists from Julius-Maximilians-Universitat Wurzburg (JMU) in Bavaria, Germany, has now taken a closer look at one of these signaling pathways. The group has identified a new mechanism of the DNA damage response that is mediated via an RNA transcript. Their results help to broaden the conceptual view on the DNA damage response and to link it more closely with RNA metabolism.

Dr. Kaspar Burger, junior research group leader at the Department of Biochemistry and Molecular Biology, was responsible for this study. The group has published the results of their investigations in the journal Genes & Development.

RNA transcripts as regulators of genome stability

"In our study, we focused on so-called long non-coding RNA transcripts. Previous data suggest that some of these transcripts act as regulators of genome stability," says Kaspar Burger, explaining the background to the work. The study focused on the nuclear enriched abundant transcript 1 -- also known as NEAT1 -- which is found in high concentrations in many tumor cells. NEAT1 is also known to react to DNA damage and to cellular stress. However, its exact role in the DNA damage response was previously unclear.

"Our hypothesis was that RNA metabolism involves NEAT1 in the DNA damage response in order to ensure the stability of the genome," says Burger. To test this hypothesis, the research group experimentally investigated how NEAT1 reacts to serious damage to the genome -- so-called DNA double-strand breaks -- in human bone cancer cells. The result: "We were able to show that DNA double-strand breaks increase both the number of NEAT1 transcripts and the amount of N6-methyladenosine marks on NEAT1," says the scientist.

RNA modification marks are often deregulated in cancer cells

Methyladenosine marks on RNA transcripts are a topic that scientists have not been dealing with for very long. They fall into the area of epitranscriptomics -- the field of biology that deals with the question of how RNA modifications are involved in the regulation of gene expression. Methyl groups play a key role in this. It is known, for example, that RNA modifications are often misplaced in cancer cells.

NEAT1 releases an DNA repair factor

The experiments conducted by Kaspar Burger and his team show that the frequent occurrence of DNA double-strand breaks causes excessive methylation of NEAT1, which leads to changes in the NEAT1 secondary structure. As a result, highly methylated NEAT1 accumulates at some of these lesions to drive the recognition of broken DNA. In turn, experimentally induced suppression of NEAT1 levels delayed the DNA damage response, resulting in increased amounts of DNA damage.

NEAT1 itself does not repair DNA damage. However, as the Wurzburg team discovered, it enables the controlled release and activation of an RNA-binding DNA repair factor. In this way, the cell can recognize and repair DNA damage highly efficiently.

According to the scientists, knowledge about the role of NEAT1 methylation in the recognition and repair of DNA damage could open up new therapeutic options for tumors with high NEAT1 expression. However, it must first be clarified whether these results, which were obtained in simple cell systems, can also be transferred to complex tumor models.

Kaspar Burger's research was supported by the German Cancer Aid and the Mildred Scheel Early Career Center for Cancer Research (MSNZ) in Wurzburg.
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Pterosaurs needed feet on the ground to become giants | ScienceDaily
The evolutionary adaptations that allowed ancient pterosaurs to grow to enormous sizes have been pinpointed for the first time by palaeontologists in the Centre for Palaeobiology and Biosphere Evolution at the University of Leicester.


						
The discovery revealed a surprising twist -- the ability to walk efficiently on the ground played a crucial role in determining how large the biggest flying animals could grow, with some reaching wingspans of up to 10 metres.

In a new study published in Current Biology, a team of researchers led by the University of Leicester examined the hands and feet of pterosaurs from around the world and across their entire evolutionary history.

They uncovered a surprising level of variation similar to that seen across living birds. This discovery indicates that pterosaurs were not confined to a life in the skies but were also adapted to a wide range of terrestrial lifestyles, from tree-climbing in early species to more ground-based lifestyles in later ones.

The evolution of pterosaurs, the first true flying vertebrates, showcases some of the most remarkable adaptations in the history of life. While these creatures are best known for their ability to soar through the prehistoric skies of the Mesozoic era (252-66 million years ago), a new study has revealed a surprisingly high degree of diversity in where and how pterosaurs lived when they were not airborne.

Lead author Robert Smyth, a doctoral researcher in the in the Centre for Palaeobiology and Biosphere Evolution (School of Geography, Geology and the Environment at the University of Leicester), explained: "Early pterosaurs were highly specialised for climbing, with extreme modifications in their hands and feet, similar to those found in climbing lizards and birds like woodpeckers today. Clinging to vertical surfaces by your fingertips for long periods is hard work -- it's a lot easier for small, lightweight animals."

These early pterosaurs were likely restricted to arboreal habitats and consequently, small body sizes. However, a major evolutionary shift occurred during the Middle Jurassic period, when pterosaur hands and feet changed to look much more like those of ground-dwelling animals. These adaptations to ground-based movement opened up new ecological opportunities, leading to a wide variety of feeding strategies. Freedom from the size constraints imposed by vertical living allowed some pterosaurs to evolve to gigantic size with wingspans of up to 10 metres.




Co-author Dr David Unwin from the University of Leicester added: "In early pterosaurs the hind limbs were connected by a flight membrane which severely impeded walking and running. In later, more advanced pterosaurs, this membrane became separated along the midline, allowing each hind limb to move independently. This was a key innovation that, combined with changes to their hands and feet, greatly improved pterosaurs' mobility on the ground.

"Freed from the constraints of climbing, these later pterosaurs could grow to enormous sizes, with some species becoming true giants of the Mesozoic."

The details of the hands and feet are a clear giveaway. In early pterosaurs, the bones at the base of the fingers and toes were relatively short, while those farther from the body were greatly elongated, ending in large, curved claws -- together these modifications resulted in a powerful grip -- ideal for climbing. By contrast, later, more advanced pterosaurs showed the opposite pattern: the bones at the base of their fingers and toes were much longer, while those closer to the tips were shorter. Their claws were also flatter and less curved, suggesting they were better adapted for walking rather than climbing.

Robert Smyth added: "These findings underscore the need to examine all aspects of pterosaur locomotion, not just flight, to fully understand their evolution. That pterosaurs could fly is only one part of their story. By exploring how they lived in the trees or on the ground, we can begin to understand the roles that they played in ancient ecosystems."

When pterosaurs arrived on the ground, it was already inhabited by a wide range of animals, including dinosaurs and many other reptiles. Pterosaurs cleverly avoided competition with these established groups by exploiting ecological niches that required both flying and walking abilities. This resulted in some bizarre feeding strategies such as evolving hundreds of fine, needle-like teeth that were used for filter-feeding. This remarkable feature, resembling the feeding method of modern flamingos, emerged at least 120 million years before the first flamingos evolved.
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Scientists uncover auditory 'sixth sense' in geckos | ScienceDaily
University of Maryland biologists identified a hidden sensory talent in geckos that's shaking up what we thought we knew about animal hearing.


						
In a new study published in Current Biology on October 4, 2024, the researchers revealed that geckos use the saccule -- a part of their inner ear traditionally associated with maintaining balance and body positioning -- to detect low-frequency vibrations. According to the researchers, this special "sixth sense" also plays a complementary role to the geckos' normal hearing and the way they sense the world around them. The team believes that this previously unrecognized hearing mechanism may be present in other reptilian species as well, challenging existing ideas about how animal sensory systems evolved and diverged over time.

"The ear, as we know it, hears airborne sound. But this ancient inner pathway, which is typically linked to balance, helps geckos detect vibrations that travel through mediums like the ground or water," said study co-author Catherine Carr, a Distinguished University Professor of Biology at UMD. "This pathway exists in amphibians and fish, and now it's proven to be preserved in lizards as well. Our findings shed light on how the auditory system evolved from what you see in fish to what you see in land animals including humans."

The saccule can detect faint vibrations ranging from 50 and 200 Hz, a spectrum well below what geckos can usually hear through their ears. Researchers say this indicates that the saccule serves a distinct yet complementary function to the geckos' regular auditory system. While geckos can hear airborne sound, many other reptiles do not have that ability. The study's lead author Dawei Han, a postdoctoral researcher and former graduate student at UMD, says that the discovery of the saccule's role in gecko hearing may lead to a better understanding of communication and behavior in other animals previously considered to have limited auditory capabilities.

"A lot of snakes and lizards were thought to be 'mute' or 'deaf' in the sense that they do not vocalize sounds or hear sounds well," Han explained. "But it turns out they could potentially be communicating via vibrational signals using this sensory pathway instead, which really changes the way scientists have thought about animal perception overall."

The existence of this shared sensory pathway in modern reptiles offers a unique window into the evolutionary history of vertebrate sensory systems, suggesting that the transition from aquatic to terrestrial environments likely involved more complex and gradual changes in hearing mechanisms than previously thought.

Although these findings are not directly connected to how humans hear, the researchers believe that there's always more than meets the eye -- or in this case, ear.




"Think about when you're at a live rock concert," Carr said. "It's so loud that you can feel your whole head and body vibrate in the sound field. You can feel the music, rather than just hearing it. That feeling suggests that the human vestibular system may be stimulated during those loud concerts, meaning our sense of hearing and balance may also be linked closely."

Carr and Han hope their findings will prompt more investigations into mammalian hearing, especially in the context of this sensory pathway. They believe that the established link between hearing and balance opens up new avenues for research, including the connection between human hearing and balance disorders.

"The implications of this research extend beyond the world of reptiles," Han said. "As we uncover these hidden mechanisms, we're also gaining a richer and more nuanced picture of how animals perceive and interact with their environments -- and potentially, new insights into our own sensory experiences."

This research was supported by the National Institutes of Health (Grant No. R01DC019341).
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Drier winter habitat impacts songbirds' ability to survive migration | ScienceDaily
A new study from researchers at the Smithsonian's National Zoo and Conservation Biology Institute (NZCBI) shows environmental conditions in migratory birds' winter homes carry over to affect their ability to survive spring migration and the breeding season.


						
While scientists have long known that the quality of winter, or non-breeding, habitat influences migratory birds' migration timing and reproductive success, the study, published today in Current Biology, marks the first time researchers have linked winter conditions with migration survival. Analysis of the data for both the Kirtland's warbler and the black-throated blue warbler revealed reduced rainfall and diminished vegetative productivity in the birds' Caribbean non-breeding habitats resulted in fewer birds surviving spring migration. For Kirtland's warblers, poor quality winter habitat also reduced survival in the subsequent breeding season.

As bird populations continue to decline, understanding the factors influencing their survival throughout the year is crucial. The Caribbean is expected to get drier in the coming decades due to climate change, suggesting migratory bird species such as these warblers could face even greater challenges going forward.

"If winter habitat quality continues to degrade over the next half-century due to climate change, we can now say that it will reduce birds' ability to survive spring migration," said Nathan Cooper, the study's lead author and research ecologist at NZCBI. "That knowledge can help us prioritize conservation measures on the most drought-resistant non-breeding grounds."

Beginning in 2017, Cooper and his co-authors wanted to investigate how environmental conditions on non-breeding grounds affect survival during spring migration and on the breeding grounds. However, GPS tags, which can track individual birds continuously, are too heavy to attach to most songbirds. Instead, songbird researchers must rely on other devices, like radio transmitters, which are lighter but only reveal their location when a receiver is within 6 to 10 miles. Many species breed over large swathes of North America, making it all but impossible to correctly guess where an individual bird might end up breeding with enough precision to detect its radio transmitter.

But Kirtland's warblers offered Cooper and his co-authors a unique opportunity because nearly the entire population breeds in a relatively small part of Michigan. This made it possible to track down the same individual birds tagged in their non-breeding habitat in the Bahamas.

The team analyzed three years of radio tracking data from 136 tagged Kirtland's warblers to estimate their survival rate across their migration and its relation to environmental factors.




In addition to directly estimating survival for Kirtland's warblers, the team also indirectly estimated migratory survival rates for black-throated blue warblers using a statistical technique first developed by Scott Sillett, co-author of the study and NZCBI wildlife ecologist, in 2002. The researchers improved Sillett's methods to analyze 14 years of capture-recapture data from the black-throated blue warbler's New Hampshire breeding grounds and its non-breeding grounds in Jamaica, and then link survival to environmental conditions.

Despite the two different methodologies, both species showed lower survival rates during migration compared to stationary periods. The study also confirmed that poor winter habitat conditions, such as drought or reduced vegetative productivity, led to lower survival rates during spring migration and, in some cases, the subsequent breeding season. This is the first direct evidence of this type of carry-over effect on survival during migration. The approach facilitated by Kirtland's warbler's restricted breeding grounds allowed the team to validate the more indirect approach to estimating migration survival.

"To effectively conserve migratory birds, we need to pinpoint when and where in their annual cycle they're under threat," Cooper said. "Being able to reliably estimate survival during migration versus stationary periods is the first step towards figuring out when, where and how birds are dying throughout the year."

But Cooper said it is critical to take a more holistic approach to effectively protect migratory bird species. For instance, it is unclear whether deaths during migration are the primary source of mortality or just one of many factors. Luckily, Cooper and co-authors Clark Rushing of the University of Georgia and Scott Yanco of the University of Michigan received a four-year grant from the U.S Fish and Wildlife Service's Great Lakes Restoration Act to build full annual-cycle population models for Kirtland's warblers. This model will help scientists determine how the dangers of migration fit into the broader picture for warblers, a strategy that could prove useful for the conservation of other declining migratory species.
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Improved water quality offsets in growing cities could protect Reef | ScienceDaily
New research shows how growing Queensland regions can learn from biodiversity and carbon offsetting efforts to better meet water quality targets.


						
The study, led by The University of Queensland researcher Joseph McMahon from the Reef Catchments Science Partnership, explores how the integrity of water quality offsets -- critical to protecting the health of the Great Barrier Reef -- can improve, especially in areas with growing populations such as Cairns and Mackay.

"Water quality offsets are designed to counterbalance industrial pollution by reducing emissions elsewhere, often from agricultural sources," Mr McMahon said.

"However, our study highlights substantial uncertainties in the effectiveness of this approach, especially in accurately measuring pollution reductions from agricultural land use changes.

"In this study, we summarised these uncertainties and estimated the demand for water quality offsets from sewage treatment plants -- the largest industrial emitter of total nitrogen in Great Barrier Reef catchments -- until 2050.

"We also discussed the implications of both on the ability of offsetting to counterbalance industrial emissions in catchments where water quality has a large influence on the Reef's health."

Researchers found that sewage treatment plants will require a large volume of water quality offsets by 2050 in Cairns, and a small volume of offsets immediately in Mackay.




"It's particularly important that water quality offsets in these catchments have a high integrity to ensure increased industrial pollution is adequately counterbalanced and important water quality targets for the Reef are met," Mr McMahon said.

"Water quality offsets could help industries like sewage treatment plants comply with regulations while also protecting the Reef, but uncertainties in measuring their effectiveness pose challenges.

"Some examples of water quality offsets these regions could employ include improved crop management practices and riverbank revegetation to improve water quality in waterways in Reef catchment areas.

"In general, if agricultural offsets are implemented near industrial emissions and have a high certainty of effectiveness, they are more likely to have a high integrity.

"This allows industries to comply with regulations while protecting the Reef from pollution linked to population growth.

"This approach provides a balance between scientific rigour and policy workability until further research into pollution hotspots and transport pathways can address some of the uncertainties."
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Toddlers get nearly half their calories from ultra-processed foods | ScienceDaily
Toddlers in the UK obtain nearly half (47%) of their calories from ultra-processed foods (UPFs), and this rises to 59% by the age of seven, according to a new study led by UCL researchers.


						
The study, published in the European Journal of Nutrition, looked at data from 2,591 children born in the UK in 2007 and 2008 whose parents recorded what their children ate and drank over three days.

The most common UPFs consumed by the toddlers -- who were 21 months when their parents recorded their diets -- were flavoured yoghurts and wholegrain breakfast cereals, products typically seen as healthy. By the age of seven, the most common UPFs were sweet cereals, white bread and puddings.

Lead author Dr Rana Conway, of the UCL Institute of Epidemiology & Health Care, said: "Ultra-processed foods are not all bad for our health and the foods typically eaten by the toddlers in our study are ones that are seen as quite healthy.

"However, some wholegrain cereals and flavoured yoghurts have high levels of added sugar and salt and our study found that toddlers who consumed more ultra-processed foods also had a higher intake of these ingredients.

"This is concerning, especially as toddlers in general consume more added sugar and salt than is recommended.

"Aside from sugar and salt, a diet that includes a lot of ultra-processed food is less likely to get children used to the natural flavours of whole foods and therefore less likely to encourage healthy eating later in life."

Senior author Professor Clare Llewellyn, of the UCL Institute of Epidemiology & Health Care, said: "Eating patterns in the early years are important, as they help set habits that can persist through childhood and into adulthood. This was reflected in our findings, with 21-month-olds who ate more ultra-processed foods also likely to be higher consumers of ultra-processed foods at the age of seven."




The researchers analysed data from the Gemini twin cohort study, using the Nova classification to divide the food and drink consumed into four groups: unprocessed or minimally processed foods (eggs, milk, vegetables, fish and fruit); processed culinary ingredients (salt, butter and oil); processed foods (tinned fish, peanut butter and cheese); and UPFs (cereals, yoghurts, industrially made sliced bread, biscuits, sausages, crisps).

UPFs are typically industrially produced and contain ingredients not used or very rarely used in home cooking, such as emulsifiers, colourings and sweeteners.

Toddlers were divided into five groups according to their ultra-processed food intake. The research team found that toddlers in the lowest UPF group consumed 28% of their calories from UPFs, while for toddlers in the highest of the five groups this was 69%.

They also found that ultra-processed foods consumed at 21 months predicted UPF consumption at seven years old. Toddlers who consumed the most UPFs were 9.4 times more likely to be in the highest UPF-consuming group at age seven compared to toddlers who consumed the lowest proportion of UPFs. The research team said this may be partly attributable to the "hyperpalatable" nature of these UPFs, as they tend to be foods higher in fat, sugar and/or salt.

In all five UPF groups, the toddlers' consumption of free sugars exceeded the UK government recommended maximum of 5% of daily calorie intake. In the two highest UPF groups, added sugar intake exceeded 10% on average.

The researchers called for policies to redress the balance of children's diets towards a lower proportion of UPFs, such as restricting the promotion of unhealthy foods marketed towards children, adding warning labels to products (e.g. those that are high in sugar), and subsidising fresh and minimally processed food.




Dr Conway said: "It's not easy to feed children healthily in our current food environment. Highly processed foods are often cheaper than the foods parents would like to give their children, such as fresh fruit and vegetables.

"Also, despite labels suggesting they're a healthy choice, ultra-processed foods marketed for children often contain too much sugar and salt. This makes it harder for parents to make healthy choices."

In the paper, the research team also said there was a range of commercial products intended for young children that would not be classified as a UPF as they did not contain UPF-style ingredients but mimicked UPFs in terms of textures. These might include vegetable sticks or puffs or snacks resembling cookies.

Early exposure to these foods, the researchers wrote, was unlikely to encourage consumption of vegetables, even if the foods' nutritional content was healthy (i.e., they did not include added sugar or salt).

In their study limitations, the researchers noted that people of white ethnicity and a higher socioeconomic status were over-represented in their population sample compared to the UK population as a whole.
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Liquefied natural gas carbon footprint is worse than coal | ScienceDaily
Liquefied natural gas leaves a greenhouse gas footprint that is 33% worse than coal, when processing and shipping are taken into account, according to a new Cornell University study.


						
"Natural gas and shale gas are all bad for the climate. Liquefied natural gas (LNG) is worse," said Robert Howarth, author of the study and a professor of ecology and environmental biology. "LNG is made from shale gas, and to make it you must supercool it to liquid form and then transport it to market in large tankers. That takes energy."

The research, "The Greenhouse Gas Footprint of Liquefied Natural Gas (LNG) Exported from the United States," published Oct. 3 in Energy Science & Engineering.

The emissions of methane and carbon dioxide released during LNG's extraction, processing, transportation and storage account for approximately half of its total greenhouse gas footprint, Howarth said.

Over 20 years, the carbon footprint for LNG is one-third larger than coal, when analyzed using the measurement of global warming potential, which compares the atmospheric impact for different greenhouse gases. Even on a 100-year time scale -- a more-forgiving scale than 20 years -- the liquefied natural gas carbon footprint equals or still exceeds coal, Howarth said.

The findings have implications for LNG production in the U.S., which is the world's largest exporter after it lifted an export ban in 2016, according to the paper. Almost all of the increase in natural gas production since 2005 has been from shale gas. Howarth said the exported LNG is produced from shale in Texas and Louisiana.

The liquefication process -- where the extracted natural gas is cooled to minus 260 degrees Fahrenheit -- makes LNG easier to transport on tanker ships.




But that mode of transportation comes at an environmental cost. The ships with two- or four-stroke engines that transport LNG have lower carbon dioxide emissions than steam-powered ships. But as those stroke-engine vessels burn LNG during storage and transportation, methane slips through as emitted exhaust gas, putting more into the atmosphere.

Methane is more than 80 times more harmful to the atmosphere than carbon dioxide, so even small emissions can have a large climate impact, Howarth said.

That's why, he said, the modern LNG tankers with two- and four-stroke engines have more greenhouse gas emissions than those tankers powered by steam. Regardless of better fuel efficiency and lower carbon dioxide emissions, methane still escapes in the tanker's exhaust.

Significant methane emissions occur in the natural gas liquefication process, a figure close to 8.8% of total when using the global warming potential. Methane emissions from tankers vary from 3.9% to 8.1%, depending on the ship.

"Almost all the methane emissions occur upstream when you're extracting the shale gas and liquefying it," Howarth said. "This is all magnified just to get the liquefied natural gas to market.

"So liquefied natural gas will always have a bigger climate footprint than the natural gas, no matter what the assumptions of being a bridge fuel are," Howarth said. "It still ends up substantially worse than coal."

The research was supported by a grant from the Park Foundation.
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In lab tests, dietary zinc inhibits AMR gene transmission | ScienceDaily
Genes responsible for antimicrobial resistance (AMR) can spread from microbe to microbe through circular genetic material called plasmids, and this lateral transfer occurs in the gut. This week in Applied and Environmental Microbiology, researchers in Iowa report that the transmission of some AMR plasmids may be inhibited by a readily available source -- dietary zinc supplements.


						
"This is the first time where we've discovered that zinc inhibits the process of plasmid transfer, and at lower concentrations it has minimal effect on bacteria" said microbiologist and senior author on the study Melha Mellata, Ph.D., at Iowa State University. That's important, she said, because killing gut bacteria might disrupt the microbiome, which could have downstream ill effects on a person's health. "But if we just prevent the plasmid transfer, then we can reduce the spread of antimicrobial resistance."

AMR infections are a growing problem. Millions of people are diagnosed with AMR infections every year and 35,000 people die from them, according to the Centers for Disease Control and Prevention. When bacteria transfer AMR genes, Mellata said, they often transfer resistance to multiple drugs, which means that a person might have a resistant infection even before they receive antibiotics. Stopping the transfer of plasmids could help slow the spread of AMR genes.

Researchers in Mellata's lab have been investigating how gut microbiome health relates to overall health. In a recent study, however, they found that when both probiotics and a live Salmonella vaccine were given orally to chickens, the Enterobacteriaceae bacteria in the animal gut had fewer plasmids. That observation, Mellata said, prompted them to consider testing other oral treatments to inhibit plasmid transfer.

Logan Ott, a researcher in Mellata's lab, led the work on the study. He and a team of undergraduates collected readily available supplements to test their potential ability to inhibit plasmid transfer. They dissolved the products in test solution, then ran hundreds of reactions in which avian pathogenic Escherichia coli containing a multi-drug resistant plasmid conjugated with a plasmid-free human E. coli isolate.

They found a sharp drop in plasmid transmission in bacterial strains supplemented with zinc, compared to bacterial strains without zinc. In addition, higher doses of zinc correlated to lower levels of plasmid transmission. Those observations were promising, Ott said, but also a little mysterious. Previous studies had observed that heavy metals could induce the conjugation process that resulted in plasmid transfer. The group then used qPCR to take a closer look at how the zinc affected the process at the level of genes.

"We found some pretty unique mechanisms on how zinc might actually be inducing this inhibition when previous literature would state that we should expect more," Ott said. Their analysis showed that the zinc induced overexpression of replication genes -- so much so that it likely overloaded and inhibited the process. They also found that while zinc did seem to promote the genes responsible for conjugation, the mineral inhibited specific proteins required to build the bacterial structures used in conjugation. As a result, the overall process of transmission was stymied.

The next steps, Mellata said, include testing the transfer of plasmids with other AMR genes and experimenting with animal models to see if the lab results also hold in vivo. Ott noted that scientists' understanding of how bacteria interact and share genes in the gut is poorly understood, and future studies could help elucidate some of those mechanisms.

Mellata is particularly encouraged that such an inexpensive, readily available supplement -- zinc -- may play a role in addressing an emerging threat. "Sometimes the solution can be just to use the old stuff we already have in our closet," she said. "We just have to make the effort to test it."
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Green subsidies may have hidden costs, experts warn | ScienceDaily
Government subsidies for business practices and processes should be approached with caution, even when they seem to be environmentally friendly, writes a group of scientists and economists in this week's Policy Forum in the journal Science.


						
They argue that subsidies can alter market pressures, leading to unintended consequences that not only perpetuate harmful subsidies over time but also diminish the overall effectiveness of those intended to promote environmental sustainability.

Therefore, when they must be used, subsidies should have clear end-dates, advise the authors.

"We've got this odd juxtaposition of trying to get rid subsidies in some sectors, and then ramping up subsidies in others," says lead author Kathleen Segerson, Board of Trustees Distinguished Professor of Economics at the University of Connecticut. "The question that interested me was: is this a good thing or a bad thing?"

Segerson and her coauthors are a group of internationally leading economists, ecologists, geographers, psychologists, and other scientists who convened for the 2022 Asko Workshop sponsored by the Beijer Institute for Ecological Economics in Stockholm, Sweden.

Subsidies can be powerful motivators that further environmental and sustainability goals, say the authors. For example, the United States' Inflation Reduction Act of 2022 uses tax credits and incentives for things like electric vehicles (EVs), solar power, and wind power to meet its renewable energy and efficiency targets.

They can also be a politically easier approach to enacting change than creating new laws or taxes, says Segerson, and are even sometimes viewed as political capital, to ensure support from particular interest groups.




But some subsidies that appear to encourage sustainability are not so simple, the authors explain. Sometimes they can have negative spillover effects.

Take the case of EVs: Switching from gasoline-powered cars to EVs reduces greenhouse gas emissions. When subsidies for EVs and their technology create more inexpensive EVs, however, that market will expand, increasing overall vehicle use.

"When you're subsidizing any industry, you're essentially promoting that industry," says Segerson.

But if subsidies instead went to increased infrastructure for and access to public transportation, more people might get rid of their cars, making the net positive environmental impact much greater.

"A subsidy that might have initially been viewed as beneficial for society might eventually be recognized as having costs that greatly exceed benefits," the authors write.

Many subsidies in place for decades have long been identified by economists and environmentalists alike as actively contributing to climate change and biodiversity threats.




The authors cite that U.S. agricultural input subsidies have been shown to drive 17% of nitrogen pollution, while production subsidies account for 14% of global deforestation. In 2018, nearly 70% of $35.4 billion in fishing subsidies went to increasing fishing capacity through aid like fuel purchases, capital investment, and infrastructure, all of which contribute to overfishing.

Despite the leaders of the G20 committing to phasing out inefficient fossil fuel subsidies more than a decade ago, some sources estimate that there were still $1.3 trillion in global fossil fuel subsidies in 2022, owing to the considerable vested interest and political pressure from benefiting corporations to keep them in place.

In the United States, the Biden administration has tried repeatedly to repeal tax breaks for fossil fuels but hasn't succeeded, leading a New York Times article to call the subsidies "zombies of the tax code: impossible to kill."

From an economic efficiency perspective, it's better to tax activities that generate negative effects, such as a carbon tax, says Segerson -- but they are a hard sell.

"Environmental taxes are very difficult to get passed, so you'd rather have the subsidy than nothing," she says.

Subsidies that reduce negative environmental impacts are therefore a second-best solution, she says. Imposing time limits is of great importance to ensure the subsidies that are the best we can do now can be removed when something better is possible.

"We can subsidize these greener production processes, but cautiously, and recognizing that we don't want to have a reliance on these subsidies over the long term," says Segerson.
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How doxycycline for STI prevention affects the gut microbiome | ScienceDaily
Taking a dose of the oral antibiotic doxycycline after a high-risk sexual encounter has dramatically reduced the incidence of sexually transmitted infections (STIs) in places where the strategy is being tried.


						
Despite its effectiveness, the new strategy, known as doxy-PEP, may come with risks, especially with chronic use. Experts worry about the impact on the community of gut bacteria, also known as the microbiome, and the potential that the antibiotic will give rise to resistant strains of bacteria.

Now, using metagenomic sequencing to see the impact of doxycycline on the gut microbiome of those who took it frequently for six months, UC San Francisco researchers have found both reassurance and possible cause for concern.

Doxy-PEP did not have much impact on the overall composition of bacterial communities in gastrointestinal tracts. But scientists noted signs of resistance building against tetracycline, the class of antibiotic that doxycycline belongs to, which could make it less effective.

The study appears Oct. 3 in the journal Nature Medicine.

"While doxy-PEP did not appear to have global impacts on the gut microbiome, it did have impacts on the antimicrobial resistance of gut bacteria, both in terms of the proportion of tetracycline class resistance genes and the amount that were turned on, or expressed," said Chaz Langelier, MD, PhD, an associate professor of medicine in UCSF's Division of Infectious Diseases and senior author of the paper. "So, it's not totally innocuous."

San Francisco's high-profile STI prevention role

Doxy-PEP is short for doxycycline post-exposure prophylaxis, and it involves taking two 100-milligram pills within 72 hours of condomless sex.




Prompted by early promising clinical trial results, San Francisco became the first city in the country in October of 2022 to recommend doxy-PEP to gay and bisexual men and transgender women with a history of having unprotected encounters with multiple partners.

In March of 2024, the San Francisco Department of Public Health released results showing that after about a year, the approach halved the incidence of chlamydia and early syphilis. In June, the U.S. Centers for Disease Control and Prevention (CDC) issued guidelines recommending doxy-PEP for these groups. It was the first new STI prevention tool to be adopted in decades.

But the widespread use of antibiotics raises concerns about resistance and the potential harmful impact on gut health, specifically the balance of bacteria and other microbes. Disruption can lead to diarrhea, nausea, fever and abdominal pain; and until now, there had been very limited research into these side effects.

Working with the Chan Zuckerberg Biohub and scientists in Washington and Georgia, UCSF researchers studied participants from the recent doxy-PEP clinical trial in San Francisco and Seattle, led by Annie Luetkemeyer, MD, a professor of medicine in the Division of Infectious Diseases at UCSF.

The study included 100 individuals who used doxy-PEP and 50 individuals who received standard-of-care and did not use doxy-PEP. Researchers analyzed rectal swabs collected at enrollment and after six months to study the presence of DNA and RNA from gut bacteria and their antibiotic resistance genes.

"While we found no major changes to the community of gut bacteria in doxy-PEP users, we saw that doxy-PEP users over time had increasing amounts of tetracycline resistance genes present in their gut," said Victoria T. Chu, MD, MPH, an assistant professor of pediatrics in the Division of Global Health and Infectious Diseases at UCSF and a first author of the study. "It also appeared to be dose dependent, meaning the more doxy-PEP they used, the larger the increase was."

More research is needed to determine which gut bacteria are turning on these tetracycline-resistant genes to know whether this will lead to more doxycycline-resistant infections among both individuals taking doxy-PEP and in the greater community.




"Right now, it looks like the pros outweigh the cons," Langelier said. "Especially given the dramatic rise in STIs, in particular syphilis, over the past decade."

Authors: Other UCSF and Biohub authors include, Abigail Glascock, PhD, Chase Cannon, MD, MPH, Stephanie E. Cohen, MD, MPH, Katrina L. Kalantar, PhD, Ryan Ward, MS, and Christina Love, BS.

Funding: The work was funded by grants from the National Institutes of Health (NCT03980223), National Health, Lung and Blood Institute (R01HL155418), National Institute of Allergy and Infectious Diseases (K23AI144036, R01AI143439, R01AI143431).
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Ant agriculture began 66 million years ago in the aftermath of the asteroid that doomed the dinosaurs | ScienceDaily
When humans began farming crops thousands of years ago, agriculture had already been around for millions of years. In fact, several animal lineages have been growing their own food since long before humans evolved as a species.


						
According to a new study, colonies of ants began farming fungi when an asteroid struck Earth 66 million years ago. This impact caused a global mass extinction but also created ideal conditions for fungi to thrive. Innovative ants began cultivating the fungi, creating an evolutionary partnership that became even more tightly intertwined 27 million years ago and continues to this day.

In a paper published today, Oct. 3, in the journal Science, scientists at the Smithsonian's National Museum of Natural History analyzed genetic data from hundreds of species of fungi and ants to craft detailed evolutionary trees. Comparing these trees allowed the researchers to create an evolutionary timeline of ant agriculture and pinpoint when ants first began cultivating fungi.

"Ants have been practicing agriculture and fungus farming for much longer than humans have existed," said entomologist Ted Schultz, the museum's curator of ants and the lead author of the new paper. "We could probably learn something from the agricultural success of these ants over the past 66 million years."

Nearly 250 different species of ants in the Americas and Caribbean farm fungi. Researchers organize these ants into four agricultural systems based on their cultivation strategies. Leafcutter ants are among those that practice the most advanced strategy, known as higher agriculture. These ants harvest bits of fresh vegetation to provide sustenance for their fungi, which in turn grow food for the ants called gongylidia. This food helps fuel complex colonies of leaf cutter ants that can number in the millions.

Schultz has spent 35 years studying the evolutionary relationship between ants and fungi. He has conducted more than 30 expeditions to locales in Central and South America to observe this interaction in the wild and has reared colonies of leafcutter and other fungus-farming ants in his lab at the museum. Over the years, Schultz and colleagues have collected thousands of genetic samples of ants and fungi from throughout the tropics.

This stockpile of samples was crucial to the new paper.




"To really detect patterns and reconstruct how this association has evolved through time, you need lots of samples of ants and their fungal cultivars," Schultz said.

The team used the samples to sequence genetic data for 475 different species of fungi (288 of which are cultivated by ants) and 276 different species of ants (208 of which cultivate fungi) -- the largest genetic dataset of fungus-farming ants ever assembled. This allowed the researchers to create evolutionary trees of the two groups. Comparing wild fungal species with their cultivated relatives helped the researchers determine when ants began utilizing certain fungi.

The data revealed that ants and fungi have been intertwined for 66 million years. This is around the time when an asteroid struck Earth at the end of the Cretaceous period. This cataclysmic collision filled the atmosphere with dust and debris, which blocked out the sun and prevented photosynthesis for years. The resulting mass extinction wiped out roughly half of all plant species on Earth at the time.

However, this catastrophe was a boon for fungi. These organisms proliferated as they consumed the plentiful dead plant material littering the ground.

"Extinction events can be huge disasters for most organisms, but it can actually be positive for others," Schultz said. "At the end of Cretaceous, dinosaurs did not do very well, but fungi experienced a heyday."

Many of the fungi that proliferated during this period likely feasted on decaying leaf litter, which brought them in close contact with ants. These insects harnessed the plentiful fungi for food and continued to rely on the hardy fungi as life rebounded from the extinction event.




The new work also revealed that it took nearly another 40 million years for ants to then develop higher agriculture. The researchers were able to trace the origin of this advanced practice back to around 27 million years ago. At this time, a rapidly cooling climate transformed environments around the globe. In South America, drier habitats like woody savannas and grasslands fractured large swaths of wet, tropical forests. When ants took fungi out of the wet forests and into drier areas, they isolated the fungi from their wild ancestral populations. The isolated fungi became completely reliant on ants to survive in the arid conditions, setting the course for the higher agriculture system practiced by leafcutter ants today.

"The ants domesticated these fungi in the same way that humans domesticated crops," Schultz said. "What's extraordinary is now we can date when the higher ants originally cultivated the higher fungi."

In addition to Schultz, the new paper included contributions from several coauthors affiliated with the National Museum of Natural History, including Jeffrey Sosa-Calvo, Matthew Kweskin, Michael Lloyd, Ana Jesovnik and Scott E. Solomon. The study also includes authors affiliated with the University of Utah; the Royal Botanic Gardens, Kew; the University of California at Berkeley; the U.S. Department of Agriculture; Sao Paulo State University; the Instituto de Investigaciones Cientificas y Servicios de Alta Tecnologia; the Smithsonian Tropical Research Institute; the University of Copenhagen; Emory University; McMaster University; Universidade Federal de Uberlandia; Arizona State University; the University of Hohenheim; and Louisiana State University.

The research was supported by the U.S. National Science Foundation; the Smithsonian; the University of Maryland; Louisiana State Board of Regents; Sistema Nacional de Investigacion; Cosmos Club Foundation; Explorer's Club in Washington, D.C.; Sao Paulo Research Foundation; Brazilian Council of Research and Scientific Development; Brazilian Federal Agency for Support and Evaluation of Graduate Education; the Royal Botanic Gardens, Kew; and the Carl Zeiss Foundation.
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A new era of solar observation | ScienceDaily
For the first time, scientists have taken near-daily measurements of the Sun's global coronal magnetic field, a region of the Sun that has only been observed irregularly in the past. The resulting observations are providing valuable insights into the processes that drive the intense solar storms that impact fundamental technologies, and thus lives and livelihoods, here on Earth.


						
An analysis of the data, collected over eight months by an instrument called the Upgraded Coronal Multi-channel Polarimeter (UCoMP), is published today in Science.

The solar magnetic field is the primary driver of solar storms, which can pose threats to power grids, communication systems, and in-space technologies like GPS. However, our ability to understand how the magnetic field builds up energy and erupts has been limited by the challenge of observing it in the solar corona, the Sun's upper atmosphere.

Measuring the magnetism of the region through standard polarimetric methods typically requires large, expensive equipment that to date has only been able to study small segments of the corona. However, the combined use of coronal seismology and UCoMP observations makes it possible for researchers to produce consistent and comprehensive views of the magnetic field of the global corona -- the whole-Sun view one sees during a solar eclipse.

"Global mapping of the coronal magnetic field has been a big missing part in the study of the Sun," said Zihao Yang, lead author who pursued this research as a PhD graduate at Peking University, China, and is now a postdoctoral fellow at the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR). "This research is helping us fill a crucial gap in our understanding of coronal magnetic fields, which are the source of the energy for storms that can impact Earth.?"

The international team is made of researchers from Northumbria University, UK; NSF NCAR; Peking University, China; and University of Michigan. The research was funded by a grant from the National Natural Science Foundation of China and the National Key R&D Program of China and supported by the Newkirk graduate student fellowship awarded to Yang by NSF NCAR. The UCoMP instrument was developed with support from the U.S. National Science Foundation (NSF) and is operated by NSF NCAR at the Mauna Loa Solar Observatory.

Upgraded instrument

Although scientists have been able to routinely measure the magnetic field on the Sun's surface, known as the photosphere, it has long been difficult to measure the much dimmer coronal magnetic field. This has limited a deeper understanding of the three-dimensional structure and evolution of the magnetic field of the corona, where solar storms brew.




To measure the three-dimensional coronal magnetic fields in depth, big telescopes like NSF's Daniel K. Inouye Solar Telescope (DKIST) are needed. With a 4-meter-diameter aperture, DKIST is the world's largest solar telescope, and recently demonstrated its groundbreaking ability for making detailed observations of the coronal magnetic field. However, DKIST is not able to map the Sun all at once. The smaller UCoMP instrument is actually better-suited to give scientists global pictures of the coronal magnetic field, albeit at lower resolution and in a two-dimensional projection. The observations from both sources are thus highly-complementary to a holistic view of the coronal magnetic field.

UCoMP is primarily a coronagraph, an instrument that uses a disc to block out light from the Sun, similar to an eclipse, making it easier to observe the corona. It also combines a Stokes polarimeter, which images other spectral information such as coronal line intensity and Doppler velocity. Even though UCoMP has a much smaller aperture (20 cm), it is able to take a wider view which makes it possible to study the entire Sun on most days.

The researchers applied a method called coronal seismology to track magnetohydrodynamic (MHD) transverse waves in the UCoMP data. The MHD waves gave them information that made it possible to create a two-dimensional map of the strength and direction of the coronal magnetic field.

In 2020, a previous study used UCoMP's predecessor and the coronal seismology method to produce the first map of the global coronal magnetic field. This was a crucial step toward routine coronal magnetic field measurements. UCoMP has expanded capabilities that makes it possible to make more detailed, routine measurements. During the UCoMP study, the research team produced 114 magnetic field maps between February and October 2022, or one almost every other day.

"We are entering a new era of solar physics research where we can routinely measure the coronal magnetic field," said Yang.

Completing the picture

The observations also produced the first measurements of the coronal magnetic field in the polar regions. The Sun's poles have never been directly observed because the curve of the Sun near the poles keeps it just beyond our view from Earth. Though the researchers didn't directly view the poles, for the first time they were able to take measurements of the magnetism emitting from them. This was due in part to the improved data quality provided by UCoMP and because the Sun was near solar maximum. The typically weak emissions from the polar region have been much stronger, making it easier to obtain coronal magnetic field results in the polar regions.




As a postdoctoral fellow at NSF NCAR, Yang will continue his research of the Sun's magnetic field; he hopes to improve existing coronal models that are based on measurements of the photosphere. Since the current method used with UCoMP is limited to two dimensions, it still doesn't capture the full three-dimensional magnetic field. Yang and his colleagues hope to combine their research with other techniques to get a deeper understanding of the full vector of the magnetic field in the corona.

The third dimension of the magnetic field, oriented along a viewer's line of sight, is of particular importance for understanding how the corona is energized leading up to a solar eruption. Ultimately, a combination of a large telescope and a global field of view is needed to measure all the three-dimensional twists and tangles behind phenomena like solar eruptions; this is the motivation behind the proposed Coronal Solar Magnetism Observatory (COSMO), a 1.5-meter-diameter solar refracting telescope undergoing its final design study.

"Since coronal magnetism is the force that sends mass from the Sun flying across the solar system, we have to observe it in 3D -- and everywhere all at once, throughout the global corona," said Sarah Gibson, COSMO Development Lead and an NSF NCAR scientist co-author on the paper. "Yang's work represents a huge step forward in our ability to understand how the Sun's global coronal magnetic field changes from day to day. This is critical to our ability to better predict and prepare for solar storms, which are an ever-increasing danger to our ever-more technologically dependent lives here on Earth."
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The true global impact of species-loss caused by humans is far greater than expected | ScienceDaily
The extinction of hundreds of bird species caused by humans over the last 130,000 years has has led to substantial reductions in avian functional diversity -- a measure of the range of different roles and functions that birds undertake within the environment -


						
and resulted in the loss of approximately 3 billion years of unique evolutionary history, according to a new study published today in Science.

Whilst humans have been driving a global erosion of species richness for millennia, the consequences of past extinctions for other dimensions of biodiversity are poorly known. New research lead by the University of Birmingham highlights the severe consequences of the ongoing biodiversity crisis and the urgent need to identify the ecological functions being lost through extinction.

From the well-documented Dodo to the recent Kaua`i `o`o songbird declared extinct in 2023, scientists currently have evidence of at least 600 bird species having become extinct as a result of humans since the Late Pleistocene when modern humans started to spread throughout the world. Using the most comprehensive dataset to date of all known bird extinctions during the Late Pleistocene and Holocene, the paper 'The global loss of avian functional and phylogenetic diversity from anthropogenic extinctions' looks beyond the number of extinctions to the wider implications on the planet.

Lead author Dr Tom Matthews from the University of Birmingham explained: "The sheer number of bird species that have become extinct is of course a big part of the extinction crisis but what we also need to focus on is that every species has a job or function within the environment and therefore plays a really important role in its ecosystem. Some birds control pests by eating insects, scavenger birds recycle dead matter, others eat fruit and disperse the seeds enabling more plants and trees to grow, and some, like hummingbirds, are very important pollinators. When those species die out, the important role that they play (the functional diversity) dies with them.

"In addition to functional diversity each species also carries a certain amount of evolutionary history, therefore when that species becomes extinct, it's basically like chopping off a branch of the tree of life and all of that associated phylogenetic diversity is also lost."

The research found that the scale of anthropologenic bird extinctions to date has resulted in a loss of approximately 3 billion years of unique evolutionary history, and 7% of global avian functional diversity -- a significantly larger amount than expected based on the number of extinctions. Given the wide range of important ecological roles performed by birds, the loss of avian functional diversity in particular will likely have had far-reaching implications. These post-extinction aftershocks include reduced flower pollination, reduced seed dispersal, the breakdown of top-down control of insect populations -- including many pests and disease vectors -- as well as increased disease outbreaks due to reduced consumption of carrion. In addition, the downsizing of the global avifauna documented in the research will likely affect the ability of many plant species to track present and future climate change.

Dr Matthews concludes: "These results are a timely reminder that the current extinction crisis is not just about species numbers. By identifying declines in avian functional and phylogenetic diversity driven by human actions, our findings highlight the urgent need to understand and predict the impacts of past anthropogenic extinctions on ecosystem function in order to prepare for the magnitude of expected future loss from the projected 1,000 bird species that are expected to die out completely over the next two centuries. This information is vital for setting effective targets for global conservation strategies, as well as ecosystem restoration and rewilding efforts."
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        Why people think they're right, even when they are wrong
        If you smugly believe you're right in a disagreement with a friend or colleague, a new study suggests why you may actually be wrong. Researchers found that people naturally assume they have all the information they need to make a decision or support their position, even when they do not.

      

      
        Are ideas contagious?
        As flu season approaches, researchers are discovering that the flu and fake news have far more in common than we may think.

      

      
        Extended Timing: How neurons encode information on timescales that match learning
        New research has identified a key step in how neurons encode information on timescales that match learning.

      

      
        Transition to a circular bioeconomy requires getting prices right
        A circular bioeconomy that reduces and recycles waste, transitions away from fossil fuels to renewable bio-based alternatives, and regenerates natural systems is critical for feeding and fueling the world's growing population in environmentally sustainable ways. But it's a complicated concept, and significant questions remain about how it should be implemented and how to get buy-in from farmers, industry, and consumers in a market economy. A new paper by noted agricultural economists and scientis...

      

      
        Transition to low-carbon futures: New research uncovers rise in legal challenges to climate action
        As the global push towards low-carbon societies accelerates, a new study reveals that justice concerns are increasingly surfacing in legal disputes over climate policies and projects. This phenomenon, described as 'just transition litigation', emphasizes the need to balance climate action with social justice considerations, ensuring that vulnerable communities are not disproportionately impacted.

      

      
        One-time cooperation decisions unaffected by increased benefits to society
        Until now, it was considered certain that people are more likely to cooperate if the benefits from cooperation are higher. A recently published, large-scale study has now called this finding into question: in over 2000 study participants, the researchers found no relationship between benefits from cooperation and willingness to cooperate.

      

      
        Increase access to nature in all daily environments and in education
        Although access to nature is a basic human right, people's actual use of green spaces is subject to inequalities. A research team analyzed what conditions make it more likely that people are exposed to nature across generations: the availability of green spaces around where they live, work and shop, as well as nature relatedness and past natural experiences. Their findings may inform policies for urban planning and education for the improvement of human health.

      

      
        Climate report warns of escalating crisis, urges immediate action as UN summit nears
        An international coalition of scientists concludes that the Earth's worsening vital signs indicate a 'critical and unpredictable new phase of the climate crisis' and that 'decisive action is needed, and fast.'

      

      
        Texting while walking puts pedestrians in danger
        Research analyzing actual pedestrian interactions with vehicles on busy streets concludes that distracted pedestrians face higher safety risks compared with undistracted road users. The study found that distracted pedestrians often remained unaware of their surroundings, making fewer adjustments to their path or speed, which decreased their overall navigational efficiency. This level of distraction can increase the severity of vehicle interaction and near misses by 45 per cent.

      

      
        Autobiographical memory in the digital age: Our lives in the mirror of our data
        Never before have people recorded more information about their lives than today. But what does this mean for the way we remember our lives and how we talk about them? Researchers are trying to find answers to these questions.

      

      
        Researchers confront new US and global challenges in vaccinations of adults
        Over the past decade, decreasing vaccination rates now threaten the huge beneficial impacts of vaccinations in the U.S. and globally. Researchers discuss the multifactorial barriers including increasing vaccine hesitancy and new clinical and public health challenges in vaccinations of U.S. adults.

      

      
        Despite medical advances, life expectancy gains are slowing
        After nearly doubling over the 20th century, the rate of increase in life expectancy has slowed considerably in the last three decades, according to a new study.

      

      
        Protecting confidentiality in adolescent patient portals
        Researchers found that the possibility of parental disclosure through online patient portals led older adolescents to hesitate in sharing complete health information with doctors, putting them at risk of missed diagnoses and treatments. The paper noted that confidentiality concerns were increased among females and those who are sexual and gender minorities.

      

      
        Are auditory magic tricks possible for a blind audience?
        Magic tricks make the impossible seem possible. Magicians have long captivated audiences with visual tricks, such as pulling a bunny from a hat or sawing someone in half, but tricks that rely on sound are scarce. A new article explores why creating a magical experience using only sound may be challenging and underscores the importance of making magic accessible to people with blindness.

      

      
        Liquefied natural gas carbon footprint is worse than coal
        Liquefied natural gas leaves a greenhouse gas footprint that is 33% worse than coal, when processing and shipping are taken into account, according to a new study.

      

      
        Green subsidies may have hidden costs, experts warn
        Government subsidies for business practices and processes should be approached with caution, even when they seem to be environmentally friendly, writes a group of scientists and economists. They argue that subsidies can alter market pressures, leading to unintended consequences that not only perpetuate harmful subsidies over time but also diminish the overall effectiveness of those intended to promote environmental sustainability.

      

      
        The true global impact of species-loss caused by humans is far greater than expected
        The extinction of hundreds of bird species caused by humans over the last 130,000 years has led to substantial reductions in avian functional diversity -- a measure of the range of different roles and functions that birds undertake within the environment -- and resulted in the loss of approximately 3 billion years of unique evolutionary history, according to a new study.
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Why people think they're right, even when they are wrong | ScienceDaily
If you smugly believe you're right in a disagreement with a friend or colleague, a new study suggests why you may actually be wrong.


						
Researchers found that people naturally assume they have all the information they need to make a decision or support their position, even when they do not.

The researchers called it the "illusion of information adequacy."

"We found that, in general, people don't stop to think whether there might be more information that would help them make a more informed decision," said study co-author Angus Fletcher, a professor of English at The Ohio State University and member of the university's Project Narrative.

"If you give people a few pieces of information that seems to line up, most will say 'that sounds about right' and go with that."

The study was published today in the journal PLOS ONE. Fletcher completed the work with co-authors Hunter Gehlbach, an educational psychologist at Johns Hopkins University's School of Education, and Carly Robinson, a senior researcher at Stanford University's Graduate School of Education.

The study involved 1,261 Americans who participated online.




They were split into three groups who read an article about a fictional school that lacked adequate water. One group read an article that only gave reasons why the school should merge with another that had adequate water; a second group's article only gave reasons for staying separate and hoping for other solutions; and the third control group read all the arguments for the schools merging and for staying separate.

The findings showed that the two groups who read only half the story -- either just the pro-merging or the just the anti-merging arguments -- still believed they had enough information to make a good decision, Fletcher said. Most of them said they would follow the recommendations in the article they read.

"Those with only half the information were actually more confident in their decision to merge or remain separate than those who had the complete story," Fletcher said.

"They were quite sure that their decision was the right one, even though they didn't have all the information."

In addition, participants who had half the information said that they thought that most other people would make the same decision they did.

There was one piece of good news from the study, Fletcher said. Some of the participants who had read only one side of the story later read the arguments for the other side. And many of those participants were willing to change their minds about their decision, once they had all the facts.




That may not work all the time, especially on entrenched ideological issues, he said. In those cases, people may not trust new information, or they may try to reframe it to fit their preexisting views.

"But most interpersonal conflicts aren't about ideology. They are just misunderstandings in the course of daily life," Fletcher said.

These findings offer a complement to research on what is called naive realism, the belief people have that their subjective understanding of a situation is the objective truth, Fletcher explained. Research on naive realism often focuses on how people have different understandings of the same situation.

But the illusion of information adequacy shows that people may share the same understanding -- if they both have enough information.

Fletcher, who studies how people are influenced by the power of stories, said people should make sure they have the full story about a situation before they take a stand or make a decision.

"As we found in this study, there's this default mode in which people think they know all the relevant facts, even if they don't," he said.

"Your first move when you disagree with someone should be to think, 'Is there something that I'm missing that would help me see their perspective and understand their position better?' That's the way to fight this illusion of information adequacy."
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Are ideas contagious? | ScienceDaily
The COVID-19 pandemic gave the global medical community the opportunity to take giant strides forward in understanding how to develop vaccines and implement public health measures designed to control the spread of disease, but the crisis also offered researchers the chance to learn more about another kind of contagion: ideas.


						
Mathematician and assistant professor of biology Nicholas Landry, an expert in the study of contagion, is exploring how the structure of human-interaction networks affect the spread of both illness and information with the aim of understanding the role social connections play in not only the transmission of disease but also the spread of ideas and ideology.

In a paper published this fall in Physical Review E with collaborators at the University of Vermont, Landry explores a hybrid approach to understanding social networks that involves inferring not just social contacts but also the rules that govern how contagion and information spread.

"With the pandemic, we have more data than we've ever had on diseases," Landry said. "The question is, What can we do with that data and how much data do you need to figure out how people are connected?"

The key to making use of the data, Landry explained, is to understand their limitations and understand how much confidence we can have when using epidemic models to make predictions.

Landry's findings suggest that reconstructing underlying social networks and their impacts on contagion is much more feasible for diseases like SARS-CoV-2, Mpox or rhinovirus but may be less effective in understanding how more highly infectious diseases like measles or chickenpox spread.

However, for extremely viral trends or information, Landry suggests it may be possible to track how they spread with more precision than we can achieve for diseases, a discovery that will better inform future efforts to understand the pathways of both contagion and misinformation.
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Extended Timing: How neurons encode information on timescales that match learning | ScienceDaily
New research from the Max Planck Florida Institute for Neuroscience published this week in Nature has identified a key step in how neurons encode information on timescales that match learning.


						
A timing mismatch

Learning takes seconds to minutes. However, the best-understood mechanisms of how the brain encodes information happen at speeds closer to neural activity -- around 1000 times faster. These mechanisms, known as Hebbian plasticity, suggest that if two connected neurons are both active within a hundredth of a second, then the connection between the two neurons is strengthened. In this way, information arriving at connected neurons within this short time window can be linked. However, during behavior, information that needs to be encoded together is often separated by seconds to minutes. How, then, can neurons integrate information on timescales relevant to learning?

A new model of learning

Recently, a new neural model of information encoding called behavioral timescale synaptic plasticity (BTSP) addressed this discrepancy by demonstrating that neurons can integrate information over seconds, a timescale consistent with behavior. Indeed, during behaviors such as navigation, neurons encode specific locations through BTSP. However, the molecular mechanisms of how neurons implement BTSP were unknown.

This week, a research team led by Dr. Anant Jain, Dr. Yoshihisa Nakahata, and Scientific Director Dr. Ryohei Yasuda identified key aspects of how BTSP works in neurons, reporting their years-long study into this critical model of plasticity.

Dr. Yasuda describes the team's motivation for the project, "Understanding the precise molecules and mechanisms that neurons use to encode information is critical for understanding brain function and health. Research in this area has primarily focused on traditional plasticity models, which may be less relevant to learning during experience. It is critical to explore the molecular mechanisms that underlie new plasticity models, such as BTSP."

The team's first hurdle was modeling BTSP in isolated brain tissue, where they could precisely measure the resulting neuronal changes. The researchers were able to trigger BTSP by inputs separated by ~1 second, confirming the extended integration time of information storage. The team also found that BTSP occurs at single synapses, a property critical for specificity in information coding. By combining electrophysiological measurements of neuronal activity with specialized microscopy and biosensors, the team could visualize real-time molecular changes that occurred during BTSP to determine their role.




CaMKII: Same player, different role

The research team focused on a molecule called CaMKII, which is well-known for its critical role in many types of plasticity in neurons.

"We hypothesized that CaMKII would be critical for BTSP. This molecule is activated at synapses and can remain active for many seconds. It seemed the perfect candidate to be the key player in extending the time window of information integration in neurons," described Dr. Jain. "Well, it turns out that we were right -- CaMKII was critical for BTSP, but we were completely wrong about its role."

When the research team disrupted the function of CaMKII, BTSP was disrupted. Wanting to visualize the CaMKII activity in neurons during the BTSP process, the group optimized a biosensor to report when CAMKII was active. Using this newly optimized sensor, with nearly two-fold improved sensitivity over previous tools, the scientists could measure CAMKII activity during BTSP. However, they didn't find what they expected.

Contrary to their hypothesis, they found no detectable CaMKII activation during BTSP induction. Instead, a delayed and stochastic activation of CaMKII occurred tens of seconds after initiating BTSP. In addition, while the plasticity was happening at a specific synapse, CaMKII was active in a much larger area of the neuron. The research revealed that CaMKII is an instructive signal for BTSP but does not define the synapse specificity of plasticity. It suggests a broad time window for synaptic plasticity and a new model of how synapse-specific and instructive signals can integrate over tens of seconds.

"This is a paradigm shift in our view of CaMKII function and our understanding of plasticity mechanisms. The activity of CaMKII throughout the dendrite reveals that it does not define synapse specificity of plasticity, but rather is involved in dendritic information processing. Our results have opened many more questions for further investigation, including what defines the specificity of information coding at single synapses or the time-delay in CAMKII activation," describes Dr. Jain. "The surprising findings underscore the importance of behaviorally relevant models of information encoding in the brain to reach our ultimate goal of linking molecular activity to memory formation and preventing neurological disorders involving learning and memory dysfunction."
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Transition to a circular bioeconomy requires getting prices right | ScienceDaily
Conventional food and agricultural production systems employ a linear "take, make, waste" approach: taking natural resources from the Earth to make food and fuel, generating waste that contaminates the soil and water, and emitting harmful pollutants.


						
More recently, a new model of production is gaining traction in the scientific and business community: a "circular bioeconomy" that reduces and recycles waste, transitions away from fossil fuels to renewable bio-based alternatives, and regenerates natural systems. This approach is critical for feeding and fueling the world's growing population in environmentally sustainable ways.

But it's a complicated concept, and significant questions remain: How should waste reduction be implemented? How far should we go in being "circular," considering its costs and benefits? And how can a circular bioeconomy system get buy-in from farmers, industry, and consumers in a market economy?

A new paper by noted agricultural economists and scientists argues that the concept of a circular bioeconomy needs to expand beyond its technical focus on reducing waste and incorporate a values-based economic lens. The authors emphasize the need for the right policies, incentives, and market signals to persuade consumers and producers to make environmentally sound decisions -- and to help ensure that the system is equitable.

"Zero waste is an appealing goal, but we also need to consider the economic consequences of achieving this goal -- the cost, who bears it, and how we get people to implement it. This requires us to not just focus on the environmental benefits of reducing waste and fossil fuel use, but to think about what level of waste is acceptable considering economic and equity goals as well as how we make the transition by inducing consumers and producers to make the right choices," said lead author Madhu Khanna, ACES Distinguished Professor in Environmental Economics and Alvin H. Baum Family Chair & Director of the Institute for Sustainability, Energy, and Environment (iSEE) at the University of Illinois Urbana-Champaign.

Charting the path to a circular bioeconomy will require creative ideas from researchers in multiple disciplines, including social scientists, to understand human behavior and design the right kinds of incentives, Khanna said.

The paper, published in Communications Earth and Environment was co-authored with David Zilberman, University of California, Berkeley; Gal Hochman, University of Illinois Urbana-Champaign; and Bruno Basso, Michigan State University.




A circular bioeconomy provides a framework for reducing waste and improving sustainability throughout the economy, Khanna said. It aims to not only reduce environmental contamination associated with agricultural production, but also transform the energy sector, plastics manufacturing, and other industries by using agricultural waste as a resource that can help reduce dependence on fossil fuels and decarbonize the economy.

The authors incorporated those concepts into an economic framework to help determine the optimal level of circularity in a market economy. They recommend five critical pathways to enable the transition:
    	Technological advances through investment in research and development, to lower the cost of climate-smart and clean energy innovations.
    	Regulatory incentives that put a price on waste and environmental damage, such as a carbon tax, and institutional changes like crop insurance programs that lower the risk of adopting sustainable practices for farmers.
    	Robust markets for circular products.
    	Public education and awareness about the ecosystem benefits of a circular bioeconomy.
    	Equity considerations for displaced workers and consumers vulnerable to high prices.

Researchers have made great strides developing individual technologies that contribute to a circular bioeconomy in food and agriculture -- such as precision farming and digital agricultural technologies that can increase the efficiency with which chemicals are utilized for crop production, and advances in synthetic biology to convert plants and waste materials into biofuels and biochemicals, replacing petroleum-based, carbon dioxide-emitting energy sources.

But many of these technologies are expensive. More investment is needed to scale them and make them commercially competitive and affordable for farmers and consumers, the authors said.

One underlying question in designing eco-friendly policies is how to create the right incentives for people to adopt sustainable technology -- and how to put a value on the most effective approaches. The challenge with agricultural pollution, for example, is that it's difficult to measure and pinpoint the source of runoff or other contaminants. New tools like a "digital twin" -- a computer replica of a field -- can help calculate the environmental impact of agricultural management practices, such as adding nitrogen to the soil. Those kinds of advances can lead to targeted policies that reward farmers for results, rather than providing costly uniform payments for participation in conservation programs,

The overall solution will require action by the public and private sector, according to the authors. Many corporations are already adopting sustainable practices, and many consumers are willing to pay a higher price for organic foods and sustainably sourced products. Still, those efforts fall far short of what is needed to curb climate change or reduce pollutants that cause hypoxia in the Gulf of Mexico. New government incentives, and changes in the way pollution is regulated, are necessary, Khanna said.




Educating consumers can change their preferences and willingness to pay for climate-smart commodities, creating market demand and political support. "If consumers don't demand enough of it, and aren't willing to pay, the producer is not going to produce it," Khanna said.

The move to circular bioeconomy must be accompanied by social programs that shield vulnerable low-income consumers from higher prices in the short term, and provide new training for workers who may lose jobs as the fossil fuel industry declines, the authors said.

The next step will be to develop more interdisciplinary research programs where economists work with engineers and scientists to apply this framework to specific industries or supply chains, to determine what a transition to a circular bioeconomy would look like for that sector. "We are excited that we are establishing a new Center in iSEE to catalyze that kind of research," Khanna said, referring to the new Levenick Center for a Climate-Smart Circular Bioeconomy at Illinois.

The transition to a circular bioeconomy will require a long-term policy commitment, consistent policies, and investments that could take a decade or more to pay off, Khanna said.

"We are significantly falling short of meeting both our U.S. and global targets for carbon emissions reduction. Additionally, other environmental issues such as water quality degradation and biodiversity loss are worsening. It is crucial to recognize that these environmental problems are interconnected, ranging from air and water pollution to plastic waste," Khanna said. "These issues all stem from the same source: our current methods of production and consumption. Instead of addressing these problems individually, transitioning to a circular bioeconomy offers a holistic solution."
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Transition to low-carbon futures: New research uncovers rise in legal challenges to climate action | ScienceDaily
As the global push towards low-carbon societies accelerates, a new study reveals that justice concerns are increasingly surfacing in legal disputes over climate policies and projects. This phenomenon, described as "just transition litigation," emphasises the need to balance climate action with social justice considerations, ensuring that vulnerable communities are not disproportionately impacted.


						
A growing legal phenomenon 

As the world races to reduce greenhouse gas emissions and adapt to the impacts of climate change, the transition to low-carbon societies has sparked new questions of justice. Published in Nature Sustainability, a study led by Professor Annalisa Savaresi at the Center for Climate Change, Energy and Environmental Law, University of Eastern Finland, highlights the emerging phenomenon of just transition litigation, which is described as legal disputes challenging the fairness and justice of climate policies and projects, such as wind farms, biomass plants and dams.

Co-authored by experts from 16 institutions, the article argues that while the low-carbon transition is essential, it disproportionately impacts vulnerable groups, including Indigenous Peoples, workers and local residents. For example, the Sami Indigenous People in Norway successfully challenged the construction of wind farms on their traditional herding pastures, illustrating the potential of just transition litigation to protect the rights of marginalised communities. According to Professor Savaresi, lawsuits like these exemplify the often overlooked and highly complex social dilemmas and policy conflicts that arise during the transition.

Making sense of just transition litigation 

The phenomenon of just transition litigation is little understood and underexplored. While in recent years much attention has been given to strategic litigation aimed at advancing decarbonisation (such as cases against companies or governments failing to reduce emissions), this study shifts the focus to lawsuits that challenge the fairness of climate policies and projects. Central to these legal disputes are issues such as the fair distribution of benefits and burdens from climate policies, the inclusiveness of decision-making processes, and the respect for the rights, identities and cultures of marginalised communities. This type of litigation draws upon various legal bases, including administrative, constitutional, energy, environmental, human rights, labour, and planning law.

A call for more research 

The paper introduces a new framework for understanding the justice claims of those affected by climate action. This framework can serve as a tool for systematic research on just transition litigation. Currently, a significant knowledge gap exists due to a lack of comprehensive, systematic data collection on these legal disputes. The authors call for the creation of a dedicated dataset to track these cases and analyse their impacts on law, governance and society. Understanding these dynamics is crucial, as this type of litigation has the potential to slow climate mitigation efforts. This is all the more urgent at a time when governments in the EU, and the UK and the US, are announcing plans to "cut the red tape" and expedite the transition.??




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241008122550.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



One-time cooperation decisions unaffected by increased benefits to society | ScienceDaily

Two large-scale experiments

Across two experiments involving over 2,000 participants, the researchers varied the potential benefits from cooperation in public good provision. Despite the increased benefits for cooperating, the study found no significant change in how much individuals were willing to cooperate. The mechanism behind this behavior seems to lie in individuals' expectations of others' willingness to cooperate which were also not found to vary with the benefits of cooperating. As participants did not expect others to cooperate more when benefits increased, they were unlikely to increase their own cooperation efforts -- even when the benefits of cooperation doubled.

"Our findings highlight a critical gap in our understanding of cooperative behavior in single-encounter settings," said Dr. Natalie Struwe of the Department of Public Finance at the University of Innsbruck. "The decision to cooperate is characterized by what we call a social dilemma. These are situations where self-interest is in conflict with social interests. With higher benefits from cooperation, however, this conflict is much lower and we would expect to see much higher cooperation rates. But, we were surprised to see that even when we dramatically increased the benefits from cooperation, people's cooperation efforts did not rise accordingly. This suggests that real-world cooperation -- such as donating to immediate disaster relief -- may not always be driven by an assessment of increased benefits."

Consistent results across data collections

"We couldn't believe the results ourselves at first, double-checked the data several times, and repeated the study with several populations," said Professor Esther Blanco of the Department of Public Finance at the University of Innsbruck. "In the end, we gathered nearly 2,000 data points, conducting experiments online with the general population from the UK, as well as with our students -- both online and in our laboratory. No matter what we did, the results remained consistent: cooperation levels were remarkably stable. The general public was no more or less cooperative than our students. On average, participants were willing to invest around 40% of their available money to boost their group's earnings, regardless of the specific setting."

"Spontaneous cooperation in one-time situations is more common than we might think," Professor James Walker, another of the co-authors, at the Department of Economics of Indiana University, explained. "For example, people coming together to provide immediate disaster relief is a case of one-time cooperation, where individuals decide to act and help without knowing whether they will interact with the same people again."

The study's results have important implications for how we think about encouraging cooperation in public good provision, especially in urgent, one-time scenarios like disaster relief or emergency volunteering. It also points to the need to better understand the fundamentals of cooperative behavior, one of the most defining characteristics of humankind.

Key Findings:
    	Individuals do not significantly change their contributions to public goods when the benefits from cooperation increase, in contrast to previous research in repeated interactions.
    	Expectations about others' contributions strongly influence individual behavior in one-time settings and do not vary significantly with changes in benefits from cooperation.
    	Average cooperation levels remained consistently around 40% across different participant groups and experimental settings, including both the general public and university students.
    	The study underscores the need for further research into cooperation in one-time decision settings, in particular how individuals interpret the benefits and respond in such settings, as well as how they expect others to respond.

This research opens new avenues for exploring how to effectively foster cooperation in critical single encounter situations and calls for a deeper understanding of the psychological and social factors at play.
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Increase access to nature in all daily environments and in education | ScienceDaily
Although access to nature is a basic human right, people's actual use of green spaces is subject to inequalities. A Kobe University-led research team analyzed what conditions make it more likely that people are exposed to nature across generations: the availability of green spaces around where they live, work and shop, as well as nature relatedness and past natural experiences. Their findings may inform policies for urban planning and education for the improvement of human health.


						
Visiting green spaces is good for people's health, both psychologically and physiologically. However, how often people use green spaces is not equal and has been the topic of discussion in the fields of urban planning and regional governance. Research has focused mainly on the availability of green spaces around residential areas and the connection with socioeconomic factors. The Kobe University human environmental scientist UCHIYAMA Yuta explains, "Even though the access to quality natural environments is a basic human right, it tends to be treated as low-priority issue because policy makers think that it can be addressed indirectly through economic growth."

Uchiyama and his team thus conducted a survey in the two largest metro areas of Japan, the Kanto region around Tokyo and the Kansai region including Osaka, Kyoto and Kobe. In the survey, they asked 3,500 people about how often and where they visit green spaces as well as where they live, work, and shop, basic socioeconomic factors such as age, gender and household income, and about their nature relatedness and the availability of free time. In addition, they used publicly available geographic data to correlate the collected responses with the size and shape of green spaces around the respondents' daily environments. The Kobe University lead author says: "I felt the need to focus on daily life in general because of my personal experience. Both now and in my childhood, encountering plants and animals (even wild boars on campus) on my way to work, school, or shopping lets me feel the seasons and forget my daily life for a moment. Thus, an integrated understanding of these various aspects is necessary."

Their results, published in the Journal of Environmental Management, show that people use green spaces more if they are available throughout their daily environments, not just around where they live. The Kobe University researcher says: "This result can be used as evidence for policy making, especially in the fields of environmental management and urban planning, as there is potential for the utility of green spaces not only around residential areas but throughout people's daily environments." The results also showed that another very consistent factor driving visits to nature is people's childhood nature experience and nature relatedness, and that nature relatedness was stronger the older the respondents were. "This shows how important effective environmental education for all generations is," says Uchiyama.

However, the baseline for such policies is different in monsoon Asia compared to urban areas in North America and Europe. Uchiyama explains, "Cities in East and Southeast Asia are more mixed with rural areas than those in Europe and North America; in other words, the distance between urban and rural areas is closer, and there is no clear division between them." In Japan, such a complex landscape is called "satoyama landscape," and it is still a typical sight in the outskirts of metropoles such as Tokyo and Osaka. In fact, the results of Uchiyama's research also show that being close to agricultural land and green spaces with complex shapes correlates well with the frequency of people's use of green spaces, indicating the importance of these landscapes.

The human environmental scientist has his eyes on the larger picture: "In our ongoing research, we are focusing also on health outcomes which correlate with nature visits and we use big data approaches such as mobile phone GPS data to trace where and for how long people are actually exposed to green spaces. In the end, I would like for our research to contribute to policies reducing the unequal access to nature, which we believe is a root cause of other social and environmental issues. After all, access to nature is a basic human right."

This research was funded by the Japan Society for the Promotion of Science (grants 22H03813 and 23H03605) and the Ministry of the Environment, Japan (grant 1FS-2201). It was conducted in collaboration with researchers from the University of the Ryukyus, Meio University and Kyoto University.
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Climate report warns of escalating crisis, urges immediate action as UN summit nears | ScienceDaily
An international coalition led by Oregon State University scientists concludes in its annual report published today that the Earth's worsening vital signs indicate a "critical and unpredictable new phase of the climate crisis" and that "decisive action is needed, and fast."


						
The collaboration directed by OSU's William Ripple and former postdoctoral researcher Christopher Wolf outlines areas where policy change is needed -- energy, pollutants, nature, food and economy -- in "The 2024 State of the Climate Report: Perilous Times on Planet Earth," published in BioScience.

"A large portion of the very fabric of life on our planet is imperiled," said Ripple, a distinguished professor in the Oregon State University College of Forestry. "We're already in the midst of abrupt climate upheaval, which jeopardizes the life on Earth like nothing humans have ever seen. Ecological overshoot, taking more than the Earth can safely give, has pushed the planet into climatic conditions more threatening than anything witnessed even by our prehistoric relatives."

Of the 35 planetary vital signs the scientists use to track climate change annually, 25 are at record extremes, he notes.

The three hottest days ever came in July 2024, and fossil fuel emissions are at an all-time high, as are human population and ruminant livestock population, the climate report shows.

Human population is increasing at the rate of approximately 200,000 people per day, and the number of ruminant livestock -- hoofed mammals such as cattle, sheep and goats that produce greenhouse gases and are energy intensive to raise -- rises by roughly 170,000 each day.

The annual consumption of fossil fuels climbed by 1.5% in 2023, mainly because of big jumps in coal (1.6%) and oil use (2.5%), the report indicates.




Renewable energy use also increased in 2023 -- solar and wind consumption together were up 15% over 2022. But the use of renewables is just one-fourteenth of fossil fuel use, and the recent rise in the use of renewables is attributable mainly to increased demand rather than because they are replacing fossil fuels.

The report shows that annual tree cover loss globally rose from 22.8 million hectares in 2022 to 28.3 million in 2023, and based on global year-to-date averages, the concentrations of atmospheric carbon dioxide and methane are at all-time highs.

"The growth rate of methane emissions has been accelerating, which is extremely troubling," said Wolf, now a scientist with Corvallis-based Terrestrial Ecosystems Research Associates, known as TERA. "Nitrous oxide, which is potent and long-lived, is also at a record high."

Other points of concern from the report, Wolf notes, are:
    	The Earth's average surface temperature is at an all-time high.
    	Ocean acidity and heat content, as well as average global sea level, are at record extremes.
    	Greenland ice mass, Antarctica ice mass and average glacier thickness are at all-time lows.
    	Twenty-eight amplifying feedback loops -- those that exacerbate climate change, such as permafrost thawing -- have been identified.
    	In 2023, there were an estimated 2,325 heat-related deaths in the United States, a 117% increase from 1999.

"Since the publication of our 2023 report, multiple climate-related disasters have taken place, including a series of heat waves across Asia that killed more than a thousand people and led to temperatures reaching 122 degrees Fahrenheit in parts of India," Ripple said. "Climate change has already displaced millions of people, with the potential to displace hundreds of millions or even billions. That would likely lead to greater geopolitical instability, possibly even partial societal collapse."

The scientists say their goal is "to provide clear, evidence-based insights that inspire informed and bold responses from citizens to researchers and world leaders." Specifically, they recommend the rapid adoption of policies that:
    	Implement a global carbon price that could limit emissions by the wealthy while potentially providing funding for further climate action.
    	Enhance energy efficiency and conservation while replacing fossil fuels with low-carbon renewables.
    	Curb emissions of greenhouse gases, including those categorized as short-term pollutants such as methane.
    	Protect and restore biodiverse ecosystems, which play key roles in carbon cycling and storage.
    	Encourage a shift toward eating habits that emphasize plant-based foods.
    	Promote sustainable ecological economics and greatly reduce overconsumption and waste by the wealthy.
    	Integrate climate change education into global curriculums to boost awareness, literacy and action.

"Despite six reports from the International Panel on Climate Change, hundreds of other reports, tens of thousands of scientific papers and 28 annual meetings of the UN's Conference of the Parties, the world has made very little headway on climate change," Wolf said. "Humanity's future depends on creativity, moral fiber and perseverance. If future generations are to inherit the world they deserve, decisive action is needed, and fast."




This year's meeting -- officially the UN Framework Convention on Climate Change -- will be held Nov. 11-22 in Baku, Azerbaijan, and "it's imperative that huge progress is made," Ripple said.

Collaborating with Ripple, Wolf, OSU's Beverly Law and TERA's Jillian W. Gregg on the climate report were Naomi Oreskes of Harvard University, Michael E. Mann of the University of Pennsylvania, Thomas M. Newsome of the University of Sydney, Chi Xu of Nanjing University, Jens-Christian Svenning of Aarhus University, Timothy M. Lenton of the University of Exeter, Cassio Cardoso Pereira of Universidade Federal de Minas Gerais, Stefan Rahmstorf and Johan Rockstrom of the Potsdam Institute for Climate Impact Research, and Thomas W. Crowther of the Swiss Federal Institute of Technology.

The CO2 Foundation and Roger Worthington, an attorney and the owner of Worthy Brewing in Bend, Oregon, provided funding for this research.
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Texting while walking puts pedestrians in danger | ScienceDaily
UBC research analyzing actual pedestrian interactions with vehicles on busy streets concludes that distracted pedestrians face higher safety risks compared with undistracted road users.


						
Previous studies have speculated that distracted pedestrians, such as those texting and talking on the phone, are at higher risk of being hit by a car due to failing to react to oncoming traffic or straying off designated crosswalks.

Indeed, the new study, published recently in Accident Analysis and Prevention, found that distracted pedestrians often remained unaware of their surroundings, making fewer adjustments to their path or speed, which decreased their overall navigational efficiency. This level of distraction can increase the severity of vehicle interaction and near misses by 45 per cent.

"Non-distracted pedestrians made safer choices when interacting with vehicles," said lead researcher Dr. Tarek Sayed, a civil engineering professor and transportation safety expert in the faculty of applied science. "They maintained greater distances from vehicles, yielded more frequently to oncoming traffic and adjusted their speed when necessary."

The researchers also noted differences in driver behaviour. Drivers often decelerated when approaching distracted pedestrians, indicating they recognized the increased risk posed by their unpredictable movements.

The study used a computer vision system developed at UBC and artificial intelligence simulation models to analyze video traffic data from two busy intersections in downtown Vancouver. Analysis focused on distracted pedestrians -- those texting, reading from a phone, talking on the phone or listening to music -- undistracted pedestrians, and traffic conflicts, or situations in which road users, such as vehicles and pedestrians, are on a collision course and so, at risk of an accident.

The findings can inform pedestrian safety models and interventions to reduce traffic risks. "For example, we can accommodate the risk of distracted walking and design safer infrastructure by adjusting crosswalk signal cycles or introducing audio signals to let pedestrians know when it is time to cross. City planners could also display warnings specifically for pedestrians distracted by their phones -- perhaps even introduce mobile notifications that prevent pedestrians from using their phones while crossing," said study co-author Tala Alsharif, a graduate student in civil engineering at UBC.

The insights can also support infrastructure design by identifying high-risk zones that should be mobile-free and implementing methods such as sensor-based alert systems to minimize distraction. In locations with a high frequency of pedestrian distraction, raised crosswalks could make pedestrians more visible to drivers.

"By incorporating our findings into future research and traffic management approaches, we'll be better able to assess pedestrian risks and develop strategies to improve road safety," said Gabriel Lanzaro, a UBC civil engineering graduate student and co-author of the study.
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Autobiographical memory in the digital age: Our lives in the mirror of our data | ScienceDaily
Just a hundred years ago, most people had -- at most -- a few photos of themselves and their family. What a difference to today, when we can easily capture every important and unimportant moment -- from our child's first step to a visit to a restaurant with friends to a holiday photo on the beach. And of course, the documentation of our lives doesn't end there. Just think of the countless emails and WhatsApp messages we write every day, the experiences we share with others via social media or the data we record on our smartwatches.


						
"One can have very different intuitions about how this increased density of recorded life episodes should be evaluated," explains Dr Fabian Hutmacher, a researcher at the Chair of Psychology of Communication and New Media at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany. "Some people hope, for example, that we will be able to compensate the weaknesses and to reduce the distortions of human memory in this way. Others are concerned that it will rather create new potential for surveillance and undermining our privacy."

As it is so often the case, things are not simply black and white, but require a closer look, says Hutmacher. Together with JMU Professor Markus Appel and Professor Stephan Schwan from the Leibniz-Institut fur Wissensmedien Tubingen, he has published an article on autobiographical remembering in the digital age in the journal Psychological Inquiry. The article is intended to provide orientation in this still largely unexplored field of inquiry.

Autobiographical Remembering - a Constant Interplay with the Environment

The fact that we draw on resources outside our own minds when remembering past events is not an invention of the digital age, but a constant in human history. Already thousands of years ago, people left behind cave paintings and established traditions for the oral transmission of knowledge. And if you're trying to remember your last birthday, for example, you can of course not only use your smartphone, but also look in your paper diary -- if you keep one -- or ask guests who were at the party.

"What sets digital resources apart from these other options, however, is not only the aforementioned increased density of recorded life episodes, but also the fact that these digital resources create a searchable database consisting of a combination of different media sources that can often be accessed anywhere at any time," explains Fabian Hutmacher. "Digital resources do not just provide a passive storage, but also make it possible -- using artificial intelligence, for example -- to adjust and rearrange recordings in order to create, among others, digital vacation or wedding albums. This can have a profound impact on how we view past experiences," adds Professor Stephan Schwan, who leads the Realistic Depictions Lab at the Leibniz-Institut fur Wissensmedien in Tubingen.

But that's not all: Different digital resources are suited for different purposes. For example, quantitative data, such as tracking running distances, heart rate, and sleep cycles, seems particularly suitable for discovering long-term behavioural trends. Other data such as photos and videos, on the other hand, are more likely to be used when it comes to reminiscing or reflecting on past events.




A Look into the Crystal Ball: What Does the Future Hold?

The increased use of digital data for autobiographical remembering could have both desirable and undesirable consequences in numerous fields of application. For example, there are hopes that digital resources could be used to support people with memory difficulties and dementia in their everyday lives. Similarly, digital recordings could also help to preserve memories that are important to our collective memory, as in the case of witnesses to the Shoah. "The range of digital ways of remembering is becoming broader, just think of virtual and augmented realities," adds Stephan Schwan.

At the same time, digital data also offer the possibility of manipulation: Arguably, deepfakes could not only play a role with respect to political actors and events, but also with respect to memories about our own lives. "In most cases, we don't have enough reliable data to draw definite conclusions regarding opportunities and risks yet," summarises Fabian Hutmacher. "Autobiographical memories are an important part of what makes us human. This makes further research in the coming years all the more important."

In future studies, Fabian Hutmacher would like to investigate the subtleties of the interplay between recorded data and the memories stored in our minds in even greater detail. The question of how the recorded data can be used and organised in such a way that it helps people to remember their past is also particularly important to him. The Young Academy of the Bavarian Academy of Sciences and Humanities, to which Fabian Hutmacher was admitted at the beginning of 2024, is funding his research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241007115253.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers confront new US and global challenges in vaccinations of adults | ScienceDaily
Over the past decade, decreasing vaccination rates now threaten the huge beneficial impacts of vaccinations in the U.S. and globally. Researchers discuss the multifactorial barriers including increasing vaccine hesitancy and new clinical and public health challenges in vaccinations of U.S. adults.


						
Vaccines to prevent common and serious infectious diseases have had a greater impact on improving human health than any other medical advance of the 20th century, surpassing even sanitation and potable water. From the global eradication of smallpox in 1980 to the unprecedented development of effective and safe mRNA vaccines for COVID-19, vaccinations have played crucial roles in preventing millions of premature deaths and hospitalizations in adults and children.

These monumental efforts have involved coordinated local, regional, national and international organizations and dedicated clinical and public health professionals. Unfortunately, over the past decade, decreasing vaccination rates now threaten the huge beneficial impacts of vaccinations in the United States and globally.

The barriers are multifactorial and include increasing vaccine hesitancy in the U.S. In a review published online ahead of print in The American Journal of Medicine, researchers from Florida Atlantic University's Schmidt College of Medicine and colleagues discuss new clinical and public health challenges in vaccinations of U.S. adults.

"In the U.S., the continuing dedicated efforts of all clinical and public health professionals combined with advancements in vaccine technology and the resilience of public health systems all offer promise for the future," said senior author Charles H. Hennekens, M.D., first Sir Richard Doll Professor of Medicine and Preventive Medicine and senior academic advisor, in the departments of medicine, and population health and social medicine. "Health care providers and public health officials should remain cognizant that increasing vaccination rates are essential but not sufficient. Surveillance-containment entails rapid detection and reporting of cases with prompt immunization of household members and close contacts of confirmed cases, combined with judicious use of isolation, prompt antiviral or antibiotic medications, social distancing, respiratory etiquette; home or large-scale quarantines; and masking.The continuing and expanded efforts of U.S. health care providers are vital to these successes."

The authors note that health care providers in the U.S. also face major challenges in achieving high vaccination rates against COVID-19, respiratory syncytial virus (RSV) and influenza, which confers particularly high risks among the elderly and immunocompromised patients. They caution about potential concerns relating to the recent emergence of a highly virulent strain of influenza (H5N1) in China.

"The pneumococcal vaccine has also been shown to be safe and effective in randomized trials for patients aged 18 to 79, including those over 80, making it particularly beneficial for the elderly, immunocompromised individuals, and those at high risk for pneumonia," said Hennekens. "Furthermore, Herpes zoster, or shingles, affects 1 in 3 people over 65 and is caused by the reactivation of the varicella zoster virus from past chickenpox infections. It can lead to debilitating complications and is especially concerning for immunocompromised patients. The shingles vaccine is safe, effective and FDA-approved for individuals aged 50 and older."

Although it was eliminated in 2000, the authors also discuss the clinical and public health challenges of measles in the U.S. and worldwide. Recent outbreaks in areas with low vaccination rates, exacerbated by more recent vaccine hesitancy, have led to a loss of herd immunity. By July 2023, 116 out of 195 countries reported lower measles vaccination rates. The World Health Organization (WHO) estimates that vaccinations since 1974 have prevented about 154 million premature deaths, with 101 million of those being infants.




"Vaccines for 14 diseases have contributed to a 40% reduction in global infant deaths. In the U.S., from 1994 to 2024, measles vaccination is estimated to have prevented 508 million cases, 32 million hospitalizations, and more than 1 million deaths." said Hennekens. "Maintaining herd immunity is crucial to prevent future measles outbreaks and related deaths."

Lastly, in August, the WHO declared mpox a global public health emergency. Mpox, a variant of smallpox, was largely controlled by smallpox vaccinations, which have declined since its eradication in 1980.

"The emergence of new variants, particularly clade Ib, poses increased mortality risks," said Hennekens. "A recently developed vaccine has been effective in limiting spread, particularly in high-risk areas like sub-Saharan Africa. However, global vaccination efforts face special challenges, including limited supplies and inadequate delivery to vulnerable populations."

The authors conclude that in the U.S., ongoing efforts by health care and public health professionals, along with advances in vaccine technology, hold promise for eliminating or even eradicating many infectious diseases. Achieving these goals requires sustained collaboration and a focus on increasing vaccination rates.

Study co-authors are John Dunn, a second-year FAU medical student, Schmidt College of Medicine; Barry R. Davis, M.D., Ph.D., professor emeritus of biostatistics and data science, School of Public Health, University of Texas -- Houston; Alexandra Matarazzo, a second-year FAU medical student, Schmidt College of Medicine; Yanna Willet, a pre-medical student, Virigina Tech; Sadine Al-Farauki, a first-year medical student, Ross School of Medicine, and FAU graduate; and Dennis G. Maki, M.D., the first Ovid O. Meyer Professor of Medicine, chief of infectious diseases, emeritus, University of Wisconsin School of Medicine and Public Health.

Hennekens and Maki served for two years as lieutenant commanders in the U.S. Public Health Service as epidemic intelligence service (EIS) officers with the U.S. Centers for Disease Control and Prevention (CDC). They served under Alexander D. Langmuir, M.D., who created the EIS and directed the epidemiology program at the CDC, as well as Donald A. Henderson, M.D., chief of the Virus Disease Surveillance Program at the CDC. Langmuir and Henderson made significant contributions to the eradication of polio and smallpox using widespread vaccinations and public health strategies of proven benefit and had extraordinary collaborations with local, state, federal and international health authorities.
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Despite medical advances, life expectancy gains are slowing | ScienceDaily
We've seen dramatic increases in life expectancy over the 19th and 20th centuries, thanks to healthier diets, medical advances and many other quality-of-life improvements.


						
But after nearly doubling over the course of the 20th century, the rate of increase has slowed considerably in the last three decades, according to a new study led by the University of Illinois Chicago.

Despite frequent breakthroughs in medicine and public health, life expectancy at birth in the world's longest-living populations has increased only an average of six and a half years since 1990, the analysis found. That rate of improvement falls far short of some scientists' expectations that life expectancy would increase at an accelerated pace in this century and that most people born today will live past 100 years.

The Nature Aging paper, "Implausibility of Radical Life Extension in Humans in the 21st Century," offers new evidence that humans are approaching a biologically based limit to life. The biggest boosts to longevity have already occurred through successful efforts to combat disease, said lead author S. Jay Olshansky of the UIC School of Public Health. That leaves the damaging effects of aging as the main obstacle to further extension.

"Most people alive today at older ages are living on time that was manufactured by medicine," said Olshansky, a professor of epidemiology and biostatistics. "But these medical Band-Aids are producing fewer years of life even though they're occurring at an accelerated pace, implying that the period of rapid increases in life expectancy is now documented to be over."

That also means extending life expectancy even more by reducing disease could be harmful, if those additional years aren't healthy years, Olshansky added. "We should now shift our focus to efforts that slow aging and extend healthspan," he said. Healthspan is a relatively new metric that measures the number of years a person is healthy, not just alive.

The analysis, conducted with researchers from the University of Hawaii, Harvard and UCLA, is the latest chapter in a three-decade debate over the potential limits of human longevity.




In 1990, Olshansky published a paper in Science that argued humans were approaching a ceiling for life expectancy of around 85 years of age and that the most significant gains had already been made. Others predicted that advances in medicine and public health would accelerate 20th-century trends upward into the 21st century.

Thirty-four years later, the evidence reported in the 2024 Nature Aging study supports the idea that life expectancy gains will continue to slow as more people become exposed to the detrimental and immutable effects of aging. The study looked at data from the eight longest-living countries and Hong Kong, as well as the United States -- one of only a handful of countries that has seen a decrease in life expectancy in the period studied.

"Our result overturns the conventional wisdom that the natural longevity endowment for our species is somewhere on the horizon ahead of us -- a life expectancy beyond where we are today," Olshansky said. "Instead, it's behind us -- somewhere in the 30- to 60-year range. We've now proven that modern medicine is yielding incrementally smaller improvements in longevity even though medical advances are occurring at breakneck speed."

While more people may reach 100 years and beyond in this century, those cases will remain outliers that won't move average life expectancy significantly higher, Olshansky said.

That conclusion pushes back against products and industries, such as insurance and wealth-management businesses, which increasingly make calculations based on assumptions that most people will live to be 100.

"This is profoundly bad advice because only a small percentage of the population will live that long in this century," Olshansky said.

But the finding doesn't rule out that medicine and science can produce further benefits, he said. There may be more immediate potential in improving quality of life at older ages instead of extending life, the authors argue. More investment should be made in geroscience -- the biology of aging, which may hold the seeds of the next wave of health and life extension.

"This is a glass ceiling, not a brick wall," Olshansky said. "There's plenty of room for improvement: for reducing risk factors, working to eliminate disparities and encouraging people to adopt healthier lifestyles -- all of which can enable people to live longer and healthier. We can push through this glass health and longevity ceiling with geroscience and efforts to slow the effects of aging."
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Protecting confidentiality in adolescent patient portals | ScienceDaily
Weill Cornell Medicine researchers found that the possibility of parental disclosure through online patient portals led older adolescents to hesitate in sharing complete health information with doctors, putting them at risk of missed diagnoses and treatments. The paper noted that confidentiality concerns were increased among females and those who are sexual and gender minorities.


						
The results, published Oct. 7 in JAMA Pediatrics, are based on a national online survey that targeted 18 to 26 years olds who were eligible to be included on their parents' insurance plan. Of the 349 participants, 49 percent were on their parents' insurance.

The research was led by first author Dr. Marianne Sharko, assistant professor of clinical pediatrics and clinical population health sciences at Weill Cornell Medicine and by senior author Dr. Erika Abramson, professor of pediatrics and population health sciences at Weill Cornell Medicine.

Half of the survey respondents said they would hesitate to open an online patient portal if they believed their parents could gain access. If they did open a portal, 55 percent of all respondents said they would change the sensitive information they shared if they thought their parents would see it.

One respondent commented, "I don't want my parents to know I'm a trans person because that would put me in danger. I should be able to receive care I need without being afraid." Another said, "I'm in treatment for PTSD from abuse in childhood. My mother would be livid if she found out things I've told my therapist...informing her that I have PTSD would tip her off that I 'blabbed' about the abuse."

While patients now have convenient access to their personal health information electronically, as mandated by the 21st Century Cures Act, this availability can lead to fear of sharing sensitive issues that would be documented in their charts. As a result, some patients are at risk for negative consequences such as undiagnosed sexually transmitted infections or untreated mental health disorders.

Although portal confidentiality policies are in place, they vary between institutions and are generally developed by internal working groups, which may not include representation by those with increased confidentiality concerns. To provide safe and equitable care for all patients, health care systems must prioritize confidentiality protection for patient portals, the authors concluded.

This research was funded by the National Institutes of Health grants R01HL161458 and R01NS123639; and the Weill Cornell Medicine Jumpstart Career Development Grant.
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Are auditory magic tricks possible for a blind audience? | ScienceDaily
Magic tricks make the impossible seem possible. Magicians have long captivated audiences with visual tricks, such as pulling a bunny from a hat or sawing someone in half, but tricks that rely on sound are scarce. A new article published in the Cell Press journal Trends in Cognitive Sciences on October 4 explores why creating a magical experience using only sound may be challenging and underscores the importance of making magic accessible to people with blindness.


						
"Given that magic is about the conflict between perceptual processes and our beliefs, we should be able to experience magic in other senses, but it turned out to be really difficult," says corresponding author Gustav Kuhn, an Associate Professor in Psychology at the University of Plymouth. "If you're born blind, you'll likely never have experienced a magic trick. Why is that? Can we create tricks that could be enjoyed and experienced by people with blindness?"

Only a handful of tricks involve other senses, like touch, and virtually none focus solely on auditory perception. But auditory illusions are everywhere. Stereo sound manipulates audio timing between the ears, creating the illusion of sound coming from different directions. Movies use the Shepard tone, an auditory illusion that gives the impression of an endlessly rising pitch, to build unease and tension that keeps the audience on edge.

So, why are auditory magic tricks rare? The researchers argue that the reason may stem from the fundamental differences between how the brain processes visual and auditory information. Humans are visual creatures. We tend to trust what we see more than what we hear, making us more surprised when our vision fools us.

Visual perception also reflects the state of the world, while auditory perception is transient. In other words, sound provides information about an event that has happened. Because magic relies on manipulating the perceived state of the world, this distinction between vision and sound may be at the heart of why auditory tricks are elusive.

"If you see a trumpet, you don't say 'I saw a perception of a trumpet,'" says Kuhn. "But if you hear a trumpet, you're more likely to say, 'I heard the sound of a trumpet.' This is the kind of difference we don't think about."

Another possibility is that magicians simply never considered creating auditory tricks, though the team believes it's unlikely given the creativity and history of the craft. Still, to find out, the team launched a competition challenging magicians to conjure tricks using only sound, with results expected in November 2024.

"Magic should not rely on vision alone, and yet it's nearly impossible to perform a trick that does not involve our visual perception," says Kuhn. "We don't fully understand why yet, but this is an interesting question that invites more investigation into our senses and may help make magic more inclusive."

This work was supported by the Agence Nationale de Recherche grant.
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Liquefied natural gas carbon footprint is worse than coal | ScienceDaily
Liquefied natural gas leaves a greenhouse gas footprint that is 33% worse than coal, when processing and shipping are taken into account, according to a new Cornell University study.


						
"Natural gas and shale gas are all bad for the climate. Liquefied natural gas (LNG) is worse," said Robert Howarth, author of the study and a professor of ecology and environmental biology. "LNG is made from shale gas, and to make it you must supercool it to liquid form and then transport it to market in large tankers. That takes energy."

The research, "The Greenhouse Gas Footprint of Liquefied Natural Gas (LNG) Exported from the United States," published Oct. 3 in Energy Science & Engineering.

The emissions of methane and carbon dioxide released during LNG's extraction, processing, transportation and storage account for approximately half of its total greenhouse gas footprint, Howarth said.

Over 20 years, the carbon footprint for LNG is one-third larger than coal, when analyzed using the measurement of global warming potential, which compares the atmospheric impact for different greenhouse gases. Even on a 100-year time scale -- a more-forgiving scale than 20 years -- the liquefied natural gas carbon footprint equals or still exceeds coal, Howarth said.

The findings have implications for LNG production in the U.S., which is the world's largest exporter after it lifted an export ban in 2016, according to the paper. Almost all of the increase in natural gas production since 2005 has been from shale gas. Howarth said the exported LNG is produced from shale in Texas and Louisiana.

The liquefication process -- where the extracted natural gas is cooled to minus 260 degrees Fahrenheit -- makes LNG easier to transport on tanker ships.




But that mode of transportation comes at an environmental cost. The ships with two- or four-stroke engines that transport LNG have lower carbon dioxide emissions than steam-powered ships. But as those stroke-engine vessels burn LNG during storage and transportation, methane slips through as emitted exhaust gas, putting more into the atmosphere.

Methane is more than 80 times more harmful to the atmosphere than carbon dioxide, so even small emissions can have a large climate impact, Howarth said.

That's why, he said, the modern LNG tankers with two- and four-stroke engines have more greenhouse gas emissions than those tankers powered by steam. Regardless of better fuel efficiency and lower carbon dioxide emissions, methane still escapes in the tanker's exhaust.

Significant methane emissions occur in the natural gas liquefication process, a figure close to 8.8% of total when using the global warming potential. Methane emissions from tankers vary from 3.9% to 8.1%, depending on the ship.

"Almost all the methane emissions occur upstream when you're extracting the shale gas and liquefying it," Howarth said. "This is all magnified just to get the liquefied natural gas to market.

"So liquefied natural gas will always have a bigger climate footprint than the natural gas, no matter what the assumptions of being a bridge fuel are," Howarth said. "It still ends up substantially worse than coal."

The research was supported by a grant from the Park Foundation.
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Green subsidies may have hidden costs, experts warn | ScienceDaily
Government subsidies for business practices and processes should be approached with caution, even when they seem to be environmentally friendly, writes a group of scientists and economists in this week's Policy Forum in the journal Science.


						
They argue that subsidies can alter market pressures, leading to unintended consequences that not only perpetuate harmful subsidies over time but also diminish the overall effectiveness of those intended to promote environmental sustainability.

Therefore, when they must be used, subsidies should have clear end-dates, advise the authors.

"We've got this odd juxtaposition of trying to get rid subsidies in some sectors, and then ramping up subsidies in others," says lead author Kathleen Segerson, Board of Trustees Distinguished Professor of Economics at the University of Connecticut. "The question that interested me was: is this a good thing or a bad thing?"

Segerson and her coauthors are a group of internationally leading economists, ecologists, geographers, psychologists, and other scientists who convened for the 2022 Asko Workshop sponsored by the Beijer Institute for Ecological Economics in Stockholm, Sweden.

Subsidies can be powerful motivators that further environmental and sustainability goals, say the authors. For example, the United States' Inflation Reduction Act of 2022 uses tax credits and incentives for things like electric vehicles (EVs), solar power, and wind power to meet its renewable energy and efficiency targets.

They can also be a politically easier approach to enacting change than creating new laws or taxes, says Segerson, and are even sometimes viewed as political capital, to ensure support from particular interest groups.




But some subsidies that appear to encourage sustainability are not so simple, the authors explain. Sometimes they can have negative spillover effects.

Take the case of EVs: Switching from gasoline-powered cars to EVs reduces greenhouse gas emissions. When subsidies for EVs and their technology create more inexpensive EVs, however, that market will expand, increasing overall vehicle use.

"When you're subsidizing any industry, you're essentially promoting that industry," says Segerson.

But if subsidies instead went to increased infrastructure for and access to public transportation, more people might get rid of their cars, making the net positive environmental impact much greater.

"A subsidy that might have initially been viewed as beneficial for society might eventually be recognized as having costs that greatly exceed benefits," the authors write.

Many subsidies in place for decades have long been identified by economists and environmentalists alike as actively contributing to climate change and biodiversity threats.




The authors cite that U.S. agricultural input subsidies have been shown to drive 17% of nitrogen pollution, while production subsidies account for 14% of global deforestation. In 2018, nearly 70% of $35.4 billion in fishing subsidies went to increasing fishing capacity through aid like fuel purchases, capital investment, and infrastructure, all of which contribute to overfishing.

Despite the leaders of the G20 committing to phasing out inefficient fossil fuel subsidies more than a decade ago, some sources estimate that there were still $1.3 trillion in global fossil fuel subsidies in 2022, owing to the considerable vested interest and political pressure from benefiting corporations to keep them in place.

In the United States, the Biden administration has tried repeatedly to repeal tax breaks for fossil fuels but hasn't succeeded, leading a New York Times article to call the subsidies "zombies of the tax code: impossible to kill."

From an economic efficiency perspective, it's better to tax activities that generate negative effects, such as a carbon tax, says Segerson -- but they are a hard sell.

"Environmental taxes are very difficult to get passed, so you'd rather have the subsidy than nothing," she says.

Subsidies that reduce negative environmental impacts are therefore a second-best solution, she says. Imposing time limits is of great importance to ensure the subsidies that are the best we can do now can be removed when something better is possible.

"We can subsidize these greener production processes, but cautiously, and recognizing that we don't want to have a reliance on these subsidies over the long term," says Segerson.
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The true global impact of species-loss caused by humans is far greater than expected | ScienceDaily
The extinction of hundreds of bird species caused by humans over the last 130,000 years has has led to substantial reductions in avian functional diversity -- a measure of the range of different roles and functions that birds undertake within the environment -


						
and resulted in the loss of approximately 3 billion years of unique evolutionary history, according to a new study published today in Science.

Whilst humans have been driving a global erosion of species richness for millennia, the consequences of past extinctions for other dimensions of biodiversity are poorly known. New research lead by the University of Birmingham highlights the severe consequences of the ongoing biodiversity crisis and the urgent need to identify the ecological functions being lost through extinction.

From the well-documented Dodo to the recent Kaua`i `o`o songbird declared extinct in 2023, scientists currently have evidence of at least 600 bird species having become extinct as a result of humans since the Late Pleistocene when modern humans started to spread throughout the world. Using the most comprehensive dataset to date of all known bird extinctions during the Late Pleistocene and Holocene, the paper 'The global loss of avian functional and phylogenetic diversity from anthropogenic extinctions' looks beyond the number of extinctions to the wider implications on the planet.

Lead author Dr Tom Matthews from the University of Birmingham explained: "The sheer number of bird species that have become extinct is of course a big part of the extinction crisis but what we also need to focus on is that every species has a job or function within the environment and therefore plays a really important role in its ecosystem. Some birds control pests by eating insects, scavenger birds recycle dead matter, others eat fruit and disperse the seeds enabling more plants and trees to grow, and some, like hummingbirds, are very important pollinators. When those species die out, the important role that they play (the functional diversity) dies with them.

"In addition to functional diversity each species also carries a certain amount of evolutionary history, therefore when that species becomes extinct, it's basically like chopping off a branch of the tree of life and all of that associated phylogenetic diversity is also lost."

The research found that the scale of anthropologenic bird extinctions to date has resulted in a loss of approximately 3 billion years of unique evolutionary history, and 7% of global avian functional diversity -- a significantly larger amount than expected based on the number of extinctions. Given the wide range of important ecological roles performed by birds, the loss of avian functional diversity in particular will likely have had far-reaching implications. These post-extinction aftershocks include reduced flower pollination, reduced seed dispersal, the breakdown of top-down control of insect populations -- including many pests and disease vectors -- as well as increased disease outbreaks due to reduced consumption of carrion. In addition, the downsizing of the global avifauna documented in the research will likely affect the ability of many plant species to track present and future climate change.

Dr Matthews concludes: "These results are a timely reminder that the current extinction crisis is not just about species numbers. By identifying declines in avian functional and phylogenetic diversity driven by human actions, our findings highlight the urgent need to understand and predict the impacts of past anthropogenic extinctions on ecosystem function in order to prepare for the magnitude of expected future loss from the projected 1,000 bird species that are expected to die out completely over the next two centuries. This information is vital for setting effective targets for global conservation strategies, as well as ecosystem restoration and rewilding efforts."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/10/241003145435.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Society News
          
          	
            Sections
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      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        NASA's Hubble watches Jupiter's Great Red Spot behave like a stress ball
        Astronomers have observed Jupiter's legendary Great Red Spot (GRS), an anticyclone large enough to swallow Earth, for at least 150 years. But there are always new surprises -- especially when NASA's Hubble Space Telescope takes a close-up look at it. Hubble's new observations of the famous red storm, collected 90 days between December 2023 to March 2024, reveal that the GRS is not as stable as it might look. The recent data show the GRS jiggling like a bowl of gelatin. The combined Hubble images ...

      

      
        Viruses are teeming on your toothbrush, showerhead
        Microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

      

      
        Nature and plastics inspire breakthrough in soft sustainable materials
        Using peptides and a snippet of the large molecules in plastics, materials scientists have developed materials made of tiny, flexible nano-sized ribbons that can be charged just like a battery to store energy or record digital information.

      

      
        Over 160,000 new viruses discovered by AI
        161,979 new RNA viruses have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterized.

      

      
        A matter of taste: Electronic tongue reveals AI 'inner thoughts'
        Researchers recently developed electronic tongue capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. They found that results were even more accurate when artificial intelligence used its own assessment parameters to interpret the data generated by the electronic tongue.

      

      
        Asymmetric placebo effect in response to spicy food
        The expectations humans have of a pleasurable sensation asymmetrically shape neuronal responses and subjective experiences to hot sauce, according to a new study.

      

      
        Holographic 3D printing has the potential to revolutionize multiple industries
        Researchers have developed a novel method of 3D printing that uses acoustic holograms. The process is called holographic direct sound printing (HDSP). It builds on a method introduced in 2022 that described how sonochemical reactions in microscopic cavitations regions -- tiny bubbles -- create extremely high temperatures and pressure for trillionths of a second to harden resin into complex patterns. Now, by embedding the technique in acoustic holograms that contain cross-sectional images of a par...

      

      
        New insights into how Mars became uninhabitable
        NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.

      

      
        Space oddity: Most distant rotating disc galaxy found
        Researchers have discovered the most distant Milky-Way-like galaxy yet observed. Dubbed REBELS-25, this disc galaxy seems as orderly as present-day galaxies, but we see it as it was when the Universe was only 700 million years old. This is surprising since, according to our current understanding of galaxy formation, such early galaxies are expected to appear more chaotic.

      

      
        After injury, these comb jellies can fuse to become one
        Researchers have made the surprising discovery that one species of comb jelly (Mnemiopsis leidyi) can fuse, such that two individuals readily turn into one following an injury. Afterwards, they rapidly synchronize their muscle contractions and merge digestive tracts to share food.

      

      
        Are auditory magic tricks possible for a blind audience?
        Magic tricks make the impossible seem possible. Magicians have long captivated audiences with visual tricks, such as pulling a bunny from a hat or sawing someone in half, but tricks that rely on sound are scarce. A new article explores why creating a magical experience using only sound may be challenging and underscores the importance of making magic accessible to people with blindness.

      

      
        Pterosaurs needed feet on the ground to become giants
        A study determines when and how pterosaurs went from tiny tree-climbers to towering terrestrial titans Flying reptiles first came down from the trees in the mid-Jurassic Period, paving the way for giants with 10-meter wingspans. Fingers and toes point to secrets of flying reptile success.

      

      
        Scientists uncover auditory 'sixth sense' in geckos
        Researchers discover that geckos use a mechanism usually associated with balance to sense vibrations, leading to new insights about how animals hear and feel their surroundings.

      

      
        Hoarding disorder: 'Sensory CBT' treatment strategy shows promise
        Rehearsing alternative outcomes of discarding through imagery rescripting shows promise as a treatment strategy for people who hoard, a study by psychology researchers has shown.

      

      
        In odd galaxy, NASA's Webb finds potential missing link to first stars
        Looking deep into the early universe with NASA's James Webb Space Telescope, astronomers have found something unprecedented: a galaxy with an odd light signature, which they attribute to its gas outshining its stars. Found approximately one billion years after the big bang, galaxy GS-NDG-9422 (9422) may be a missing-link phase of galactic evolution between the universe's first stars and familiar, well-established galaxies.

      

      
        Turning brain cells on using the power of light
        Researchers have developed a noninvasive way of using bioluminescent optogenetics to activate parts of the brain.

      

      
        Ant agriculture began 66 million years ago in the aftermath of the asteroid that doomed the dinosaurs
        According to a new study, colonies of ants began farming fungi when an asteroid struck Earth 66 million years ago. This asteroid impact caused a global mass extinction but also created ideal conditions for fungi to thrive. Innovative ants began cultivating the fungi, creating an evolutionary partnership that became even more tightly intertwined 27 million years ago and continues to this day.
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NASA's Hubble watches Jupiter's Great Red Spot behave like a stress ball | ScienceDaily
Astronomers have observed Jupiter's legendary Great Red Spot (GRS), an anticyclone large enough to swallow Earth, for at least 150 years. But there are always new surprises -- especially when NASA's Hubble Space Telescope takes a close-up look at it.


						
Hubble's new observations of the famous red storm, collected 90 days between December 2023 to March 2024, reveal that the GRS is not as stable as it might look. The recent data show the GRS jiggling like a bowl of gelatin. The combined Hubble images allowed astronomers to assemble a time-lapse movie of the squiggly behavior of the GRS.

"While we knew its motion varies slightly in its longitude, we didn't expect to see the size oscillate. As far as we know, it's not been identified before," said Amy Simon of NASA's Goddard Space Flight Center in Greenbelt, Maryland, lead author of the science paper published in The Planetary Science Journal. "This is really the first time we've had the proper imaging cadence of the GRS. With Hubble's high resolution we can say that the GRS is definitively squeezing in and out at the same time as it moves faster and slower. That was very unexpected, and at present there are no hydrodynamic explanations."

Hubble monitors Jupiter and the other outer solar system planets every year through the Outer Planet Atmospheres Legacy program (OPAL) led by Simon, but these observations were from a program dedicated to the GRS. Understanding the mechanisms of the largest storms in the solar system puts the theory of hurricanes on Earth into a broader cosmic context, which might be applied to better understanding the meteorology on planets around other stars.

Simon's team used Hubble to zoom in on the GRS for a detailed look at its size, shape, and any subtle color changes. "When we look closely, we see a lot of things are changing from day to day," said Simon. This includes ultraviolet-light observations showing that the distinct core of the storm gets brightest when the GRS is at its largest size in its oscillation cycle. This indicates less haze absorption in the upper atmosphere.

"As it accelerates and decelerates, the GRS is pushing against the windy jet streams to the north and south of it," said co-investigator Mike Wong of the University of California at Berkeley. "It's similar to a sandwich where the slices of bread are forced to bulge out when there's too much filling in the middle." Wong contrasted this to Neptune, where dark spots can drift wildly in latitude without strong jet streams to hold them in place. Jupiter's Great Red Spot has been held at a southern latitude, trapped between the jet streams, for the extent of Earth-bound telescopic observations.

The team has continued watching the GRS shrink since the OPAL program began 10 years ago. They predict it will keep shrinking before taking on a stable, less-elongated, shape. "Right now it's over-filling its latitude band relative to the wind field. Once it shrinks inside that band the winds will really be holding it in place," said Simon. The team predicts that the GRS will probably stabilize in size, but for now Hubble only observed it for one oscillation cycle.

The researchers hope that in the future other high-resolution images from Hubble might identify other Jovian parameters that indicate the underlying cause of the oscillation.

The results are being presented at the 56th annual meeting of the American Astronomical Society Division for Planetary Sciences, in Boise, Idaho.
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Viruses are teeming on your toothbrush, showerhead | ScienceDaily
Step aside tropical rainforests and coral reefs -- the latest hotspot to offer awe-inspiring biodiversity lies no further than your bathroom.


						
In a new Northwestern University-led study, microbiologists found that showerheads and toothbrushes are teeming with an extremely diverse collection of viruses -- most of which have never been seen before.

Although this might sound ominous, the good news is these viruses don't target people. They target bacteria.

The microorganisms collected in the study are bacteriophage, or "phage," a type of virus that infects and replicates inside of bacteria. Although researchers know little about them, phage recently have garnered attention for their potential use in treating antibiotic-resistant bacterial infections. And the previously unknown viruses lurking in our bathrooms could become a treasure trove of materials for exploring those applications.

The study will be published Wednesday (Oct. 9) in the journal Frontiers in Microbiomes.

"The number of viruses that we found is absolutely wild," said Northwestern's Erica M. Hartmann, who led the study. "We found many viruses that we know very little about and many others that we have never seen before. It's amazing how much untapped biodiversity is all around us. And you don't even have to go far to find it; it's right under our noses."

An indoor microbiologist, Hartmann is an associate professor of civil and environmental engineering at Northwestern's McCormick School of Engineering and a member of the Center for Synthetic Biology.




The return of 'Operation Pottymouth'

The new study is an offshoot of previous research, in which Hartmann and her colleagues at University of Colorado at Boulder characterized bacteria living on toothbrushes and showerheads. For the previous studies, the researchers asked people to submit used toothbrushes and swabs with samples collected from their showerheads.

Inspired by concerns that a flushing toilet might generate a cloud of aerosol particles, Hartmann affectionately called the toothbrush study, "Operation Pottymouth."

"This project started as a curiosity," Hartmann said. "We wanted to know what microbes are living in our homes. If you think about indoor environments, surfaces like tables and walls are really difficult for microbes to live on. Microbes prefer environments with water. And where is there water? Inside our showerheads and on our toothbrushes."

Diversity and opportunities

After characterizing bacteria, Hartmann then used DNA sequencing to examine the viruses living on those same samples. She was immediately blown away. Altogether, the samples comprised more than 600 different viruses -- and no two samples were alike.




"We saw basically no overlap in virus types between showerheads and toothbrushes," Hartmann said. "We also saw very little overlap between any two samples at all. Each showerhead and each toothbrush is like its own little island. It just underscores the incredible diversity of viruses out there."

While they found few patterns among all the samples, Hartmann and her team did notice more mycobacteriophage than other types of phage. Mycobacteriophage infect mycobacteria, a pathogenic species that causes diseases like leprosy, tuberculosis and chronic lung infections. Hartmann imagines that, someday, researchers could harness mycobacteriophage to treat these infections and others.

"We could envision taking these mycobacteriophage and using them as a way to clean pathogens out of your plumbing system," she said. "We want to look at all the functions these viruses might have and figure out how we can use them."

Most microbes 'will not make us sick'

But, in the meantime, Hartmann cautions people not to fret about the invisible wildlife living within our bathrooms. Instead of grabbing for bleach, people can soak their showerheads in vinegar to remove calcium buildup or simply wash them with plain soap and water. And people should regularly replace toothbrush heads, Hartmann says. Hartmann also is not a fan of antimicrobial toothbrushes, which she said can lead to antibiotic-resistant bugs.

"Microbes are everywhere, and the vast majority of them will not make us sick," she said. "The more you attack them with disinfectants, the more they are likely to develop resistance or become more difficult to treat. We should all just embrace them."

The study, "Phage communities in household-related biofilms correlate with bacterial hosts but do not associate with other environmental factors," was supported by Northwestern University.
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Nature and plastics inspire breakthrough in soft sustainable materials | ScienceDaily
Step aside hard, rigid materials. There is a new soft, sustainable electroactive material in town -- and it's poised to open new possibilities for medical devices, wearable technology and human-computer interfaces.


						
Using peptides and a snippet of the large molecules in plastics, Northwestern University materials scientists have developed materials made of tiny, flexible nano-sized ribbons that can be charged just like a battery to store energy or record digital information. Highly energy efficient, biocompatible and made from sustainable materials, the systems could give rise to new types of ultralight electronic devices while reducing the environmental impact of electronic manufacturing and disposal.

The study will publish on Wednesday (Oct. 9) in the journal Nature.

With further development, the new soft materials could be used in low-power, energy-efficient microscopic memory chips, sensors and energy storage units. Researchers also could integrate them into woven fibers to create smart fabrics or sticker-like medical implants. In today's wearable devices, electronics are clunkily strapped to the body with a wristband. But, with the new materials, the wristband itself could have electronic activity.

"This is a wholly new concept in materials science and soft materials research," said Northwestern's Samuel I. Stupp, who led the study. "We imagine a future where you could wear a shirt with air conditioning built into it or rely on soft bioactive implants that feel like tissues and are activated wirelessly to improve heart or brain function.

"Those uses require electrical and biological signals, but we cannot build those applications with classic electroactive materials. It's not practical to put hard materials into our organs or in shirts that people can wear. We need to bring electrical signals into the world of soft materials. That is exactly what we have done in this study."

Stupp is the Board of Trustees Professor of Materials Science and Engineering, Chemistry, Medicine and Biomedical Engineering at Northwestern. He also has served over the past decade as director of the U.S. Department of Energy-supported Center for Bio-Inspired Energy Science, where this research began. Stupp has appointments in the McCormick School of Engineering, Weinberg College of Arts and Sciences and Northwestern University Feinberg School of Medicine. Yang Yang, a research associate in Stupp's laboratory, is the paper's first author.




Peptides meet plastics for true innovation

The secret behind the new material is peptide amphiphiles, a versatile platform of molecules previously developed in Stupp's laboratory. These self-assembling structures form filaments in water and have already demonstrated promise in regenerative medicine. The molecules contain peptides and a lipid segment, which drives the molecular self-assembly when placed in water.

In the new study, the team replaced the lipid tail with a miniature molecular segment of a plastic called polyvinylidene fluoride (PVDF). But they kept the peptide segment, which contains sequences of amino acids. Commonly used in audio and sonar technologies, PVDF is a plastic with unusual electrical properties. It can generate electrical signals when pressed or squeezed -- a property known as piezoelectricity. It also is a ferroelectric material, which means it has a polar structure that can switch orientation by 180 degrees using an external voltage. The dominant ferroelectrics in technology are hard materials and often include rare or toxic metals, such as lead and niobium.

"PVDF was discovered in the late 1960s and is the first known plastic with ferroelectric properties," Stupp said. "It has all the robustness of plastic while being useful for electrical devices. That makes it a very high-value material for advanced technologies. However, in pure form, its ferroelectric character is not stable, and, if heated above the so-called Curie temperature, it loses its polarity irreversibly."

All plastics, including PVDF, contain polymers, which are giant molecules typically composed of thousands of chemical structural units. In the new study, the Stupp laboratory precisely synthesized miniature polymers with only 3 to 7 vinylidene fluoride units. Interestingly, the miniature segments with 4, 5 or 6 units are programmed by nature's beta-sheet structures, which are present in proteins, to organize into a stable ferroelectric phase.

"It was not a trivial task," Stupp said. "The combination of two unlikely partners -- peptides and plastics -- led to a breakthrough in many respects."

Not only were the new materials equally ferroelectric and piezoelectric as PVDF, but the electroactive forms were stable, with the ability to switch polarity using extremely low external voltages. This opens the door for low-power electronics and sustainable nanoscale devices. The scientists also envision developing new biomedical technologies by attaching bioactive signals to the peptide segments, a strategy already used in Stupp's regenerative medicine research. This offers the unique combination of electrically active materials that are also bioactive.




Just add water

To create the sustainable structures, Stupp's team simply added water to trigger the self-assembly process. After dunking the materials, Stupp was amazed to find that they achieved the highly sought-after ferroelectric properties of PVDF.

In the presence of an external electric field, ferroelectric materials flip their polar orientation -- similar to how a magnet can be flipped from north to south and back again. This property is a key ingredient for devices that store information, an important feature for artificial intelligence technologies. Surprisingly, the investigators found that "mutations" in the peptide sequence could tune properties related to ferroelectricity or even transform the structures into materials that are ideal for actuation or energy storage known as "relaxor phases."

"Peptide sequence mutations in biology are the source of pathologies or biological advantages," Stupp said. "In the new materials, we mutate peptides to tune their properties for the physical world.

"Using nanoscale electrodes, we could potentially expose an astronomical number of self-assembling structures to electric fields. We could flip their polarity with a low voltage , so one serves as a 'one,' and the opposite orientation serves as a 'zero.' This forms binary code for information storage. Adding to their versatility, and in great contrast to common ferroelectrics, the new materials are 'multiaxial' -- meaning they can generate polarity in multiple directions around a circle rather than one or two specific directions."

Record-breaking low power

To flip their polarity, even soft ferroelectric materials like PVDF or other polymers typically require a substantial external electric field. The new structures, however, require incredibly low voltage.

"The energy required to flip their poles is the lowest ever reported for multiaxial soft ferroelectrics," Stupp said. "You can imagine how much energy this will save in increasingly energy-hungry times."

The new materials also have innate environmental benefits. Unlike typical plastics, which linger in the environment for centuries, the Stupp laboratory's materials could be biodegraded or reused without the use of harmful, toxic solvents or high-energy processes.

"We are now considering the use of the new structures in non-conventional applications for ferroelectrics, which include biomedical devices and implants as well as catalytic processes important in renewable energy," Stupp said. "Given the use of peptides in the new materials, they lend themselves to functionalization with biological signals. We are very excited about these new directions."
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Over 160,000 new viruses discovered by AI | ScienceDaily
Artificial intelligence (AI) has been used to reveal details of a diverse and fundamental branch of life living right under our feet and in every corner of the globe.


						
161,979 new species of RNA virus have been discovered using a machine learning tool that researchers believe will vastly improve the mapping of life on Earth and could aid in the identification of many millions more viruses yet to be characterised.

Published in Cell and conducted by an international team of researchers,the study is the largest virus species discovery paper ever published.

"We have been offered a window into an otherwise hidden part of life on earth, revealing remarkable biodiversity," said senior author Professor Edwards Holmes from the School of Medical Sciences in the Faculty of Medicine and Health at the University of Sydney.

"This is the largest number of new virus species discovered in a single study, massively expanding our knowledge of the viruses that live among us," Professor Holmes said. "To find this many new viruses in one fell swoop is mind-blowing, and it just scratches the surface, opening up a world of discovery. There are millions more to be discovered, and we can apply this same approach to identifying bacteria and parasites."

Although RNA viruses are commonly associated with human disease, they are also found in extreme environments around the world and may even play key roles in global ecosystems. In this study they were found living in the atmosphere, hot springs and hydrothermal vents.

"That extreme environments carry so many types of viruses is just another example of their phenomenal diversity and tenacity to live in the harshest settings, potentially giving us clues on how viruses and other elemental life-forms came to be," Professor Holmes said.




HOW THE AI TOOL WORKED 

The researchers built a deep learning algorithm, LucaProt, to compute vast troves of genetic sequence data, including lengthy virus genomes of up to 47,250 nucleotides and genomically complex information to discover more than 160,000 viruses.

"The vast majority of these viruses had been sequenced already and were on public databases, but they were so divergent that no one knew what they were," Professor Holmes said. "They comprised what is often referred to as sequence 'dark matter'. Our AI method was able to organise and categorise all this disparate information, shedding light on the meaning of this dark matter for the first time.

The AI tool was trained to compute the dark matter and identify viruses based on sequences and the secondary structures of the protein that all RNA viruses use for replication.

It was able to significantly fast track virus discovery, which, if using traditional methods, would be time intensive.

Co-author from Sun Yat-sen University, the study's institutional lead, Professor Mang Shi said: "We used to rely on tedious bioinformatics pipelines for virus discovery, which limited the diversity we could explore. Now, we have a much more effective AI-based model that offers exceptional sensitivity and specificity, and at the same time allows us to delve much deeper into viral diversity. We plan to apply this model across various applications."

Co-author Dr Zhao-Rong Li, who researches in the Apsara Lab of Alibaba Cloud Intelligence, said: "LucaProt represents a significant integration of cutting-edge AI technology and virology, demonstrating that AI can effectively accomplish tasks in biological exploration. This integration provides valuable insights and encouragement for further decoding of biological sequences and the deconstruction of biological systems from a new perspective. We will also continue our research in the field of AI for virology."

Professor Holmes said: "The obvious next step is to train our method to find even more of this amazing diversity, and who knows what extra surprises are in store."
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A matter of taste: Electronic tongue reveals AI 'inner thoughts' | ScienceDaily
A recently developed electronic tongue is capable of identifying differences in similar liquids, such as milk with varying water content; diverse products, including soda types and coffee blends; signs of spoilage in fruit juices; and instances of food safety concerns. The team, led by researchers at Penn State, also found that results were even more accurate when artificial intelligence (AI) used its own assessment parameters to interpret the data generated by the electronic tongue.


						
The researchers published their results today (Oct. 9) in Nature.

According to the researchers, the electronic tongue can be useful for food safety and production, as well as for medical diagnostics. The sensor and its AI can broadly detect and classify various substances while collectively assessing their respective quality, authenticity and freshness. This assessment has also provided the researchers with a view into how AI makes decisions, which could lead to better AI development and applications, they said.

"We're trying to make an artificial tongue, but the process of how we experience different foods involves more than just the tongue," said corresponding author Saptarshi Das, Ackley Professor of Engineering and professor of engineering science and mechanics. "We have the tongue itself, consisting of taste receptors that interact with food species and send their information to the gustatory cortex -- a biological neural network."

The gustatory cortex is the region of the brain that perceives and interprets various tastes beyond what can be sensed by taste receptors, which primarily categorize foods via the five broad categories of sweet, sour, bitter, salty and savory. As the brain learns the nuances of the tastes, it can better differentiate the subtlety of flavors. To artificially imitate the gustatory cortex, the researchers developed a neural network, which is a machine learning algorithm that mimics the human brain in assessing and understanding data.

"Previously, we investigated how the brain reacts to different tastes and mimicked this process by integrating different 2D materials to develop a kind of blueprint as to how AI can process information more like a human being," said co-author Harikrishnan Ravichandran, a doctoral student in engineering science and mechanics advised by Das. "Now, in this work, we're considering several chemicals to see if the sensors can accurately detect them, and furthermore, whether they can detect minute differences between similar foods and discern instances of food safety concerns."

The tongue comprises a graphene-based ion-sensitive field-effect transistor, or a conductive device that can detect chemical ions, linked to an artificial neural network, trained on various datasets. Critically, Das noted, the sensors are non-functionalized, meaning that one sensor can detect different types of chemicals, rather than having a specific sensor dedicated to each potential chemical. The researchers provided the neural network with 20 specific parameters to assess, all of which are related to how a sample liquid interacts with the sensor's electrical properties. Based on these researcher-specified parameters, the AI could accurately detect samples -- including watered-down milks, different types of sodas, blends of coffee and multiple fruit juices at several levels of freshness -- and report on their content with greater than 80% accuracy in about a minute.




"After achieving a reasonable accuracy with human-selected parameters, we decided to let the neural network define its own figures of merit by providing it with the raw sensor data. We found that the neural network reached a near ideal inference accuracy of more than 95% when utilizing the machine-derived figures of merit rather than the ones provided by humans," said co-author Andrew Pannone, a doctoral student in engineering science and mechanics advised by Das. "So, we used a method called Shapley additive explanations, which allows us to ask the neural network what it was thinking after it makes a decision."

This approach uses game theory, a decision-making process that considers the choices of others to predict the outcome of a single participant, to assign values to the data under consideration. With these explanations, the researchers could reverse engineer an understanding of how the neural network weighed various components of the sample to make a final determination -- giving the team a glimpse into the neural network's decision-making process, which has remained largely opaque in the field of AI, according to the researchers. They found that, instead of simply assessing individual human-assigned parameters, the neural network considered the data it determined were most important together, with the Shapley additive explanations revealing how important the neural network considered each input data.

The researchers explained that this assessment could be compared to two people drinking milk. They can both identify that it is milk, but one person may think it is skim that has gone off while the other thinks it is 2% that is still fresh. The nuances of why are not easily explained even by the individual making the assessment.

"We found that the network looked at more subtle characteristics in the data -- things we, as humans, struggle to define properly," Das said. "And because the neural network considers the sensor characteristics holistically, it mitigates variations that might occur day-to-day. In terms of the milk, the neural network can determine the varying water content of the milk and, in that context, determine if any indicators of degradation are meaningful enough to be considered a food safety issue."

According to Das, the tongue's capabilities are limited only by the data on which it is trained, meaning that while the focus of this study was on food assessment, it could be applied to medical diagnostics, too. And while sensitivity is important no matter where the sensor is applied, their sensors' robustness provides a path forward for broad deployment in different industries, the researchers said.

Das explained that the sensors don't need to be precisely identical because machine learning algorithms can look at all information together and still produce the right answer. This makes for a more practical -- and less expensive -- manufacturing process.

"We figured out that we can live with imperfection," Das said. "And that's what nature is -- it's full of imperfections, but it can still make robust decisions, just like our electronic tongue."

Das is also affiliated with the Materials Research Institute and the Departments of Electrical Engineering and of Materials Science and Engineering. Other contributors from the Penn State Department of Engineering Science and Mechanics include Aditya Raj, a research technologist at the time of the research; Sarbashis Das, a graduate student at the time of research who earned his doctorate in electrical engineering in May; Ziheng Chen, a graduate student in engineering science and mechanics; and Collin A. Price, a graduate student who earned his bachelor of science in engineering science and mechanics in May. Mahmooda Sultana, with the NASA Goddard Space Flight Center, also contributed.

A Space Technology Graduate Research Opportunities grant from NASA supported this work.
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Asymmetric placebo effect in response to spicy food | ScienceDaily
The expectations humans have of a pleasurable sensation asymmetrically shape neuronal responses and subjective experiences to hot sauce, according to a study published October 8, in the open-access journal PLOS Biology by Yi Luo from East China Normal University, Kenneth Kishida from Wake Forest School of Medicine, U.S., and colleagues.


						
Expectations shape our perception, profoundly influencing how we interpret the world. Positive expectations about sensory stimuli can alleviate distress and reduce pain through what's known as the placebo effect, while negative expectations may heighten anxiety and exacerbate pain. In the new study, Luo, Kishida, and colleagues investigated the impact of the hedonic aspect of expectations on subjective experiences.

Specifically, the researchers measured neurobehavioral responses to the taste of hot sauce among individuals with a wide range of taste preferences. In total, 47 participants completed the tasks while undergoing functional magnetic resonance imaging scanning. The researchers identified participants who liked versus those who strongly disliked spicy flavors and provided contextual cues about the spiciness of the sauce to be tasted. That way, they were able to dissociate the effects of positive and negative expectations from sensory stimuli (i.e., visual and taste stimuli), which were the same across all participants.

The results showed that positive expectations lead to modulations in the intensity of subjective experience. These modulations were accompanied by increased activity in brain regions previously linked to pleasure, information integration, and the placebo effect, including the anterior insula, dorsolateral prefrontal cortex, and dorsal anterior cingulate cortex. By contrast, negative expectations decreased hedonic experience and increased neural activity in the Neurological Pain Signature network.

Taken together, these findings demonstrate that hedonic aspects of one's expectations asymmetrically shape how the brain processes sensory input and associated behavioral reports of one's subjective experiences of intensity, pleasure, and pain. The results suggest a dissociable impact of hedonic information. While positive expectations facilitate higher-level information integration and reward processing, negative expectations prime lower-level processes related to pain and emotions. According to the authors, this study demonstrates the powerful role of hedonic expectations in shaping subjective reality and suggests potential avenues for consumer and therapeutic interventions targeting expectation-driven neural processes.

The authors add, "Our study highlights how hedonic expectations shape subjective experiences and neural responses, offering new insights into the mechanisms behind pain perception."
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Holographic 3D printing has the potential to revolutionize multiple industries | ScienceDaily
Researchers at Concordia have developed a novel method of 3D printing that uses acoustic holograms. And they say it's quicker than existing methods and capable of making more complex objects.


						
The process, called holographic direct sound printing (HDSP), is described in a recent article in the journal Nature Communications. It builds on a method introduced in 2022 that described how sonochemical reactions in microscopic cavitations regions -- tiny bubbles -- create extremely high temperatures and pressure for trillionths of a second to harden resin into complex patterns.

Now, by embedding the technique in acoustic holograms that contain cross-sectional images of a particular design, polymerization occurs much more quickly. It can create objects simultaneously rather than voxel-by-voxel.

In order to retain the fidelity of the desired image, the hologram remains stationary within the printing material. The printing platform is attached to a robotic arm, which moves it based on a pre-programmed algorithm-designed pattern that will form the completed object.

Muthukumaran Packirisamy, a professor in the Department of Mechanical, Industrial and Aerospace Engineering, led the project. He believes this can improve printing speed by up to 20 times while at the same time using less energy.

"We can also change the image while the operation is under way," he says. "We can change shapes, combine multiple motions and alter materials being printed. We can make a complicated structure by controlling the feed rate if we optimize the parameters to get the required structures."

A technological leap

According to the researchers, the precise control of acoustic holograms allows it to store information of multiple images in a single hologram. This means multiple objects can be printed at the same time at different locations within the same printing space.




As a result, acoustic holography will be a launching pad for innovation across any number of fields: it can be used to create complex tissue structures, localized drug and cell delivery systems and advanced tissue engineering. Real-world applications include the creation of new forms of skin grafts that can enhance healing and improved drug delivery for therapies that require specific therapeutic agents at specific sites.

He adds that, as soundwaves can penetrate opaque surfaces, HSDP can be used to print inside a body or behind solid material. This can be helpful in repairing damaged organs or delicate parts located deep within an airplane.

The researchers believe that HDSP has the potential to be a paradigm-shifting technology. He compares it to the advancement light-based 3D printing technology saw with the evolution from stereolithography, in which a laser is used to harden a single point of resin into a solid object, to digital light processing, which cures entire layers of resin simultaneously.

"You can imagine the possibilities," he says. "We can print behind opaque objects, behind a wall, inside a tube or inside the body. The technique that we already use and the devices that we use have already been approved for medical applications."
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New insights into how Mars became uninhabitable | ScienceDaily
NASA's Curiosity rover, currently exploring Gale crater on Mars, is providing new details about how the ancient Martian climate went from potentially suitable for life -- with evidence for widespread liquid water on the surface -- to a surface that is inhospitable to terrestrial life as we know it.


						
Although the surface of Mars is frigid and hostile to life today, NASA's robotic explorers at Mars are searching for clues as to whether it could have supported life in the distant past. Researchers used instruments on board Curiosity to measure the isotopic composition of carbon-rich minerals (carbonates) found in Gale crater and discovered new insights into how the Red Planet's ancient climate transformed.

"The isotope values of these carbonates point toward extreme amounts of evaporation, suggesting that these carbonates likely formed in a climate that could only support transient liquid water," said David Burtt of NASA's Goddard Space Flight Center in Greenbelt, Maryland, and lead author of a paper describing this research published October 7 in the Proceedings of the National Academy of Sciences. "Our samples are not consistent with an ancient environment with life (biosphere) on the surface of Mars, although this does not rule out the possibility of an underground biosphere or a surface biosphere that began and ended before these carbonates formed."

Isotopes are versions of an element with different masses. As water evaporated, light versions of carbon and oxygen were more likely to escape into the atmosphere, while the heavy versions were left behind more often, accumulating into higher abundances and, in this case, eventually being incorporated into the carbonate rocks. Scientists are interested in carbonates because of their proven ability to act as climate records. These minerals can retain signatures of the environments in which they formed, including the temperature and acidity of the water, and the composition of the water and the atmosphere.

The paper proposes two formation mechanisms for carbonates found at Gale. In the first scenario, carbonates are formed through a series of wet-dry cycles within Gale crater. In the second, carbonates are formed in very salty water under cold, ice-forming (cryogenic) conditions in Gale crater.

"These formation mechanisms represent two different climate regimes that may present different habitability scenarios," said Jennifer Stern of NASA Goddard, a co-author of the paper. "Wet-dry cycling would indicate alternation between more-habitable and less-habitable environments, while cryogenic temperatures in the mid-latitudes of Mars would indicate a less-habitable environment where most water is locked up in ice and not available for chemistry or biology, and what is there is extremely salty and unpleasant for life."

These climate scenarios for ancient Mars have been proposed before, based on the presence of certain minerals, global-scale modeling, and the identification of rock formations. This result is the first to add isotopic evidence from rock samples in support of the scenarios.




The heavy isotope values in the Martian carbonates are significantly higher than what's seen on Earth for carbonate minerals and are the heaviest carbon and oxygen isotope values recorded for any Mars materials. In fact, according to the team, both the wet-dry and the cold-salty climates are required to form carbonates that are so enriched in heavy carbon and oxygen.

"The fact that these carbon and oxygen isotope values are higher than anything else measured on Earth or Mars points towards a process (or processes) being taken to an extreme," said Burtt. "While evaporation can cause significant oxygen isotope changes on Earth, the changes measured in this study were two to three times larger. This means two things: 1) there was an extreme degree of evaporation driving these isotope values to be so heavy, and 2) these heavier values were preserved so any processes that would create lighter isotope values must have been significantly smaller in magnitude."

This discovery was made using the Sample Analysis at Mars (SAM) and Tunable Laser Spectrometer (TLS) instruments aboard the Curiosity rover. SAM heats samples up to nearly 1,652 degrees Fahrenheit (almost 900degC) and then the TLS is used to analyze the gases that are produced during that heating phase.

Funding for this work came from NASA's Mars Exploration Program through the Mars Science Laboratory project. Curiosity was built by NASA's Jet Propulsion Laboratory (JPL), which is managed by Caltech in Pasadena, California. JPL leads the mission on behalf of NASA's Science Mission Directorate in Washington. NASA Goddard built the SAM instrument, which is a miniaturized scientific laboratory that includes three different instruments for analyzing chemistry, including the TLS, plus mechanisms for handling and processing samples.
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Space oddity: Most distant rotating disc galaxy found | ScienceDaily
Researchers have discovered the most distant Milky-Way-like galaxy yet observed. Dubbed REBELS-25, this disc galaxy seems as orderly as present-day galaxies, but we see it as it was when the Universe was only 700 million years old. This is surprising since, according to our current understanding of galaxy formation, such early galaxies are expected to appear more chaotic. The rotation and structure of REBELS-25 were revealed using the Atacama Large Millimeter/submillimeter Array (ALMA), in which the European Southern Observatory (ESO) is a partner.


						
The galaxies we see today have come a long way from their chaotic, clumpy counterparts that astronomers typically observe in the early Universe. "According to our understanding of galaxy formation, we expect most early galaxies to be small and messy looking," says Jacqueline Hodge, an astronomer at Leiden University, the Netherlands, and co-author of the study.

These messy, early galaxies merge with each other and then evolve into smoother shapes at an incredibly slow pace. Current theories suggest that, for a galaxy to be as orderly as our own Milky Way -- a rotating disc with tidy structures like spiral arms -- billions of years of evolution must have elapsed. The detection of REBELS-25, however, challenges that timescale.

In the study, accepted for publication in Monthly Notices of the Royal Astronomical Society, astronomers found REBELS-25 to be the most distant strongly rotating disc galaxy ever discovered. The light reaching us from this galaxy was emitted when the Universe was only 700 million years old -- a mere five percent of its current age (13.8 billion) -- making REBELS-25's orderly rotation unexpected. "Seeing a galaxy with such similarities to our own Milky Way, that is strongly rotation-dominated, challenges our understanding of how quickly galaxies in the early Universe evolve into the orderly galaxies of today's cosmos," says Lucie Rowland, a doctoral student at Leiden University and first author of the study.

REBELS-25 was initially detected in previous observations by the same team, also conducted with ALMA, which is located in Chile's Atacama Desert. At the time, it was an exciting discovery, showing hints of rotation, but the resolution of the data was not fine enough to be sure. To properly discern the structure and motion of the galaxy, the team performed follow-up observations with ALMA at a higher resolution, which confirmed its record-breaking nature. "ALMA is the only telescope in existence with the sensitivity and resolution to achieve this," says Renske Smit, a researcher at Liverpool John Moores University in the UK and also a co-author of the study.

Surprisingly, the data also hinted at more developed features similar to those of the Milky Way, like a central elongated bar, and even spiral arms, although more observations will be needed to confirm this. "Finding further evidence of more evolved structures would be an exciting discovery, as it would be the most distant galaxy with such structures observed to date," says Rowland.

These future observations of REBELS-25, alongside other discoveries of early rotating galaxies, will potentially transform our understanding of early galaxy formation, and the evolution of the Universe as a whole.
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After injury, these comb jellies can fuse to become one | ScienceDaily

"Our findings suggest that ctenophores may lack a system for allorecognition, which is the ability to distinguish between self and others," says Kei Jokura of the University of Exeter, UK, and National Institutes of Natural Sciences in Okazaki, Japan. "Additionally, the data imply that two separate individuals can rapidly merge their nervous systems and share action potentials."

Jokura and colleagues made the observation after keeping a population of the comb jellies in a seawater tank in the lab. They noticed an unusually large individual that seemed to have two backends and two sensory structures known as apical organs instead of one. They wondered if this unusual individual arose from the fusion of two injured jellies.

To find out, they removed partial lobes from other individuals and placed them close together in pairs. It turned out that, 9 out of 10 times, it worked. The injured individuals became one, surviving for at least 3 weeks.

Further study showed that after a single night, the two original individuals seamlessly became one with no apparent separation between them. When the researchers poked at one lobe, the whole fused body reacted with a prominent startle response, suggesting that their nervous systems also were fully fused.

"We were astonished to observe that mechanical stimulation applied to one side of the fused ctenophore resulted in a synchronized muscle contraction on the other side," Jokura said.

More detailed observations showed that the fused comb jellies had spontaneous movements for the first hour. After that, the timing of contractions on each lobe started to synch up more. After just two hours, 95% of the fused animal's muscle contractions were completely synchronous, they report. They also looked closely at the digestive tract to find that it also had fused. When one of the mouths ingested fluorescently labeled brine shrimp, the food particles worked their way through the fused canal. Eventually, the comb jelly expelled waste products from both anuses, although not at the same time.

The researchers say it remains unclear how the fusion of two individuals into one functions as a survival strategy. They suggest that future studies will help to fill the gaps in understanding, with potential implications for regenerative research.

"The allorecognition mechanisms are related to the immune system, and the fusion of nervous systems is closely linked to research on regeneration," Jokura says. "Unraveling the molecular mechanisms underlying this fusion could advance these crucial research areas."
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Are auditory magic tricks possible for a blind audience? | ScienceDaily
Magic tricks make the impossible seem possible. Magicians have long captivated audiences with visual tricks, such as pulling a bunny from a hat or sawing someone in half, but tricks that rely on sound are scarce. A new article published in the Cell Press journal Trends in Cognitive Sciences on October 4 explores why creating a magical experience using only sound may be challenging and underscores the importance of making magic accessible to people with blindness.


						
"Given that magic is about the conflict between perceptual processes and our beliefs, we should be able to experience magic in other senses, but it turned out to be really difficult," says corresponding author Gustav Kuhn, an Associate Professor in Psychology at the University of Plymouth. "If you're born blind, you'll likely never have experienced a magic trick. Why is that? Can we create tricks that could be enjoyed and experienced by people with blindness?"

Only a handful of tricks involve other senses, like touch, and virtually none focus solely on auditory perception. But auditory illusions are everywhere. Stereo sound manipulates audio timing between the ears, creating the illusion of sound coming from different directions. Movies use the Shepard tone, an auditory illusion that gives the impression of an endlessly rising pitch, to build unease and tension that keeps the audience on edge.

So, why are auditory magic tricks rare? The researchers argue that the reason may stem from the fundamental differences between how the brain processes visual and auditory information. Humans are visual creatures. We tend to trust what we see more than what we hear, making us more surprised when our vision fools us.

Visual perception also reflects the state of the world, while auditory perception is transient. In other words, sound provides information about an event that has happened. Because magic relies on manipulating the perceived state of the world, this distinction between vision and sound may be at the heart of why auditory tricks are elusive.

"If you see a trumpet, you don't say 'I saw a perception of a trumpet,'" says Kuhn. "But if you hear a trumpet, you're more likely to say, 'I heard the sound of a trumpet.' This is the kind of difference we don't think about."

Another possibility is that magicians simply never considered creating auditory tricks, though the team believes it's unlikely given the creativity and history of the craft. Still, to find out, the team launched a competition challenging magicians to conjure tricks using only sound, with results expected in November 2024.

"Magic should not rely on vision alone, and yet it's nearly impossible to perform a trick that does not involve our visual perception," says Kuhn. "We don't fully understand why yet, but this is an interesting question that invites more investigation into our senses and may help make magic more inclusive."

This work was supported by the Agence Nationale de Recherche grant.
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Pterosaurs needed feet on the ground to become giants | ScienceDaily
The evolutionary adaptations that allowed ancient pterosaurs to grow to enormous sizes have been pinpointed for the first time by palaeontologists in the Centre for Palaeobiology and Biosphere Evolution at the University of Leicester.


						
The discovery revealed a surprising twist -- the ability to walk efficiently on the ground played a crucial role in determining how large the biggest flying animals could grow, with some reaching wingspans of up to 10 metres.

In a new study published in Current Biology, a team of researchers led by the University of Leicester examined the hands and feet of pterosaurs from around the world and across their entire evolutionary history.

They uncovered a surprising level of variation similar to that seen across living birds. This discovery indicates that pterosaurs were not confined to a life in the skies but were also adapted to a wide range of terrestrial lifestyles, from tree-climbing in early species to more ground-based lifestyles in later ones.

The evolution of pterosaurs, the first true flying vertebrates, showcases some of the most remarkable adaptations in the history of life. While these creatures are best known for their ability to soar through the prehistoric skies of the Mesozoic era (252-66 million years ago), a new study has revealed a surprisingly high degree of diversity in where and how pterosaurs lived when they were not airborne.

Lead author Robert Smyth, a doctoral researcher in the in the Centre for Palaeobiology and Biosphere Evolution (School of Geography, Geology and the Environment at the University of Leicester), explained: "Early pterosaurs were highly specialised for climbing, with extreme modifications in their hands and feet, similar to those found in climbing lizards and birds like woodpeckers today. Clinging to vertical surfaces by your fingertips for long periods is hard work -- it's a lot easier for small, lightweight animals."

These early pterosaurs were likely restricted to arboreal habitats and consequently, small body sizes. However, a major evolutionary shift occurred during the Middle Jurassic period, when pterosaur hands and feet changed to look much more like those of ground-dwelling animals. These adaptations to ground-based movement opened up new ecological opportunities, leading to a wide variety of feeding strategies. Freedom from the size constraints imposed by vertical living allowed some pterosaurs to evolve to gigantic size with wingspans of up to 10 metres.




Co-author Dr David Unwin from the University of Leicester added: "In early pterosaurs the hind limbs were connected by a flight membrane which severely impeded walking and running. In later, more advanced pterosaurs, this membrane became separated along the midline, allowing each hind limb to move independently. This was a key innovation that, combined with changes to their hands and feet, greatly improved pterosaurs' mobility on the ground.

"Freed from the constraints of climbing, these later pterosaurs could grow to enormous sizes, with some species becoming true giants of the Mesozoic."

The details of the hands and feet are a clear giveaway. In early pterosaurs, the bones at the base of the fingers and toes were relatively short, while those farther from the body were greatly elongated, ending in large, curved claws -- together these modifications resulted in a powerful grip -- ideal for climbing. By contrast, later, more advanced pterosaurs showed the opposite pattern: the bones at the base of their fingers and toes were much longer, while those closer to the tips were shorter. Their claws were also flatter and less curved, suggesting they were better adapted for walking rather than climbing.

Robert Smyth added: "These findings underscore the need to examine all aspects of pterosaur locomotion, not just flight, to fully understand their evolution. That pterosaurs could fly is only one part of their story. By exploring how they lived in the trees or on the ground, we can begin to understand the roles that they played in ancient ecosystems."

When pterosaurs arrived on the ground, it was already inhabited by a wide range of animals, including dinosaurs and many other reptiles. Pterosaurs cleverly avoided competition with these established groups by exploiting ecological niches that required both flying and walking abilities. This resulted in some bizarre feeding strategies such as evolving hundreds of fine, needle-like teeth that were used for filter-feeding. This remarkable feature, resembling the feeding method of modern flamingos, emerged at least 120 million years before the first flamingos evolved.
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Scientists uncover auditory 'sixth sense' in geckos | ScienceDaily
University of Maryland biologists identified a hidden sensory talent in geckos that's shaking up what we thought we knew about animal hearing.


						
In a new study published in Current Biology on October 4, 2024, the researchers revealed that geckos use the saccule -- a part of their inner ear traditionally associated with maintaining balance and body positioning -- to detect low-frequency vibrations. According to the researchers, this special "sixth sense" also plays a complementary role to the geckos' normal hearing and the way they sense the world around them. The team believes that this previously unrecognized hearing mechanism may be present in other reptilian species as well, challenging existing ideas about how animal sensory systems evolved and diverged over time.

"The ear, as we know it, hears airborne sound. But this ancient inner pathway, which is typically linked to balance, helps geckos detect vibrations that travel through mediums like the ground or water," said study co-author Catherine Carr, a Distinguished University Professor of Biology at UMD. "This pathway exists in amphibians and fish, and now it's proven to be preserved in lizards as well. Our findings shed light on how the auditory system evolved from what you see in fish to what you see in land animals including humans."

The saccule can detect faint vibrations ranging from 50 and 200 Hz, a spectrum well below what geckos can usually hear through their ears. Researchers say this indicates that the saccule serves a distinct yet complementary function to the geckos' regular auditory system. While geckos can hear airborne sound, many other reptiles do not have that ability. The study's lead author Dawei Han, a postdoctoral researcher and former graduate student at UMD, says that the discovery of the saccule's role in gecko hearing may lead to a better understanding of communication and behavior in other animals previously considered to have limited auditory capabilities.

"A lot of snakes and lizards were thought to be 'mute' or 'deaf' in the sense that they do not vocalize sounds or hear sounds well," Han explained. "But it turns out they could potentially be communicating via vibrational signals using this sensory pathway instead, which really changes the way scientists have thought about animal perception overall."

The existence of this shared sensory pathway in modern reptiles offers a unique window into the evolutionary history of vertebrate sensory systems, suggesting that the transition from aquatic to terrestrial environments likely involved more complex and gradual changes in hearing mechanisms than previously thought.

Although these findings are not directly connected to how humans hear, the researchers believe that there's always more than meets the eye -- or in this case, ear.




"Think about when you're at a live rock concert," Carr said. "It's so loud that you can feel your whole head and body vibrate in the sound field. You can feel the music, rather than just hearing it. That feeling suggests that the human vestibular system may be stimulated during those loud concerts, meaning our sense of hearing and balance may also be linked closely."

Carr and Han hope their findings will prompt more investigations into mammalian hearing, especially in the context of this sensory pathway. They believe that the established link between hearing and balance opens up new avenues for research, including the connection between human hearing and balance disorders.

"The implications of this research extend beyond the world of reptiles," Han said. "As we uncover these hidden mechanisms, we're also gaining a richer and more nuanced picture of how animals perceive and interact with their environments -- and potentially, new insights into our own sensory experiences."

This research was supported by the National Institutes of Health (Grant No. R01DC019341).
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Hoarding disorder: 'Sensory CBT' treatment strategy shows promise | ScienceDaily
Rehearsing alternative outcomes of discarding through imagery rescripting shows promise as a treatment strategy for people who hoard, a study by UNSW psychology researchers has shown.


						
Hoarding disorder is a highly debilitating condition that worsens with age. People who hoard form intense emotional attachments to objects, accumulate excessive clutter, and have difficulty discarding possessions. Many avoid treatment.

People who hoard also experience more frequent, intrusive and distressing mental images in their daily lives, says Mr Isaac Sabel from the Grisham Research Lab, an experimental clinical psychology research group at UNSW Sydney.

"Negative memories and feared outcomes, such as an item rotting in landfill, catastrophic regret or the disappointment of a loved one, can induce anxiety and block the discarding process. Our best evidence-based treatments aren't getting the outcomes we'd like," says the psychologist and PhD candidate at UNSW.

"While one in three people who hoard may experience symptom improvement, less than a third of people experience clinically meaningful change. Additionally, there are high rates of dropout and treatment refusal."

Imagery rescripting is an experiential technique, often used in cognitive behavioural therapy (CBT), where participants introduce positive or benign information to 'rescript' the outcomes of negative mental imagery, in this instance worst-case scenarios of discarding.

"It's typically used to reduce distress associated with negative memories, however, it's had success with other disorders characterised by future-focused mental imagery, such as generalised anxiety and obsessive-compulsive disorder (OCD)," Mr Sabel says.




This study in 176 people aimed to determine whether rescripting a negative future-focused narrative of discarding helped people with high hoarding traits discard. Participants took part in an online intervention using an item they'd had difficulty discarding. They wrote down their imagined outcome of throwing it away and then completed an exercise based on one of four treatments.

The response to imagery rescripting was compared with cognitive restructuring (learning to identify and disregard irrational, harmful thoughts); imaginal exposure (engaging with anxiety-provoking images/narratives to reduce their impact over time); and dwelling on positive mental imagery to improve their mood (as a control). Participants were then asked to discard their item.

The study found that participants who engaged in imagery rescripting were happier, more motivated and more likely to discard their items. Imagery rescripting was also more effective at reducing anxiety, sadness and anger and increasing feelings of happiness and relaxation around discarding, relative to imaginal exposure and cognitive restructuring.

A participant's ability to visualise impacted how well imagery rescripting worked, the study found. Rescripting participants completed the Vividness of Visual Imagery Questionnaire (VVIQ), self-rating the vividness of elements within prescribed scenarios, such as a rising sun or a rainbow. Higher creative visualisation abilities were associated with greater readiness and motivation to discard.

These results have been replicated in a second therapist-led study, yet to be published, that compares imagery rescripting with thought listing, a technique found to be effective in facilitating discarding in people with hoarding problems.

Preliminary findings show rescripting outperformed thought listing in key areas, with participants more motivated to discard and more positive about the discarding experience. These findings will now be tested in a clinical trial.




The high costs and treatment challenges of hoarding

Hoarding disorder affects 2.5 per cent of the working-age population, around 715,000 Australians. People who hoard often have a very poor quality of life. The associated psychological distress and social impairment are considered equivalent to living with schizophrenia.

The condition can lead to unsanitary and unsafe living conditions, social isolation, health problems and the inability to work. Hoarding can also contribute to fire, housing, pestilence, falling and other hazards. The cost of returning homes to a liveable state is estimated at more than $87K per hoarding household.

Clutter can make it hard to do things most of us take for granted, such as eating at the table or sleeping in bed, says Professor Jessica Grisham who leads the Grisham Research Lab.

"In the gravest cases, homes are completely unsanitary, either because it has become impossible to clean or because the person saves garbage. The strain on families can be extreme."

Associated stigma can prevent people who hoard and their families from seeking support. Often hoarding is not addressed until the condition is well established. Additionally, people who hoard have difficulty regulating and tolerating negative emotions, which may reduce engagement with and increase dropout rates from exposure therapy, she says.

"There's so much pressure and often interpersonal conflict for people to get rid of things, hoarding clients can feel quite badgered. They may or may not have a lot of motivation or insight and they feel really stressed and reactive," she says.

"In this preliminary study, imagery rescripting seems to reduce some of that reactivity. Rather than a direct approach -- [asking] what's keeping you from throwing this away ... and exploring and challenging those beliefs -- it has more of a creative, emotional style that has a lot of potential for hoarding clients."

Anecdotal evidence suggests people who hoard may have greater creative tendencies. "We know that imagery acts as emotional amplifier. It enables us to access people's emotions, [and engage with] the neural features responsible for processing memories and emotions within the brain," she says.

"Imagery rescripting emphasises sensory-rich details to create an emotionally evocative and immersive experience. And we think that's in part responsible for the results we've seen."

The study's ultra-brief online delivery also has potential as a part of treatment in rural and remote areas where access is an issue and as an early intervention, she says.

Why do people hoard?

Collecting excessive amounts of objects, many worthless by objective standards, may seem difficult to understand, says Prof. Grisham. "However, most of us become attached to at least a few possessions. Perhaps we love the way they look, or they trigger fond memories. Hoarding involves this same type of object attachment, as well over-reliance on possessions and difficulty being away from them."

While research has shown genetics play a part, hoarding is more likely caused by a range of psychological, neurobiological and social factors. Hoarding disorder has been linked to early trauma, life stress and emotional deprivation.

"People who hoard often report excessively cold parenting, difficulty connecting with others, and traumatic childhood experiences. They may end up believing people are unreliable and untrustworthy, and that it's better to rely on objects for comfort and safety," she says.

Their experiences have taught them their self-identity is tangled up in what they own; that if they part with their possessions, they will lose themselves, she says.

Hoarding disorder is also associated with high rates of attention deficit and hyperactivity disorder. Difficulties with planning, decision-making and categorising can make it hard to organise and discard possessions, says Prof. Grisham. "The person ends up avoiding these tasks, which leads to unmanageable levels of clutter."

Imagery rescripting is particularly exciting because of its potential to address both the foundational traumas that inform our future-focused narratives -- an area of research interest for the lab -- as well as tackling intrusive distressing mental images that interfere with discarding in the present, she says.

"Images can link our past, present and future. Rescripting memories that may have triggered hoarding -- going back and meeting those needs -- may open up the doorway for greater treatment outcomes and greater positive impact on clients' lives."
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In odd galaxy, NASA's Webb finds potential missing link to first stars | ScienceDaily
Looking deep into the early universe with NASA's James Webb Space Telescope, astronomers have found something unprecedented: a galaxy with an odd light signature, which they attribute to its gas outshining its stars. Found approximately one billion years after the big bang, galaxy GS-NDG-9422 (9422) may be a missing-link phase of galactic evolution between the universe's first stars and familiar, well-established galaxies.


						
"My first thought in looking at the galaxy's spectrum was, 'that's weird,' which is exactly what the Webb telescope was designed to reveal: totally new phenomena in the early universe that will help us understand how the cosmic story began," said lead researcher Alex Cameron of the University of Oxford.

Cameron reached out to colleague Harley Katz, a theorist, to discuss the strange data. Working together, their team found that computer models of cosmic gas clouds heated by very hot, massive stars, to an extent that the gas shone brighter than the stars, was nearly a perfect match to Webb's observations.

"It looks like these stars must be much hotter and more massive than what we see in the local universe, which makes sense because the early universe was a very different environment," said Katz, of Oxford and the University of Chicago.

In the local universe, typical hot, massive stars have a temperature ranging between 70,000 to 90,000 degrees Fahrenheit (40,000 to 50,000 degrees Celsius). According to the team, galaxy 9422 has stars hotter than 140,000 degrees Fahrenheit (80,000 degrees Celsius).

The research team suspects that the galaxy is in the midst of a brief phase of intense star formation inside a cloud of dense gas that is producing a large number of massive, hot stars. The gas cloud is being hit with so many photons of light from the stars that it is shining extremely brightly.

In addition to its novelty, nebular gas outshining stars is intriguing because it is something predicted in the environments of the universe's first generation of stars, which astronomers classify as Population III stars.




"We know that this galaxy does not have Population III stars, because the Webb data shows too much chemical complexity. However, its stars are different than what we are familiar with -- the exotic stars in this galaxy could be a guide for understanding how galaxies transitioned from primordial stars to the types of galaxies we already know," said Katz.

At this point, galaxy 9422 is one example of this phase of galaxy development, so there are still many questions to be answered. Are these conditions common in galaxies at this time period, or a rare occurrence? What more can they tell us about even earlier phases of galaxy evolution? Cameron, Katz, and their research colleagues are actively identifying more galaxies to add to this population to better understand what was happening in the universe within the first billion years after the big bang.

"It's a very exciting time, to be able to use the Webb telescope to explore this time in the universe that was once inaccessible," Cameron said. "We are just at the beginning of new discoveries and understanding."

The research paper is published in Monthly Notices of the Royal Astronomical Society.
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Turning brain cells on using the power of light | ScienceDaily
University of Rochester researchers have demonstrated a noninvasive method using BL-OG, or bioluminescent optogenetics, that harnesses light to activate neurons in the brain. The ability to regulate brain activation could transform invasive procedures such as deep brain stimulation that are used to treat Parkinson's disease and other neurological conditions.


						
The advantage of this new technique is that it can create brain activation without the use of an implanted device in the brain to deliver physical light, according to Manuel Gomez-Ramirez, an assistant professor of brain and cognitive sciences and with the University's Del Monte Institute for Neuroscience, and the senior author of the study, which appears in the journal NeuroImage.

"BL-OG is an ideal method for noninvasively teasing apart neural circuits in the brain," says Emily Murphy, the first author of the study and manager of the Haptics Lab, led by Gomez-Ramirez. "There are still so many things to learn about the structure and function of distinct brain areas and neuronal cell types that will help us understand how healthy brains function."

How to turn on a light -- without a switch

To turn on light in the brain, researchers need a few tools. The first one is optogenetics, an established research technique that uses light to activate or inactivate cells in the brain. The next tool is bioluminescence, the same chemical reaction that gives a firefly its glow, which provides the light optogenetics needs to work.

Combining these tools creates the material needed for BL-OG. But in order to work, BL-OG still needs something to "turn on" the light. The organic substance luciferin, when combined with bioluminescence, creates light that activates the optogenetics and modulates cellular response in the brain without an incision. Previous work by Gomez-Ramirez has shown that the chemical luciferin is harmless to the body.

The researchers in the Haptics Lab tested this combination. They put BL-OG into a pre-determined brain region in mice. They then injected luciferin through a vein in the animal's tail to activate the targeted cells in the brain. They found that BL-OG effects occur rapidly in the brain, but that these effects could be controlled by scaling the dosage of the luciferin in the animal.




'Fine-tuning' bioluminescent optogenetics

"The advantage of this technique is we can create brain activation without a cable. There is less risk for infection and other things to go awry because it is a noninvasive method," Gomez-Ramirez says. "If we want to standardize this technique in the lab, and potentially in the clinic, it is critical to map all the important parameters around using it. These latest findings allow us to now work on fine-tuning the desired effects of BL-OG based on need and requirements."

Researchers were also able to track the neuromodulation effects of BL-OG through the bioluminescent activity, another potential feature of this method that could provide insight into how the brain works.

The Alfred P. Sloan Foundation supported this research.
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Ant agriculture began 66 million years ago in the aftermath of the asteroid that doomed the dinosaurs | ScienceDaily
When humans began farming crops thousands of years ago, agriculture had already been around for millions of years. In fact, several animal lineages have been growing their own food since long before humans evolved as a species.


						
According to a new study, colonies of ants began farming fungi when an asteroid struck Earth 66 million years ago. This impact caused a global mass extinction but also created ideal conditions for fungi to thrive. Innovative ants began cultivating the fungi, creating an evolutionary partnership that became even more tightly intertwined 27 million years ago and continues to this day.

In a paper published today, Oct. 3, in the journal Science, scientists at the Smithsonian's National Museum of Natural History analyzed genetic data from hundreds of species of fungi and ants to craft detailed evolutionary trees. Comparing these trees allowed the researchers to create an evolutionary timeline of ant agriculture and pinpoint when ants first began cultivating fungi.

"Ants have been practicing agriculture and fungus farming for much longer than humans have existed," said entomologist Ted Schultz, the museum's curator of ants and the lead author of the new paper. "We could probably learn something from the agricultural success of these ants over the past 66 million years."

Nearly 250 different species of ants in the Americas and Caribbean farm fungi. Researchers organize these ants into four agricultural systems based on their cultivation strategies. Leafcutter ants are among those that practice the most advanced strategy, known as higher agriculture. These ants harvest bits of fresh vegetation to provide sustenance for their fungi, which in turn grow food for the ants called gongylidia. This food helps fuel complex colonies of leaf cutter ants that can number in the millions.

Schultz has spent 35 years studying the evolutionary relationship between ants and fungi. He has conducted more than 30 expeditions to locales in Central and South America to observe this interaction in the wild and has reared colonies of leafcutter and other fungus-farming ants in his lab at the museum. Over the years, Schultz and colleagues have collected thousands of genetic samples of ants and fungi from throughout the tropics.

This stockpile of samples was crucial to the new paper.




"To really detect patterns and reconstruct how this association has evolved through time, you need lots of samples of ants and their fungal cultivars," Schultz said.

The team used the samples to sequence genetic data for 475 different species of fungi (288 of which are cultivated by ants) and 276 different species of ants (208 of which cultivate fungi) -- the largest genetic dataset of fungus-farming ants ever assembled. This allowed the researchers to create evolutionary trees of the two groups. Comparing wild fungal species with their cultivated relatives helped the researchers determine when ants began utilizing certain fungi.

The data revealed that ants and fungi have been intertwined for 66 million years. This is around the time when an asteroid struck Earth at the end of the Cretaceous period. This cataclysmic collision filled the atmosphere with dust and debris, which blocked out the sun and prevented photosynthesis for years. The resulting mass extinction wiped out roughly half of all plant species on Earth at the time.

However, this catastrophe was a boon for fungi. These organisms proliferated as they consumed the plentiful dead plant material littering the ground.

"Extinction events can be huge disasters for most organisms, but it can actually be positive for others," Schultz said. "At the end of Cretaceous, dinosaurs did not do very well, but fungi experienced a heyday."

Many of the fungi that proliferated during this period likely feasted on decaying leaf litter, which brought them in close contact with ants. These insects harnessed the plentiful fungi for food and continued to rely on the hardy fungi as life rebounded from the extinction event.




The new work also revealed that it took nearly another 40 million years for ants to then develop higher agriculture. The researchers were able to trace the origin of this advanced practice back to around 27 million years ago. At this time, a rapidly cooling climate transformed environments around the globe. In South America, drier habitats like woody savannas and grasslands fractured large swaths of wet, tropical forests. When ants took fungi out of the wet forests and into drier areas, they isolated the fungi from their wild ancestral populations. The isolated fungi became completely reliant on ants to survive in the arid conditions, setting the course for the higher agriculture system practiced by leafcutter ants today.

"The ants domesticated these fungi in the same way that humans domesticated crops," Schultz said. "What's extraordinary is now we can date when the higher ants originally cultivated the higher fungi."

In addition to Schultz, the new paper included contributions from several coauthors affiliated with the National Museum of Natural History, including Jeffrey Sosa-Calvo, Matthew Kweskin, Michael Lloyd, Ana Jesovnik and Scott E. Solomon. The study also includes authors affiliated with the University of Utah; the Royal Botanic Gardens, Kew; the University of California at Berkeley; the U.S. Department of Agriculture; Sao Paulo State University; the Instituto de Investigaciones Cientificas y Servicios de Alta Tecnologia; the Smithsonian Tropical Research Institute; the University of Copenhagen; Emory University; McMaster University; Universidade Federal de Uberlandia; Arizona State University; the University of Hohenheim; and Louisiana State University.

The research was supported by the U.S. National Science Foundation; the Smithsonian; the University of Maryland; Louisiana State Board of Regents; Sistema Nacional de Investigacion; Cosmos Club Foundation; Explorer's Club in Washington, D.C.; Sao Paulo Research Foundation; Brazilian Council of Research and Scientific Development; Brazilian Federal Agency for Support and Evaluation of Graduate Education; the Royal Botanic Gardens, Kew; and the Carl Zeiss Foundation.
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